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Throughout much of the 20
th

 century and beyond, migratory birds have faced rapid 

declines in North America.  The breeding bird survey (monitoring avian population 

trends since the mid-1960s) and concurrent land use changes implicate habitat 

degradation and fragmentation as underlying causes of these declines.  The 

Swainson’s Thrush (Catharus usutulatus) is a Nearctic-Neotropical migrant that has 

suffered declines of about 0.7% per year over the last 45 years and is subject to greater 

declines as human populations expand and suitable habitat at both the breeding and 

wintering grounds become altered.  The breeding ground ecology of the Swainson’s 

Thrush (SWTH) has been extensively studied over much of the last several decades, 

however, the wintering ground ecology lacks similar effort.  No study to date, to our 

knowledge, has looked at the wintering habitat use and spatial occupancy as they 

relate to demographics and migratory connectivity of a local wintering population of 

SWTH.  Therefore we initiated a study that incorporated data from the winters of 2013 

and 2014 on SWTH winter ecology by using point counts, vegetation surveys, radio 

telemetry, molecular sexing and isotopic analysis techniques at Wildsumaco Wildlife 

Sanctuary, Ecuador. 

Point counts were set up between two forest types, primary and secondary, and they 

statistically differed with primary sites having larger DBH (t = -2.78, df = 22, p = 

0.013), higher cover of woody plants >5 m in height (t = -4.56, df = 22, p < 0.001), 

and higher canopies (t = -3.76, df = 22, p = 0.001).  The total detections of SWTH was 

significantly higher in secondary forest sites (W = 534, df = 22, p < 0.001), with the 

highest detection rates in 5 of the 12 secondary stations.  These five stations 

statistically differed from other secondary stations by exhibiting lower DBH (t = -3.49, 

df = 10, p = 0.007), lower canopy heights (t = -2.12, df = 10, p = 0.036), and higher 

tree cover (t = 1.98, df = 10, p = 0.044).  SWTH densities significantly decreased over 

the course of the seven week surveying period (F = 6.54, df = 1, p = 0.027).  Of the 86 

birds caught between the 2013 and 2014 seasons, 85 of them sexed as male and 83 of 

them aged as young of the year (SY).  An additional 27 blood samples donated to us 

by Kristen Ruegg from UCLA taken across a broader range of Ecuador sexed 20 of 

them as male.  This almost completely uniform population of young males seemed to 

prefer secondary forest with higher amounts of small trees with low canopy heights.  

Since birds within this population decreased in density over the course of the field 

season, we suggest that this population is itinerant in behavior and possibly tracking 

seasonal fruit. 



  

 

Radio telemetry revealed that this population of young males exhibited an extreme 

degree of overlap when tracked simultaneously.  Up to eight birds were tracked at one 

time and they all occupied similar habitat space. Indeed we observed several 

individuals foraging in the same tree with little aggression towards conspecifics.  

These tracked birds also occupied relatively large areas (x̅ = 2.36 ± 0.92 hectares) and 

had a short residency time (x̅ = 17.1 ± 2.68 days).  These findings corroborate the 

point count results, suggesting itinerant and non-territorial behavior in this wintering 

population.  Intratropical movements are not uncommon in migratory species 

suggesting this non-territorial population at Wildsumaco either covers large areas to 

exploit seasonal resources or undergoes a mid-winter intratropical migration. 

Migratory connectivity was assessed by analyzing stable hydrogen isotopes (
2
H) in 

feathers of SWTH.  Precipitation 
2
H values correlate to the values in bird feathers; 

therefore this analysis is a useful approach to link the breeding and wintering grounds 

in some migratory birds.  Feather 
2
H values were extremely variable indicating a 

broad breeding distribution among this wintering population.  When these values were 

correlated with precipitation values in North America, we found that our birds could 

breed in three distinct areas stretching across the entire breeding range.  This indicates 

weak migratory connectivity within the boreal subspecies of SWTH. Thus, habitat 

alteration in a local area on the wintering grounds can affect populations from across 

the breeding grounds, but these losses may be more difficult to detect. 

The majority of future conservation efforts rely in part on researchers’ ability to 

convey useful information from their studies to governmental and public stakeholders.  

By creating awareness within the local communities, partnerships can originate that 

might generate necessary support and funding for future projects.  These projects 

should focus on obtaining as much information on the full annual cycle of declining 

migratory birds, concentrating on the wintering grounds.  Efforts directed at this phase 

of the annual cycle will likely have the greatest conservation impact for migratory 

birds, especially given the proportional total area of the wintering ranges compared to 

the breeding ranges of most Nearctic-Neotropical migratory species.  

  

  



  

 

 

 

 

 

 

 

 

 

 

 

©Copyright by Daniel R. Inserillo 

May 14, 2015 

All Rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

Master of Science thesis of Daniel R. Inserillo presented on May 14, 2015. 

 

APPROVED: 

 

____________________________________ 

Thesis Director, Leonard Reitsma, Ph.D.  

Professor of Biology, Plymouth State University  

Department of Biology 

 

____________________________________ 

Keith W. Larson, Ph.D 

Project Coordinator 

Climate Impacts Research Centre, Umeå University 

 

 

____________________________________ 

Kathleen Bush, Ph.D 

Research Assistant Professor Center for the Environment and Department of 

Environmental Sciences & Policy, Plymouth State University 

 

 

 

I understand that my thesis will become part of the permanent collection of Plymouth 

State University, Lamson Library. My signature below authorizes release of my thesis 

to any reader upon request. 

 

_____________________________________ 

Daniel R. Inserillo, Author 

 



  

i 

 

ACKNOWLEDGEMENTS 

The first rule of intelligent tinkering is to save all the parts.-Aldo Leopold 

This project was far from a singular effort and the contributions of many individuals 

made it possible.  I would like to thank Plymouth State University for giving me the 

opportunity to work on this project and for supplying extremely important funding.  I 

thank Jim and Bonnie Olson, Jonas Nilsson, Paula Iturralde, and Cristina Almeida of 

Wildsumaco Wildlife Sanctuary for allowing me to research on the Wildsumaco 

premises, helping with logistical hurdles, providing me with field housing, and going 

out of their way to make things easier for this project.  I would like to thank Adrienne 

Kovach of the University of New Hampshire for allowing me to use her lab and 

training me to molecularly sex the birds we captured.  I thank Kristen Ruegg and her 

colleagues at UCLA for donating additional blood samples of Swainson’s Thrushes 

from across Ecuador for me to sex and add to this project.  I thank the folks at the 

Colorado Plateau Stable Isotope Laboratory for running my isotopic analysis of 

hydrogen and Celia Chen at Dartmouth College for generously allowing me to use her 

lab to prepare my feather samples for the analysis.  I thank Joseph Smith for helping 

initiate this project and providing extremely useful analytical advice.  I would like to 

thank Trevor Lohr who despite battling extreme humidity and heat, long days of 

surveying, and chiggers always kept a positive attitude, smiling face, and great 

conversation throughout the field season.  I would like to thank my committee 

members Keith Larson of Umeå University and Kathleen Bush of Plymouth State 

University for consistently giving me advice, spending hours of their time to meet and 

keep the momentum going, helping with analytical difficulties, and providing final 

edits.  I would also like to thank my primary advisor, Len Reitsma, for giving me this 

opportunity, spending countless hours editing, being always willing to talk things out, 

demonstrating what is most important in life, and above all, becoming a good friend.  

Lastly, I would like to thank my family and friends for always being supportive of me 

and for their continual encouragement to follow my passion of exploring avian 

ecology. 

 

 

 

 

 



  

ii 

 

TABLE OF CONTENTS 

 

Introduction .................................................................................................................. 1 

Species Background ................................................................................................... 3 

Study Area .................................................................................................................. 5 

Study Design .............................................................................................................. 7 

Swainson’s Thrush abundance and habitat associations in a mosaic of the 

foothills of Ecuador .................................................................................................... 13 

Methods .................................................................................................................... 14 

Results ...................................................................................................................... 16 

Discussion ................................................................................................................ 17 

Overwinter habitat use of Swainson’s Thrush in the Andean foothills of Ecuador 

derived from telemetry .............................................................................................. 25 

Methods .................................................................................................................... 27 

Results ...................................................................................................................... 29 

Discussion ................................................................................................................ 30 

Using feather stable hydrogen isotopes to assess Swainson's Thrush migratory 

connectivity ................................................................................................................. 42 

Methods .................................................................................................................... 44 

Results ...................................................................................................................... 45 

Discussion ................................................................................................................ 45 

General conclusions, recommendations, and broader implications ...................... 51 

General Conclusions ................................................................................................. 51 

Future Study Recommendations .............................................................................. 53 

Future Directions ...................................................................................................... 54 

Literature Cited .......................................................................................................... 56 

Appendix ..................................................................................................................... 68 

 

 

 

 



  

iii 

 

LIST OF FIGURES 

1.1 Annual cycle of Swainson’s Thrush.  Breeding range occupies the boreal 

forests of North America as well as the temperate rain forests along the west 

coast of the United States and Canada…………………………………………8 

 

1.2 Breeding and wintering ranges of both the coastal and boreal subspecies of 

Swainson’s Thrush……………………………………………………………..9 

 

1.3 Location of Wildsumaco Wildlife Sanctuary in relation to the South American 

continent………………………………………………………………………10 

 

1.4 Trail network at Wildsumaco Wildlife Sanctuary with key locations………..11 

1.5 Monthly rainfall at Wildsumaco Wildlife Sanctuary from 2009-May 2014….12  

2.1 Trail network at Wildsumaco Wildlife Sanctuary with point count stations and 

corresponding names………………………………………………………….20 

2.2 The total number of Swainson’s Thrushes detected at each of the primary 

forest stations was significantly less than birds detected at the secondary forest 

stations………………………………………………………………………..21 

2.3 The total number of Swainson’s Thrushes detections at both primary and 

secondary stations over the course of the seven week surveying 

period…………………………………………………………………………22 

2.4 The relative station abundance (average detections per station per survey) 

represented by graduated size dots……………………………………………23 

2.5 Twelve primary and 12 secondary forest stations plotted with their scaled tree 

score and average number of detections (relative station abundance)………..24 

3.1 Winter of 2014 capture success.  The left panel represents the trail network at 

Wildsumaco Wildlife Sanctuary with key and net locations…………………35 

3.2 A simulated triangulation using the actual fixed point positions that were set up 

in Wildsumaco Wildlife Sanctuary…………………………………………...36 

3.3 Site locations of six sampling points used by UCLA in relation to 

Wildsumaco…………………………………………………………………..37 

3.4 Spatial occupancy of three Swainson’s Thrushes at Wildsumaco Wildlife 

Sanctuary……………………………………………………………………...38 



  

iv 

 

LIST OF FIGURES (Continued) 

3.5 The day-to-day movements of 4 individual Swainson’s Thrushes (3 of these 

are depicted in Figure 3.3)……………………………………………………39 

3.6 A photograph of the electrophoresis gel that contained the one female (10
th

 

well position-with two bands) of the 86 birds that were sexed……………….40 

3.7 The frequency of each sex broken down by the six sites (and their 

corresponding elevations) sampled by UCLA………………………………..40 

3.8 Eight birds that were tracked similtaneously at Wildsumaco Wildlife Sanctuary 

from mid-January through mid-February 2014………………………………41 

4.1 Annual growing season deuterium (‰) of North American precipitation.  

Warmer colors represent higher deuterium and cooler colors represent lower 

values…………………………………………………………………………48     

4.2 Range of deuterium ratios (%o) of each Swainson’s Thrush (n = 86) captured 

between the 2013 and 2014 wintering periods broken down by age and sex 

class…………………………………………………………………………...49  

4.3 Cross-hatched regions represent the possible feather provenance (as related to 

deuterium in precipitation) in 95% of the Swainson’s Thrushes captured 

between 2013 and 2014 in Wildsumaco, Ecuador……………………………50   

 

 

 

 

 

 

 

 

 

 

 



  

v 

 

LIST OF TABLES 

2.1 The point count station and their relative station abundance (average detections 

per station per survey)………………………………………………………...19 

3.1 Transmitter birds that yielded at least one location point after triangulation 

calculation (n = 15) as described by their radio frequency ID………………..34 

3.2 The demographic breakdown of Swainson’s Thrushes at Wildsumaco and sites 

throughout Ecuador sampled by UCLA………………………………………34 

      



  

1 

 

Chapter 1 

 

Introduction 

Throughout much of the 20
th

 century more and more studies documented rapid 

declines in migratory bird populations in North America (Hagan & Johnston, 1992; 

Robbins et al., 1989; Terborgh, 1992; Terborgh, 1989).  The breeding bird survey, 

which has been monitoring bird population trends since the mid-1960s, states that 

many populations of Neotropical migrant birds are declining throughout the continent 

and that habitat fragmentation and degradation are the underlying causes (Block & 

Brennan, 1993; Gering & Blair, 1999; Hansen et al., 2002; Saunders et al., 1991).  

There is a direct correlation between the continual growth of the human population 

and expansion into previously undisturbed lands.  Therefore, virtually all habitats 

utilized by migratory birds are under threat of being anthropogenically altered.  

Because migratory birds use different habitats both spatially and temporally across the 

year, it is important to study them during these periods (Greenberg & Marra, 2005; 

Sillett & Holmes, 2002), for example breeding in North America, migrating across the 

Americas, and wintering in South America.  Understanding the complete annual cycle 

of Neotropical migrants is essential for implementing management strategies to ensure 

the persistence of migratory bird species during a time of increasing deforestation 

rates. 

Globally, long distant migrants are decreasing in population at alarming rates (Faaborg 

et al., 2010).  Conservation efforts for these species are especially difficult because 

their annual cycle includes migratory passage habitat and different temporary resident 

habitats separated by thousands of kilometers (Greenberg & Marra, 2005; Sillett & 

Holmes, 2002).  Therefore determining a species’ migratory connectivity is an 

important objective in order to link the breeding and wintering grounds.  The term 

migratory connectivity is used by ecologists to describe the relationship of bird 

populations between different geographic locations during different times of the year.  

Documenting this connectivity links the breeding and wintering grounds of migratory 

birds.  Several decades of research have been conducted on the breeding grounds of 

North America and the knowledge about this end of the annual cycle is ever 

increasing.  The wintering grounds, however, are much less understood, especially for 

those species overwintering in South America, and remain a crucial part of the annual 

cycle of migrants considering birds spend most of the year in these habitats 

(Greenberg & Marra, 2005; Webster et al., 2002).   

 

Similar to the breeding ground regions of North America, habitat loss and degradation 

caused by humans on the wintering grounds of Central and South America threaten the 

survival of Neotropical migrant birds.  Habitat degradation can be attributed to loss of 

suitable habitat area, reduced patch size, and edge effects (Stephens et al., 2004).  

These types of habitat changes can affect birds in different ways.  Human induced 

habitat changes can increase species richness within the area by allowing ‘edge’ 

species to expand their range.  This comes at a cost to many birds that reside in the 
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interior forest, such as woodland thrush species, because their suitable habitat range 

decreases and interspecific competition intensifies. 

Understanding the habitat use of wintering bird populations is important to implement 

effective conservation management plans.  The Swainson’s Thrush (Catharus 

ustulatus) has recently become a model species in the realm of avian ecology and 

migratory connectivity.  Although they are not currently listed as threatened or 

endangered they have undergone a precipitous decline across their range (Hagan & 

Johnston, 1992).  Using both genetic and chemical tracers to assess migratory 

connectivity, the Swainson’s Thrush’s has received much attention (Ruegg, 2007, 

2008).  However, there is currently a lack of information regarding their wintering 

grounds ecology, habitat use, and the threats of human caused habitat degradation 

necessitates more studies for this phase of the annual cycle. 

Migratory avian ecology in the wintering grounds is receiving more attention as we 

increasingly realize our knowledge gap e.g. molecular and stable isotope techniques 

(Hobson, 2005; Ruegg & Smith, 2002).  General behavior and habitat selection appear 

to have gotten the most attention to date.  There seems to be a gradient of territoriality 

among different wintering species on the nonbreeding grounds ranging from highly 

territorial to intermediate to seemingly absent.  Earlier studies  documented 

territoriality on the wintering grounds for Black-throated Blue Warblers (Setophaga 

caerulescens) and American redstarts (Setophaga ruticilla) in Jamaica (Holmes et al., 

1989) reporting that both sex and age classes were represented in the same habitat 

space.  There was no evidence of intraspecific habitat segregation and both sexes 

occupied discrete territories by excluding conspecifics.  Later studies refuted this 

demonstrating that age and sex segregation of habitats in Jamaica (Marra, 2000; Marra 

& Holmes, 2001). Their results also show that individuals across the demographic 

spectrum do defend territories throughout the nonbreeding season.  This phenomenon 

of social behavioral dominance coincides with many breeding ground studies as well, 

where dominant (i.e. older males) occupy resource rich habitat space in order to have a 

better opportunity to reproduce successfully (Wunderle, 1995).  Northern 

Waterthrushes (Parkesia noveboracensis) in Puerto Rico show an intermediate degree 

of territoriality (Smith et al., 2011).  This study showed that while some wintering 

waterthrushes occupying good quality habitat and defended a distinct territory, other 

individuals wandered through suboptimal habitat.  Similar to the Black-throated Blue 

Warblers and American Redstarts, older male waterthrushes seemed to dominate the 

limiting resource space and high-quality habitat seemed to be the limiting factor in 

both of these scenarios with these three species of Neotropical migrants.  There are 

also several studies in which species do not exhibit territorial exclusion during the 

wintering season (Tellería et al., 2014; Borgmann et al., 2004; Greenberg & Marra, 

2005).  Several species of migratory thrushes were shown to track fruit in an efficient 

way as compared to resident thrushes on the Iberian peninsula (Tellería et al., 2014).  

Therefore, in this case, migratory thrushes did not settle into a particular wintering 

territory but rather followed fruit within the wintering range.  Similarly, Yellow-

rumped Warblers (Setophaga coronate) in South Carolina tracked Myrica cerifera 

fruits during their wintering period (Borgmann et al., 2004).  Bay-breasted (Setophaga 

striata) and Chestnut-sided (Setophaga pensylcanica) warblers in Panama exhibit very 
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opportunistic winter foraging behavior, often foraging in mixed species flocks 

(Greenberg & Marra, 2005).  Both of these species have been documented foraging 

with conspecifics during the wintering season with little aggression.  These studies not 

only indicate that individuals of some wintering populations are not territorial, but 

undertake synchronized movement tracking the production of seasonal fruiting plants.  

Birds that do not defend territories during the wintering season are referred to as 

floaters because they move across a larger area of the landscape and are usually non-

aggressive towards conspecifics (Brown & Long, 2007).   

 

Interestingly, a study with Wood Thrushes (Hylocichla mustelina) in Veracruz, 

Mexico using radio tracking of 61 birds documented a population of two 

distinguishable occupancy strategies: sedentary (territorial) and wanderers (floaters) 

(Rappole et al., 1989).  Wanderers were less likely to survive throughout the study 

period, which led the authors to believe that wandering behavior was not by choice 

and was a suboptimal strategy.  Unfortunately this study did not differentiate 

wandering and sedentary behavior to age or sex classes of the species.  Therefore they 

could not determine if an age and sex linked dominance hierarchy resulted in reduced 

fitness of subordinate conspecifics.  With this in mind, we conducted a study to look at 

the wintering ecology and habitat use of Swainson’s Thrushes on the eastern side of 

the Andean foothills in Ecuador.  The main objectives of this study were to (1) 

monitor the relative abundance of Swainson’s Thrush throughout a habitat mosaic 

(primary, secondary, and agricultural habitats), (2) observe the movement and habitat 

use of Swainson’s Thrush using radio telemetry, (3) identify key habitat features 

selected by Swainson’s Thrush, (4) determine the age and sex of captured individuals 

and link this to habitat occupancy, and (5) conduct isotopic analyses of deuterium in 

feathers to assess migratory connectivity.  This work will help improve our knowledge 

of the factors that influence survival and fecundity of migratory birds across their 

annual cycles, focused on the most understudied period, the wintering.  These findings 

can then be used to make predictions about other migrant species and test them in 

other parts of the Andes both within and beyond Ecuador.  This is vital as these 

regions are all experiencing similar conservation challenges due to human caused 

landscape degradation.  Importantly, our study will also add to the growing knowledge 

of avian wintering ecology, especially for long distance migrants.  

Species Background 

The Swainson’s Thrush (SWTH) is a Nearctic-Neotropical migrant that breeds as far 

north as Alaska and northern Canada and winters primarily in South America (as far 

south as northern Argentina) and parts of Central America (Figure 1.1).  There are two 

distinct subspecies of SWTH; the coastal “russet-backed” thrushes (C. u. ustulatus) 

and the boreal “olive-backed” thrushes (C. u. swainsoni) (Mack & Yong, 2000).  The 

two groups can be distinguished by plumage and vocal characteristics, as well as 

differences in breeding and wintering locations (Ruegg, 2007).  The coastal group 

occupies a narrow region along the west coast of North America from British 

Columbia in Canada to the southern parts of California in the United States.  This 

group primarily winters in Central America from Mexico to Panama.  The boreal 

group occupies the remainder of the breeding habitat from Alaska all the way east into 
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Nova Scotia and into the northern United States and exhibits a circuitous migration 

strategy (Ruegg & Smith, 2002).  The boreal subspecies migrates along the 

Mississippi River and down the coast of Central America into South America, which 

correlates to their range expansion during the late Pleistocene glacial retreat (Ruegg & 

Smith, 2002).  This group primarily winters in South America along the slopes of the 

Andean Mountain range into northern Argentina (Figure 1.2). 

The SWTH is most commonly associated with dense coniferous forests comprised of 

spruce (Picea spp.), fir (Abies spp.), and eastern hemlock (Tsuga canadensis) except 

along the Californian coast where it can primarily be found in deciduous riparian 

woodlands of willow (Salix spp.), alder (Alnus spp.), and aspen (Populus spp.) (Garrett 

et al., 2012).  SWTHs breed in a variety of habitats including old growth, mature, and 

young forests (Ruggiero et al., 1991).  It breeds from sea level to 2,600 meters.  

Canopy closure, tree density, understory cover and the presence of conifers in the 

breeding grounds seem to be important habitat characteristics (Mack & Yong, 2000).  

They prefer sites with higher canopy cover, tree height, and canopy thickness.  

SWTHs occupy an even broader habitat niche during spring and autumn migration, 

usually habitats with dense undergrowth.  Further, they have been sighted migrating 

through arid desert-like habitats as well as open understory deciduous forests.  

Although information on wintering ground habitat is scarce, there are reports that they 

occupy primary rainforest, older secondary forests, and forest-pasture edges in south 

Veracruz, Mexico (Ramos & Warner, 1980).  Contrary to this, SWTHs have been 

documented in more secondary forest habitat in Costa Rica (Finch & Martin, 1995). 

The SWTH is known for its delicate flute-like song spiraling upward in pitch and 

exclusively sung by males.  It is a near-ground forager where it most often searches 

for food in the leaf litter of the forest floor.  It is also known to glean leaves of trees 

within 2 m of the forest floor (Sabo, 1980).  It consumes a variety of fruits and 

arthropods throughout its annual cycle with the tendency to ingest a more arthropod-

based diet during the breeding season and spring migration and a more frugivorous 

diet during the winter and fall migration (Holmes & Robinson, 1988; Parrish, 1997).  

Its breeding season diet includes insects such as beetles (Coleoptera), caterpillars 

(Lepidoptera), ants (Formicidae), grasshoppers (Orthoptera), true bugs (Hemiptera), 

and other arthropods.  Fruits include elderberries (Sambucus spp.), blackberries and 

raspberries (Rubus spp.), huckleberries (Vaccinium spp.), sumac (Rhus spp.), along 

with several other wild fruits (Beal, 1915).  Information on specific wintering ground 

diets is very scarce for this species but frugivory seems to be the most prevalent 

(personal observations). 

Like many other passerine birds, habitat degradation is one of the major factors that is 

altering the SWTH populations.  Silvicultural practices such as logging have 

dramatically altered the landscape and have limited the number of suitable understory 

nesting locations for the species.  These practices also lead to edge effects which 

create habitat corridors that act as a barrier for many passerine birds (Rail et al, 1997).  

These corridors not only limit the breeding habitat but they also could potentially 

prevent some birds from finding suitable habitat nearby.  These birds are also being 

threatened on the other end of their annual cycle.  The Swainson’s Thrush is currently 
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one of 45 Neotropical migrant birds listed to be negatively affected by tropical habitat 

deforestation (Finch & Martin, 1995).  Tropical deforestation rates are at an all-time 

high and these impacts can be devastating to entire local populations of Neotropical 

migrants.  Knowing the basic ecology and life history of birds is vital in order to fully 

understand the impacts that humans have on the landscape as it relates to their biology 

(Faaborg et al., 2010). 

Although the SWTH has decreased in population by about 30 percent in the last 45 

years (North American Breeding Bird Survey), it still remains a species of least 

concern conservation status.  The extensive range and abundance, coupled with similar 

life history traits with other Neotropical migrants makes the SWTH an ideal 

representative of Western Hemisphere migratory passerines.  The breeding season has 

been well documented throughout North America.  Like most passerines, the males 

will arrive on the breeding grounds before the female, and the timing of this is 

dependent on the latitude and elevation (Johnson & Geupel, 1996), but most of the 

breeding birds arrive at their respective sites between mid-April and mid-May.  The 

birds are territorial in the breeding grounds (Sabo, 1980) and their breeding 

territoriality is significantly affected by habitat fragmentation (Rail et al., 1997).  It is 

unknown whether SWTH hold territories on the wintering grounds and if there is 

demographic-linked dominance hierarchies. 

Study Area 

This research took place at the Wildsumaco Wildlife Sanctuary (0.67° S, 77.60° W) in 

the eastern foothills of the Ecuadorian Andes (approximately 1,500 m) (Figure 1.3) 

along a network of trails that were previously established by the sanctuary (Figure 

1.4).  This area, located in the Gran Sumaco region, is just south of Parque Nacional 

Sumaco-Napo Galeras, which was established as a National Park in 1994.  This park 

was originally established to protect the 205,209 hectares of land surrounding Volcano 

Sumaco that are under immediate threat of habitat degradation.  Humans have had 

improved access throughout this region with the expansion of roads in recent years.  

This allows for international oil companies and opportunistic farmers to gain access to 

these lands to either exploit resources or begin cultivation.  This habitat encompasses 

many unique fauna and flora and the threats to the forests in this area demonstrate 

needed commitment to conserving unique and important habitat types.  Although 

Wildsumaco Wildlife Sanctuary is not part of the National Park, it lies directly 

adjacent to the protected land and includes the same vitally important forests.  It is 

privately owned and through the help of many generous donors to the “Rio Pucuno 

Foundation” (http://www.riopucunofoundation.org/), Wildsumaco aims to purchase 

more land to prevent additional habitat loss, or to promote reforestation of agricultural 

areas. 

The geological characteristics of the Gran Sumaco region in the Andean foothills 

include a layer of volcanic basalt in the higher elevations, followed by limestone and 

sandstone deposits beneath.  Small tributaries, including the Hollin, Humani, Pucuno, 

and Suno, begin from the slopes of Volcano Sumaco and lead into the immense Napo 

River.  The annual rainfall in the region generally ranges from 3,500 mm to 6,000 
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mm; and the specific annual rainfall of the Wildsumaco Wildlife Sanctuary over the 

last five years (2009-2013) averages 4,046 mm (Figure 1.5).  There is no distinct dry 

season, but rainfall generally lessens from July-August and December-January.   

The vegetation is impressively diverse in this region, with many taxa yet to be 

scientifically described.  The Wildsumaco elevation band falls into the premontane 

rainforest vegetation type (1,000 m-1,600 m).  The canopy height of the primary forest 

averages between 30 and 40 meters with some of the largest trees being strangler figs 

(Ficus spp.) (Valencia et al., 1998).  Commonly seen tree species within this elevation 

band include: Dacryodes cupularis, Metteniusa tessmanniana, Ocotea javitensis, 

Dictyocaryum lamarckianum.  Several bamboo species (Bambusa spp.) and Cecropia 

spp. propagate in areas that have undergone recent natural or anthropogenic 

disturbances.  There have been approximately 1,800 described vascular plants within a 

15 km
2
 area in the Gran Sumaco region and there are likely hundreds more.  In fact, 

there have been at least 25 additional tree species discovered between 1987 and 1992 

in the lower elevation band of this region.  The higher elevations have been explored 

even less, with very little knowledge of the plant community from 1,000 m to 1,600 m.  

However, there were 150 documented tree species within a one hectare plot at 1,200 m 

along the slopes of Volcano Sumaco (Valencia et al., 1998). 

Roads provide the chance for people to colonize these regions, especially the 

premontane where this research takes place, and habitat alteration in this area has 

become a major concern for conservationists and ecotourism businesses.  The 

extremely high annual precipitation, coupled with overly saturated soils of this area 

make cultivation of produce less than ideal.  But the production of consumer goods 

has still intensified.  The major commercial crop of the area is Solanum quitoense, 

commonly known as naranjilla.  Because the soils are nutrient poor to begin with, 

naranjilla can only be supported for about 3-5 years.  Corn will usually be planted 

following the naranjilla, which in turn is followed by pastures for cattle and other 

livestock; this effectively eliminates the rainforest and habitat for many species of 

plants and animals.  Additionally, silviculture practices have also been explored in the 

surrounding area of Wildsumaco Wildlife Sanctuary.  This will also rapidly eliminate 

crucial biodiverse habitat space. 

The conservation of this land due to its immense biodiversity is of high priority 

(Appendix 1.1).  An essay by Thurber et al. (1996) states that “This part of eastern 

Ecuador has been called the ‘refuge’ that held much of the Amazon diversity during 

the last ice age”.  The area is saturated with life, avian included, containing over 500 

species of birds at the Wildsumaco Wildlife Sanctuary alone.  Many of these birds are 

Neotropical migrants and rely on this area as their winter residence.  The Swainson’s 

Thrush is one of these long-distance Neotropical migrants that uses the habitat within 

and surrounding Wildsumaco Wildlife Sanctuary as their wintering grounds.  It is in 

fact, it is one of the most abundant bird species within the area.   
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Study Design 

 

Data were collected in the Gran Sumaco region of Ecuador on the property of 

Wildsumaco Lodge and Biological Station.  This area offers a mosaic of both primary 

and secondary forests, pastures, and agricultural fields, enabling us to gather 

information on important habitat preferences.  These criteria will contribute important 

habitat-avian specific information to consider when designing and implementing 

future Neotropical ecological conservation plans.  We collected wintering habitat 

occupancy data using radio telemetry over a two and a half month field season on the 

eastern slope of the Andean foothills in Ecuador (~1,500 m).  We also used point 

counts and vegetation censuses to look at SWTH densities related to habitat 

characteristics.  Blood and feather samples from each bird captured were collected to 

determine sex using molecular techniques and feather deuterium (
2
H), respectively, 

allowing us to look at sex ratios within the study site as well as feather provenance (by 

comparing feather 
2
H to precipitation 

2
H)  from the breeding grounds.   
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Figure 1.1: Annual cycle of Swainson’s 

Thrush.  Breeding range occupies the boreal 

forests of North America as well as the 

temperate rain forests along the west coast 

of the United States and Canada.  The 

wintering range consists of parts of Central 

and South America, particularly along the 

Andean Mountain range. 
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Figure 1.2: Breeding and wintering ranges of both 

the coastal and boreal subspecies of Swainson’s 

Thrush.  Gray indicates the distribution of the 

boreal subspecies, black indicates the coastal 

subspecies.  Dashed lines represent potential 

contact zones.  Figure credit: Ruegg, 2007. 
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Figure 1.3: Location of Wildsumaco Wildlife 

Sanctuary in relation to the South American 

continent.  Photograph source: Google Earth. 
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Figure 1.4: Trail network at Wildsumaco Wildlife Sanctuary 

with key locations.  The network contains areas of primary and 

secondary forests with some adjacent pastures and cropland. 
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Figure 1.5: Monthly rainfall at Wildsumaco 

Wildlife Sanctuary from 2009-May 2014.  Average 

annual rainfall = 4,046 mm.  Data/Figure credit: Jim 

and Bonnie Olson (Owners of Wildsumaco Wildlife 

Sanctuary). 
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Chapter 2 

Swainson’s Thrush abundance and habitat associations in a mosaic of the 

foothills of Ecuador 

 

Abstract: Habitat alteration and degradation is influencing much of the globe with 

human population and the demand for resources increasing at alarming rates.  These 

alterations have profound effects on the flora and fauna throughout the world 

especially in the tropics, where vast contiguous forests are being cut down, fragmented 

and converted to agriculture.  Therefore, how birds use these habitats are important to 

document in order to promote informed conservation actions in the future.  Here, we 

documented the abundance of a wintering Swainson’s Thrush (Catharus ustulatus) 

population and recorded the associated habitat characteristics within the Wildsumaco 

Wildlife Sanctuary, Ecuador.  Twenty-four point count locations were set up and 

vegetation was classified as primary or secondary at each of the locations.  Primary 

and secondary sites were different in maximum diameter at breast height (DBH), tree 

cover percentage, and the lower stratum of the canopy height.  There were 

significantly higher total detections of birds in the secondary forest and the birds 

exhibited a patchy distribution, with birds seemingly preferring areas with high 

densities of small trees with lower canopies.  The abundance of birds significantly 

decreased in both habitat types throughout the seven week survey period.  We 

speculate these birds are tracking seasonal fruits over large areas within this region; 

once resources become limited they pass through the area in search of new fruit 

bearing patches.  These findings add insights about the wintering ecology of this 

species and point to the potential importance of conserving large contiguous blocks of 

forest cover in the Neotropics, even if that cover is not necessarily primary forest. 

Introduction 

Research on avian habitat use and selection are integral aspects of species’ life 

histories.  Habitat use refers to the way a bird uses its surrounding resources in order 

to survive, while habitat selection refers specifically to behavioral responses that may 

cause unequal uses of those resources (Jones, 2001).  Several studies use habitat 

selection information to help implement conservation management plans (Jones, 

2001).  Overwhelming evidence suggests that habitat degradation is the dominant 

influencing factor that alters avian habitat selection (Schmiegelow & Mönkkönen, 

2002).  With human population growing, there is a strong demand for natural 

resources, living space, and food.  Tropical rainforests in Africa, Asia, and the 

Americas have suffered great losses throughout the years from humans altering closed 

canopy primary forests (Laurance, 1999).  These forests provide extensive habitat for 

all types of flora and fauna, including wintering migratory passerines. 

Human activities, such as the aforementioned habitat alteration, can have profound 

effects on wildlife populations.  Therefore, it is vitally important for researchers to 

understand how these changes in the landscape can affect populations.  This can be 

done by continually monitoring the abundance and distribution of populations within 
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certain areas over time.  Point counts from fixed locations are a widely used 

monitoring technique, especially when considering avian populations (Link et al., 

1994).  To do this, an observer will record the species present and the approximate 

distance from the point within a certain time interval.  This surveying method usually 

occurs over the course of the field season to maintain consistency and gather a robust 

representation of the populations present within the study site (Royle, 2004).  Point 

counts have been widely used since the mid-1960s when they were first established by 

the Breeding Bird Survey (BBS).  The BBS offers an expansive dataset which allows 

researchers to monitor the changing populations of birds over time.  Landbirds have 

recently been suggested as ideal indicator species for overall ecosystem health by 

recognizing avian responses to landscape changes (Hutto & Young, 2002) and because 

birds can be easily monitored, point counts have been widely accepted as the most 

efficient way to accurately describe bird distribution and abundance.  Point counts are 

followed by vegetation surveys in order to get a representation of the plant 

characteristics throughout the study site.  Determining the features of the plant 

community as they relate to avian assemblages is important because it allows 

examination of species/habitat associations and because human altered vegetation can 

influence bird communities (Johnson et al., 2007). 

Understanding how avian abundances relate to habitat characteristics is important to 

document in all habitats occupied by migratory birds across their annual cycle.  The 

Swainson’s Thrush (SWTH) has been extensively studied throughout the breeding 

grounds (Johnson & Geupel, 1996), but its tropical wintering ground habitat use is 

mostly unknown.  Understanding the habitat use of Swainson’s Thrush in the Andean 

foothills of Ecuador is important in order to implement future conservation action as 

well as to add to the growing knowledge of Swainson’s Thrush life history.  Our 

objective was to determine habitat characteristics important to Swainson’s Thrushes in 

the wintering ground mosaic of Wildsumaco Wildlife Sanctuary and how these 

characteristics associate with their abundance and distribution.  We predict that 

patterns of habitat use will be consistent with previous studies, where dominant and 

subordinate birds will occupy different habitats during the wintering period; however, 

the preferred habitat is not known for the Swainson’s Thrush during this phase of the 

annual cycle (Finch & Martin, 1995; Ramos & Warner, 1980). 

Methods 

Vegetation Surveys 

We assessed vegetation in a robust and methodical fashion using the relevé 

methodology (Appendix 2.1).  Vegetation surveys were conducted at each of 24 point 

count locations along the trail network at Wildsumaco with 12 stations each in both 

primary and secondary habitats (Figure 2.1).  A 25 m plot was established with the 

point count location as the center and vegetation was divided into four categorical 

layers.  The tree layer (1) was woody plants >5 m in height, (2) shrub layer woody 

plants with a range of 0.5-5 m in height, (3) herb layer 0.1-0.5 m and, (4) moss layer 

all less than 0.1 m high.  The percent cover of each of these four layers was visually 

estimated by using a 0-5 scale.  A score of five for any of the layers represented >75% 
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cover in the plot.  Four meant that the layer covered 50-75%, three-25-50%, two-5-

25%, one-<5%, and zero-0%.   

We estimated the average upper and lower heights (bounds) for both the tree (to the 

nearest meter) and shrub (to the nearest decimeter) layers within the plot.  We 

recorded the diameter at breast height (DBH), to the nearest centimeter, for both the 

smallest and largest tree within each plot.  The species was recorded if identification 

was possible.  We recorded the number of obvious sublayers in order to provide 

information regarding the structure and succession properties of that forest.  A 

spherical densitometer reading in each cardinal direction was taken and averaged to 

determine the canopy cover at the center point of the plot.  Lastly, the number of snags 

within the plot were recorded according to size class (<14.9, 15-27.9, 28-63.9, 64-

101.9, and >109 cm DBH). 

Because of the vast plant diversity in this tropical rainforest of Ecuador most species, 

or genera, in the survey were left unidentified with the exception of Cecropia spp., an 

early successional plant that is easily identified and their fruit has been observed to be 

an important resource for many residential and migrating bird species at our site 

(personal observation).   

Point Counts 

Point count surveys were conducted to determine the relative densities of SWTH and 

compare between primary and secondary abundance at each of the 24 stations.  We 

classified primary by assessing the overall structure of the forest, characterized by 

larger, more mature trees, higher canopy, and less understory growth.  The 

secondary/disturbed habitats consisted of smaller pioneer species of trees (e.g. 

Cecropia spp.), a lower overall canopy, and denser understory.  We also classified 

habitat as secondary based on whether or not there was a disturbance within the area.  

This includes phenomena like tree-fall gaps or areas where mature trees may have 

been harvested.  Each survey point was at least 200 m away from the others so as to 

limit the possibility of double counting (Figure 2.1).   

Each survey point was completed twice a week on consecutive days and all surveying 

took place between 0700 and 1030.  Each survey was a five-minute point count in 

which we noted any type of detection of only our target species.  We recorded the 

minute of detection, what type of detection was observed, and the estimated distance 

from the survey point, allowing us to estimate density.  We had four categories of 

detection: “whip/pip” call, “whinnie” call, song/sub-song, or visual observation.  The 

estimated distance was practiced until proficient by both technicians prior to 

conducting surveys by locating birds, estimating a distance, and then measuring out 

that distance.  This was done until each technician had estimates down to within five 

meter accuracy.  We also noted if a bird was detected from a survey point, but thought 

to be in the alternative habitat type, i.e., survey point in the primary but bird detected 

in the secondary and thus were excluded from our analyses.  Any bird thought to be 

double-counted was also excluded from the analyses.  General weather conditions 

were also noted throughout the surveying period and counts were avoided on days 

where there was significant precipitation and wind. 
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Analysis 

A t-test (two sample assuming unequal variances) was used to differentiate primary 

and secondary forest stations using the maximum DBH, the percent cover of trees, 

average canopy cover, and average shrub cover within each plot. 

Several general terms including total count detections, total surveys, total stations, 

relative station abundance, relative species abundance, and species frequency were 

used to summarize the point count results over the 2014 field season.  The relative 

station abundance (number of individuals detected per survey per station (1)), relative 

species abundance (number of individuals detected per number of surveys (2)), and the 

species frequency (number of points with detections per number of points surveyed 

(3)) were determined for all surveys during the field season and compared between 

primary and secondary forest stations. 

  

(1)𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑎𝑑𝑢𝑛𝑑𝑎𝑛𝑐𝑒 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑟𝑣𝑒𝑦 𝑣𝑖𝑠𝑖𝑡𝑠
   

  

(2)𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 𝑠𝑢𝑟𝑣𝑒𝑦𝑒𝑑
 

  

(3) 𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠 𝑠𝑢𝑟𝑣𝑒𝑦𝑒𝑑
 

 

A Wilcox rank sum test was used to compare the total number of Swainson’s Thrushes 

detected in both primary and secondary forests and the relative station abundance was 

analyzed using a t-test (two sample assuming unequal variances). 

Results 

Vegetation Surveying  

Primary and secondary labeled point count stations were differentiated by using 

several measured parameters.  Primary sites had an average maximum DBH of 133.1 

cm, a canopy height of 31.3 m, and a scaled shrub score of 4.83.  Secondary sites had 

an average maximum DBH of 67.1 cm, a canopy height of 26.8 m, and a scaled shrub 

score of 5.25.  The maximum DBH was greater on primary (n = 12) compared to 

secondary (n = 12) stations (x̅: Primary = 133.08 cm, secondary = 67.08 cm) (t = -

2.78, df = 22, p = 0.013).  Primary forest stations had significantly higher cover for 

woody plants >5 m in height (t = -4.56, df = 22, p < 0.001).  The lower bound in the 

canopy of the primary stations was significantly higher than the secondary stations (t = 

-3.76, df = 22, p = 0.001).  Primary forest stations had higher amounts of canopy cover 

compared to secondary stations (Primary = 92.05%, Secondary = 80.35%) but this was 
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not statistically different (t = -1.77, df = 22, p = 0.1).  Shrub cover was also not 

significantly different (t = 1.28, df = 22, p = 0.22).   

Point Count Surveys 

We had a total of 527 SWTH detections during 336 point count surveys at 24 survey 

stations during the 2014 winter field season.  There were 127 detections (24.1%) at 12 

stations located in the primary forest and 400 (75.9%) at the 12 stations located in the 

secondary forest.  The total number of SWTHs detected at each differed significantly 

between primary and secondary forests (W = 534, df = 22, p < 0.001) (Figure 2.2).  

This difference was plotted over time to look at the densities of Swainson’s Thrushes 

in primary and secondary forests throughout the seven week surveying period and the 

abundance decreased over time (F = 6.54, df = 1, p = 0.027) (Figure 2.3).  The relative 

station abundance in the primary forest was significantly less than that of the 

secondary forest (t = -2.26, df = 22, p = 0.04).  The stations with the highest relative 

station abundance were S1, S4, S7, S11, and S12 with abundances of 7.36, 4.36, 4.71, 

3.93, and 3.93 detections/station/survey, respectively (Table 1.1).  The distribution 

across stations was rather patchy, mostly occurring in the secondary stations at the 

northern end of the trail network (Figure 2.4).  The relative species abundance was 

much higher in the secondary forests (33.3 individuals/station) compared to the 

primary forest (10.6 individuals/station).  The species frequency of the primary and 

secondary forest was 0.28 and 0.54, respectively (corresponding to a 28% and 54% 

chance of detecting a bird in the primary and secondary forests, respectively).  Stem 

density was associated with detection rates of SWTHs during the 2014 wintering 

period, with average detections at their highest in secondary forests of intermediate 

stem density (Figure 2.5). 

Discussion 

Primary and secondary forest had distinct structure based upon tree cover percentage, 

maximum DBH, and lower bound height of the canopy at each site.  We used the tree 

cover percentage and the size of trees as important vegetation characteristics for the 

SWTH because they are important documented habitat features on the breeding 

grounds (Mack & Yong, 2000).   

We found high abundances of SWTH in the secondary forests exhibiting a patchy 

distribution with the highest average detections at sites S1, S4, S7, S11, and S12 

(Table 2.1, Figure 2.4).  We further compared these five sites to the remaining seven 

secondary sites examining canopy cover, shrub and tree scaled scores (cover), 

minimum and maximum DBH, high and low shrub bounds, and high and low tree 

bounds.  Of these compared parameters, maximum DBH, tree height, and tree cover 

values significantly differed between these respective sets of secondary sites.  

Secondary stations with the most detections had significantly lower maximum DBH 

values (t = -3.49, df = 10, p = 0.007).  The five stations with the highest relative 

station abundance also had a significantly lower canopy (t = -2.12, df = 10, p = 0.036).  

Additionally, these five sites had significantly higher tree cover percentages (t = 1.98, 

df = 10, p = 0.044).  All five of these sites exhibited a certain degree of disturbance 

and were situated near either a road or pasture and were dominated by Cecropia spp.  
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This finding provides evidence in support of wintering SWTHs occupying secondary, 

early successional disturbed forests.       

Given that the majority of SWTHs at Wildsumaco are detected within secondary 

forest, this may indicate the importance of this habitat type during this period of the 

annual cycle.  Preferred habitat for this wintering population seems to be areas with 

high densities of small trees with low canopy heights.  The secondary forest of 

Wildsumaco seems to offer an abundance of resources for the majority of the 

wintering period.  These birds also showed a steady decline in abundance over the 

course of the seven week surveying period (Figure 2.3).  We speculate that the steady 

reductions in abundance over multiple weeks represents localized to regional 

movements tracking seasonal resources (fruit). This behavior has been documented in 

several other migratory bird species (Heckscher et al., 2015; Lefebvre & Poulin, 

1996).  Alternatively, these movements may represent an intratropical migration with 

SWTH moving to a distinct region within their wintering grounds.   

We noted earlier that the areas with the highest station abundance were dominated by 

Cecropia trees.  Throughout the study period we have observed SWTH feeding on the 

abundant Cecropia fruit as well as several other fruiting species, e.g., in the families 

Euphorbiaceae, Ulmaceae, and Asteraceae.    Our results give new insights to the 

habitat use and abundance of SWTH in Ecuador and provide new directions for future 

research.  The SWTH wintering range covers a vast latitudinal area and more sites 

along this gradient should be surveyed to put our results into context.  
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Station Relative Station 

Abundance 

P1 2.29 

P2 1.29 

P3 0.50 

P4 0.57 

P5 0.71 

P6 0.50 

P7 0.14 

P8 0.50 

P9 0.21 

P10 1.79 

P11 0 

P12 0.57 

S1 7.36 

S2 1.64 

S3 0 

S4 4.36 

S5 0.79 

S6 0.29 

S7 4.71 

S8 0.07 

S9 0.57 

S10 0.93 

S11 3.93 

S12 3.93 

Table 2.1: The point count station and their relative station 

abundance (average detections per station per survey).  Primary forest 

detections were significantly lower than secondary forest detections (t 

= -2.26, df = 22, p = 0.04).  Sites labeled with “P” represent primary 

stations; sites labeled with “S” represent secondary stations. 
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Figure 2.1: Trail network at Wildsumaco Wildlife Sanctuary 

with point count stations and corresponding names.  There are 

12 points in the primary forest and 12 points in the secondary 

forest where we surveyed vegetation characteristics and 

Swainson’s Thrush abundance. 
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Figure 2.2: The total number of 

Swainson’s Thrushes detected at each of 

the primary forest stations was 

significantly less than birds detected at 

the secondary forest stations (W = 534, 

df = 22, p < 0.001).  On the x-axis: “P” 

represents primary forests and “S” 

represents secondary. 
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Figure 2.3: The total number of Swainson’s Thrushes detections at 

both primary and secondary stations over the course of the seven 

week surveying period.  The combined density of Swainson’s 

Thrushes in both primary and secondary forests at Wildsumaco 

declined significantly with time (F = 6.54, df = 1, p = 0.027). 
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Figure 2.4: The relative station abundance (average detections per station 

per survey) represented by graduated size dots.  Higher detection rates 

have larger sized dots and lower rates have smaller dots.  Primary and 

secondary forest stations are represented by green squares and circles 

respectively. 
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Figure 2.5: Twelve primary and 12 secondary forest stations plotted 

with their scaled tree score and average number of detections 

(relative station abundance).  Tree scaled score values: 7 = >75% 

coverage, 6 = 50-75%, 5 = 25-50%, 4 = 5-25%, 3 = <5%, 2 = 0%.  
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Chapter 3 

Overwinter habitat use of Swainson’s Thrush in the Andean foothills of Ecuador 

derived from telemetry 

 

Abstract: To date, the over-winter habitat use of Swainson’s Thrush (Catharus 

ustulatus) remains relatively unknown.  We used radio telemetry to look at individual 

habitat use within a wintering population located on the eastern Andean foothills of 

Ecuador.  Telemetry is an important tool for determining how individuals use habitat 

space and how they relate to their conspecifics.  Twenty-four birds were radio-tagged 

and tracked through a mosaic of primary, secondary, and agricultural habitats.  Fifteen 

radio-tagged individual’s yielded locations of occupancy and habitat.  These birds 

overlapped and moved primarily in second growth forests.  The average residency was 

17.1 ± 2.68 days, and individuals covered comparatively large areas on average (2.36 

± 0.92 ha).  We related the demographic patterns revealed by capturing birds for the 

telemetry study to the birds captured at locations in Ecuador.  Captured birds at 

Wildsumaco (n = 86) were comprised of 98.8% males and 96.5% SYs (young from 

the previous breeding season).  Additional samples (n = 27) collected over a broader 

range of Ecuador were also heavily skewed in the sex ratio, 74.1% males, age not 

determined.  Given that the sampled population at Wildsumaco is almost completely 

young males, exhibit overlapping occupancy of local habitats, have short residency 

times, coupled with numerous field observations of non-radio-tagged birds foraging 

among conspecifics suggest this population consists of non-territorial individuals 

tracking and exploiting seasonal fruiting trees within second growth habitats.  These 

kind of intratropical movements are not uncommon in migratory birds. Alternatively, 

these birds may undergo a mid-winter intratropical migration to a yet unknown 

location. To elucidate this behavior future research could implement the use satellite 

tracked radio tags to discern whether different age and sex classes of wintering 

Swainson’s Thrushes conform to this itinerant wintering behavior throughout their 

vast wintering range.     

Introduction 

Understanding the spatial movements of animals allow researchers to identify specific 

habitat preferences and needs of different animal species throughout their respective 

lives.  The specific area an animal frequents is often referred to as an animal’s home 

range.  Our current definition of “home range” was outlined by Burt (1943:352) 

stating: “That area traversed by the individual in its normal activities of food 

gathering, mating, and caring for young.  Occasional sallies outside the area, perhaps 

exploratory in nature, should not be considered part of the home range.”  Documenting 

demographics of an overwintering population provides evidence as to how the 

population is using the landscape during this part of the annual cycle and whether 

social dominance influences habitat use.  With the advent of radio telemetry in the 

1960s (Craighead, 1966), such biological home ranges have been routinely quantified. 
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The Wood Thrush (Hylocichla mustelina), a close relative of the Swainson’s Thrush, 

wintering in Veracruz, Mexico, utilized a mixed survival strategy of both sedentary 

and wandering behavior (Rappole et al., 1989).  After radio tracking 61 birds they 

found that sedentary birds were more likely to survive during this period, which lead 

to the presumption that the wandering strategy was suboptimal.  This study 

unfortunately did not compare the overwintering strategies among age or sex classes 

and thus provides no insights to whether these alternative strategies were related to age 

or sex.  Wintering Hermit Thrushes (Catharus guttatus) in Louisiana defended small 

territories that minimally overlapped over three wintering seasons (Brown et al., 

2000).  In this study, several birds were non-territorial (14%) and they used larger 

areas, moving among occupied territories.  Age and sex classes did not differ among 

territorial and non-territorial birds, suggesting that there is no socially dominant class 

in this species during the winter (Rappole et al., 1989).   

Thus, understanding the demographics of a wintering population in the context of 

behavior and habitat use is critical to understand factors that limit populations of 

migratory birds.  For example, some migrants defend wintering territories as 

aggressively as they do during the breeding season (Marra, 2000; Marra & Holmes, 

2001).  It is often the case that territory holders are mature males that have survived at 

least one complete annual cycle and are frequently found to hold territories in the 

optimal habitat during the wintering period (Moore et al., 2003).  Young males and 

females are typically subordinate to the older males and will occupy less “ideal” 

wintering habitat or be forced to “float”.  A floater is described as a bird that occurs 

over much larger areas when compared to typical home range sizes and does not 

actively defend a territory (Brown & Long, 2007).  They usually are non-aggressive 

towards conspecifics and can often be observed gregariously foraging.   

The Swainson’s Thrush (Catharus ustulatus) is a long-distance Nearctic-Neotropical 

migrant that breeds across North America and migrates into Central and South 

America.  There are two recognized subspecies: the coastal “russet-backed” thrushes 

(C. u. ustulatus) and the boreal “olive-backed” thrushes (C. u. swainsoni) (Mack & 

Yong, 2000).  The coastal subspecies breeds in the temperate rainforests of the 

western United States and migrates into Central America; the boreal subspecies 

occupies the remainder of the breeding habitat and winters in mainly South America 

(Ruegg & Smith, 2002).  The boreal subspecies occupies coniferous forests with 

abundance of spruce (Picea spp.), fir (Abies spp.), and eastern hemlock (Tsuga 

canadensis) (Garrett, Dunn, & Small, 2012).  They winter along the eastern slope of 

the Andean foothills through Venezuela, Colombia, Ecuador, Peru, Bolivia, and into 

northern Argentina (Mack & Yong, 2000).  Currently, little is known about the spatial 

use of habitats by Swainson’s Thrush (SWTH) during the winter period. 

With the advances of radio-telemetry techniques, global positioning system tags, and 

satellite imagery, researchers are now able to effectively define an organism’s spatial 

occupancy and infer their habitat preferences for many species.  Radio-telemetry also 

provides insight on population status and can assess habitat limiting factors if there 

seems to be higher or lower densities of a species within a study area.  Researchers can 

assess exact changes in landscapes that cause shifts in abundance in the particular 
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species.  For example, Chisholm and Leonard (2008) used radio telemetry to track 

Bicknell’s Thrush (C. bicknelli) to demonstrate that they preferred early successional 

habitat 11-13 years old and that forest management practices such as thinning 

negatively affected bird abundances. 

There are several studies that utilize telemetry techniques to examine the non-breeding 

life history of birds (Bugoni et al., 2005; Martell et al., 2001).  Distinct populations of 

Osprey (Pandion haliaetus) across the continental United States have been shown to 

exhibit different migratory pathways and use various wintering sites through the use of 

satellite telemetry (Martell et al., 2001).  The departure dates from the breeding 

grounds differed significantly between sexes of the same population with females 

departing earlier than males.  Females also typically migrated farther south than males, 

demonstrating that females migrate longer distances.  This presents an example of 

potential sexual habitat segregation in this species.  Radio-tagged Common Terns 

(Sterna hirundo) were found to remain within 165 kilometers of the tagging area (74% 

of locations were out at sea) in their southern Brazil wintering grounds (Bugoni et al., 

2005).  They were also able to look at the daily movements of the terns and determine 

that there were typically two daily foraging bouts, one in the early morning and late 

afternoon. 

We used radio telemetry to determine the spatial use of a SWTH population in the 

Andean foothills of Ecuador to assess how habitat structure affects SWTH temporal 

and spatial habitat use.  Our objective was to determine if different age or sex classes 

of SWTH at Wildsumaco Wildlife Sanctuary were defending discrete home ranges or 

exhibiting an alternative spatial use pattern.  We expected individual SWTH will 

occupy discrete home ranges in this area where resources are potentially a limiting 

factor consistent with the findings in wintering Hermit Thrushes by Brown et al. 

(2000).  We also anticipate this species exhibits similar patterns among demographic 

classes of differential habitat use as was found with Moore et al., (2003).             

Methods 

Capturing and Processing 

In January 2013 and January-March 2014 we captured SWTHs in mist nets in both 

primary and secondary forest habitats (Figure 3.1).  We used playbacks of various 

recordings of SWTH calls and songs to attempt to attract birds into the nets.  Different 

songs and calls were used on different netting days in attempts to avoid habituation.  

Mist nets were opened just before daylight on capturing days (~0600), checked every 

30 minutes and remained open until ~1200.   

First we recorded the time and location of each capture.  Birds were given an 

aluminum U. S. Fish and Wildlife Service (USFWS) band and three color bands in 

unique combination for resighting/recapturing identification.  Only birds caught in the 

2014 wintering field season received radio transmitters (n = 24).  We recorded molt 

patterns for aging and scored subcutaneous fat and weight to assess health of bird for 

determining if they could handle the radio tag.  The fat scores were based upon a 0-9 

scale (0 being no fat at all and 9 being most fat).  The natural wing chord, tail and 

tarsus length were recorded to the nearest millimeter.  Sexes were later determined for 



  

28 

 

all birds using molecular sexing techniques. The age of the bird was determined by 

plumage characteristics of the greater and primary wing coverts (Pyle, 1997).  If all 10 

greater coverts were olive in coloration, matching the primary coverts, then the bird 

was an after second year (ASY) bird, if any of the feathers were washed with darker 

brown or buff colored tips on the end of the rachis, then the bird was considered a 

second year (SY) bird (Pyle, 1997).  Blood samples were taken from each specimen 

by puncture of the brachial vein, and used for molecular sexing.  The first primary 

feather (innermost) of both the right and left wing was also collected, and used for 

isotopic analysis.  Lastly, the weight was recorded using a digital scale to the nearest 

tenth of a gram.  Additional notes such as presence of parasites and overall body 

condition were also recorded prior to being released within 10 m of capture location.  

Half of the feather material and blood samples were given to collaborators at Catolica 

University in Quito, Ecuador. 

Radio Telemetry 

Twenty-four birds received radio transmitters (three caught in primary and 21 caught 

in secondary habitats).  Birds were further considered to receive a transmitter if they 

were assessed to be in “healthy” condition, i.e. no obvious ectoparsites, adequate fat, 

and little or no molting.  To apply the transmitter we used small trimming scissors to 

cut the feathers above the scapulars and lower neck.  Once the feathers were short a 

small dab of epoxy was applied to the transmitter and held onto the bird, making sure 

the antenna was straight in line with the spine.  Once the transmitter was fastened tight 

(approximately four minutes) the bird was released within ten meters of the capture 

site.  

All radio telemetry was done using 16 channel ATS receivers and started on any 

individual bird no sooner than 24 hours after the bird was released.  Telemetry was 

conducted between 0700 and 1200 and 1300 and 1700.  Tracking each individual bird 

occurred until, the battery of the transmitter died (approximately 28 days), the bird 

was undetected throughout the study site (after extensive tracking throughout), or the 

transmitter was determined to have fallen off and was immobile for at least one week.  

Locations for individual birds were determined by synchronized telemetry rounds 

done by two technicians from marked fixed points that were located by a GPS unit.  

Each technician covered an area of different fixed points during the search periods.  At 

each fixed point the name of the point and time of initiation was recorded, as well as 

the strength and compass bearing for each signal.  The strength of each signal was 

recorded based on a qualitative scale practiced by both technicians to ensure 

consistency (VVW = weakest, VW = very weak, W = weak, MW = moderately weak, 

M = moderate, MS = moderately strong, S = strong, VS = very strong, VVS = 

strongest).   

The fixed point position, time of initiation, and compass bearing were then used later 

to generate locations of each bird over the duration of their stay (Figure 3.2).  Each 

bird and their corresponding spatial coordinates were formatted using ArcMap 10.2.  

A shapefile was generated from the points and then added into the software program 

QGIS 2.2.0, where a triangulation plugin is able to generate location points for each 

bird.  Each of these “home ranges” was then converted to shapefiles that were 
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collectively brought back into ArcMap 10.2 in order to assess the degree of overlap 

within this population.  Only data with moderately or stronger signal strengths during 

telemetry were used in these triangulation simulations.  Weaker signals created 

significant variability in the detectability, whether it be from topography or distance, 

and therefore were excluded from the analysis. 

Molecular Sexing 

The sex of each bird captured in both 2013 and 2014 (n = 86) was determined by 

molecular techniques.  We used the Qiagen DNeasy Blood & Tissue Kit.  The kit 

extracted the DNA from each sample taken by first lysing it using proteinase K.  The 

lysed DNA was bound to a membrane as contaminants pass through during 

centrifugation.  Any remaining contaminants were removed by a two-step wash 

approach, using Buffer AW1 and AW2.  The extracted DNA was then eluted into 

Buffer AE. 

We amplified the extracted DNA by polymerase chain reaction (PCR) techniques.  

Once the DNA was amplified, each sample was run on a 2% agarose electrophoresis 

gel to determine the sex of the bird.  The bands in the gel correspond to fragments in 

the Chromo Helicase DNA (CHD) gene.  Birds exhibit ZW sex-determination systems 

whereas females are heterogametic ZW and males are homogametic ZZ.  Since 

females are heterogametic, they should have one copy of each fragment and therefore 

show two bands on the gel.  Males are homogametic and have two copies of the same 

fragment thus showing one band on the gel. 

This same sexing technique was also used for 27 Swainson’s Thrush blood samples 

that were obtained from the Dr. Kristen Ruegg laboratory at UCLA (unpublished 

data).  These samples were taken from six different locations in Ecuador, five of 

which were on the western (opposite of our site) side of the Andean Mountain range 

(Figure 3.3). 

Chi-square analyses were used to compare all sex and age class ratios comparing our 

observed results against an expected 1:1 ratio.     

Results 

Radio Telemetry 

There were 24 radio transmitters deployed throughout the wintering period between 10 

January and 13 February 2014 during the non-breeding season (Appendix 3.1).  Of 

these original 24 birds, 15 of them yielded at least one location point after the 

triangulation calculations were run (range = 28 locations, x̅ = 11.3 locations/bird) 

(Table 3.1).  The other eight birds apparently left detectable range within the first 24 

hours after the transmitter deployment.  Birds that remained in the detectable area 

generally stayed for about two and a half weeks (range = 31 days, x̅ = 17.1 ± 2.68 

days).  The continually detected birds provided locations that overlap within the study 

site (Figure 3.4) and the area that individual birds occupied was large (x̅ = 2.36 ± 0.92 

hectares) compared to territorial wintering Hermit Thrushes (Brown et al., 2000) 

(Table 3.1).  All tracked birds occupied secondary forest habitat.  Several birds were 
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repeatedly detected in close proximity to conspecifics marked with transmitters.  It is 

assumed that transmitter birds moved out of the study site once they were no longer 

detected.  This was determined after using the extensive trail network to search the 

study site, covering approximately 2.5 km
2
.  Individual birds did not seem to 

progressively move away from the release site after they received a transmitter (Figure 

3.5); instead they moved around the study site until they made a much longer distance 

“jump” outside the study area. 

Demographics 

There were a total of 86 SWTH caught in the wintering periods of 2013 and 2014, at 

Wildsumaco. Eighty-five were determined to be males.  Males and females shown on 

one electrophoresis gel highlight the lone female in the tenth well of the gel (Figure 

3.6).  This sex ratio (98.8%) was significantly male biased.  Of the 27 samples 

obtained from UCLA 20 were male, six were female, and one remained unknown after 

trying to amplify it several times.  This ratio of 74.1% males was also male-biased (χ
2 

= 7.54, df = 1, p = 0.003) (Figure 3.7).  Of the 86 birds caught between the two 

wintering periods, only 3 of them were after-second-year (ASY) birds.  The remaining 

83 were (SY) birds that had made their inaugural migration to South America (Table 

3.2).  

Discussion 

Our study failed to support the hypothesis that individually wintering SWTH would 

hold a distinct territory, excluding conspecifics (Figure 3.4).  All individuals tracked 

simultaneously occupied the same area with in our study site, moving between 

identified locations without apparent exclusion by conspecifics (Figure 3.8).  This is in 

contrast to many other Neotopical migrant wintering ground studies where birds 

minimally overlap and aggressively defend wintering habitat similar (Marra, 2000; 

Marra & Holmes, 2001).  In the many hours of field observations we observed the 

foraging behavior within this population of SWTH and commonly saw up to eight 

birds in the same tree foraging together with little or no aggressive conspecific 

interaction.  We also observed them often foraging in mixed species flocks.  There are 

however studies that document similar patterns.  Non-territorial  Northern 

Waterthrushes (Parkesia noveboracensis) in Puerto Rico did not always display 

territorial behaviors during the wintering period (Smith et al., 2011) and Greenberg 

(1984) documented a lack of territorial behavior in wintering Chestnut-sided and Bay-

breasted Warblers in Mexico. 

The abundance of SWTH within our study site is evident by the relative ease in 

detecting individuals by sight and sound.  We continually used the same nets and 

locations throughout the field season and never recaptured a bird in 2014; only one 

recapture occurred in 2013.  Nor were any of the 32 birds caught in 2013 

reencountered (i.e. visually re-sighting color bands or recapturing in nets) in 2014. 

These results indicate that many birds were moving through the area over the time we 

were netting further supporting movement over large areas as opposed to territoriality.  

Alternatively, individual bird’s maybe habituating to playback, but this seems less 

likely as we never re-sighted a single color-banded bird within the study area.  These 
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observations strongly suggest SWTH are continually passing through this area and 

exhibiting “floater” type behavior during the non-breeding season or the strategy of 

being itinerant opportunists in season-long pursuit of new areas with relatively rich 

food resources.   

Swainson’s Thrushes at this site occupied larger areas than documented for territorial 

Neotropical migrants.  Individuals in our population of SWTHs occupied a mean area 

of 2.36 ± 0.92 ha.  Territorial Hermit Thrushes wintering in pine plantations of 

Louisiana occupied a mean area of 0.55 ± 0.03 hectares (Brown & Long, 2007).   

Northern Waterthrushes have been documented showing intermediate wintering 

habitat occupancy strategies (Smith et al., 2011).  Radio-tracked birds exhibited both 

sedentary and itinerant behaviors in Puerto Rico.  Home-range estimates revealed that 

sedentary birds occupied a smaller space (x̅ = 0.32 ± 0.056 ha) than itinerant birds (x̅ = 

0.99 ± 0.31 ha).  Reitsma et al., (2002), found that wintering Northern Waterthrushes 

in Puerto Rico occupied small feeding areas (x̅ = 0.074 ± 0.041 ha) and exhibited high 

overlap with conspecifics when densities within the 3-ha study site were high despite 

having smaller home ranges, or feeding areas, consistent with our findings in SWTH 

at Wildsumaco.  The small feeding areas of Northern Waterthrush, documented by 

Reitsma et al. 2002 and Smith et al. 2011, is likely due to a combination of the close 

association with black mangrove (Avicennia germinans) forests and their ground-

foraging behavior. 

The time of residency for each tracked SWTH sheds additional light on their wintering 

ground habits at Wildsumaco.  The average residency time for the 15 radio tracked 

birds with adequate data was approximately 17 days with some individuals leaving 

detectable range within 48 hours of transmitter deployment and some staying the 

entire length of the transmitter battery (approximately 28 days).  Although many 

studies emphasize the sedentary survival strategies of several territorial wintering 

migrants, there has been a variety of important studies that report intratropical 

movements (Kristensen, et al., 2013; Lefebvre & Poulin, 1996; Loiselle & Blake, 

1991; Morton, 1977).  Common Redstarts (Phoenicurus phoenicurus) in Europe 

exhibited a “loop” migration strategy during their non-breeding period (Kristensen et 

al., 2013).  They passed through each wintering site relatively rapidly possibly moving 

with the greenness of vegetation which could be an indication of resource abundance.  

Costa Rican frugivores moved within the wintering period from the lower montane 

(~1,000 m) to the lowland forests (~50 m)  in response to ripened fruit (Loiselle & 

Blake, 1991).  Similarly, the Yellow-green Vireo (Vireo flavoviridis) and Piratic 

Flycatchers (Legatus leucophaius) in the Panama Canal Zone engaged in an 

intratropical migration following the seasonal changes in fruit abundance rather than 

insect abundance (Morton, 1977). 

Demographically, this wintering population of thrushes was almost completely 

comprised of SY males.  Only one female was caught suggesting either fewer females 

spend their winter in the area or they are not attracted to playback.  During the 

breeding season males are typically more attracted to playback recordings because 

they are actively defending a territory with a limiting resource (usually space, food, or 

mates) (Atwood et al. 1996; Yahner & Ross, 1995).  Chin et al. 2014 found that using 
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playback did not alter the sex ratio in wintering Wood Thrushes (Hylocicla mustelina) 

in Belize.  Also, given the array of nets that were set up during the capturing process, 

it might be reasonable to assume that we would have caught more than one female 

over the course of two field seasons if they were moving through the area.  Therefore 

we assume that there are no sex biases resulting from our capturing technique and that 

our demographics accurately represent the wintering population of Swainson’s 

Thrushes at this site. 

The male-biased sex ratio at Wildsumaco and across six additional Ecuadorian sites 

documents a number of sites within Ecuador, five of which were on the western side 

of the Andean ridge (Figure 3.3).  The sixth site was located approximately 20 km 

away from Wildsumaco and had nine individual SWTH samples.  Of the nine, four 

were females representing close to a 1:1 ratio.  This is interesting not only because the 

sex ratio was close to 1:1, but also because this site is very close to our site where we 

observed a much different result.  Additionally, this site represented four of a total of 

seven females that were recorded after combining all three data sets of 113 blood 

samples.   The bias towards young males raises the question where do the older males 

and females of all age classes reside during the non-breeding season?     

Skewed sex ratios have been documented during the wintering period of birds 

although they are not common.  Water Rails (Rallus aquaticus) wintering in Spain 

were heavily weighted towards females (Bravo et al., 2014).  Bravo et al. (2014) found 

that this is related to the quality of habitat.  Assuming that males were the dominant 

sex they had access to the high quality wintering habitats, forcing females to settle in 

suboptimal habitats.  Alternatively, males winter closer to the breeding grounds so that 

they have better access to them once the breeding season commences, allowing for 

females to occupy high quality habitat during the non-breeding season that may not 

necessarily be as close to the breeding grounds but instead maximizes overwinter 

survival and body condition.  These observations have been documented in for 

Hooded Warblers (Wilsonia citrina) wintering on the Yucatan Peninsula, Mexico 

occupying different territories according to sex (Lynchet al., 1985).  Males utilized 

closed-canopy forests while females were most common in open vegetation.  Habitat 

segregation among sexes of birds has also been documented in Jamaica in American 

Redstarts (Setophaga ruticilla) (Marra & Holmes, 2001).  Black-throated Blue 

Warblers (D. caerulesces) in Puerto Rico segregated by habitat as well during the non-

breeding season (Wunderle, 1995).  Male’s occupied areas of tall mature forests with 

little understory fruiting plants while females were found in shrubby secondary forests 

with an abundance of fruiting plants.  In a study conducted on the wintering grounds 

of Mexico, Ornat & Greenberg (1990) found that eight out of nine wintering warblers 

exhibited sexual habitat segregation including: American Redstart, Common 

Yellowthroat (Geothlypis trichas), Magnolia Warbler (D. magnolia), Northern Parula 

(Parula americana), Black-and-white Warbler, Prothonotary Warbler (Protonotaria 

citrea), and Black-throated Green Warbler (D. virens). Thus, sexual habitat 

segregation during the nonbreeding season is not uncommon among Neotropical 

migratory songbirds. 
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Another possible explanation for the movement of our tracked birds out of the study 

area is that they may actually be making a much larger intratropical migration.  With 

recent advances in tracking technology, especially in light-level geolocators, biologists 

have been able to document much larger movements within the wintering period.  An 

intratropical migration was reported with Veeries (C. fuscescens) wintering in Brazil 

(Heckscher et al., 2015).  Individual Veeries moved on average >1,300 km from their 

original wintering site northeasterly over multiple years coinciding with the annual 

Amazonian flood pulse (Heckscher et al., 2011).  Additionally, a study on Northern 

Waterthrushes, Prothonotary Warblers (Protonoturia citrea), and American Redstarts  

in the black mangroves of Panama showed a mid-winter movement of birds from the 

Pacific to the Caribbean coast in response to a reduction in the food abundance during 

the dry season (mid-winter) (Lefebvre & Poulin, 1996).  Our data does not allow us to 

determine if our population undertakes an intratropical migration. 

Future research should continue not only this population of SWTH in Wildsumaco 

Wildlife Sanctuary but also throughout their vast wintering grounds.  Are these young 

males simply tracking ephemeral fruit because they have been pushed out of “ideal” 

resource rich habitat?  Are they undertaking an intratropical migration mid-way 

through the wintering period?  These questions need to be answered in order to gain a 

more complete view of the wintering ecology of the SWTH.  Implementing the use of 

satellite tracked radio tags (e.g. Icarus project: http://icarusinitiative.org/about-icarus) 

may provide essential information to discern whether different age and sex classes 

remain relatively sedentary or adopt a more itinerant seasonal behavior, overcoming 

the shortcomings of our methodology.  Increasing our understanding of the spatial use 

of this Neotropical migrant and how it relates to the demographics will provide more 

information for future conservation management planning.  
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Frequency 
ID 

Number of 
Location points 

Number of 
Days 

Detected 

Area Occupied (ha) 

1.12 24 26 2.73 

1.45 29 32 12.68 

5.90 3 6 0.01 

6.60 13 32 0.77 

7.40 1 1 NA 

7.50 12 18 2.49 

8.50 7 29 1.11 

8.70 23 13 2.11 

9.40 6 23 0.07 

9.45 13 9 1.41 

11.50 1 6 NA 

11.60 11 7 0.08 

13.50 18 21 2.09 

14.50 7 25 3.99 

15.50 9 11 1.19 

   Average occupied 
space = 2.36  

 

 

 

  

 

 

  Males Females Unknown SY ASY 

Wildsumaco 85 1 0 - - 

    83 3 

UCLA 20 6 1 NA NA 

Table 3.1: Transmitter birds that yielded at least one 

location point after triangulation calculation (n = 15) as 

described by their radio frequency ID.  The number of 

locations generated after the triangulation was run, the 

number of days the bird was detected, and the area that it 

occupied.  The area of occupancy could not be calculated 

when only one location was triangulated and therefore 

was reported as “NA”. 

Table 3.2: The demographic breakdown of Swainson’s Thrushes at 

Wildsumaco and sites throughout Ecuador sampled by UCLA.  Both 

age and sex classes significantly differed in favor of young males 

after a chi-squared tested our observed against an expected 1:1 ratio. 
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Figure 3.1: Winter of 2014 capture success.  The left panel represents the 

trail network at Wildsumaco Wildlife Sanctuary with key and net locations.  

The top-right panel is the inset from the top box from the left panel and 

shows the net locations in the secondary forest and their corresponding catch 

success.  The bottom-right panel is the inset of the bottom box from the left 

panel and shows the net locations in the primary forest and their 

corresponding catch success.  There was much less capture success in the 

primary forest area as compared to the secondary forest (5 birds caught in 

primary, 49 birds caught in secondary) in the winter of 2014. 
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Figure 3.2: A simulated triangulation using the actual fixed point positions 

that were set up in Wildsumaco Wildlife Sanctuary.  Circles represent the 

fixed points that each technician used to record the time, compass bearing, 

and signal strength.  The triangle represents a hypothetical bird location after 

the triangulation calculation was run.  Intersecting lines represent compass 

bearing directions taken. 
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Figure 3.3: Site locations of six sampling points used by UCLA in 

relation to Wildsumaco.  Wildsumaco is represented by the red 

“star”.  Blue shapes each represent UCLA sites.  Interestingly one 

UCLA site “Hollin”, a mere 20 km away from Wildsumaco had a 

sex ratio of almost 1:1 (5 males and 4 females). 



  

38 

 

 

 

 

 

Figure 3.4: Spatial occupancy of three Swainson’s Thrushes at 

Wildsumaco Wildlife Sanctuary.  The bottom right panel shows the degree 

of overlap between the other panels, which all represent an individual bird’s 

occupancy throughout the wintering season.  All three maps are plotted on 

the same scale and space.  All three of these individual birds were released 

with transmitters within 24 hours of each other. 
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Figure 3.5: The day-to-day movements of 4 individual Swainson’s 

Thrushes (3 of these are depicted in Figure 3.3).  An individual’s 

movements were very sporadic throughout their residency (Average 

residency = 17.1 ± 2.68 days).  The star represents the release site, warmer 

colors represent days detected near the release date, and cooler colors are 

days detected prior to their departure from the study site.   
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Figure 3.6:  A photograph of the electrophoresis gel that contained 

the one female (10
th

 well position-with two bands) of the 86 birds 

that were sexed.  Females show two bands in the gel because they 

are heterogametic ZW on the sex gene; males are homogametic ZZ 

and therefore only show one highlighted band in that position.  

Well number one is the ladder to show molecular weight of the 

fragments. 

Figure 3.7: The frequency of each sex broken down by the six sites 

(and their corresponding elevations) sampled by UCLA.  All six 

females were located between two sites (Hollin and Mindo).  Hollin 

was located approximately 20 km from our Wildsumaco study site and 

showed a ratio of five males and four females. 
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Figure 3.8: Eight birds that were tracked similtaneously at Wildsumaco 

Wildlife Sanctuary from mid-January through mid-February 2014.  All eight 

transmitters were released within four days of each other from 10-14 January. 
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Chapter 4 

Using feather stable hydrogen isotopes to assess Swainson’s Thrush migratory 

connectivity 

 

Abstract: Linking the breeding and non-breeding phases of the avian annual cycle of 

migratory birds is critical to understand their complex life histories necessary for 

developing conservation management plans.  The values of the stable hydrogen 

isotopes (deuterium) in precipitation (δ
2
Hp) directly associate with values in bird 

feathers (δ
 2

Hf), which allow researchers to determine the provenance of the feather 

and link the breeding and wintering grounds of migrants; referred to as migratory 

connectivity.  There are well documented patterns of δ
2
Hp on a continent-wide scale in 

North America.  We used δ
2
Hf extracted from feather of wintering Swainson’s 

Thrushes (Catharus ustulatus) collected on eastern mid-elevation Ecuadorian slopes of 

the Andes at Wildsumaco Wildlife Sanctuary to estimate the migratory origins in 

North America of individuals by latitude.  Our results for δ
2
Hf were extremely variable 

for 95% of our samples (minimum = -140.9 ‰, maximum = -90.4 ‰) suggesting a 

broad breeding distribution among this wintering population.  When the δ
2
Hf values 

were compared to continental patterns of δ
2
Hp, we found three regions that these 

samples could originate from stretching across the entire breeding range of the boreal 

subspecies of the Swainson’s Thrush.  Our results indicate that the boreal subspecies 

has weak migratory connectivity.  Further, from a conservation perspective, habitat 

alterations on the wintering grounds leading to declines may affect populations across 

the entire breeding range but with low detectability.  

Introduction 

Migratory birds have become model organisms to link the breeding, migratory 

stopover, and wintering sites of widely dispersing animals across the annual cycle.  

One way that this can be accomplished is through an analysis of deuterium (
2
H).  

Deuterium is one of two stable isotopes of hydrogen that naturally occurs in Earth’s 

water sources.  This heavy form of hydrogen has been extensively used as a tracer 

element to look at properties of hydrological cycles (Buttle & Sami, 1992; Sklash & 

Farvolden, 1979).  Ratios of δ
2
Hp show continent-wide patterns through precipitation 

in North America (Meehan et al., 2004; Sheppard et al., 1969) with a general decrease 

in the δ
 2

Hp in a northwesterly direction from the Gulf of Mexico (Hobson & 

Wassenaar, 1996) (Figure 4.1).  “Migratory connectivity” is the term that ecologists 

use to characterize the relationship of bird populations between different geographic 

locations during different points of the year.  For example, strong migratory 

connectivity occurs if a population located across a discrete wintering location 

migrated from a similarly discrete breeding location.  Weak connectivity is explained 

by birds using the same wintering location but having migrated from different regions 

across their breeding range or vice versa.   
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Under normal bioaccumulation processes, primary producers will uptake water with a 

particular δ
2
H signature and this will eventually make its way up to higher trophic 

level consumers.  Deuterium in precipitation (δ
2
Hp) has been shown to directly 

correlate with deuterium in bird feathers (δ
2
Hf) throughout North America (Hobson et 

al., 2012; Wassenaar & Hobson, 2000).  Therefore, it is assumed that δ
2
Hp will be 

reflected in δ
2
Hf of birds. 

When tracing the origin of an animal using stable isotopes, the appropriate body tissue 

must be sampled to reflect the turn-over rates of the specific tissues.  Metabolic 

tissues, such as muscle, have higher turnover rates.  This method has been used to 

relate wintering habitat types of American Redstarts (Setophaga ruticilla) to breeding 

habitats in New Hampshire (Marra et al., 1998), but the high turnover rates of muscle 

tissue requires a narrow sampling window.  Toenails may be a better tissue to sample 

because they grow more slowly (Bearhop et al., 2005).  However, toenails ware down 

over time and migrants that are several years old might have nails that reflect isotope 

signatures throughout their annual range.  Feathers are thus the most often used for 

isotopic analysis because they retain their signatures until they are replaced and have a 

relatively short growth period.  For most species of birds, feathers are replaced once 

per year, especially the flight feathers (Pyle 1997).  For most northern breeding 

species molt patterns are well documented (Pyle, 1997, 2009; Snow 1960; Jenni & 

Winkler, 1994).  In fact, previous studies conducted in North America suggest that the 

δ
2
Hf  can distinguish the source of growth of that feather with a resolution of 1.5⁰ 

latitude (Meehan, 2001), with some exceptions, e.g. species molting in δ
2
Hp complex 

regions such as deserts. 

Most migratory passerines molt shortly after the breeding season before their 

migration to the tropics (Voelker, 1998).  They remain in their breeding grounds at 

this time while their new feathers grow.  Therefore, a bird’s diet is reflected in the δ
2
Hf 

and will closely correlate with the δ
2
Hp in that particular region.  This creates an 

opportunity to determine the approximate molting provenance for birds that replace 

their feathers on the breeding grounds during the non-breeding period both on 

migration and on the wintering grounds (Hobson & Wassenaar 1997, Chamberlain et 

al. 1997, 2000). 

The past decade has provided significant strides in the use of stable isotopes to help 

understand migratory bird biology (Chamberlain et al., 1997; Hobson & Wassenaar 

1997, Kelly et al., 2005; Rubenstein et al., 2002; Meehan, 2001).  Methods using these 

techniques are continually improving and they have been well demonstrated in 

migratory birds (Chamberlain et al., 1997; Hobson & Wassenaar, 1997; Rubenstein et 

al., 2002).  The Swainson’s Thrush (Catharus ustulatus) is a long-distance migrant 

comprised of two subspecies: the coastal russet-backed (C. u. ustulatus) and the boreal 

olive-backed (C. u. swainsoni) (Mack & Yong, 2000).  The russet-backed group 

occupies a narrow region along the west coast of North America from British 

Columbia in Canada to the southern parts of California in the United States.  This 

group primarily winters in Central America from Mexico to Panama.  The olive-

backed group occupies the remainder of the breeding habitat from Alaska all the way 

east into Nova Scotia and into the northern United States and exhibits a circuitous 
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migration strategy (Ruegg & Smith, 2002).  Its migratory biology has been extensively 

studied (Kelly et al., 2005) and additional data will provide valuable further insights 

into the life history of this species.   

Here, we use the δ
2
Hf to assign wintering migratory Swainson’s Thrushes (SWTH) to 

their approximate breeding ground origins by latitude, more specifically where they 

molt their flight feathers.  SWTH molt their flight feathers, i.e. primaries, secondaries, 

and rectrices, at the end of the breeding season before they undertake migration (Pyle, 

1997).  Based upon the strong migratory connectivity findings from Cormier et al. 

(2013) in the russet-backed subspecies, we predict that our population of SWTH 

observed at Wildsumaco Wildlife Sanctuary will also comprise of individuals from a 

relatively narrow geographic range in the breeding grounds (strong migratory 

connectivity).  We also expect that the population of thrushes at Wildsumaco are 

comprised of the olive-backed subspecies, as documented by Mack & Yong (2000), 

and will therefore occupy the boreal forests of North America. 

Methods 

Feather collection and preparation 

The first primary feather of each SWTH was collected in the field and packaged in 

paper envelopes at room temperature prior to laboratory preparation.  Note: See 

Chapter 3, Methods: ‘Capturing and Processing’ for capture methods. 

A small (~20 mm) piece of each feather was cut from the distal end and dipped into 

two baths of 2:1 chloroform/methanol to remove surface oils.  Following the washing, 

each feather sample was immediately rinsed twice in de-ionized water and placed into 

an uncovered test tube where it was allowed to dry under a fume hood for at least 48 

hours.  To ensure that no cross contamination occurred during the cleaning process, all 

utensils were rinsed in methanol following each feather preparation. 

Dried feathers were then weighed and packaged for shipment and isotopic analysis.  

We weighed each feather sample to 350 µg ± 20 µg and placed them individually into 

a 3.5 x 5.0 mm silver capsule.  We then placed each sample into a 96-position Elisa 

plate and the final feather mass was recorded (Appendix: 4.1).  Once all samples were 

weighed, each culture tray was shipped to Colorado Plateau Stable Isotope Laboratory 

at Northern Arizona University for analysis.  The deuterium of each feather sample 

was derived by a high-temperature pyrolysis by isotope-ratio spectrometry.  Feather 

δ
2
H values are reported as parts per thousand (‰) deviation from the standard mean of 

ocean water (vSMOW = 0‰) as the ratio of heavy and light hydrogen isotopes (Kelly 

et al., 2005).  All feather preparation techniques followed the procedures of Hobson 

and Wassenaar (2008) (Appendix: 4.2).   

Assigning Swainson’s Thrush to breeding origins  

We used ArcGIS 10.2 to depict all geospatial information.  An isoscape (downloaded 

from: http://wateriso.utah.edu/waterisotopes/pages/data_access/ArcGrids.html) for 

δ
2
Hp (Figure 4.1) was used to compare our δ

2
Hf  ratios to the known breeding grounds 

range of the SWTH.  We first overlaid the known breeding range onto the δ
2
Hp 
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isoscape and extracted the δ
2
Hp data in this defined polygon.  The range of δ

2
Hp data 

within the breeding range was used to create a new map layer that contained 95% of 

our δ
2
Hf  ratios.  We then converted this layer into a polygon to assign approximate 

breeding locations of our wintering SWTHs.  

Results 

The δ
2
Hf  results varied greatly between the 86 samples that we collected (x̅ = -

114.7‰, range = 95.5‰) (Figure 4.2).  After tolerance limits of 95% were clipped our 

δ
2
Hf  results consisted of 77 samples with a mean of -114.9‰ and an upper and lower 

bound of -90.4‰ and -140.9‰, respectively (range = 50.5‰).  These data were used 

to approximate the breeding grounds provenance of the feathers.  

The wintering population of SWTH, between January 2013 and January-February 

2014, seemed to have migrated from three broad areas within the known breeding 

range of the boreal subspecies (Figure 4.3).  One occurs throughout much of Alaska, a 

second larger area throughout western Canada into Ontario, and a smaller pocket in 

central Quebec and southern Newfoundland. 

Discussion 

We estimated the migratory connectivity of a wintering Swainson’s Thrush population 

captured at Wildsumaco Wildlife Sanctuary using an isotopic analysis of δ
2
Hf and then 

subsequently estimating the latitudinal provenance.  The breeding ground origins of 

this boreal population of SWTH showed weak migratory connectivity, inconsistent 

with the findings of Cormier et al. (2013) with the coastal subspecies, likely reflecting 

the difference in the sizes of the breeding ranges of the two subspecies and geography.  

For example, the coastal group breeds in a narrow section of North America west of 

the Rocky Mountains, migrates along the Pacific Coast and winters in Mexico and 

Central America, whereas the boreal subspecies breeds from Alaska to the east coast 

of Canada, migrating in a broad front to winter in South America (Mack & Young, 

2000) .  Therefore, it is more likely that the coastal subspecies exhibits stronger 

migratory connectivity because it occupies much smaller breeding and wintering 

ranges.  However, the degree of migratory connectivity in the boreal subspecies of 

Swainson’s Thrush also seems to be different from  the findings of several other 

migrants (Boulet et al., 2006; Norris et al., 2006; Ryder et al., 2011) with broad 

geographic breeding ranges, including Yellow Warblers (Setophaga petechial), 

American Redstarts (Setophaga ruticilla), and Gray Catbirds (Dumetella 

carolinensis), all of which demonstrated strong migratory connectivity between the 

breeding and non-breeding grounds.  Alternatively, the Purple Martin (Progne subis) 

also occupys a broad breeding and wintering range and shows weak migratory 

connectivity with the wintering grounds (Fraser et al., 2012).  This study, like ours, 

documented extensive overlap in wintering martins that had originated in regions 

across eastern North America.  It has been suggested that bird species that exhibit the 

strongest migratory connectivity patterns are most vulnerable to population decline 

(Jones et al., 2008).  However, the SWTH has suffered gradual declines of about 0.7% 

per year over the last 45 years regardless of weak migratory connectivity.  The 

wintering grounds of the Swainson’s Thrush covers a broad latitudinal area, but 

constant deforestation of these tropical forests pose a threat to all organisms that rely 
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on abundant resources provided by contiguous blocks of forest.  Fragmentation of 

these forests and the conversion of land to pastures or cropland directly eliminates 

suitable habitat and increases the likelihood of birds not locating suitable wintering 

habitat.  Climate change poses a direct threat to migratory birds because they are 

restricted to a constrained migratory schedule (Both et al., 2009; Both et al., 2006; 

Both & Visser, 2001).  The arrival of birds to the breeding grounds may not be in 

synchrony with peak insect outbreaks as annual warming continues to accelerate and 

spring arrives increasingly earlier.  These patterns are likely amplified in species that 

breed at more northern latitudes as well as higher elevations, like the SWTH, where 

climate change is most dramatic.  Northeastern bird communities of North America 

are expected to change as a result of climate change; high elevation species, such as 

Swainson’s Thrush, might be most at risk with as little as 1⁰C of warming reducing 

suitable habitat by more than half (Rodenhouse et al., 2008).  Therefore, several 

factors, including migratory connectivity, habitat degradation, and climate change 

need to be considered when observing such population declines in migratory 

passerines.      

Understanding migratory connectivity in an avian species has remained a challenge 

despite improved techniques and technology.  We were able to use the δ
2
Hf to narrow 

down the wintering population of SWTH at Wildsumaco to three distinct breeding 

regions across North America.  However, these results can be further refined with the 

implementation of one or several other techniques (Kelly et al., 2005).  The addition of 

assessing genetic (mtDNA) markers within these individuals has the potential to 

identify this wintering population to one of the three breeding populations that we 

present.  Additionally, the rapid advancement in satellite tracked radio tags improves 

our ability to track migratory birds throughout their annual cycle by not only adding 

location, but also timing and potential routes.  Geolocation could also provide useful 

migration information, however its limitations may outweigh its benefits.  Potential 

limitations with the geolocator method include accuracy of latitude and longitude and 

impeding the bird’s behavior and ability to survive (Ryder et al., 2011).  Given our 

wintering populations broad breeding range, the application of geolocator technology 

does not appear to be a characteristic of this overwintering population of SWTHs. 

Our results highlight the importance of understanding the migratory connectivity in a 

long-distance migratory passerine and identifies direct threats to consider for future 

research.  Loss and alteration of wintering habitats of the SWTH may be difficult to 

detect on the breeding grounds because extirpated populations on the wintering 

grounds may only show up as small incremental losses of SWTH with relatively low 

detectability since the losses are spread across a very wide range of the breeding 

grounds.  Thus, weak migratory connectivity may have a positive side, no single 

breeding population suffers all the effects from local degradation in the tropics.  

Therefore, many Neotropical migrants, particularly the SWTH, may continue to suffer 

dramatic population declines with rapid deforestation rates occurring in the tropical 

wintering grounds.  Combining multiple techniques (isotopic, genetic, and band-

recoveries) will help to improve migratory connectivity estimates and provide needed 

insights for focusing conservation efforts.  Future studies should focus on gathering 

samples from across the entire breeding and non-breeding range to provide a more 
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comprehensive understanding of the migratory connectivity of a Nearctic-Neotropical 

migrant bird. 
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Figure 4.2: Range of deuterium ratios (%o) of each Swainson’s Thrush (n = 86) 

captured between the 2013 and 2014 wintering periods broken down by age and sex 

class (x̅ = -114.7, range = 95.5).   

 

  



  

50 

 

 

 

 

F
ig

u
re

 4
.3

: 
C

ro
ss

-h
at

ch
ed

 r
eg

io
n
s 

re
p
re

se
n
t 

th
e 

p
o
ss

ib
le

 f
ea

th
er

 p
ro

v
en

an
ce

 (
as

 r
el

at
ed

 t
o
 d

eu
te

ri
u
m

 i
n
 

p
re

ci
p
it

at
io

n
) 

in
 9

5
%

 o
f 

th
e 

S
w

ai
n
so

n
’s

 T
h
ru

sh
es

 c
ap

tu
re

d
 b

et
w

ee
n

 2
0
1

3
 a

n
d

 2
0

1
4

 i
n

 W
il

d
su

m
ac

o
, 

E
cu

ad
o
r.

  
H

ea
v

y
 b

la
ck

 b
o
rd

er
 r

ep
re

se
n
ts

 t
h
e 

k
n
o

w
n
 b

re
ed

in
g
 r

an
g
e 

o
f 

th
e 

S
w

ai
n
so

n
’s

 T
h
ru

sh
. 



  

51 

 

Chapter 5 

General conclusions, recommendations, and broader implications 

General Conclusions 

Swainson’s Thrush (Catharus ustulatus) in the wintering grounds of Wildsumaco 

Wildlife Sanctuary showed similar habitat occupancies, and demographics throughout 

January 2013 and January-March 2014.  To the best of our knowledge, this is the first 

in-depth study documenting the wintering habitat use as it relates to the demographics 

and migratory connectivity of a Swainson’s Thrush (SWTH) population.  This 

population appears to be primarily composed of young males occupying secondary 

forests of smaller maximum diameter at breast height (DBH), lower canopy heights, 

and higher percentages of tree cover than measured in adjacent primary forest.  This 

population decreased in abundance over the wintering period, January to March.  The 

average residency time for radio-tracked birds was 17 days and they often overlapped 

with conspecifics that were tracked during the same time period.  Isotopic analysis of 

feather deuterium (δ
2
Hf), used in estimating their breeding provenance showed that 

this wintering population represented individuals across a vast area of the breeding 

habitat in the boreal forest of North America. 

Thrush densities and abundance revealed by point counts throughout Wildsumaco’s 

property presented new insights about the wintering life history strategies of this 

species.  These birds exhibited a patchy distribution during their stay at Wildsumaco, 

mainly occurring in five of the 24 stations that were surveyed (see Chapter 2: Table 

2.1, Figure 2.5).  These five secondary forest sites were structurally different from 

other secondary sites by exhibiting smaller maximum DBH, lower canopies, and 

higher percentages of tree cover.  All five of these areas exhibited a certain degree of 

disturbance, whether it was in secondary forest or near a road or pasture; and this 

corroborates with limited data from previous studies of wintering Swainson’s Thrush 

habitat preferences.  For example, Ramos and Warner (1980) documented wintering 

SWTHs occupying very broad habitat types in Veracruz, Mexico, noting them in both 

primary and secondary forests, as well as forest pasture edges.  Other studies have 

documented them solely in secondary forests of Costa Rica (Finch & Martin, 1995).  

However, these studies did not analyze demographics and thus provide no associations 

between sex/age class and habitat preference.  Our results indicate that of birds caught 

in January 2013 (n = 32) and January-February 2014 (n = 54) revealed that 96.5% of 

them were second year (SY) or less than one year old.  Molecular sexing of these 86 

birds revealed all but one were males.  Given the population is almost all one 

demographic, their overwintering strategies may well be similar across the landscape.  

This assumption is supported in the point count data, where birds were mainly 

detected in secondary or disturbed locations, often seen in small groups.  Our point 

count data also showed that there was a significant decrease in the overall detection of 

SWTH across the entire seven week surveying period (F = 6.54, df = 1, p = 0.027) 

(see Chapter 2: Figure 2.4).  This might suggest that this population is using this site 

similar to a migratory stopover site and passing through as resources become limited. 
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The contributions of 27 SWTH blood samples collected from various locations within 

Ecuador (see Chapter 2: Figure 2.2) by Dr. Kristen Ruegg’s laboratory at UCLA 

allowed us to quantify additional sex ratios over a broader range in Ecuador.  The 

results revealed a similar trend to what we saw at Wildsumaco with 74.1% of the 

samples male.  Although the sample size is much smaller, especially when broken 

down by site (see Chapter 2: Figure 2.8), it does suggest that habitat segregation 

within this species during the wintering period might be over a much broader range.  

Evidence of large area wintering segregation between sexes was presented in Water 

Rails (Rallus aquaticus) wintering in northern Spain (Bravo et al., 2014).  Although 

the authors were examining a rather small sample size (n = 19) all birds were female.  

They suggest that males might be in a more resource rich environment or settling into 

a less “ideal” habitat that is closer to the breeding grounds.  The latter is not 

uncommon among birds where males winter closer to the breeding grounds so that 

they have a shorter spring migration and therefore invest less energy in getting to and 

setting up their territory before the females arrive (Kokko, 1999).  Several wintering 

Neotropical warblers have been documented segregating into different habitats by sex 

including: American Redstart, Common Yellowthroat (Geothlypis trichas), Magnolia 

Warbler (Dendroica magnolia), Northern Parula (Parula americana), Black-and-white 

Warbler (Mniotilta varia), Prothonotary Warbler (Protonotaria citrea), and Black-

throated Green Warbler (D. virens) (Ornat & Greenberg, 1990).  It is therefore likely 

that wintering SWTH are also sexually segregating during the wintering season and 

are possibly separated by much larger distances or elevations than the immediate 

property of the Wildsumaco study site.    

Radio telemetry added further insights about this mostly young male population that 

supported the findings outlined by the point counts.  There were 15 birds that 

remained in the area long enough to document at least one location point (x̅ = 11 

points/bird).  As many as eight birds were tracked at simultaneously and all birds 

remained near their capture/release site concurrently with each other (see Chapter 3: 

Figure 3.5).  The telemetry results showed an extensive overlap between these birds 

(all tracked birds were young males) and we often located birds in the same area from 

day to day, near the northwest corner of the Wildsumaco trail network (see Chapter 3: 

Figure 3.5).  Collectively, these tracked birds occupied a relatively large area (x̅ = 2.36 

± 0.92 ha) and had a short residency time (x̅ = 17.1 ± 2.68 days).  These results 

suggest floating or nomadic behavior, where birds do not actively defend a territory 

but rather exploit large areas and its resources with conspecifics and often in mixed 

species flocks.  We suggest that this is population of itinerant young males passing 

through site tracking fruiting trees (e.g. Cercopia spp.) while covering much larger 

areas during their first winter.  If these birds survive to the next wintering period, they 

will likely either have a better idea of the areas of higher resources or have access to a 

more northern wintering site that is closer to the breeding grounds.  Another 

possibility could be that these birds exhibit a mid-winter intratropical migration, as has 

been shown in the closely related Veery (Catharus fuscescens) (Heckscher et al., 

2015).  Heckscher et al. (2015) correlated a long distance movement of individual 

Veeries with the annual flood pulse in the lower Amazon basin using light-level 

geolocation.  Although this flood pulse is not likely to affect the foothills at 

Wildsumaco, other environmental phenomena like prey-base abundance or fruiting 
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phenology might influence the movements of the SWTH.  Prey abundance induced 

intratropical migrations were previously documented in several Neotropical warblers 

in Panama that migrated from the Pacific to the Caribbean coast in correspondence to 

a spike in prey abundance mid-winter (Lefebvre & Poulin, 1996). 

Isotopic analysis of feather deuterium (δ
2
Hf) in SWTH was used to assess the degree 

of migratory connectivity within this wintering population.  Migratory connectivity 

was weak within our study site, demonstrating that individuals came from across the 

vast boreal forests of North America (see Chapter 4: Figure 4.3).  This may not be 

surprising because the Swainson’s Thrush occupies an extremely large breeding and 

wintering range, and this pattern is corroborated by the findings in another migratory 

species with similarly large breeding and wintering grounds, the Purple Martin 

(Progne subis) (Fraser et al., 2012).  Purple Martins also occupy large areas in both 

the breeding and wintering grounds and individuals from across the breeding range 

exhibited extensive overlap in the wintering grounds.  Tropical deforestation rates are 

annually increasing and pose an extreme threat to wintering Neotropical migrants, 

including the SWTH.  Based on our isotopic findings, this loss of habitat could have 

dramatic consequences on the population dynamics of SWTH across most of the 

boreal forests of North America but may be difficult to detect due to weak 

connectivity.   

Future Study Recommendations 

There were five primary objectives to assess the wintering ecology of Swainson’s 

Thrush in this study: (1) monitor the relative abundance throughout a mosaic of 

primary and secondary habitats, (2) observe the movement and habitat use, (3) identify 

the key habitat features and habitat preferences, (4) determine the age and sex of 

captured individuals and link this to habitat use patterns, and (5) assess migratory 

connectivity.  We used point counts, vegetation surveys, radio telemetry, molecular 

sexing techniques, and isotopic analysis of δ
2
Hf to approach these objectives.  In the 

following sections, we offer improvements to the weaknesses in our methodologies 

and make additional suggestions on how to approach future research on the wintering 

ecology of a Nearctic-Neotropical migrant. 

Point counts were conducted at each station twice a week for a five minute interval 

recording only Swainson’s Thrushes.  This protocol was modified from a more 

conventional ten-minute count that records all birds heard or seen.  There may be 

benefit to recording abundances of SWTH in this habitat mosaic in the context of the 

general community composition to quantify possible interesting trends, but this would 

necessitate more extensive detection skills for all species at this site.  As previously 

mentioned, SWTH were distributed in a patchy pattern; it is possible that not only 

vegetation characteristics but avian community composition could influence the 

distribution of wintering birds at Wildsumaco.  It would also be beneficial to set up 

more than 24 sampling stations and surveying over the entire span of overwintering 

period, i.e. November to March.  Increasing the number of sampling stations in both 

the primary and secondary habitat and a longer surveying period (as determined from 

a power analyses) would yield more robust data and give a better representation of the 

overall abundances and movements of this wintering population over the course of the 
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non-breeding season.  In addition, replicate sites at this and other elevation bands are 

essential to confirm patterns. 

Radio telemetry was used to determine the spatial use of individuals within this 

population.  We determined these individuals were not territorial based upon spatial 

use of 15 individuals sufficiently tracked out of the 24 transmitters that were deployed.  

Some birds left the immediate study site within a day of deployment and some did not 

yield useful data to triangulate at least one location point.  These findings can be 

strengthened by increasing the sample size of transmitters deployed.  It would have 

been beneficial to set out more transmitters (as determined from a power analysis) and 

gather data on a larger percentage of the population.  It would have also been 

advantageous to look at the habitat occupancy on a longer temporal scale, covering the 

entire wintering season.  In addition, replicate sites and this and other elevation bands. 

The isotopic analysis of δ
2
Hf can be a powerful tool in determining the migratory 

connectivity between wintering and breeding grounds; however, it has its limitations.  

Stable hydrogen isotopes ratios in precipitation (δ
2
Hp) show strong patterns 

corresponding with latitude and much less so with longitude in North America 

(Hobson &Wassenaar 1997).  We compared deuterium ratios in the feathers of 

captured SWTH to correlate with known ratios in δ
2
Hp across North America to assess 

migratory connectivity.  The Swainson’s Thrush occupies a vast longitudinal breeding 

range which made it difficult to refine the breeding habitat provenance among more 

than three distinct areas across their range (Chapter 4: Figure 4.3).  The addition of 

other techniques, such as genetic markers, band recoveries and patterns in coloration 

and morphology, would refine these results and possibly assign individuals in this 

wintering population to more spatially restricted breeding regions within their known 

range. 

Future Directions 

Worldwide, human population is increasing at an alarming rate and the demand for 

new resources is at an all-time high, which puts the fate of contiguous closed canopy 

forest at risk of being degraded.  These habitat changes are most intense in the vast 

tropical forests of the world, including the Neotropics.  Alterations of the natural 

environment have been shown to negatively affect many species of animals, including 

Neotropical migrants, and unfortunately continue to happen because the economic 

benefits outweigh the desire for protection.  The breeding bird survey, which has been 

monitoring North American bird population trends since the mid-1960s, demostrates 

that many populations of Neotropical migrant birds are declining throughout the 

continent and that habitat fragmentation and degradation are the underlying causes 

(Block & Brennan, 1993; Gering & Blair, 1999; Hansen et al., 2002; Saunders et al., 

1991).  Therefore, understanding the complete annual cycle of Nearctic-Neotropical 

migrant birds is crucial for informing and implementing future conservation strategies 

and to ensure the persistence of migrant birds through this time of rapid human 

population growth. 

The model species approach allows one species or group to act as proxy for other 

species. The SWTH has become an example of a model species that can help us more 
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broadly understand the evolution and ecology of Nearctic-Neotropical migratory birds 

and determine strategies for conserving this diverse group of birds across their entire 

breeding and non-breeding ranges.  Future studies should focus on the importance of 

understanding the wintering ecology of such migrants and get a complete 

understanding of habitat characteristics that seem important to the species.  Identifying 

such habitats allows conservationists to make more informed decisions as to how to 

allocate resources and policies for future management strategies.  Our study, and 

others like it, provides a better understanding of declining trends in wildlife 

populations.  Continued research exploring the relationship between wildlife and their 

tropical environment creates public awareness and hopefully instills interest.  

Ultimately, the best approach may be to work in close collaboration with governments 

and local communities to design and test experiments based upon the findings of 

previous research like that presented here. 

Ecotourism involves visiting relatively undisturbed areas of the world, usually to view 

the unique flora and fauna that these less inhabited areas offer.  This industry offers an 

alternative revenue source for lands such as Wildsumaco and other tropical forests 

throughout the world, and it has expanded over the last several decades generating 

billions of dollars annually.  Wildsumaco Wildlife Sanctuary lies just outside of 

Parque Nacional Sumaco-Napo Galeras, which was protected as a National Park in 

1994.  Ideally, Wildsumaco as well as its neighboring forests would be protected as 

part of the National Park system because it harbors high biodiversity.  Currently, 

Wildsumaco is privately owned and the owners aim to purchase additional land to help 

conserve this unique habitat landscape through the “Rio Pucuno Foundation” 

(http://www.riopucunofoundation.org/).  Our work clearly shows that a species like 

the SWTH utilizes secondary forest, perhaps even prefers such forest with the 

requisite abundance of selected fruiting plant species.  While this provides hope for 

landscapes that afford shifting mosaics of varying seral stages, secondary forests 

within a landscape context of primary forest as opposed to agriculture or residential 

development are certainly going to be more heavily used by this and other migrant 

species as well as the impressive diversity of residents.  Thus, conservation efforts 

should consider the landscape scale when mosaics undergo change. 

The majority of future conservation efforts rely in part on researchers’ ability to 

convey useful information from their studies to governmental and public stakeholders.  

By creating awareness within the local communities partnerships can originate that 

might generate necessary support and funding for future projects.  These projects 

should focus on obtaining as much information on the full life cycle ecology of 

declining migratory birds, concentrating on the non-breeding grounds.  Efforts 

directed at this phase of the annual cycle will likely have the greatest conservation 

impacts on migratory birds, especially given the proportional total area of the non-

breeding ranges compared to the breeding ranges of most Nearctic-Neotropical 

migratory species.   
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Chapter 1 Appendices 

 

 

1.1: Protected area of Gran Sumaco National Park (shaded region). 



  

70 

 

 

Chapter 2 Appendices 

 2.1: Relevé vegetation datasheet 
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Chapter 3 Appendices 

 

 

Date 
Deployed 

Band 
Number 

Color 
Combination 

Frequency 

1/10/2014 255108168 PI/M, W/PI 1.45 

1/10/2014 255108170 PI/M,Y/LG 6.6 

1/10/2014 255108171 PI/M,DB/PU 15.5 

1/10/2014 255108175 PI/M,LB/LB 4.5 

1/10/2014 255108177 PI/M,PU/DB 14.5 

1/11/2014 255108184 PI/M,LG/Y 5.9 

1/11/2014 255108186 PI/M,PI/W 13.5 

1/11/2014 255108187 PI/M,W/W 1.12 

1/12/2014 255108190 PI/M,Y/PI 1.6 

1/12/2014 255108192 PI/M,DB/LG 15.9 

1/14/2014 255108193 PI/M,LB/PU 8.5 

1/14/2014 255108194 PI/M,PU/LB 11.5 

1/14/2014 255108195 PI/M,PI/Y 12.5 

1/15/2014 255108199 PI/M,LG/DB 15.2 

1/16/2014 255108200 PI/M,W/Y 15.7 

1/20/2014 153115701 PI/M,Y/W 9.4 

1/20/2014 153115702 PI/M,DB/PI 7.5 

2/8/2014 153115703 PI/M,LB/LG 15.7 

2/8/2014 153115704 PI/M,PU/PU 11.6 

2/13/2014 153115706 PI/M,LG/LB 13.6 

2/13/2014 153115707 PI/M,W/DB 7.4 

2/13/2014 153115708 PI/M,PI/LB 8.7 

2/13/2014 153115709 PI/M,Y/Y 1.2 

2/13/2014 153115710 PI/M,PU/W 9.45 

 

 

 

 

 

3.1: Total number of birds that received a radio 

transmitter (n=24), the individual’s band number, 

color combination, and transmitter frequency.   
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Chapter 4 Appendices 

 

 

Bird (band 

number) 

Sample 

mass (µg) 

δD (‰) Bird (band 

number) 

Sample 

mass (µg) 

δD (‰) 

255108160 340 -136.0 153115702* 336 -113.6 

255108161 348 -106.8 153115703 350 -127.5 

255108162 357 -77.2 153115704 358 -115.3 

255108163 359 -102.2 153115705 348 -117.4 

255108164 370 -95.0 153115706 355 -123.2 

255108165 357 -109.9 153115707 345 -93.2 

255108166 345 -100.4 153115708 353 -103.2 

255108167 333 -110.4 153115709 337 -118.5 

255108168 345 -104.2 153115710 336 -123.0 

255108169 370 -90.4 153115711 367 -118.6 

255108170 340 -130.6 153115712 358 -105.3 

255108171 330 -114.9 153115713 355 -116.8 

255108172 334 -158.6 255108125 340 -115.6 

255108173 354 -84.5 255108126 345 -121.0 

255108174 330 -136.2 255108127 370 -116.8 

255108175 332 -98.7 255108128 358 -108.8 

255108176 370 -110.3 255108129 339 -140.9 

255108177 332 -122.9 255108130 363 -125.9 

255108178 342 -125.4 255108131 335 -76.4 

255108178* 330 -112.1 255108132 349 -125.9 

255108179 369 -103.7 255108133 335 -115.5 

255108180 330 -102.0 255108134 335 -131.6 

255108181 366 -121.8 255108135 362 -98.6 

255108182 370 -109.2 255108136 356 -136.8 

255108183 351 -146.4 255108137 370 -125.8 

255108184 348 -118.8 255108138 356 -125.9 

255108185 354 -121.9 255108139 370 -121.4 

255108186 364 -101.3 255108140 356 -113.2 

255108186* 351 -102.5 255108141 352 -91.9 

255108187 330 -105.2 255108142 370 -126.5 

255108188 355 -108.9 255108143 348 -127.3 

255108189 358 -154.1 255108144 346 -130.3 

255108190 339 -105.2 255108145 363 -102.3 

255108191 370 -98.2 255108146 347 -123.1 

255108192 332 -107.9 255108147 331 -113.8 

255108193 362 -90.7 255108148 363 -133.6 

255108194 330 -115.2 255108148* 360 -134.2 

255108194* 370 -116.1 255108149 355 -129.9 

255108195 338 -127.2 255108150 352 -94.7 

4.1: Each of the 86 birds caught between the 2013 and 2014 wintering seasons 

with their band number, submitted feather sample weight (µg), and final δD (‰) 

ratio.  Five random samples were duplicated and are labeled with an asterisk (*). 

 

 



  

73 

 

255108196 347 -151.1 255108151 356 -122.8 

255108197 336 -102.6 255108152 368 -107.6 

255108198 368 -109.4 255108153 364 -111.6 

255108199 356 -110.9 255108154 365 -63.0 

255108200 357 -150.5 255108155 348 -124.9 

153115701 355 -109.2 255108156 332 -103.7 

153115702 348 -110.6    
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4.2: Feather preparation protocol 
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