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ABSTRACT
THESIS: Habitat use by fledgling Cerulean Warblers (Setophaga cerulea), and roost site
selection by adult male Cerulean Warblers during the breeding season in southern Indiana
STUDENT: Clayton D. Delancey
DEGREE: Master of Science
COLLEGE: Sciences and Humanities
DATE: July 2018
PAGES: 167
Since 2007, Cerulean Warblers have been listed as state-endangered in Indiana (Indiana
General Assembly 2007), and are a species of conservation concern according to the United
States Fish and Wildlife Service (Buehler et al. 2008). This study focused on identifying
microhabitat preferences on different aspects of Cerulean Warbler ecology. I examined habitat
use of fledgling Cerulean Warblers (2015-2017). Results from statistical analyses showed that
fledglings, when compared to randomly generated points, were positively correlated to presence
of grapevine, vertical vegetation density, ground cover, and canopy cover. Fledgling presence
was also negatively correlated to white oak abundance, aspect, basal area, and the abundance of
mature trees (species used for nesting minus white oak). Another uncommonly studied aspect of
avian biology is roosting ecology. Very few literature exists on roosting ecology of passerines in
North America. Only one study has examined microhabitat characteristics on a passerine (Wood
Thrush) in North America. A recently published manuscript examined Cerulean Warbler
roosting, but did not collect microhabitat data or attempt to associate roost sites with nesting
stage. Data on roost sites of Cerulean Warblers can provide information on additional
microhabitat preferences within their territory or home range throughout their breeding
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distribution. In 2017, I examined habitat use of roosting male Cerulean Warblers. Statistical
analyses revealed that Cerulean Warblers chose sites with higher canopy cover, more grapevine,
more shrubs, steeper slopes, less white oak, and less basal area. By studying aspects of their
ecology, land resource managers will be provided with information on the needs of Cerulean
Warblers. This new knowledge will help foresters produce or manipulate forests to best suit the
habitat preferences of Cerulean Warblers across their breeding range.

4

ACKNOWLEDGMENTS
I would first like to thank my awesome advisor, Dr. Kamal Islam, who invested lots of
time and resources into me so that I can earn my master’s degree. His editing skills are topnotch! I could not have found a more caring and supportive advisor; without him, I could not
have done any of this difficult, but exciting field research. It has been an honor working under
him to study my favorite species of songbird, the Cerulean Warbler.
I am also very grateful to my committee members, Drs. Henry Streby and Tim Carter.
Henry’s openness to collaborate on research with others is outstanding. Henry and his research
lab at the University of Toldeo gave me lots of valuable advise for marking birds, along with
analyzing geolocator data. Dr. Carter was always very supportive and willing to help with my
research by consulting with me and allowing me to borrow equipment.
I cannot begin to tell how much I have appreciated Dr. Jason Doll’s assistance with the
statistical analyses associated with my research. His expertise has been proven invaluable, and
without his help, I would not be able to perform the analyses that I used for my research. I would
also like to thank Dr. David Leblanc for some forestry consultation.
Many thanks go out to all of the technicians who spent countless hours assisting with all
aspects of field work. Sarah Fischer, Zachary Jameson, Kelsey Pangman, Lori Dargis, Stephanie
Carrera, and Alexander Sharp were the best technicians our Cerulean Warbler Lab has ever seen.
When I first started my fieldwork in May 2015 and coursework in August 2015, I could
not have had a better friend to help me settle into this new step in my life. Claire Nemes was
always there and willing to help me transition into becoming a graduate student, although she did
set high standards for me, as she is an incredibly hard, and motivated worker. Her bird puns and
clumsy personality always helped brighten any day! I would also like to thank Garrett

5

MacDonald for joining our lab to research Cerulean Warblers alongside me. His keen eye for
finding nests or rarity bird species never ceases to amaze me. Although I have not had the
privilege to meet them in person, I would like to thank Sasha Auer and Kevin Barnes for all the
work they did for Dr. Islam’s Lab. Their hard work in setting up the research protocols to
standardize our research has not gone unrecognized. I have learned a lot from their protocols and
instructions, especially with geographic information system (GIS) work. I would also like to
thank Rose Swift for valuable assistance throughout the development of my thesis.
I would like to thank Dr. John “Barny” Dunning for adding me as a subpermittee on his
master bird banding permit. Without being subpermitted to band birds, none of this work would
have been possible. I also wish to thank Patrick Ruhl who assisted with our study by banding
some Cerulean Warblers at his banding stations in the HEE. He also gave me a call if he knew I
was close by with radio-transmitters or geolocators so I could deploy them on Cerulean Warblers
that he captured as part of his dissertation research. I am thankful to have been able to
collaborate with Patrick with his and my research.
Although, I am now a Ball State Cardinal, my heart will always belong to the Penn State
Nittany Lions, where I got my start. I owe many thanks to the faculty at Penn State DuBois
(PSUD) where hands-on education and small class sizes helped me, along with many other
students succeed in my field. Emily Thomas-Perlock made a huge impact on my career when she
became an instructor at PSUD. Because of her, my interests in the field of wildlife ecology
evolved and became more focused on avian research. I would also like to thank Dr. Margaret
Brittingham, Keely Roen, Dr. Charles "Hoagy" Schaadt, and Dr. Aaron Stottlemyer who all
made a difference in my career while I was an undergraduate student at Penn State. They are all
amazing teachers who have taught me a lot, and greatly prepared me for a career in wildlife

6

biology. I’d also like to thank Nathan Weyandt for working so well with me in our field jobs
together and for helping to give me a great college experience by getting me out of my shell. If I
ever needed someone to talk to, he was always there for me.
I would like to thank Scott Stoleson for teaching me a lot in the two summers I worked
with him in the Allegheny National Forest. His funny remarks always drew many laughs. I have
to thank Doug Raybuck for hiring me to assist on his graduate research on Cerulean Warblers.
The experience he provided helped me to be more prepared for my graduate research.
Many thanks also go to my family who have supported me in my pursuit to attend
college. I also could not have done any of this without support of Dennis and Debbi Willi who
also inspired me to attend college in the first place. I never imagined myself coming so far, and
spending so much time in school. I would also like to thank Baylee Benn for supporting me
through the completion of my graduate education, especially through all the stressful times of
working on my thesis.
Lots of thanks also go out to the organizations who helped to fund my research. All of my
research was funded by the Indiana Department of Natural Resources through Purdue University,
Amos W. Butler Audubon, Indiana Academy of Science, Association of Field Ornithologists,
Robert Cooper Audubon, Ball State University ASPiRE, and the American Ornithological
Union. I was very grateful to have received multiple research grants and travel grants from these
organizations. Without the funding provided, this research would not have been possible to
conduct.

7

TABLE OF CONTENTS
Abstract ..................................................................................................................................3
Acknowledgements ................................................................................................................5
Chapter 1: Habitat Use by Fledgling Cerulean Warblers (Setophaga cerulea) in Southern
Indiana........................................................................................................................10
Abstract ..................................................................................................................................10
Introduction ............................................................................................................................12
Methods..................................................................................................................................17
Study Area .................................................................................................................17
Point Counts ...............................................................................................................18
Nest searching and Monitoring ..................................................................................19
Capture, Banding and Auxiliary Marker Attachment ................................................19
Tracking and Observations ........................................................................................21
Microhabitat Sampling...............................................................................................22
Statistical Analysis .....................................................................................................23
Results ...................................................................................................................................25
Fledglings vs. Random locations ...............................................................................26
Fledglings vs. Nest locations .....................................................................................26
Discussion .............................................................................................................................27
Fledglings vs. Random locations ...............................................................................27
Fledglings vs. Nest locations .....................................................................................30
Fledgling Movements ................................................................................................30
Management Recommendations ................................................................................31
Acknowledgments..................................................................................................................33
Literature Cited ......................................................................................................................33
Chapter 1 Figures ...................................................................................................................36
Chapter 1 Tables ...................................................................................................................74
Chapter 2: Roosting ecology of Cerulean Warblers (Setophaga cerulea) on breeding sites in
southern Indiana .........................................................................................................81
Abstract ..................................................................................................................................81
Introduction ............................................................................................................................82
Methods..................................................................................................................................85
Study Area .................................................................................................................85
Point Counts ...............................................................................................................86
Territory Demarcation ...............................................................................................87
Nest Searching and Monitoring .................................................................................87
Capture, Banding, and Auxiliary Marker Attachment ...............................................87
Tracking and Observations ........................................................................................88
Microhabitat Sampling...............................................................................................89
Statistical Analyses ....................................................................................................91
Results ....................................................................................................................................92
Discussion .............................................................................................................................94
Characteristics of Roost Tree Locations ...................................................................94
Daily Movements to Roost Locations........................................................................96
Management Recommendations .............................................................................. 101
8

Recommendations for Future Research ................................................................... 102
Acknowledgements ............................................................................................................. 102
Literature Cited .................................................................................................................... 102
Chapter 2 Figures ................................................................................................................. 106
Chapter 2 Tables .................................................................................................................. 130
Chapter 3: American Redstarts (Setophaga ruticilla) usurp Cerulean Warbler
(Setophaga cerulea) nest in Southern Indiana ......................................................... 135
Abstract ................................................................................................................................ 135
Introduction ......................................................................................................................... 136
Methods................................................................................................................................ 136
Results .................................................................................................................................. 137
Discussion ............................................................................................................................ 139
Acknowledgments................................................................................................................ 141
Literature Cited .................................................................................................................... 141
Chapter 4: First confirmed hybrid pairing between a Cerulean Warbler (Setophaga
cerulea) and a Black-throated Blue Warbler (Setophaga caerulescens) ................. 143
Abstract ................................................................................................................................ 143
Introduction .......................................................................................................................... 145
Methods................................................................................................................................ 147
Results .................................................................................................................................. 148
Discussion ............................................................................................................................ 150
Acknowledgements .............................................................................................................. 154
Literature Cited .................................................................................................................... 154
Chapter 4 Figures ................................................................................................................. 157
Chapter 5: Female Song in Two Cerulean Warblers (Setophaga cerulea) ......................... 158
Abstract ................................................................................................................................ 158
Introduction .......................................................................................................................... 159
Methods................................................................................................................................ 160
Results .................................................................................................................................. 161
Form of Female Song............................................................................................... 161
Context of Female Song........................................................................................... 162
Discussion ............................................................................................................................ 163
Acknowledgments................................................................................................................ 165
Literature Cited .................................................................................................................... 166
Chapter 5 Figures ................................................................................................................. 167

9

Chapter 1
Habitat Use by Fledgling Cerulean Warblers (Setophaga cerulea) in Southern Indiana
Abstract
The Cerulean Warbler (Setophaga cerulea), a Neotropical migratory songbird, is listed as stateendangered in Indiana, and a species of conservation concern across its range. This species is
declining faster than any other species of wood-warbler in North America. Since 2007, Cerulean
Warbler breeding populations have been monitored in Yellowwood and Morgan-Monroe state
forests in southern Indiana as part of a 100-year project called the Hardwood Ecosystem
Experiment. This long-term study aims to determine the effects of different forest management
techniques on plant and animal communities. Based on previous research, fledglings of many
mature forest-dependent Neotropical songbirds move from mature forest habitat into areas of
thick vegetation such as clear-cuts. I was interested in determining where fledgling Cerulean
Warblers dispersed after leaving their nests, but before migrating to their wintering grounds.
Data were collected from May to July 2015-2017. Fledgling presence, when compared to
random non-use sites, was found to be positively correlated to presence of grapevines, greater
vertical vegetation density, and greater ground and canopy cover. Fledgling presence was found
to be negatively correlated to white oak abundance, aspect, basal area, and the abundance of
mature trees that Cerulean Warbler adults use for nesting. When compared to individual
fledgling’s respective nests, fledgling presence was positively correlated to increases in basal
area, greater canopy cover, and greater vertical vegetation density, while fledgling presence was
negatively correlated to presence of ground cover and white oak abundance. By identifying
Cerulean Warbler habitats throughout the breeding season, we can better inform natural resource
personnel on how to manage forests to meet the habitat needs of Cerulean Warblers.
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Over the last several decades, many species of birds have declined as forested habitats have been
altered or destroyed by humans. Because of these declines, many species are listed as threatened.
Therefore, it is imperative that we closely manage and preserve the remaining habitats for these
species (Martin and Finch 1995, Robinson et al. 1995, Holmes 2007, Sauer et al. 2012). Many
songbird studies focus on breeding habitat research with a focus on adult birds, but leave out a
large part of a songbird’s annual cycle, the fledgling period (Robinson et al. 1995, Campbell et
al. 2007, Bakermans et al. 2012). To best protect and manage habitats for a particular species, it
is vital to understand a species’ entire life cycle. Based on a handful of studies, many species
shift in their use of habitats between the breeding and post-breeding/fledgling periods (e.g.,
Streby et al. 2011, Porneluzi et al. 2014, Burke et al. 2017).
Nesting habitats differ from post-fledging habitats in many Passerine species (Akresh et
al. 2009, Porneluzi et al. 2014). Some forest-interior Passerines use clearcuts within a forest
matrix during the fledgling season. In a long-term study called the Missouri Ozark Forest
Ecosystem Project, researchers examined bird abundance and diversity in clearcuts over a 15year period following the cuts (Porneluzi et al. 2014). Although both adults and fledglings were
captured in this study, the authors did not differentiate capture rates by age class in their
analyses. The authors noted that early-successional breeding bird numbers peaked about 3-4
years after the harvests. During years 6-9 of this same study, the number of forest-interior
species peaked within the clearcuts. The researchers noticed that the abundance of forest-interior
species was greater in late summer than the early-successional species, suggesting that forestinterior species tend to move into regrown clearcuts after the breeding season (Porneluzi et al.
2014).
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A banding study in northcentral Minnesota examined the use of regenerating clearcuts by
forest-interior bird species. Researchers found that 38% of the birds (adults and fledglings)
caught were forest-interior species and 25% of the captures consisted of forest generalists. Of the
mature forest birds captured, 76% were either Ovenbird (Seiurus aurocapilla), American
Redstart (Setophaga ruticilla), Least Flycatcher (Empidonax minimus), or Black-and-white
Warbler (Mniotilta varia). Nestling Ovenbirds were banded at nests located between 5-920 m
from the nearest clearcuts. Of birds banded in the clearcuts, only one of the birds originally
banded as a nestling was captured (Streby et al. 2011).
In northwestern Pennsylvania, researchers examined bird abundance during the fledgling
season between forests and clearcuts in the Allegheny National Forest. Here, many more birds
were caught within clearcuts (1,826 individuals) than in the forest interior (195 individuals).
Hatching-year birds comprised 45% of the total captures (within both clearcuts and forest
interior), but consisted of 55.3% of the captures within only the clearcuts. Young of some species
were more common in mature forests (Hermit Thrush [Catharus guttatus]), while other species
were more common in clearcuts (Black-throated Blue Warblers [Setophaga caerulescens];
Stoleson 2013).
A study on fledgling Golden-winged Warblers (Vermivora chrysoptera) found that
independent fledglings moved from shrub land cover types to mature forests/shrub land edges.
Fledglings were found to prefer mature forests and sapling-dominated clearcuts with dense
understory and shrub layers over all other cover types during the post-fledging period. These
alternative habitats used by fledgling Golden-winged Warblers during the post-fledging period
did not match with habitat used during the nesting phase (Streby et al. 2015, Streby et al. 2016).
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Another study in southeast Ohio compared bird captures in different-sized clearcuts (Vitz
and Rodewald 2006). Researchers classified small clearcuts as harvests of 4.0-9.3 ha and large
clearcuts with an area of 13.3-18.1 ha, and compared these clearcut categories to determine if
there were any differences in bird abundance. The researchers found that there was a much
higher capture rate of forest-interior species in smaller clearcuts compared to larger clearcuts.
They also noted that 71% of the forest-interior species captured were juveniles suggesting that
regenerating clearcuts may play a role in juvenile survivorship (Vitz and Rodewald 2006, Vitz et
al. 2007).
Some adult Passerines lead fledglings to riparian forests after their nestlings fledge. In a
study in the Lower Peninsula of Michigan, researchers found that more individual birds and
more species were using riparian forests than upland forest sites during the fledgling period, and
that the majority of those birds (81%) were juveniles (Akresh et al. 2009). A proposed
explanation for this switch in habitat was attributed to areas that had higher biomass of insects
and fruit. Another likely possibility for this switch in habitat is that early-successional areas offer
more protection for fledglings from predators with its thicker density of vegetation (Vitz et al.
2007, Akresh et al. 2009, Stoleson 2013).
Radio-telemetry was used to track fledgling Ovenbirds and Worm-eating Warblers
(Helmitheros vermivorum) after they left the nest (Vitz and Rodewald 2010). Transmitters were
applied to one nestling on the projected fledge date from each nest. The researchers discovered
that as the fledglings aged, they dispersed farther away from their nests each day. Once the
nestlings had fledged, breeding territories dissipated and fledglings moved beyond the breeding
territory boundaries (Vitz and Rodewald 2010).
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In most studies using radio-telemetry to monitor fledgling movements, radio-transmitters
were deployed on dependent individuals. Burke et al. (2017) also examined fledgling habitat use
of Ovenbirds, Worm-eating Warblers, and Red-eyed Vireos (Vireo olivaceus) after
independence. They captured fledglings with mist-nets in clearcuts, and attached 0.3 g radiotransmitters. They found that juvenile birds in their study area used early-successional habitats
more often than mature forest habitats (Burke et al. 2017).
A study in central British Columbia, Canada examined habitat use of fledgling Northern
Flickers (Colaptes auratus; Gow and Wiebe 2014). They compared microhabitat data at random
points and nest points to locations where fledgling Northern Flickers were tracked. Researchers
found that fledgling Northern Flickers preferred habitats with a higher density of trees compared
to nest sites and random vegetation survey sites. The birds also showed a preference for conifers.
Northern Flickers moved from forested habitats to more open grassland habitats after seven to
ten days post-fledging (Gow and Wiebe 2014). Some birds moved more than one km from the
nest within four days of fledging. The researchers believed that the observed switch in habitats
was to increase access to food, while the higher density of trees before switching habitats aided
in survival of fledglings from predators (Gow and Wiebe 2014).
The Cerulean Warbler (Setophaga cerulea) is considered one of the fastest declining
Neotropical wood warblers in North America (Roth and Islam 2008). It is a small, migratory
songbird that breeds in forests of the central and eastern United States (USFWS 2006).
According to the Breeding Birds Survey (BBS), its population has declined more than 75% from
1966 to 2006 and it is now considered a Species of Conservation Concern by the U.S. Fish and
Wildlife Service (Buehler et. al 2008). In Indiana, Cerulean Warblers are endangered (Indiana
General Assembly 2007). Species trend information, based on BBS data collected from 1966 to
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2012, indicates that Cerulean Warblers are declining at about 3% per year. Based on data
analyzed from 2002-2012, this species declined at about 1.95% per year (Sauer et al. 2012). The
decline in Cerulean Warblers has been primarily associated with large habitat losses on their
breeding and wintering grounds (Weakland et al. 2005; Buehler et al. 2008).
Cerulean Warblers only raise one brood per season, although pairs will re-nest after a
nest fails early in the breeding season. Each brood typically consists of three to four young each
year (Buehler et al. 2013). Cerulean Warblers prefer to nest in oak-hickory (Quercus-Carya)
forests and build their nests in the middle to upper canopy, preferably near canopy gaps
(Kaminski and Islam 2013). Common nest trees include black walnut (Juglans nigra), tuliptree
(Liriodendron tulipifera), sugar maple (Acer saccharum) and most commonly, white oak
(Quercus alba; Roth and Islam 2008; Wagner and Islam 2014). Since European settlement, white
oak abundance has drastically decreased (Abrams 2003), which could greatly affect nest tree
availability for Cerulean Warblers. Cerulean Warblers often select one of the largest diameter
trees within their territories to place their nests (Roth and Islam 2008). On average, Cerulean
Warblers nest 18.4 m high in the canopy in Indiana (Roth and Islam 2008; Wagner and Islam
2014). Grapevines are an important source of nest material used by Cerulean Warblers and this
vine has been found in 83% of all territories monitored in southern Indiana (Wagner and Islam
2014). Southeast facing slopes near roads, adjacent to coniferous forest stands and streams, are
often associated with territory placement at the landscape level (Kaminski and Islam 2013).
Research on the breeding ecology of Cerulean Warblers has been conducted in parts of its
distribution. However, this species has been a challenge for researchers because of its canopy
nesting and canopy foraging habits. To date, very little research has been conducted on juvenile
survivorship, fledgling activities, or pre-migratory activity in Cerulean Warblers. Until recently,
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it has been difficult to follow individuals (Hamel et al. 2004). However, with new technology
such as radio-transmitters and geolocators that are small enough for use on small Passerines,
researchers can now explore this aspect of its ecology. According to Hamel (2000a,b), the most
unknown aspects of Cerulean Warbler biology are the behavior and habitat preferences exhibited
by this species during the fledgling period on its breeding grounds before migration.
The objectives for this study were to better understand fledgling movements.
Specifically, I was interested in identifying habitats used by fledglings. I chose to analyze
microhabitat variables from locations where fledgling Cerulean Warblers were found and
compared these data to microhabitat variables from random “non-use” locations. I also analyzed
fledgling Cerulean Warbler habitat use with respect to the nest site characteristics.
METHODS
Study Area
The Hardwood Ecosystem Experiment (HEE) is a large-scale, 100-year study that examines the
effects of forest management on plant and animal species (Kalb and Mycroft 2013). This project
is established in southern Indiana in the Morgan-Monroe and Yellowwood state forests within
nine study units (Figs. 1, 2). Each study unit was randomly selected from 11 possible study
locations (Kalb and Mycroft 2013). All study units consist of a central research core with
different prescribed forest management treatments, and a buffer zone encompasses the research
core at each study unit. The buffer is managed based on existing management practices of the
Indiana Department of Natural Resources Division of Forestry, which typically is a single tree
selection cut. The study units, including the buffer range from 303-483 ha in size. There are three
control units, three units with even-aged forest management, and three units with uneven-aged
forest management (Kalb and Mycroft 2013). At the control sites, no harvest or forest
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management will take place for the duration of the study. Clearcuts and shelterwood cuts
characterize the even-aged units, and the uneven-aged units receive both single-tree and group
cut harvests. All harvests were completed during the fall and winter of 2008-2009. In the
uneven-aged units, research cores consist of four 0.4 ha, two 1.2 ha and two 2 ha canopy
openings. The remainder of the research core is given a single tree selection harvest with a basal
area of 16.1-23.0 m2/ha. To avoid expanding the harvest openings, no single trees are marked
within 15.2 m of the harvest areas. The research core of the even-aged units consists of 4 ha
openings; two openings are clearcuts, while two openings are shelterwood cuts (Kalb and
Mycroft 2013).
Point Counts
Every May from 0600-1100 h, targeted point counts are conducted for Cerulean
Warblers. The first two minutes of the point count period consists of listening for Cerulean
Warblers and predators/nest parasites, followed by a one minute period of conspecific playback,
and another two minute period to listen for Cerulean Warblers counter-singing (Islam et al.
2013). A total of 49 points per study site (441 total for all 9 study sites) are arranged in a 7 x 7
sampling grid. Each point is 200 m apart because the effective distance for auditory detection of
Cerulean Warblers is within 100 m (Jones et al. 2000, Hamel et al. 2009). Each 7 x 7 transect
grid is placed over each HEE study site. To reduce possible “edge effect”, a 50 m buffer is
placed around each grid. The total area of this point count grid is approximately 196 ha without
the buffer and 225 ha with the buffer. At each point count station, data on Cerulean Warbler and
predators/nest parasites of Cerulean Warblers (Brown-headed Cowbird [Molothrus ater],
American Crow [Corvus brachyrhynchos], Blue Jay [Cyanocitta cristata], and Red-bellied
Woodpecker [Melanerpes carolinus]) were recorded. I used datasheets to mark the direction, and
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distance of each detected Cerulean Warbler from the point. By conducting these point counts, I
was able to revisit each point where I had detections of singing Cerulean Warblers to search for
female Cerulean Warblers or nests.
Nest Searching and Monitoring
At point counts where I had Cerulean Warbler detections, I followed birds closely and
noted any individual carrying nest material or food, and then followed the bird to its nest.
Territories from the previous season were also revisited to look for birds that may be nesting in
the same areas as the previous year; some Cerulean Warbler individuals at our study sites show
strong site fidelity. Observing behavioral cues of Cerulean Warbler pairs is very important in
determining the location of the nest (Wagner and Islam 2014). Detailed notes on nest activities
were recorded along with the stage of nesting, such as nest building, incubation, nestlings, or if
the nestlings fledged from the nest. Male Cerulean Warblers often “whisper” sing when they are
close to their nest and females tend to “bungee jump” off of their nests, which give us additional
clues as to the approximate location of the nest. Each nest was monitored closely every one to
three days for at least a half hour, depending on the stage of the nest. If the nest was still in the
building stage, monitoring was conducted every third day. Nests with nestlings were visited
every other day (Wagner and Islam 2014). When nestlings were about to fledge (generally days
10 or 11; Buehler et al. 2013), nests were monitored daily to increase the chances of finding
fledglings to band or attach transmitters. A spotting scope was used to observe the nest closely to
record detailed notes on nest activities. I used a Nikon Prostaff 5 82-mm spotting scope with a
20-60x or a Vanguard Endeavor HD 20-60x eyepiece to view nests.
Capture, Banding and Auxiliary Marker Attachment
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For target-banding (targeting only Cerulean Warblers), I set up a mist-net on the ground,
or used a canopy net suspended from a large horizontal tree limb. At the base of the mist-net, in
the middle section of the net, I placed a speaker with an MP3 player and played a Cerulean
Warbler song or call to entice the bird into the net. Occasionally, I played an Eastern ScreechOwl (Megascops asio) call to capture a bird. Once captured, the Cerulean Warbler was banded
with an aluminum United States Geological Survey (USGS) numbered leg band followed by
color bands. For the 2015 field season, birds caught were given a light blue color band (“year
band”) over an aluminum USGS band on its left leg to signify the year the bird was banded; in
2016 we used an orange band, and in 2017, we used a hot pink color band to identify the specific
year each individual was banded. All captured adult birds received two color bands on the right
leg to identify each individual before it was released. Fledglings only received the band
combination for the left leg, which consisted of an aluminum USGS band under a colored “year
band”. The combinations of colored bands allowed us to identify the year that a bird was banded,
and whether or not it was banded as an adult or fledgling. If a banded bird returns to our sites in
subsequent years, we will be able to identify the individual, unless it was banded as a fledgling,
in which case we will only decipher the year it was banded. Banding individuals also allowed me
to identify individuals within a season. Once a bird was banded, data collected from each bird
included age, sex, wing length (mm), tail length (mm), culmen length (mm), fat (visual score
ranging from 0 [no fat] to 3[large fat deposits]), weight (g), date, and time. Before the bird was
released, one retrix (r-5) was pulled for future stable-isotope analysis. While much of these
morphometric data were not needed for this study, these data were collected as part of the
protocol that is consistent with the work of previous bird banding studies of Cerulean Warblers
at the Hardwood Ecosystem Experiment. Banding and marking of birds is essential to this study.
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An Indiana Department of Natural Resources (IDNR) state collecting permit and a federal bird
banding permit (Permit #21781) issued by the USGS were obtained to capture birds and place
auxiliary markers (i.e. radio-transmitters, geolocators, and color bands) on Cerulean Warblers.
Permission was also granted through the Ball State University Institutional Animal Care and Use
Committee (IACUC) to capture and band birds (IACUC approval 437484-4).
When nestlings fledged from the nest, I attempted to capture at least one fledgling or one
adult bird from each nest and equipped it with a radio-transmitter (Blackburn Transmitters,
Nacogdoches TX, 75961). In 2015, radio-transmitters weighed 0.25 g without a harness. These
transmitters were only designed to last for five to seven days. For the 2016 and 2017 field
seasons, I attached transmitters that lasted up to 22 days, and weighed 0.33 g without a harness. I
attached transmitters using the Rappole and Tipton (1991) method with modifications as
designed in Streby et al. (2015). Harnesses for transmitters were made of an elastic sewing
thread, which would degrade allowing the transmitter to fall off of a bird after a brief period of
time (about 40 days; Streby et al. 2015). The radio-transmitter was glued to the figure eight
harness using Loctite super glue. Cerulean Warblers required a leg-loop diameter of 14-15 mm
depending on the size of the bird and whether or not it was an adult or fledgling. By using a
figure eight harness with a leg-loop attachment, the transmitter rested over the synsacrum of the
bird and allowed for quick attachment. This method has been found to be the most beneficial to
the bird’s safety as balancing problems and discomfort are minimized (Fig. 1 in Rappole and
Tipton 1991). Due to weight limitations for attaching tracking devices, I did not exceed 4% of
the adult or fledgling bird’s body weight when applying radio-transmitters as outlined in the
federal bird banding permit.
Tracking and Observations
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Radio-tracking started the day following capture. A TRX-1000 receiver and a three
element folding yagi antenna (Wildlife Materials, Inc.) were used to track fledglings once per
day. I observed each fledgling Cerulean Warbler for a half hour after locating the individual.
Locations were recorded on data sheets and in Global Positioning System (GPS) devices.
Behavioral observations were also recorded on datasheets. Birds were tracked using the honing
method, which uses radio-telemetry to track individuals on foot until the radio-tagged birds are
found. Other recorded data included woody plant species where fledglings were perched,
approximate height of fledgling from the ground, date, time, and weather conditions such as
approximate temperature, precipitation and whether it was sunny or cloudy. Weather data were
taken from the Weather Channel via a smartphone application. Our receiver was not waterproof;
therefore, if it rained for an entire day, or if lightning was in the area, tracking was not carried
out for that day.
Microhabitat Sampling
In early July of each year, vegetation data were collected at each nest location, fledgling
location, and at non-use random points corresponding to each of those locations. I collected data
at non-use sites to compare microhabitat characteristics to points where fledgling Cerulean
Warblers were tracked. ArcGIS 10.3.1 (ESRI 2015) was used to determine random vegetation
points (Wagner and Islam 2014; Barnes et al. 2016). All vegetation data were measured within a
15 meter radius of the center point. The center point was located directly under nests, at precise
random point coordinates for non-use points, and at precise points where fledglings where
tracked. I recorded the date, point identification (bird, nest tree or random point name/number),
closest grid point (from the point count grid system; Islam et al. 2013), and aspect. Slope was
calculated by using a clinometer 11.3 m from the center point in the uphill and downhill
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directions. Canopy and ground cover were measured in the four cardinal directions from two to
ten m from the center point in two meter increments. Both measures of cover were
presence/absence; canopy cover was determined using a densitometer and ground cover was
determined by recording presence/absence of green vegetation (where the flag enters the soil) at
every two m interval (Wagner and Islam 2014; Barnes et al. 2016). Shrubs were counted and
grouped into two categories: <3 cm diameter breast height (DBH) and 3-10 cm DBH. Shrubs
were only measured in a five meter radius of the center point. Mature trees were classified as any
woody vegetation >10 cm in DBH and within an 11.3 meter radius of the center point; all mature
trees were measured for DBH. Within the 11.3 m radius, the tallest tree (m) in each quadrant was
measured with a Nikon laser 440 rangefinder (Wagner and Islam 2014). Nest height and nest tree
height were also measured with the rangefinder. The distance from the bole of the tree to the nest
and from the nest to the end of the nest branch (m) was also recorded. At 15 m from the center
point, vertical forest density or stratification, was measured using a 2.5 m tall density board that
was taped off into five sections. Each section of the density board that was blocked by vegetation
was assigned a percent value of cover by the data recorder based on how much of the blocks
were covered by live vegetation. Presence of grapevine within the 11.3 meter radius was also
recorded (Wagner and Islam 2014).
Statistical Analysis
In July of each field season, vegetation data were entered into Microsoft Excel (2013)
spreadsheets. Data were sorted onto a comma separated values (CSV) spreadsheet which would
later be read into program R (version 3.4.1; R Core Team 2017). Within this spreadsheet,
vegetation data of fledgling points and random points were included. Data associated with each
of these points were the number of shrubs, average canopy height (m), average vertical

23

stratification (%), number of grape stems within 5 m, presence/absence of grapevine within 11.3
m, average mature tree DBH, number of mature trees, percent of mature tree species favored by
Cerulean Warblers for nesting (minus white oak), percent of mature white oak stems, percent of
ground cover, percent of canopy cover, slope, and Beers’ aspect (Beers et al. 1966). The percent
of ground cover and percent of canopy cover were calculated using presence/absence data by
dividing the number of presence points per plot by the total number of cover sampling points per
plot. Beers’ aspect is a transformation of aspect to a scale of 0-2. A value of 2.0 designates a
northeast facing slope, while a value of 0.0 designates a southwest slope.
Once the file was complete, the CSV file was read into program R and the lme4, MuMIn,
psych, and bbmle packages were opened for analyses. A Spearman’s correlation test was used to
identify auto-correlated variables. A correlation coefficient of 0.60 was used as the ‘cut-off’
point to determine which variables to include in the model (Bakermans et al. 2015; Vitz and
Rodewald 2011). After reducing the number of variables from 14 to 10, the continuous variables
were scaled in the dataset to standardized z-scores. A data frame was created to include the
bird’s name, type of point (fledgling or random), and the non-continuous variables.
A generalized-linear model with mixed effects was used to account for non-independence
among the samples (each bird was tracked multiple times). A model for each combination of
variables was created and included the mixed-effect function into each model. Once each model
was completed, summary statistics were generated for each model to obtain Akaike Information
Criterion (AIC) values. These values were transformed to second-order AIC (AICc) values to
account for small sample sizes. A table of the AICc values was produced and all models with
values of <2.0 were selected as equally plausible models. Model averaging was used to identify
which variables in the accepted models were of utmost importance. Model-averaged coefficients
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were used to make predictions on presence of fledgling sites based on every covariate in the
selected models. A graph of each variable was created as it related to the presence of fledgling
Cerulean Warblers. Graphs were created using AICcmodavg, boot, arm and ggplot2 packages.
Two graphs were produced for every covariate; one graph showed z-scores on the x-axis,
whereas the other graph showed original data values on the x-axis.
The above methods were used to compare fledgling Cerulean Warbler micro-habitat
characteristics to random non-use locations. In addition, these same methods were used to
compare fledgling locations with the location of the fledgling’s nest tree. One fledgling was
excluded from analyses because its nest tree was unknown.
RESULTS
From 2015-2017, ten fledgling Cerulean Warblers were tracked via radio-telemetry. Two
radio-transmitters were placed on adult males, and one was placed on an adult female as a proxy
for tracking adults to locations of fledglings as fledglings were impossible to capture in those
instances. Seven radio-transmitters were attached to fledgling Cerulean Warblers. When adult
birds were tracked instead of juveniles, fledgling locations were recorded where the juveniles
were found being fed by the adults. Birds were tracked with radio-transmitters for 1-22 days (on
one bird I only had one day of tracking as the radio-transmitter fell off the bird). During 2015,
transmitters lasted up to 6 days before the batteries died. In 2016 and in 2017, transmitters were
slightly larger and allowed for more days of tracking individuals (up to 22 days). Number of
days tracked and distances moved by each bird varied (Table 1). The average distance moved by
fledgling Cerulean Warblers during tracking was 355.2 m (range 12-1,396 m), and the average
number of days individuals were tracked was 10 (range 1-22 days). Throughout the duration of
this project, only one mortality occurred. Of the 10 fledglings monitored, nine fledglings were
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alive at the time the transmitter’s battery died; one fledgling was determined to have died due to
predation. In this instance, the radio-transmitter was tracked to the same tree for three days, but
no transmitter was recovered. I believe that a predator carried the fledgling up into the tree where
the radio-transmitter remained.
Fledglings vs. Random locations
Based on the results of the Spearman’s correlation analysis, I reduced the number of
variables from 14 to 10 (Table 2). Of the 10 variables that were generated in program R, nine
models were selected based on ΔAICc values less than 2.0 (Table 3). Variables included in the 9
models were grapevine presence, percent of white oak, vegetation density, ground cover, basal
area, canopy cover, aspect, and the percent of nest tree species nearby (Table 4). Fledgling
presence was strongly correlated with presence of grapevines (1.11; Figs. 3, 4) and vegetation
density (0.84; Figs. 5, 6), and negatively correlated with presence of white oak abundance (-0.52;
Figs. 7, 8). Grapevine, white oak abundance, and vegetation density were found in all ten
models. Fledgling presence was positively correlated with ground cover (0.31; Figs. 9, 10) and
ground cover was important in 8 models. In contrast, fledgling presence was negatively
correlated with basal area (-0.12; Figs. 11, 12). Fledgling presence was positively correlated with
canopy cover (0.02; Figs. 13, 14) but negatively correlated with aspect (-0.03; Figs. 15, 16) and
found in only two models. Fledgling presence was negatively correlated with the abundance of
mature trees (tree species used by Cerulean Warblers for nesting; -0.01; Figs. 17, 18). The
number of nest tree species was only found in one model.
Fledglings vs. Nest locations
Based on the results of the Spearman’s correlation test, I reduced the number of variables
from 14 to 11 when fledgling locations were compared to their respective nest locations (Table
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5). After analyzing all possible model combinations through program R, only one model was
selected based on ΔAICc values less than 2.0 (Table 6). The variables included in this model
were basal area, white oak abundance, canopy cover, vegetation density, and ground cover
(Table 7). Fledgling presence was positively correlated with basal area (9.6; Figs. 19, 20),
canopy cover (27.0; Figs. 21, 22), and vertical vegetation density (13.6; Figs. 23, 24), and
negatively correlated with ground cover (-15.9; Figs. 25, 26) and white oak abundance (-5.4;
Figs. 27, 28).
DISCUSSION
Fledglings vs. Random locations
Cerulean Warblers are known to occupy specific habitats during the breeding and wintering
seasons (Buehler et al. 2013); breeding habitats differ from wintering habitat, roosting habitat,
and fledgling habitat. Many species utilize different habitats during the post-fledging period.
Golden-winged Warblers move from shrubland habitats to mature forest habitats in the postfledging period (Streby et al. 2015, Streby et al. 2016), while Red-eyed Vireos and Ovenbirds
have been found to move their young to early successional habitats (Streby et al. 2011, Burke et
al. 2017). Two hypotheses proposed for the switching of habitat types are higher abundances of
food and greater protection from predators (Vitz and Rodewald 2007, Akresh et al. 2009,
Stoleson 2013).
In my study, fledglings were found in areas with an increased amount of ground cover.
Of 97 fledgling locations surveyed, 51.5% of the vegetation plots had grapevine. Grapevine is
very important for Cerulean Warbler because it is the main nest material used. Also, grapevine
can provide excellent cover, and it appears to be an important habitat component in fledgling
habitats, likely because it offers protection from predators
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Vegetation density is a key factor that determines where adult Cerulean Warblers take
their young after leaving the nest. Whether it is on the ground, in the shrub layer, or in the
canopy, these birds are favoring areas of greater vegetation density. Increased vegetation density
can be related to predator avoidance. Fledglings, especially when less than one week out of the
nest, do not typically move very far, and are not strong fliers. Therefore, staying hidden in thick
vegetation is beneficial to their survival. Areas that have high vegetation densities in our study
sites include clearcuts, patch-cuts, and riparian areas. Adult Cerulean Warblers have been caught
in clearcuts in our study sites during the fledgling period (P. Ruhl pers. comm.), and I have
observed adult and fledgling Cerulean Warblers in patch-cuts at our sites. These areas provide
the greatest vegetation densities at our sites. As suggested by others, fledgling Cerulean Warblers
may utilize these areas after the fledglings leave the nest (Vitz and Rodewald 2006, Vitz et al.
2007, Stoleson 2013). Vitz and Rodwald (2006) also found that smaller clearcuts allowed for a
greater abundance of forest-interior songbirds.
Fewer mature trees of preferred nest tree species were present in areas with fledglings.
However, white oak, the main nest tree species for Cerulean Warblers, was more common in
random sites and in nesting sites than in areas where fledglings were found. Cerulean Warblers
may place territories around areas with clumped white oak stems. Once nestlings fledge, the
birds move beyond the territory boundaries where white oak may be less common. A study in
northeastern Ontario found that insect biomass was higher in riparian sites than in upland sites.
During nesting, Cerulean Warblers favor certain tree species for foraging. Tree used for foraging
include hickory, sugar maple, and chestnut oak (Quercus montana; Buehler et al. 2013). At our
sites, Cerulean Warblers forage in white oak during the nest building, egg-laying, and nestling
stages (C.D. Delancey, pers. obs., MacNeil 2010, Auer et al 2016). It appears that Cerulean
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Warblers prefer to forage in tree species that provide nesting sites, as well as an abundance of
insects. During the fledgling period however, it would be advantageous to move into areas with a
higher abundance of insects and areas of dense vegetation cover, which are both characteristic of
riparian areas.
Canopy cover was slightly higher at fledgling sites, which is beneficial for young birds
that are more vulnerable to predation. The presence of grapevine nearby was significantly greater
in areas where fledglings were found. In some instances, fledglings were found in riparian areas.
In some areas, such as our control units that do not have patch-cuts or clearcuts, riparian areas
often possess many shrubs and a dense canopy across all strata. Akresh et al. (2009) suggested
that songbirds, especially juveniles, preferred riparian areas during the post-fledging period due
to higher vegetation densities and an abundance of food. In Ontario, insect abundance was found
to be higher in riparian areas compared to upland sites from 16 June-28 July (Mosley et al.
2006). Due to the latitude difference in Indiana, this time of significant insect biomass may occur
a little earlier at our sites than in Ontario, which would be beneficial for Cerulean Warblers who
are feeding fledglings or starting their migration to South America.
There was a slight negative relationship with presence of fledglings and more southwest
aspect. Aspect was only found in two models when fledgling locations were compared to random
locations and therefore, may not be as important as other variables that showed stronger
associations with fledgling presence. There was less basal area in areas where fledglings were
present, which would allow for a denser shrub layer. A study in West Virginia examined
microhabitat characteristics of vegetation, soil, and climate with respect to aspect and found that
afternoon temperatures on west and southwest-facing slopes were about 4.86°C warmer than on
north and east-facing slopes (Desta et al. 2004). Once nestlings fledge, they will need to
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thermoregulate themselves; therefore, moving to warmer locations will help them regulate their
body temperatures without expending additional energy. Also, the relative humidity on these
western and southwestern slopes was found to be about 25% less than that on north and eastern
slopes. Basal area also averaged 7.84 m2/ha higher on north and eastern slopes (Desta et al.
2004), which correlates to Cerulean Warbler fledglings choosing southwestern slopes and areas
with less basal area.
Fledglings vs. Nest locations
Comparisons were also made between fledgling locations and their respective nest
locations. Basal area and canopy cover were slightly higher at fledgling locations than at nest
sites, while ground cover was less at fledgling locations. Greater canopy cover and basal area at
fledgling locations was attributed to greater vegetation density compared to nest locations. Fewer
white oaks were found at fledgling locations compared to nest locations.
Fledgling Movements
In three instances, fledglings moved southward and downstream from their nest locations
(Figs. 29, 30, and 31). Riparian areas are often corridors for migration with areas of dense cover
to protect fledglings from predators; riparian areas also offer ample food to help fledglings grow
fast. Cerulean Warblers are a single-brooded species that usually leaves breeding sites in
southern Indiana by the beginning of August (C.D. Delancey, pers. obs.); it is possible that once
the young fledge, family groups move southward, following streams. In some instances,
fledglings moved up slope, and in a northward direction (Figs. 32 and 33). One of these
individuals, Sarah, chose to spend some time in a pine (Pinus spp.) stand, which provided
abundant dense cover. Some birds chose to stay relatively close to their nests (Figs. 34, 35, 36
and 37). In these instances, surrounding areas near the nest tree had higher vegetation densities

30

than riparian areas, harvest areas nearby, or areas where grapevines had spread into the canopy.
In the case of the fledgling Lake, that was tracked in the control unit, the area surrounding the
nest site received a light harvest a few years ago, resulting in growth of shrubs and saplings in
the understory. Harvest was allowed in this area as it was located in the buffer zone of the HEE
study sites. Due to the inability to track a bird for more than a day, it is impossible to see any
trends in movement from the Skoal fledgling (Fig. 38).
Many observations of nestlings at the time of fledging demonstrated that nestlings could
leave the nest and still stay high up in the canopy, making it impossible to capture. As a personal
observation, I noticed that nestlings that flapped their wings while on the nest were less likely to
be caught and stayed high up in the canopy. Only fledglings that came within ~7 m of the forest
floor could be captured for this study. These nestlings may have been the weaker individuals in
the nest, or maybe nestlings that left the nest prematurely. Once on the ground, fledglings
worked their way back into the canopy within a couple of days.
With my sample of 10 fledgling Cerulean Warblers tracked over a three year period
(2015-2017), I am unable to compare fledgling movements among the different study sites. My
data on fledglings is skewed toward uneven-aged study sites because one of the sites (unit 8) has
the greatest relative abundances of Cerulean Warblers compared to the other sites. Seven of the
ten fledgling Cerulean Warblers tracked were located within unit 8. One fledgling was tracked in
unit 6 (an uneven-aged unit), and two fledglings were tracked in control units (units 4 and 5).
Both Cerulean Warbler fledglings tracked in control units were located in disturbed areas along
forest roads or in an area within the buffer that was recently harvested. The areas where these
two fledgling Cerulean Warblers were tracked resembled an uneven-aged forest stand.
Management Recommendations
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Foresters in Indiana can use the information from this study for prescribing management
decisions for the state-endangered Cerulean Warbler because these data were obtained in
Indiana; habitat requirements for Cerulean Warblers may differ in other subpopulations across
the breeding range. Fledgling locations were found to have greater vertical vegetation density,
which is indicative of an uneven-aged forest structure. Although, Cerulean Warblers rely on
grapevine, which is usually considered to grow best in even-aged forest stands and known to
reduce timber quality, growth of grapevines should be encouraged to benefit Cerulean Warblers.
Grapevine is vital for nesting Cerulean Warblers, as it is for fledglings as cover. Riparian
corridors should be protected to allow for greater development of canopy cover for Cerulean
Warbler fledglings. A light thinning within a forest stand will allow the understory to develop,
while at the same time it is important to maintain a high canopy density which are both important
habitat components for fledgling Cerulean Warblers. During the fledgling period, adult and
fledgling Cerulean Warblers have been observed within patch-cuts in our sites. Also, Cerulean
Warblers have been captured and banded in clearcuts within our sites (C. D. Delancey, pers.
observ.; P. Ruhl pers. comm). I never tracked a fledgling into a patch-cut or clearcut, although,
once, I tracked a fledgling to the edge of a patch-cut. Personal observations of multiple fledgling
and adult Cerulean Warblers in patch-cuts suggests that the thick vegetation density in these
areas may be desirable for some birds. Vitz and Rodewald (2006) found that smaller clearcuts
were more beneficial to forest-interior songbirds than larger clearcuts. By decreasing the basal
area of mature trees at these sites, a mixed-age forest stand can be produced. A forest with a
strong canopy cover, along with many mid-story trees, and shrub cover on the ground will be
very beneficial for Cerulean Warbler fledglings that are hiding from predators; maintaining
structural diversity is key to managing Cerulean Warblers.
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Fig. 1. Locations of Indiana counties where study sites are located (shown in brown).
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Fig. 2. Location of nine study sites in Morgan, Monroe, and Brown counties in southern Indiana.
Red sites represent uneven-aged forest management treatments, green sites represent control
sites, and yellow sites represent even-aged forest management treatment sites.
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Fig. 3. Presence of grapevine with fledgling Cerulean Warbler locations at Morgan-Monroe and
Yellowwood state forests, southern Indiana, 2015-2017. The gray areas represent the 95%
confidence intervals.
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Fig. 4. Fledgling Cerulean Warbler presence in terms of grape presence using actual values on
the x-axis at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The
gray areas represent the 95% confidence intervals.
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Fig. 5. Fledgling Cerulean Warbler presence showed a strong positive relationship with vertical
vegetation density at Morgan-Monroe and Yellowwood state forests, southern Indiana, 20152017. The gray areas represent the 95% confidence intervals.
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Fig. 6. Fledgling Cerulean Warbler presence had a strong relationship with vegetation density
with raw values on the x-axis at Morgan-Monroe and Yellowwood state forests, southern
Indiana, 2015-2017. The gray areas represent the 95% confidence intervals.
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Fig. 7. Fledgling Cerulean Warbler presence in relation to white oak abundance at MorganMonroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas represent
the 95% confidence intervals.
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Fig. 8. Fledgling Cerulean Warbler presence relationship with white oak abundance with raw
values on the x-axis at Morgan-Monroe and Yellowwood state forests, southern Indiana, 20152017. The gray areas represent the 95% confidence intervals.
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Fig. 9. Fledgling Cerulean Warbler presence showed a positive relationship with ground cover at
Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas
represent the 95% confidence intervals.
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Fig. 10. Fledgling Cerulean Warbler presence in terms of ground cover with actual values on the
x-axis at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray
areas represent the 95% confidence intervals.
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Fig. 11. Fledgling Cerulean Warbler presence is shown to be higher in areas with less basal area
at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas
represent the 95% confidence intervals.
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Fig. 12. Fledgling Cerulean Warbler presence decreases as Basal area increases. Actual values
are listed on the x-axis at Morgan-Monroe and Yellowwood state forests, southern Indiana,
2015-2017. The gray areas represent the 95% confidence intervals.
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Fig. 13. Fledgling Cerulean Warbler presence showed a slight possitive increase with canopy
cover for Cerulean Warblers at Morgan-Monroe and Yellowwood state forests, southern Indiana,
2015-2017. The gray areas represent the 95% confidence intervals.
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Fig. 14. Higher densities of canopy cover were shown to be preferred by fledlgling Cerulean
Warblers at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. This
figure shows actual values on the x-axis. The gray areas represent the 95% confidence intervals.
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Fig. 15. Fledgling Cerulean Warbler presence showed a slight negative association with aspect at
Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas
represent the 95% confidence intervals.
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Fig. 16. Beers’ aspect showed a slight negative association with fledgling Cerulean Warbler
presence at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. Using
actual values on the x-axis, a value of 0 designates southwestern slopes, and a 2 is for
northeastern slopes. Fledglings were slightly more abundant on southwestern slopes, in this case.
The gray areas represent the 95% confidence intervals.
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Fig. 17. The abundance of nest tree species appeared to be slightly lower in areas where fledgling
Cerulean Warblers were located at Morgan-Monroe and Yellowwood state forests, southern
Indiana, 2015-2017. The gray areas represent the 95% confidence intervals.
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Fig. 18. The presence of fledgling Cerulean Warblers had a slightly negative relationship with
the abundance of mature trees that Cerulean Warblers are known to use for nesting at MorganMonroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas represent
the 95% confidence intervals.
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Fig. 19. Fledgling Cerulean Warbler presence showed a positive relationship with the basal area
when compared to nest locations at Morgan-Monroe and Yellowwood state forests, southern
Indiana, 2015-2017. The gray areas represent the 95% confidence intervals.
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Fig. 20. Fledgling Cerulean Warbler presence increased slightly as basal area increased at
Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. Raw data is on the
y-axis. The gray areas represent the 95% confidence intervals.
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Fig. 21. Fledgling Cerulean Warbler presence increased as canopy cover increased at MorganMonroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas represent
the 95% confidence intervals.
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Fig. 22. Fledgling Cerulean Warblers were selecting habitats with higher amounts of canopy
cover at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray
areas represent the 95% confidence intervals.
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Fig. 23. As fledgling Cerulean Warbler presence increased vertical vegetation density also
increased at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The
gray areas represent the 95% confidence intervals.
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Fig. 24. Fledgling Cerulean Warbler presence had a positive relationship with vertical vegetation
density at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. Raw
data is shown on the y-axis. The gray areas represent the 95% confidence intervals.
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Fig. 25. As fledgling Cerulean Warbler presence decreased, ground cover also decreased at
Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The gray areas
represent the 95% confidence intervals.
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Fig. 26. Fledgling Cerulean Warblers appeared to favor areas with less ground cover than their
respective nest locations at Morgan-Monroe and Yellowwood state forests, southern Indiana,
2015-2017. The gray areas represent the 95% confidence intervals.
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Fig. 27. As fledgling Cerulean Warbler presence decreased, white oak was found to be more
abundant at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The
gray areas represent the 95% confidence intervals.
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Fig. 28. White oak showed a slight negative association with fledgling Cerulean Warbler
occurrence at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2015-2017. The
gray areas represent the 95% confidence intervals.
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Fig. 29. In 2016, an individual Cerulean Warbler was tracked from its nest for 15 days. This
individual dispersed downstream from its nest location. The numbers shown next to fledgling
points correspond to the day of tracking. NT and RNT after individual bird’s identification name
stands for nest tree and re-nest tree, respectively. Tree harvests shown in unit 8 are patch cuts.
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Fig. 30. This individual Cerulean Warbler stayed near the nest for the first few days, but by day
eight, was outside of the study site. As with Avo and Blip fledglings, this bird dispersed in a
similar direction moving southward downstream from its nest location. The numbers shown next
to fledgling points correspond to the day of tracking. NT and RNT after individual bird’s
identification name stands for nest tree and re-nest tree, respectively. Tree harvests shown in unit
8 are patch cuts.
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Fig. 31. This individual Cerulean Warbler, fledged from the nest point BLIP RNT, was tracked
for 22 days and tended to move in a southern direction, similar to that of the fledgling above
named Avo. The numbers shown next to fledgling points correspond to the day of tracking. NT
and RNT after individual bird’s identification name stands for nest tree and re-nest tree,
respectively. Tree harvests shown in unit 8 are patch cuts.
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Fig. 32. This map shows the movements of an individual fledgling Cerulean Warbler in 2016.
The bird was only tracked for three days until the bird was unable to be found. Each day this
individual moved further from its nest. The numbers shown next to fledgling points correspond
to the day of tracking. NT and RNT after individual bird’s identification name stands for nest
tree and re-nest tree, respectively. Tree harvests shown in unit 8 are patch cuts.
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Fig. 33. This fledgling Cerulean Warbler was not caught, rather, the adult male parent who was
already banded, was recaptured and outfitted with a radio-transmitter to track the fledgling. This
individual chose to work its way uphill from the nest location along the stream. The numbers
shown next to fledgling points correspond to the day of tracking. NT after individual bird’s
identification name stands for nest tree. Tree harvests shown in unit 8 are patch cuts.
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Fig. 34. Acer was a fledgling Cerulean Warbler that was tracked in 2017 for 16 days. The
numbers shown next to fledgling points correspond to the day of tracking. NT after individual
bird’s identification name stands for nest tree. Tree harvests shown in unit 8 are patch cuts.
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Fig. 35. This fledgling Cerulean Warbler was tracked for 17 days where it stayed in an area with
an abundance of grapevine that reached into the canopy of the forest. The numbers shown next to
fledgling points correspond to the day of tracking. NT after individual bird’s identification name
stands for nest tree.
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Fig. 36. This individual fledgling Cerulean Warbler was tracked in 2015. The adult male parent
was captured due to the fledgling staying too high for capture. This family unit did not move too
far in the four day tracking window. The nest location for this group was unknown, but another
pair of Cerulean Warblers had a nest near where this fledgling was found. The numbers shown
next to fledgling points correspond to the day of tracking. NT and RNT after individual bird’s
identification name stands for nest tree and re-nest tree, respectively. That nesting Cerulean
Warbler also had a third nesting attempt after failing twice (renest x2).
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Fig. 37. Another Cerulean Warbler fledgling in a control site shows less dispersal than on
average as it stays within 100 m of its nest for the first eight days after fledging. The numbers
shown next to fledgling points correspond to the day of tracking. NT after individual bird’s
identification name stands for nest tree.
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Fig. 38. This fledgling Cerulean Warbler was not captured; instead, the adult female parent was
outfitted with a transmitter to track to the fledgling. Unfortunately, the transmitter fell off of the
adult after one day due to failed experimentation of the harness material. The numbers shown
next to fledgling points correspond to the day of tracking. NT after individual bird’s
identification name stands for nest tree.
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Table 1. Distances and the number of days fledgling Cerulean Warblers were tracked in 2015,
2016 & 2017. The line below Skoal separates the different weighted radio-transmitters used. In
2015, 0.25 g transmitters were used, but in 2016 & 2017, 0.33 g transmitters allowed us to track
individuals for a longer time period.
Bird ID
Sarah
Busta
Skoal
Avo
Bae
Ace
Blip
Acer
Lake
Zeet
Averages

Unit
8
6
8
8
5
8
8
8
4
8

Distance moved (m)
266
97
12
1,396
338
396
165
72
106
704
355.2

# of days tracked
6
4
1
15
17
3
22
16
8
8
10
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Table 2. List and descriptions of all variables before performing a Spearman’s Correlation Test.
These variables were used to compare Cerulean Warbler fledgling habitats and random points
associated with those points. Variables shown in bold type were excluded from analyses due to
autocorrelation with other variables.
Covariate

Description

shrubs

Number of shrubs/trees <10 cm DBH

avght

Average canopy height

avgvegd

Average vegetation density

grapeste

Number of grape stems within 5 m of center point

grapenby

Presence (or absence) of grapevine within the plot

dbh

Mean diameter at breast height (cm) of trees >10 cm

ba

Basal area of each plot

nmt

Number of mature trees within each plot

percnestt

Percent of mature nest tree species >10 cm DBH within the plot, minus white oak

pqual

Percent of mature white oak trees >10 cm DBH within the plot

cc

Averaged canopy cover within the plot

gc

Averaged ground cover within the plot

aspect

Beers’ aspect ranging from 0-2

slope

Average of uphill and downhill slopes from center of plot point, measured in
percent
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Table 3. Models, along with AICc values, degrees of freedom, and weights for presence of
fledgling Cerulean Warbler locations compared to random vegetation points.
Models

ΔAICc

k

Weight

grapenby+pqual+avgvegd+gc

0.00

6

0.0564

grapenby+ba+pqual+avgvegd+gc

0.11

7

0.0533

grapenby+pqual+aspect+gc+avgvegd

1.49

7

0.0269

grapenby+pqual+cc+avgvegd+gc

1.50

7

0.0267

grapenby+ba+pqual+avgvegd

1.50

6

0.0266

grapenby+ba+pqual+cc+avgvegd+gc

1.68

8

0.0244

grapenby+ba+pqual+aspect+avgvegd+gc

1.71

8

0.0240

grapenby+percnestt+pqual+avgvegd+gc

1.84

7

0.0225

grapenby+pqual+avgvegd

2.00

5

0.0208
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Table 4. Model-averaged coefficients (full average) for fledgling Cerulean Warbler versus
random fledgling point models.
Adjusted
Estimate

Std. Error

Z value

Pr(>|z|)

Importance

N models

SE
Intercept

-0.37478

0.219248

0.220680

1.698

0.08945

-

-

grapenby

1.113135

0.400175

0.402766

2.764

0.00571

1.00

9

pqual

-0.521155

0.216475

0.217883

2.392

0.01676

1.00

9

avgvegd

0.847358

0.206461

0.207786

4.078

0.00004

1.00

9

gc

0.307428

0.222285

0.223177

1.378

0.16836

0.83

7

ba

-0.120075

0.181616

0.182185

0.659

0.50984

0.46

4

aspect

-0.024980

0.091557

0.091955

0.272

0.78589

0.18

2

cc

0.025701

0.093966

0.094375

0.272

0.78537

0.18

2

percnestt

-0.008155

0.058678

0.058977

0.138

0.89002

0.08

1
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Table 5. List and descriptions of all variables before conducting a Spearman’s Correlation Test.
This list of variables was used in comparing habitats where fledglings were found compared to
habitats of their respective nests. Variables shown in bold type were excluded from the analyses
due to autocorrelation among variables.
Covariate

Description

shrubs

Number of shrubs/trees <10 cm DBH

avght

Average canopy height

avgvegd

Average vegetation density

grapeste

Number of grape stems within 5 m of center point

grapenby

Presence (or absence) of grapevine within the plot

dbh

Mean diameter at breast height (cm) of trees >10 cm

ba

Basal area of each plot

nmt

Number of mature trees within each plot

percnestt

Percent of mature nest tree species >10 cm DBH with the plot

pqual

Percent of mature white oak trees >10 cm DBH within the plot

cc

Averaged canopy cover within the plot

gc

Averaged ground cover within the plot

aspect

Beers’ aspect ranging from 0-2

slope

Average of uphill and downhill slopes from center of plot point; measured in
percent
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Table 6. Models, along with AICc values and weights for presence of fledgling Cerulean
Warbler locations in relation to respective nest habitat.
Models

ΔAICc

k

Weight

ba+pqual+cc+avgvegd+gc

0.00

7

0.2664
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Table 7. Results of the best model for fledgling Cerulean Warblers versus nest sites.
Estimate

Std. Error

Z value

Pr(>|z|)

Intercept

63.015

17.440

3.613

0.000302

ba

9.613

5.913

1.626

0.103985

pqual

-5.413

10.114

-0.535

0.592489

cc

26.996

9.423

2.865

0.004171

avgvegd

13.572

10.297

1.318

0.187486

gc

-15.921

5.872

-2.711

0.006698
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Chapter 2
Roosting ecology of Cerulean Warblers (Setophaga cerulea) on breeding sites in southern
Indiana
Abstract
The Cerulean Warbler (Setophaga cerulea) is a Neotropical migrant that is a species of
conservation concern across its range and state-endangered in Indiana. It is the fastest declining
species of wood-warbler (Parulidae) in North America. A breeding population of Cerulean
Warblers has been monitored in southern Indiana, as part of the Hardwood Ecosystem
Experiment, since 2007. The Hardwood Ecosystem Experiment is a 100-year project that studies
the effects of different forest management practices on plant and animal communities. To better
understand a species’ habitat requirements, all aspects of its biology should be studied. One of
the least studied aspects of avian biology is roosting ecology. Very little information exists on
songbird roosting habits and the types of habitats that they select in North America. This is the
first research that tracked Cerulean Warblers to roost sites and focused on nocturnal habitat use.
During the 2017 breeding season, 10 Cerulean Warbler males were tracked to roost locations.
Roost sites selected by male Cerulean Warbler were characterized with less basal area, higher
canopy cover, greater grapevine presence, more shrubs, steeper slopes, and less white oak
(Quercus alba) abundance. With this new knowledge we can incorporate additional features of
habitat in the formulation of a management plan for this declining species.
Key Words.--- Cerulean Warbler, Setophaga cerulea, Parulidae, wood-warbler, roosting
habitat
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The nocturnal life of diurnal birds is usually not explored by ornithologists. Birds use separate
diurnal foraging areas and nocturnal roosting locations on both breeding and wintering grounds
(Slager and Rodewald 2015), yet this is the least studied aspect of animal biology (Lima et al.
2005). Roosting ecology has mostly been examined in species that exhibit communal roosting
behaviors such as in Long-tailed Tits (Aegithalos caudatus) and some corvid species such as
Common Ravens (Corvus corax; Marzluff et al. 1996, McGowan et al. 2006). However, recent
evidence suggests that many forest interior species roost away from their diurnal home ranges
(Jirinec et al. 2016).
Several aspects of the roosting ecology of birds are of interest to biologists. For example,
the transmission of zoonotic diseases, such as West Nile Virus, has been linked to the roosting
characteristics of American Robins (Turdus migratorius). This study, conducted in Washington,
D.C. and Maryland, focused on seven species: American Robin, Northern Cardinal (Cardinalis
cardinalis), Tufted Titmouse (Baeolophus bicolor), Gray Catbird (Dumetella carolinensis),
Mourning Dove (Zenaida macroura), European Starling (Sturnus vulgaris), and House Sparrow
(Passer domesticus; Janousek et al. 2014). Researchers attached radio-transmitters that weighed
less than 5% body mass to these species and tracked the birds to nocturnal roost sites using a
triangulation approach. Once the approximate roost site was determined, a thermal imaging
camera was used to determine where the roost site was located. The researchers found that
American Robins, European Starlings, and House Sparrows all formed communal roosts as
mosquito abundances rose. In these communal roosts, infection prevalence of West Nile Virus
was found to decrease compared to non-communal roosts (Janousek et al. 2014).
Largely due to habitat loss on the breeding, wintering, and migratory stopover locations,
migratory songbirds have been in decline for decades. (Robbins et al. 1989, Rodenhouse and
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Holmes 1992, Martin and Finch 1995, Robinson et al. 1995, Holmes and Sherry 2001, Norris et
al. 2004, Holmes 2007, Sauer et al. 2012). To obtain comprehensive knowledge of habitat
requirements for a species, roosting habitat needs to be considered (Jirinec et al. 2016). In some
instances, the habitat requirements for diurnal use and nocturnal (roosting) use may be similar,
like that of wintering Ovenbirds (Seiurus aurocapilla), which tend to roost in the core of their
diurnal range (Brown and Sherry 2008). But, this may not always be true of every species.
Therefore, it is important to explore all aspects of a species’ ecology, especially in declining
species. Some species select different habitat types for diurnal and nocturnal roosts. On
wintering grounds, Bicknell’s Thrush (Catharus bicknelli) typically do not use pine stands
during the day, but 68% of roost sites were within pine stands. This change in behavior could be
related to the lower abundance of introduced rats (Rattus spp.) in the pines, which predate on
roosting thrushes (Townsend et al. 2009). Other species with separate diurnal ranges and
nocturnal roost sites on the wintering grounds are Prothonotary Warbler (Protonotaria citrea;
Warkentin and Morton 1995), Northern Waterthrush (Parkesia novemboracensis; Smith et al.
2008), and Black-throated Blue Warbler (Setophaga caerulescens; Jirinec et al. 2011). Roosting
behavior on wintering grounds has been studied much more often than on the breeding grounds,
but to get a full understanding of a species habitat needs, it is essential to study roost site
preferences during the breeding season. On another project, researchers found that a Yellowrumped Warbler (Setophaga coronata) in Wisconsin, during spring migration, had a distinct
diurnal territory, but would then commute to a nocturnal roost site at least 2.0 km north from its
daytime territory. This occurred over a two day observation period for one individual (Slager and
Rodewald 2015).
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A study on roost site selection of Wood Thrush (Hylocichla mustelina) examined where
adults roosted in relation to the location of their nests (Jirinec et al. 2015). This was one of the
first studies on the roosting ecology of any North American migratory Passerine during the
breeding season. The main objective of the study was to determine if roost sites overlapped with
diurnal use areas. Radio-telemetry was used to calculate territory sizes and to track birds to roost
sites at night (Jirinec et al. 2015). Light Detection and Ranging (LiDAR) technology was used to
determine if birds roosted at sites with greater vegetation density than at random points. Nest
status was taken into consideration to see if mate presence or nest location played a role in
choosing a roost site. The researchers found that of 74 male roosts detected, 31% were located
outside of their diurnal home range and that the LiDAR-derived vegetation density was about 7%
higher at roost sites than at random points within the diurnal home range (Jirinec et al. 2015).
Younger birds (second-year) were found to roost further from peak diurnal use areas than older
birds (after-second-year; Jirinec et al. 2015), which suggested that older males, who presumably
occupied better diurnal home ranges (Holmes et al. 1996), may encompass better roost sites
within their diurnal home range. Researchers also found that nest status had a significant effect
on pair roosting patterns; males roosted, on average, 91% closer to females once a nest became
inactive (nestlings either fledged or the nest failed; Jirinec et al. 2015).
A study in southern Indiana examined roost habitat selection of Worm-eating Warbler
(Helmitheros vermivorum); females were caught in clearcuts via passive mist-netting. In June, 19
individuals that were found to have an active brood patch were attached with a 0.4 g radiotransmitter (Ruhl et al. in press). Birds were tracked from 1930-2200 h using triangulation
followed by homing (when possible) to get a more specific location. This habitat study was very
generalized; the authors divided roost locations into three main types of habitat (roosts within a

84

clearcut, roosts within mature forest, and roosts within 10 m of a clearcut/forest edge).
Researchers recorded 116 roost locations for 18 radio-tagged Worm-eating Warblers; however,
due to statistical limitations of sample size, roost data were only analyzed for 8 individuals that
were tracked ≥ 5 times before the signal was lost due to a dead battery or the individual
emigrated from the study site (Ruhl et al in press). The authors found that one bird preferred
mature forest, two birds preferred clearcuts, and five birds preferred edge habitats for roost site
locations. No micro-habitat samples were collected in this roost study.
In a recently published study of Cerulean Warbler roost site selection in northern
Alabama, researchers located 53 roost sites of nine adult male Cerulean Warblers (Carpenter and
Wang 2018). They found that roost sites were located, on average, 159.0 m from the center of
the core area for individual birds. Of the 53 nocturnal roost sites, 36.6% of roost sites were
located outside of the diurnal home range of individual Cerulean Warblers (Carpenter and Wang
2018). In addition, one male Cerulean Warbler moved about 2.2 km and roosted in the core area
of another male Cerulean Warbler. The authors did not actively look for Cerulean Warbler nests,
nor did they compare their results to nest status or microhabitat characteristics. Only one of the
nine male Cerulean Warblers that was tracked roosted in the same roost for more than one night
(Carpenter and Wang 2018).
To date, there are no quantitative studies of microhabitat characteristics of roost locations
for Cerulean Warblers. The goal of my study was to understand the roosting ecology of Cerulean
Warblers. My specific objective was to examine habitat covariates associated with roost site
selection.
METHODS
Study Area
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This research was conducted in southern Indiana as part of the Hardwood Ecosystem Experiment
(HEE), a 100-year project that examines the effects of forest management on a variety of plant
and animal species. The HEE is located in southern Indiana’s Yellowwood and Morgan-Monroe
state forests, which are in Morgan, Monroe, and Brown counties (Figs. 1, 2; Kalb and Mycroft
2013). Of nine research sites (ranging in size from 303-483 ha, including a buffer), three research
sites receive even-aged forest management, three uneven-aged forest management, and three are
control sites that receive no forest manipulation (Kalb and Mycroft 2013). Even-aged forest
management sites consists of two 4-ha clearcuts and two 4-ha shelterwood harvests, while
uneven-aged forest management sites consists of single-tree and group-cut harvests (four 0.4 ha,
two 1.2 ha and two 2 ha in size). Basal area ranging from 16.1-23.0 m2/ha was reduced in
research sites that received single-tree selection, and no single trees were harvested within 15.2
m of the group cuts. Initial harvests were completed in 2008 and 2009 (Kalb and Mycroft 2013).
Point Counts
Point counts were conducted in May 2017 from 0600-1100 hrs. We used a targeted point count
method which allowed us to increase our likelihood of detecting Cerulean Warblers in our sites.
A targeted point count consists of a five minute point count where the first two minutes are spent
listening for Cerulean Warblers, followed by one minute of conspecific playback to elicit
Cerulean Warbler counter-singing. The final two minutes of the point count consists of listening
for nearby Cerulean Warblers (Islam et al. 2013). Each study site has a 7 x 7 transect grid with
points evenly spaced out at 200 m from each other, which is the effective distance for auditory
detection of singing male Cerulean Warblers (Jones et al. 2000, Hamel et al. 2009). These
transect grids were placed over the HEE study sites with a 50 m buffer around the edge to reduce
edge effects. The area of each point count grid was approximately 196 ha without the buffer, and
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225 ha with the buffer. Only Cerulean Warblers and avian predators/nest parasites (American
Crow, Blue Jay, Red-bellied Woodpecker and Brown-headed Cowbird) were recorded at each
point count. Additional data recorded for each Cerulean Warbler detection included direction
from the point count and estimated distance; this information helped in locating Cerulean
Warblers on future visits to demarcate territories.
Territory Demarcation
Trees where adult male Cerulean Warblers sang were flagged, and Global Positioning System
(GPS) points were uploaded into a Geographic Information System (GIS; ESRI 2015) to
delineate territory boundaries of each individual. At least 5 trees were marked to map territory
boundaries. Color-banded males facilitated the demarcation of territories.
Nest Searching and Monitoring
In May, point counts were completed throughout each study unit. After point counts were
conducted each morning, we searched for nests at locations where singing males were detected.
Territories from previous breeding seasons were often revisited to search for returning birds.
Observing behavioral cues of Cerulean Warblers is key to finding nests (Wagner and Islam
2014). Male Cerulean Warblers often “whisper” sing when close to their nests, and females
usually “bungee jump” off of their nests. Once a nest was found, we monitored the nest every 13 days, depending on the stage of the nest (building, incubation, feeding, fledging); nests were
monitored more often as the estimated fledge date neared.
Capture, Banding, and Auxiliary Marker Attachment
To target male Cerulean Warblers for this study, we used a mist net set up on the ground.
Underneath the mist net we placed an Altec Lansing H2O Bluetooth Waterproof speaker.
Cerulean Warbler songs or calls were played to lure Cerulean Warblers into the net. Sometimes,
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an Eastern Screech-Owl (Megascops asio) recording with mobbing calls of other passerines was
played to capture Cerulean Warblers. Once a male Cerulean Warbler was captured, it was
banded with an aluminum United States Geological Survey (USGS) leg band and two to three
color bands that allowed us to identify individuals without recapture. Once banded, data
collected from each individual included age, sex, wing length (mm), tail length (mm), culmen
length (mm), fat (visual score from 0-3), weight (g), date, time of capture, and location. One
retrix (r-5) was also pulled for a future stable-isotope analysis. Before release, a 0.33 g radiotransmitter (Blackburn Transmitters, Nacogdoches, TX, 75961) was attached to each male
Cerulean Warbler. Transmitters were attached using the Rappole and Tipton (1991) method, but
with modifications discussed by Streby et al. (2015). This figure eight harness design allowed
transmitters to rest over the synsacrum of the bird, and allowed for quick attachment. This
method has been found to be the best attachment method because stress and discomfort are
minimized, and birds do not appear to have any problems balancing the additional weight
(Rappole and Tipton 1991). Harnesses for transmitters were made of an elastic sewing thread
that degrades and falls off after about 40 days (Streby et al. 2015). Leg-loop size for the
harnesses was 15 mm. The addition of a radio-transmitter (auxiliary marker) did not exceed 4%
body weight of the bird. To capture and band Cerulean Warblers, a state collecting permit
through the Indiana Department of Natural Resources (IDNR) and a federal bird banding permit
through the U.S. Geological Service (USGS) were obtained (Permit #21781). Ball State
Institutional Animal Care and Use Committee (IACUC) approval was also obtained to conduct
this research (IACUC approval 437484-4).
Tracking and Observations
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In 2017, I tracked individuals one hour after sunset to find their roost locations
(Carpenter and Wong 2018, Jirinec et al. 2016). I used a headlamp (Kohree KL11LM-10 hunting
light) in an attempt to visually locate birds and identify roost height and tree species. My
objective was to attach a transmitter on each male associated with a nest, but in a couple of
instances, nests could not be located. I radio-tracked the roost sites of all adult male Cerulean
Warblers every Monday, Wednesday, and Friday from ~ 2200-0200 h to determine where the
individual was roosting with respect to its nest. Saturday and Sunday nights were used as ‘makeup nights’ in case weather did not permit tracking on a given weeknight. Tracking was
completed via honing in on the bird’s radio-transmitter. Once we were close, we circled around
trees to identify in which tree the bird was likely roosting. We recorded the bird’s unique
identification (given name to separate from other individuals), date, time of observation, study
unit, transmitter frequency, time of sunset, bird status (paired or not paired), nest status (building,
laying, incubation, nestlings, or with fledglings), name of observers, GPS coordinates, roost tree
species, and estimated roost height. Estimated roost height was determined by estimating the
height from the ground to where the signal from the radio-transmitter was strongest in the tree.
Starting at least one day after capture and release of the male Cerulean Warbler, individual
singing territories were demarcated.
Microhabitat Sampling
Throughout July 2017, vegetation data were collected at each roost tree and random
location. Random locations were selected within the demarcated territory associated with each
individual male. The number of nights each bird was tracked equaled the number of random
points. Vegetation survey plots were 15 m in radius of the center point. A center point was
directly under the tree where an adult male Cerulean Warbler roosted or at precise GPS
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coordinates for random points. Random points were randomly generated within each bird’s
respective territory using ArcGIS 10.3.1. (ESRI 2015). I recorded the date, point identification
(bird, roost location, or random point name/number). Aspect was calculated using a compass to
determine the direction of the slope (0-360). Slope was obtained using a clinometer at 11.3 m
from the center point in the uphill and downhill directions; averages between the two
measurements were used to calculate each plot’s slope. Percent of canopy cover and ground
cover were recorded from 0 to 10 m at two meter intervals from the center point in each cardinal
direction. Presence/absence of green vegetation was recorded. A densitometer was used to
identify canopy cover, while ground cover was determined by visually looking at the ground
where the survey flag entered the soil at every 2-m intervals (Wagner and Islam 2014, Barnes et
al. 2016). Shrubs were counted and grouped into two categories (<3 cm diameter at breast height
[DBH] and 3-10 cm DBH); shrubs were only counted within a 5 m radius of the center point.
Mature trees, classified as any woody vegetation >10 cm DBH within 11.3 m radius of the center
point, was measured. In each quadrant of the survey plot, the tallest tree (m) was measured for
height. The only measurement that was taken at the 15 m radius from the center point was
vertical vegetation stratification (density). We used a 2.5 m tall density board that was taped off
into five sections; each section that was blocked by live vegetation was assigned a percent value
of cover by the individual recording the data. Presence/absence of grapevine within 11.3 m was
also recorded. In addition to these measurements, one photograph of the canopy was taken at the
center point of each roost location and random point to include canopy density. Photographs
were taken during the day using a Canon Rebel T5i camera with a fixed Canon EF 50 mm f/1.8
II lens. For standardization, the camera was placed 1.25 m above the ground on a leveled
Vanguard ABEO 243AV tripod. The top of the camera always faced north. The photographs
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were edited and transformed using ImageJ (https://imagej.nih.gov/ij/) software. Once a
photograph was uploaded into ImageJ, I used the split channels function and selected for the blue
channel to analyze canopy density. I turned the blue channel image into a binary image to
characterize the canopy versus the sky. I opened the histogram of the binary image to reveal the
number of pixels contained within the canopy. To determine canopy density, I divided the
number of pixels within the canopy by the total number of pixels in the image (Peterson et al
2015).
Statistical Analyses
After data collection in July 2017, I sorted vegetation data onto a Comma Separated
Values (CSV) spreadsheet. Included in the spreadsheet were roost points and corresponding
random (non-use) points for each roost. From the vegetation surveys, I calculated the number of
shrubs at each point using the sum function in Excel, and then transferred the data onto the CSV
spreadsheet. Similarly, I used various functions in Excel to calculate and transfer average canopy
height (m), average vertical stratification (%), number of grapevine stems within 5 m,
presence/absence of grapevine, average mature tree DBH height, number of mature trees, mature
tree species that were favored by Cerulean Warblers for nesting (%), abundance of mature white
oak (%), ground cover (%), canopy cover (%), canopy density (%), aspect using Beers’ aspect
transformation (Beers et al. 1966), and averaged uphill and downhill slopes (%).
I read this completed CSV file into program R (version 3.4.1; R Core Team 2017) and
opened the lme4, MuMIn, psych and bbmle packages for my analyses. I began my analyses by
using a Spearman correlation test to identify any variables that may have been auto-correlated.
As suggested in many ornithological publications, I chose a correlation coefficient of 0.60 as my
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‘cut-off point’ to exclude variables that were auto-correlated (Bakermans et al. 2015, Vitz and
Rodewald 2011).
After reducing the number of parameters, I scaled the continuous variables in my dataset
to z-scores. Next, I created a data frame that included each individual point, along with the type
of point (roost or random), and any non-continuous variables. I used a generalized-linear model
with mixed-effects to account for non-independence among the samples (each bird tracked had
multiple points). I created a model for each combination of variables and included the mixedeffect function into each model. After creating the models, I calculated summary statistics for
each model to analyze Akaike Information Criterion (AIC) values. I transformed these values to
second-order AIC (AICc) values to account for small sample sizes. I created a table of the AICc
values and used only models with AICc values of <2, which I considered to be equally plausible
models. I used model averaging to identify which variables in my accepted models were most
important. The model-averaged coefficients were used to make predictions on presence of roost
sites based on every covariate within the selected models. Although, it does not average models
using random effects, the function “modavgPred” was used to provide model averaged
predictions based on the fixed effects of the models. I created graphs of each variable as it related
to the presence of roost locations using the AICcmodavg, boot, arm, and ggplot2 packages.
Graphs were created with z-scores on the x-axis and with original data on the x-axis for each
significant covariate.
RESULTS
During the 2017 field season, ten adult male Cerulean Warblers were outfitted with radiotransmitters and tracked at night to their nocturnal roosting locations. Nine males were aged as
after-second-year individuals (ASY) and one was aged as a second-year individual (SY; Table
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1). The number of nights each bird was tracked ranged from one to ten nights, depending on the
life of the transmitter. Nine adult males were known to be paired with a female based on diurnal
observations; pairing status was unknown for one adult male Cerulean Warbler. Nest status was
known for five of the adult male Cerulean Warblers that were tracked. I was never able to
visually locate a Cerulean Warbler on its roost; however, based on the strongest radio signals
from within the tree, Cerulean Warblers seemed to roost high in the canopy and within a denser
area of vegetation. Estimated roost heights averaged 18.3 m (range 10-25 m). Territories were
demarcated for all ten adult males that were tracked to roost locations. The number of trees
demarcated for each male ranged from 3 to 10 perch trees. Of 50 identified roosts, 82% of roost
sites were located outside of the bird’s demarcated territory. The average distance from the
territory center to the roost site was 68.34 m (range: 3.81-267.7 m; n = 10), and of the birds with
known nests, the average distance from the nest to the roost site was 91.49 m (range: 1.99-264.7
m; n = 6).
Seventy-four percent of the roost trees selected by male Cerulean Warblers were also tree
species favored for nesting (Table 2). White oak was the most common tree where Cerulean
Warblers roosted (22%) followed by pignut hickory (Carya glabra) and sugar maple (Acer
saccharum), each at 16%. Red oak (Quercus rubrum) and tuliptree (Liriodendron tulipifera)
each comprised 10% of roost trees. Roost trees of lesser importance were black oak (Quercus
velutina; 6%), big-tooth aspen (Populus grandidentata; 4%), chestnut oak (Quercus montana;
2%), chinquapin oak (Quercus muehlenbergii; 2%), and sassafras (Sassafras albidum; 2%).
I reduced the number of variables from 15 to 9 to reduce multicollinearity (Table 3).
After computing the analyses through program R, six models were selected based on ΔAICc
scores of < 2.0 (Table 4). Variables included in the top six models were number of shrubs,
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percent white oak, percent canopy cover, slope, basal area, and presence of grapevine. Percent
white oak and number of shrubs were the most important variables, and appeared in all six
models (Table 5).
Shrubs, with a model averaged coefficient of -0.68104, were found to have a strong
negative association with roost sites (Fig. 3, 4). An equally important variable, the percentage of
white oak in each vegetation survey, also had a strongly negative relationship (-0.58777) with
presence of roost sites (Fig. 5, 6). Percent canopy cover, the next most important variable, had a
strong positive relationship (0.47470) with roost presence (Fig. 7, 8). Slope had a slightly
negative association (-0.12082) with roost presence (Fig. 9, 10), and basal area, the least
important variable in the selected models, also had a slightly negative relationship (-0.08452)
with roost preference (Fig. 11, 12). Grapevine showed a slight positive relationship (0.0.03372)
with the presence of roost sites (Fig. 13, 14).
DISCUSSION
Characteristics of Roost Site Locations
Tree species used for roosting varied, but roost sites were most commonly found in white
oak (22%). Cerulean Warblers do not use red oak as a nesting tree in our study sites, yet 10% of
the roost sites were located in this species. Cerulean Warblers were typically found roosting in
tree species that they use for nesting (74% of roost trees). Adult male Cerulean Warblers
preferred to roost in areas that had increased amounts of canopy cover and less shrubs, which
suggests a closed canopy. Small birds lose heat at night, even in warm climates (Merola-Zwartjes
1998), and denser vegetation may help insulate the birds and allow them to maintain a constant
body temperature. In addition, increased vegetation density at roost sites may also play a role in
predator avoidance. Higher vegetation densities have been suggested as a predator avoidance
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strategy for the Sichuan Partridge (Arborophilia rufipectus; Liao et al. 2008). Jirinec et al. (2016)
also found that Wood Thrush roost sites had increased vegetation density. I found a slightly
negative relationship with basal area at roost sites, which suggests that the stand density was less
at roost sites. Trees surrounding the roost sites must have had denser foliage resulting in higher
canopy densities. Grapevine presence, the least important covariate (importance factor of 0.10 in
one model), was found to have a positive relationship with roost sites. Grapevine bark is the
primary source of nest building material for Cerulean Warblers. Grapevine can also create a
dense canopy when it reaches the tops of trees and could be favored as a place to roost within a
roost tree.
Even though white oak was the most selected roost tree, there was significantly less white
oak surrounding roost sites compared to random points in each male’s territory. Cerulean
Warblers favor white oaks for nesting and foraging (Barnes et al. 2016, Boves et al. 2013,
MacNeil 2010, Roth and Islam 2008, Wagner and Islam 2014), but appeared to strongly prefer
roost sites with fewer white oaks nearby. Based on personal observations, many Cerulean
Warbler territories are characterized by clusters of mature white oak, which is often a preferred
nesting location. Cerulean Warblers exhibit clustered territoriality (Roth and Islam 2007);
therefore, many territories are likely established around these clusters of white oak. With 82% of
roost sites outside of territories, and the preference to roost in white oak, Cerulean Warblers may
actively seek white oak in areas where they are not concentrated.
Male Cerulean Warbler territories at our study sites were characterized by greater shrub
cover (Nemes and Islam 2017). In contrast, roost sites were found to have fewer shrubs.
Cerulean Warblers prefer to place nests in white oaks near canopy gaps. Areas such as these
would have less canopy cover than roost sites. In a separate study at these sites, nest tree sites
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and territories were found to have higher densities of canopy cover than random sites. Territories
were also characterized with steeper slopes than random sites (Nemes and Islam 2017). Cerulean
Warblers may have chosen to roost outside of their territories more often because they preferred
to roost in areas with fewer shrubs. Cerulean Warblers prefer denser canopies and steeper slopes
in southern Indiana for nesting and territory placement (Nemes and Islam 2017), and this pattern
was also observed for roosting. The random points in this study were located within each bird’s
territory, whereas Nemes and Islam (2017) compared territory points with random points outside
of the territories.
Daily Movements to Roost Locations
Some interesting relationships were observed by plotting roost points for individual birds
in GIS. One bird, Blip, was never found roosting in its territory, but was found roosting in the
territory of a neighboring male Cerulean Warbler, LED (Fig. 15). On most of the nights that this
bird was tracked to a roost site, it was found roosting near this neighboring Cerulean Warbler
that was also tagged with a radio-transmitter. LED was found to travel further than Blip for some
roost locations and was found roosting ~90 m from its territory one night (Fig. 16). Another bird,
Rain, defended a territory near the top of a slope. This bird was always found roosting to the
west of its nest in the direction of another neighboring male, Putz (Fig. 17). Putz was found
roosting inside its territory once, but chose to roost further uphill, to the west of its territory on
other nights (Fig. 18). Its roost sites were always just off of a logging road. Sass nested in a
shelterwood harvest in one of our even-aged stands. This bird chose to roost outside of its
territory at the top of the shelterwood cut near the logging road (Fig. 19). Tiny appeared to favor
roosting at the edge of conifer stands near its territory (Fig. 20). Once its nestlings fledged, Tiny
was found moving longer distances to roost. Individual roost locations varied more with respect
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to distances moved from the nest after the nest was found to be successful after the second night
of tracking. The roost sites of the fledglings with respect to the adult were unknown. Hon’s
demarcated territory was in a bottomland riparian habitat. The only roost location I could record
for this bird was just up the hill from the stream outside of its territory (Fig. 21). At a control site,
Lake roosted inside his territory once, which was very close to the nest site (Fig. 22). At other
times, this bird was found roosting outside of his territory in different directions. This bird was
believed to have a second nest with a different female Cerulean Warbler on the opposite side of
the road, but that nest was never found. Luna was only tracked for one night and was not found
on subsequent nights of tracking. The only roost site obtained for Luna showed that it roosted
near the center of its territory (Fig. 23). Timi was another bird found in a control unit. This bird
was found roosting outside of his territory on the first night of tracking (Fig. 24). The radiotransmitter failed and it was unable to be tracked on subsequent nights, but the bird stayed
around the area and was re-sighted multiple times, including a couple of re-sightings near Lake.
Male Cerulean Warblers were never found to use the same roost; a few roosts were found
within 12 m of a previous roost. It may be more beneficial for birds to use different roosts each
night, possibly to avoid predators. Cerulean Warblers are known to be colonial breeders with
multiple territories neighboring one another (Roth and Islam 2007). In several instances,
neighboring male Cerulean Warblers were found roosting near each other, sometimes within 8
m. Since Cerulean Warblers are very territorial (Buehler et al. 2013), it is possible that these
birds counter-sang with each other before sunset and decided to find a safe roost site until
morning, at which time they would resume counter-singing and defend their territories. Jirinec et
al. (2016) also offers a hypothesis that suggests that adult male Wood Thrush roost further away
from their nest to solicit extra-pair copulations in the morning. In many birds copulation occurs
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in the mornings (54%), or both during mornings and evenings (25%; Birkhead et al. 1987). In
Wood Thrush, extra pair paternity has been documented in about 40% of the nestlings (Evans et
al. 2009). Little data exists on extra-pair copulations in Cerulean Warblers, but some data
suggests that Cerulean Warblers participate in extra-pair copulations (Barg et al. 2006). Extrapair copulations were observed in banded Cerulean Warblers in eastern Ontario. Through blood
samples, the researchers found that 57.1% of young (n = 7) were sired by a different male than
the male Cerulean Warbler in the territory (Barg et al. 2006). Male Cerulean Warblers may
attempt to obtain extra-pair copulations with neighboring females when roosting further from
their nests or outside of their territories.
Of the 50 Cerulean Warbler roost sites located, 82% of roost sites were found outside of
the bird’s demarcated territory (18% of roosts found within the territory). In contrast, Carpenter
and Wang (2018) found that 36.6% of male Cerulean Warblers roosts were outside of their
diurnal home ranges, and 13.6% were located in core diurnal use areas. However, Carpenter and
Wang (2018) used kernel density estimators (KDE) and diurnal home ranges, which differ from
territories. Diurnal use areas (home ranges) encompasses more area than a territory (Burt 1943),
which would suggest why I observed more roosts outside of territories. Although different,
demarcated territories would likely be similar in size and function to core areas from the KDE
(Samuel et al. 1985, Powell 2000). I found 18% of roost sites within territory boundaries, while
Carpenter and Wang (2018) found 13.6% of roost sites within core diurnal use areas. Similarly, I
found 82% of roosts outside of territories, whereas Carpenter and Wang (2018) found 86.4% of
roost sites outside of core diurnal use areas.
Of the 50 roost sites located, I found one male Cerulean Warbler roost within the territory
of a neighboring male Cerulean Warbler. In one instance, a male Cerulean Warbler in Alabama
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roosted inside another male Cerulean Warbler’s core diurnal use area after traveling 2.2 km from
its own core area (Carpenter and Wang 2018). Carpenter and Wang (2018) also observed a case
where a male Cerulean Warbler was found roosting near its active nest, though, they did not
examine any influences of nest status, nor did they actively search for Cerulean Warbler nests in
their study. Throughout their study, only one male Cerulean Warbler was found to roost in the
same tree more than once (Carpenter and Wang 2018), whereas we did not observe any of our
bird’s roosting in the same trees.
I found that the average distance from the center of the territory to roost site was 68.34 m
(3.81-267.7 m; n = 10), while the distance from the nest to roost sites averaged 91.49 m (1.99264.7 m; n = 6). Carpenter and Wang (2018) found that the average distance from roost sites to
the center of the core area was 159 m (46-414 m; n = 9). In my study, seven of the ten male
Cerulean Warblers that were tracked to roost sites were within the same study unit (unit 8;
uneven-aged) where we estimate there are about 35 breeding pairs of Cerulean Warblers. The
area where Carpenter and Wang (2018) completed their study was estimated to contain 20
breeding pairs. The smaller average distances from territory center to roost site that we observed
may be due to higher densities of Cerulean Warblers within our unit 8 study site. Cerulean
Warblers may not need to travel as far to get to neighboring male territories in our site to defend
territories or to engage in extra-pair copulations.
Cerulean Warblers are thought to hold ‘all-purpose territories’ (Buehler et al 2013). Once
young fledge from the nest, territories begin to dissipate. Adults typically do not defend
territories, and have often been observed traveling with fledglings away from nesting locations.
Carpenter and Wang (2018) found that 36.6% of roost sites were outside of diurnal use areas,
and that 86.4% of roost sites were outside of core areas, which are similar to territories; these
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results suggest that Cerulean Warblers do not hold ‘all-purpose territories’ or home ranges that
include roost locations. In multiple instances, male Cerulean Warblers were found to be outside
of demarcated territories during the nesting period. One explanation for this observation may be
that some male Cerulean Warblers were seeking extra-pair copulations with neighboring
individuals.
Ideally, more marked trees would have provided a higher likelihood of completely
mapping a bird’s territory. Throughout the 2017 field season, there was more work that needed
to be completed than there were people to complete the work; therefore, some lesser important
duties, such as territory demarcation, were not completed for every bird that was monitored.
Territories were only mapped for birds involved with the roost site study, some of which did not
receive complete territory demarcation. Some of the 82% of roosts that were considered to be
outside of each bird’s respective territories may actually have been inside the territory for
territories that were not completely mapped. However, some birds had territories that were
satisfactorily mapped with five or more trees, and yet, still roosted outside of their territories.
These data lend support to the observation that Cerulean Warblers may not maintain all-purpose
territories.
Presence of grapevine, white oak, and canopy gaps are preferred by Cerulean Warblers
for nesting (Buehler et al. 2013). Habitat requirements for roost site selection differ from nesting
habitat for Cerulean Warblers. However, many of the habitat variables between nesting habitat
and roosting habitat are the same. In both nest sites and roost sites, more grapevine abundance
was preferred. However, white oak abundance was much lower near roost sites compared to
territories. Canopy cover was also higher at roost sites than in territories.
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Jirinec et al. (2016) found that second-year (SY; n = 16) male Wood Thrush commuted
further to nocturnal roost sites than after-second-year (ASY; n = 18) individuals. In my study,
most of the Cerulean Warblers that were banded were ASY birds. Only one out of ten birds for
this study was an SY individual; therefore, any comparison between age class was not possible
for my study.
Management Recommendations
Although microhabitat characteristics differ across the Cerulean Warblers’ breeding range, data
collected for this study can be applied directly to the management of Indiana’s population of
Cerulean Warblers. Roost sites were characterized by greater canopy density and greater
presence of grapevines. Fewer shrubs and less basal area were also found at roost sites. Roosting
ecology is just one aspect of Cerulean Warbler biology. Other aspects such as nesting and
fledgling habitat preferences must be considered in any management plan for Cerulean Warblers
to create the highest quality habitat. Presence of grapevine is a very important habitat variable for
nesting, fledglings, and for roost selection. Although the presence of grapevines can reduce
timber quality (Morrissey et al. 2008), it should not be reduced within a stand. Cerulean Warbler
habitat use during the breeding season (nest building, nest tree selection, roost site selection,
fledgling dispersal, etc.) is heavily characterized by the presence of grapevines. Cerulean
Warblers preferred to roost in white oak more often than other tree species. More than 80% of
nests in our sites were placed in white oak, which makes this species a very important tree for
nesting. Clusters of Cerulean Warbler territories may be placed around clusters of white oak, and
with birds roosting in white oak outside of territories also suggests a preference for white oak
across the landscape. With oaks in decline (Abrams 2003), focus should be on oak regeneration,
in particular, white oak regeneration. It is easier to grow a hardwood forest than it is to grow a
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mixed-oak forest stand because more shade-tolerant species, such as American beech (Fagus
grandifolia) and sugar maple, outcompete oak trees for canopy dominance.
Recommendations for Future Research
Additional studies should continue to examine the roosting ecology of Cerulean
Warblers. By mapping territories and home ranges of individuals, and tagging more individuals,
we will have a better understanding of Cerulean Warbler movement patterns. Jirinec et al. (2016)
found that Wood Thrush pairs roost next to each other when they are not nesting. It would be
exciting to learn if Cerulean Warblers follow a similar pattern; although, with the extra difficulty
of catching female Cerulean Warblers, this may be a difficult task to accomplish.
Do Cerulean Warblers participate in extra-pair copulations at our study sites? I observed
that roost sites were often within core areas/territories of neighboring Cerulean Warblers;
therefore, it is possible that extra-pair copulation occurs in our population. DNA sequencing of
adult and fledgling Cerulean Warblers would be needed to answer this question.
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Fig. 1. Map of Indiana with counties where research sites are located (highlighted in blue).
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Fig. 2. Close up of Morgan, Monroe, and Brown counties in southern Indiana with locations of
research sites within each county. Even-aged research sites are labeled as 3, 6, and 9; unevenaged research sites are units 1, 7 and 8, and Control sites are 2, 4, and 5.
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Figure 3. Roost sites were negatively correlated with an increase in the number of shrubs at
Morgan-Monroe and Yellowwood state forests, southern Indiana, 2017. The gray area represents
95% confidence intervals.
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Figure 4. Roost sites were negatively associated with an increased number of shrubs in MorganMonroe and Yellowwood state forests, southern Indiana, 2017. The gray area represents 95%
confidence intervals. Original data are shown on the x-axis.
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Figure 5. Roost sites were negatively associated with greater presence of white oak at MorganMonroe and Yellowwood state forests in southern Indiana, 2017. The gray area represents 95%
confidence intervals.
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Figure 6. Cerulean Warbler roost sites were negatively associated with increased white oak
abundance at Morgan-Monroe and Yellowwood state forests in southern Indiana, 2017. The gray
area represents 95% confidence intervals. Original data are on the x-axis.
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Figure 7. Roost sites were positively associated with percent canopy cover at Morgan-Monroe
and Yellowwood state forests in southern Indiana, 2017. The gray area represents 95%
confidence intervals.
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Figure 8. Cerulean Warbler roost sites were positively correlated with greater canopy cover at
Morgan-Monroe and Yellowwood state forests in southern Indiana, 2017. The gray area
represents 95% confidence intervals. Original data are on the x-axis.
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Figure 9. Roost sites were positively associated with steeper slopes at Morgan-Monroe and
Yellowwood state forests, southern Indiana, 2017. The gray area represents 95% confidence
intervals.
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Figure 10. Cerulean Warbler roost sites were positively correlated with steeper slopes at MorganMonroe and Yellowwood state forests, southern Indiana, 2017. The gray area represents 95%
confidence intervals. Original values are on the x-axis.
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Figure 11. Roost sites were negatively associated with increased basal area at Morgan-Monroe
and Yellowwood state forests, southern Indiana, 2017. The gray area represents 95% confidence
intervals.
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Figure 12. Cerulean Warbler roost sites were negatively correlated with increased basal area at
Morgan-Monroe and Yellowwood state forests in southern Indiana, 2017. The gray area
represents 95% confidence intervals. Original data are on the x-axis.
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Figure 13. Roost sites were positively associated with greater presence of grapevine at MorganMonroe and Yellowwood state forests, southern Indiana, 2017. The gray area represents 95%
confidence intervals.
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Figure 14. Cerulean Warbler roost sites were positively correlated with increased grapevine
presence at Morgan-Monroe and Yellowwood state forests, southern Indiana, 2017. Actual
values are shown on the x-axis. The gray area represents 95% confidence intervals.
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Fig. 15. Locations of Cerulean Warbler Blip, who roosted near Cerulean Warbler LED, for
multiple nights. Blip was never found to roost within his demarcated territory. The numbers
shown next to roost points correspond to the day of tracking. NT and RNT after individual bird’s
identification name stands for nest tree and re-nest tree, respectively. Both Blip and Led were
tagged on the same day; thus, the days of tracking are the same for each individual.
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Fig. 16. Cerulean Warbler LED roost sites were close to some roost locations of Cerulean
Warbler Blip. LED also made some nearby excursions to roost in areas further from his territory.
The numbers shown next to roost points correspond to the day of tracking. NT after individual
bird’s identification name stands for nest tree. Both Blip and Led were tagged on the same day,
which means that the days of tracking are the same for each individual.
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Fig. 17. Cerulean Warbler Rain had scattered roost sites both within his territory, and outside of
his territory. Some nights it appeared to roost closer to Cerulean Warbler Putz’s territory. The
numbers shown next to roost points correspond to the day of tracking. NT after individual bird’s
identification name stands for nest tree.
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Fig. 18. At the edge of the study unit, Cerulean Warbler Putz was mapped for three roost
locations, one of which was located within his territory. The numbers shown next to roost points
correspond to the day of tracking.
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Fig. 19. Cerulean Warbler Sass roosted just outside of his territory, but closer to the edge of the
shelterwood harvest than his nest and territory. Although, elevation is not shown, these roost
locations were situated at the ridgetop. The numbers shown next to roost points correspond to the
day of tracking. NT after individual bird’s identification name stands for nest tree.
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Fig. 20. Cerulean Warbler Tiny only roosted inside of his territory once during the tracking
period. His nest was successful after the second night of tracking. The roost sites were more
spread out, which suggests that he was caring for, and traveling with fledglings. The numbers
shown next to roost points correspond to the day of tracking. NT and RNT after individual bird’s
identification name stands for nest tree and re-nest tree, respectively. The harvest type in unit 8 is
a patch cut.
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Fig. 21. Cerulean Warbler Hon roost site mapped with respect to his territory. The numbers
shown next to roost points correspond to the day of tracking. NT after individual bird’s
identification name stands for nest tree.
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Fig. 22. Roost sites for Cerulean Warbler Lake. Six out of seven roost locations were outside of
his territory. At one point, Lake roosted near his nest tree. The numbers shown next to roost
points correspond to the day of tracking. NT after individual bird’s identification name stands for
nest tree.

127

Fig. 23. Cerulean Warbler Luna was found to roost in its territory for the one night it was
tracked. After the first night of tracking, this bird was not found again. No nest was found for
this Cerulean Warbler either. The numbers shown next to roost points correspond to the day of
tracking. NT after individual bird’s identification name stands for nest tree.
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Fig. 24. Cerulean Warbler Timi was only tracked for one night, and was found to be outside of
his territory. Originally banded near the road within his territory, we re-sighted him near Lake’s
territory on multiple occasions. The numbers shown next to roost points correspond to the day of
tracking. Timi’s nest was never found, but the female Cerulean Warbler paired with Timi was
observed carrying nest material.
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Table 1. Cerulean Warbler age class, number of roost points in or outside each demarcated territory, distances between points, and
number of perch trees tagged to demarcate a territory for each bird that was tracked to a roosting location in southern Indiana during
2017. Missing data in the two distance columns resulted because only one roost tree was recorded for those three individuals.

Bird ID

# Roosts in

# Roosts outside

Min. Distance

Max. Distance

# Perch trees tagged

Territory

Territory

between points (m)

between points (m)

to demarcate territory

Age Class

Lake

ASY

1

7

13.6

140.6

7

Timi

ASY

0

1

-

-

10

Sass

SY

0

2

27.4

27.4

3

Putz

ASY

1

2

8.7

37.1

6

Rain

ASY

4

6

9.6

186.8

6

Hon

ASY

0

1

-

-

7

Tiny

ASY

1

7

7.6

315.1

3

Blip

ASY

0

6

14.2

107.2

7

LED

ASY

1

9

6.7

241.2

5

Luna

ASY

1

0

-

-

3

9

41

12.54

150.77

5.7

Total
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Table 2. Cerulean Warbler roost sites by tree species (%). Trees in bold represent trees used by
Cerulean Warblers for nesting. If I could not distinguish which tree a bird was roosting due to
multiple tree canopies coming into contact, it was placed into the unknown category. Sample size
is 50 trees where roost sites were found.
Roost Tree Species

% of Roost Trees

White Oak (Quercus alba)

22

Pignut hickory (Carya glabra)

16

Sugar maple (Acer saccharum)

16

Red oak (Quercus rubrum)

10

Tuliptree (Liriodendron tulipifera)

10

Black oak (Quercus velutina)

6

Big-tooth aspen (Populus grandidentata)

4

Chestnut oak (Quercus montana)

2

Chinquapin oak (Quercus muehlenbergii)

2

Sassafras (Sassafras albidum)

2

Unknown trees

10
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Table 3. List and description of all variables measured for Cerulean Warbler roost locations and
random sites before a Spearman’s Correlation Test was performed. Variables listed in bold were
auto-correlated with other variables and excluded from analyses.
Covariate

Description

shrubs

Number of shrubs/trees <10 cm DBH

avght

Average canopy height

avgvegd

Average vegetation density

grapeste

Number of grapevine stems within 5 m of center point

grapenby

Presence (or absence) of grapevine within the plot

dbh

Mean diameter at breast height (cm) of trees >10 cm

ba

Basal area of each plot

nmt

Number of mature trees within each plot

percnestt

Percent of mature nest tree species >10 cm DBH with the plot

pqual

Percent of mature white oak >10 cm DBH within the plot

cc

Averaged canopy cover within the plot

gc

Averaged ground cover within the plot

aspect

Beers’ aspect ranging from 0-2

slope

Average of uphill and downhill slopes from center point, given in percent

cd

Canopy density calculated using ImageJ software
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Table 4. Top 6 models selected for presence of roost locations of Cerulean Warblers with AICc
values, degrees of freedom, and weights.
Models

ΔAICc

k

Weight

shrubs+pqual+cc

0

5

0.0661

shrubs+pqual+cc+slope

0.4

6

0.0492

shrubs+ba+pqual+cc

0.9

6

0.0328

shrubs+ba+pqual+cc+slope

1.1

7

0.0303

shrubs+pqual

1.6

4

0.0256

shrubs+grapenby+pqual+cc

1.9

6

0.0235
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Table 5. Top 6 models selected for Cerulean Warbler roosts compared with random points with
model-averaged coefficients (full average).
Estimate

Std. Error Adjusted SE

Z value

Pr(>|z|)

Importance

N models

Intercept

-0.07346

0.25075

0.25396

0.289

0.7724

-

-

shrubs

-0.68104

0.32078

0.32484

2.097

0.0360

1.00

6

pqual

-0.58777

0.28142

0.28505

2.062

0.0392

1.00

6

cc

0.47470

0.31984

0.32267

1.471

0.1412

0.88

5

slope

0.12082

0.24978

0.25152

0.480

0.6310

0.33

2

ba

-0.08452

0.18354

0.18478

0.457

0.6474

0.30

2

grapenby

0.03372

0.20050

0.20248

0.167

0.8677

0.10

1
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Chapter 3
RRH: Delancey et al. • Nest usurpation in Cerulean Warbler

American Redstarts (Setophaga ruticilla) usurp Cerulean Warbler (Setophaga cerulea) nest
in Southern Indiana

Clayton D. Delancey,1 Garrett J. MacDonald,1 and Kamal Islam1*
1
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ABSTRACT—Documented observations of interspecific nest usurpation are rare and have been
observed mostly in cavity-nesting species, where cavities are limiting and competition for them
can be strong. We report one of the few known instances of interspecific nest usurpation in the
family Parulidae (North American wood-warblers) between the Cerulean Warbler (Setophaga
cerulea) and American Redstart (Setophaga ruticilla). During May and June 2016, we observed
a female American Redstart usurp and successfully fledge at least one of its young from a nest
built by a female Cerulean Warbler in Yellowwood State Forest, Brown County, Indiana. Based
on our field observations, we provide information on nest chronology and describe American
Redstart adult behaviors at the usurped nest. We hypothesize that this instance of interspecific
nest usurpation may have been a result of high local breeding densities of both Cerulean
Warblers and American Redstarts in our study area.
Key words.--- American Redstart, Cerulean Warbler, interspecific competition, nest
usurpation, Parulidae, Setophaga
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Interspecific nest usurpation is a rarely documented phenomenon in which 2 species converge on
a nest niche, generally resulting in a winner and a loser (Lindell 1996). Usually, one individual
gains access to the nest, and the individual that built the nest is evicted, although interspecific
nest sharing has been observed (Robinson et al. 2005). Most documented cases of nest
usurpation involve cavity-nesting species, whereby specific habitat requirements limit the
number of potential nesting sites, often leading to intense competition (Lindell 1996). Families in
which nest usurpation of cavities has been documented include Picidae (Red-bellied
Woodpecker [Melanerpes carolinus]; Shackelford et al. 2000), Sturnidae (European Starling
[Sturnus vulgaris]; Lindell 1996), Troglodytidae (House Wren [Troglodytes aedon]; Johnson
2014), Turdidae (Eastern Bluebird [Sialia sialia]; Gowaty and Plissner 2015), and Passeridae
(House Sparrow [Passer domesticus]; Tarof and Brown 2013).
Nest usurpation in open-cup nesting birds is much rarer than in cavity-nesting species (Lindell
1996) but has been reported in several avian families, including Corvidae (Mexican Jay
[Aphelocoma wollweberi]; McCormack and Brown 2008) and Columbidae (Eurasian CollaredDove [Streptopelia decaocto]; Kasner and Pyeatt 2016). Studying the circumstances in which
this behavior occurs can lead to an improved understanding of the evolution of nest site selection
in different species. Here we report the first instance of interspecific usurpation of a Cerulean
Warbler nest followed by successful fledging of young by an American Redstart pair.
Methods
Nest observations occurred in Yellowwood State Forest (39°06′39.8484″N, 86°19′30.133″W),
Brown County, Indiana, as part of the Hardwood Ecosystem Experiment, a long-term (100-year),
multi-taxa, multi-organizational study initiated in 2006 (Swihart et al. 2013). The study area
consists of deciduous hardwood forest with >50% of the canopy dominated by oaks (Quercus
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spp.) and hickories (Carya spp.) >80 years old (Swihart et al. 2013) with a mid-story of maple
(Acer spp.) and tulip-poplar (Liriodendron tulipifera). The area around the usurped nest had an
understory dominated by multiflora rose (Rosa multiflora) and ironwood (Ostrya virginiana)
with an average canopy height of 22 m. We observed the nest with binoculars and spotting
scopes for 30 min every 1–3 d from 20 May to 8 June 2016 (intervals between observations
decreased as nesting progressed). Nest observations were conducted opportunistically during
daylight hours.
Results
We located a Cerulean Warbler nest on 20 May 2016 in Yellowwood State Forest by hearing a
female produce a zeet call to her singing mate while she was on the nest. The nest was adjacent
to an infrequently used forest road, 9.0 m high in a 12.4 m white oak (Quercus alba). During our
first nest observation on the discovery date, we surmised that the nest was in the incubation
stage; the female was on the nest for most of the observation period, and the nest appeared fully
constructed. Female Cerulean Warblers rarely visit their nests after the completion of nest
building and before incubation begins; once incubation commences, female Cerulean Warblers
will sit on their nests for long periods of time (CDD and GJM, pers. obs.). During the next
observation on 22 May, a male American Redstart landed briefly on the nest branch while the
female Cerulean Warbler was off the nest. The female Cerulean Warbler still appeared to be
incubating, as she did not stay off the nest for long (average of 2.5 min for 3 trips). On 24 May,
we found a female American Redstart sitting on the Cerulean Warbler nest. A male American
Redstart sang nearby (<10 m from nest), while the male Cerulean Warbler whisper sang (singing
softly) close-by. Both the male and female American Redstarts were very vocal; the female
American Redstart often chipped from the nest in response to her mate. Near the end of the
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observation, the female Cerulean Warbler sat on the nest for a short period of time (<1 min) until
the American Redstart female returned to the nest after being absent for 7 min. Nesting stage was
recorded as incubation because the female American Redstart sat on the nest for the majority of
the observation period. We were unable to see the nest’s contents because of its height and
concealment from nearby vegetation. We looked for eggs and eggshells below the nest that may
have belonged to the Cerulean Warbler pair, but none were found; however, based on the
location of the nest and the behavior of the female Cerulean Warbler, we determined that the nest
was constructed and initially occupied by the female Cerulean Warbler.
On 26 May, we observed the female American Redstart sitting on the nest; however, because of
a storm with heavy rain, our observation time was reduced. The next day (27 May), the female
American Redstart was on the nest for 26 min during the 30 min observation period. Two days
later (29 May), the female American Redstart remained on the nest during the entire observation
period while her mate sang within 30 m of the nest. There was no sign of the female Cerulean
Warbler, but her presumed mate sang about 40 m away. On 31 May, the female American
Redstart arrived to the nest and poked her head inside before sitting to incubate. She occasionally
stood on the nest and seemed to look at the nest contents before repositioning herself. Her mate
was observed singing within 20 m of the nest and he briefly sang from the nest tree while the
female American Redstart was off the nest. The male Cerulean Warbler was heard singing within
30 m of the nest during this observation. On 2 June, the female American Redstart again poked
her head into the nest, seemed to examine the nest contents, and shifted her body position on the
nest at short intervals; we surmised that the eggs were close to hatching. On 4 June, we saw the
female Cerulean Warbler return to the nest, look inside, and leave within a few seconds. Shortly
after, the female American Redstart returned to sit on the nest. A few minutes later, her mate
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returned carrying food to nestlings, and then both parents continued to feed the nestlings for the
rest of the observation period. On 7 June, we determined there were 2 nestlings based on bills
visible from the nest rim. Both parents fed nestlings throughout the observation period and
occasionally removed fecal sacs. One nestling fledged on 8 June. We found it on the ground
below the nest being cared for by both adults; the other nestling was never seen out of the nest.
We visually determined that the fledgling most closely resembled an American Redstart because
American Redstart and Cerulean Warbler fledglings are markedly different from one another in
plumage coloration (Sherry and Holmes 1997, Baichich and Harrison 2005).
Discussion
To our knowledge, this is the first documentation of interspecific nest usurpation followed by
successful fledging of young between 2 species of parulids (wood-warblers). Aggressive
interactions between Cerulean Warblers and American Redstarts have been documented in the
past, and American Redstarts have been noted as the aggressor in most situations involving
interspecific interactions with Cerulean Warblers (Boves and Buehler 2012, Buehler et al. 2013).
It is unknown why 2 previous accounts of nest usurpations between Cerulean Warblers and
American Redstarts have not successfully fledged young (Boves and Buehler 2012). Published
accounts of nesting locations typically differ between the 2 species: Cerulean Warbler nests are
usually placed on a horizontal limb of a deciduous tree in the mid-story or over-story canopy
(Rogers 2006, Roth and Islam 2008, Buehler et al. 2013, Wagner and Islam 2014), whereas
American Redstart nests are generally placed in trees with a smaller diameter-at-breast-height
(DBH) and are normally located against the main stem of the tree (Sherry and Holmes 1997). In
southern Indiana, white oak (Quercus alba) is the preferred nest tree of Cerulean Warblers (Roth
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and Islam 2008, Wagner and Islam 2014), whereas anecdotal observations by the authors suggest
the preference of American beech (Fagus grandifolia) as nest trees by American Redstarts.
In the same study unit where the usurpation of the Cerulean Warbler nest occurred, we found
Cerulean Warblers and American Redstarts in higher densities than in our other study units
(CDD and GJM, person. obs.). Thus, the chance for interspecific competition to occur would
potentially be higher between the 2 species at this study unit.
American Redstarts and Cerulean Warblers arrive on the breeding grounds in Indiana at
approximately the same time (mid-Apr to early-May; eBird 2012), and nesting commences
shortly thereafter (CDD and GJM, pers. obs.). Because this incident occurred at the end of May,
the American Redstart pair could have had a first nesting attempt that failed. This could have
promoted the usurpation of an already constructed nest as a time and energy saving strategy. The
habitat preferences of Cerulean Warblers seem to be more specific, whereas American Redstarts
seem to be more of a habitat generalist (CDD, GJM, pers. obs.). At our study area, American
Redstarts are found in most study units, whereas Cerulean Warblers only occur in specific
locations. In the study unit where we observed nest usurpation, Cerulean Warblers typically
occurred on southeast facing slopes or in bottomlands where oaks and hickories were common.
In contrast, American Redstarts inhabited additional areas where Cerulean Warblers were not
located, such as areas dominated by American beech or maple (Acer spp.). Where these 2 species
co-occur, we have anecdotally observed nests close to each other. For example, we observed
Cerulean Warbler and American Redstart nests within 15 m of each other in the same study unit
where the nest usurpation occurred. From 2010 to 2015, Cerulean Warbler nest heights at our
study units ranged from 9.0 to 29.5 m (n = 106). Nest height at the usurped nest was much lower
than the average Cerulean Warbler nest height of 18 m in our study population (Wagner and
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Islam 2014). The female Cerulean Warbler constructed a nest at a height of 9.0 m, which is close
to the American Redstart nest height average of 8.2 m (Hubbard Brook Experimental Forest,
New Hampshire, USA; Sherry and Holmes 1997), thus providing an opportunity for the more
aggressive American Redstart to usurp an already constructed nest.
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Abstract
Hybridization events have long held the interest of biologists because of implications for species
concepts and taxonomy, and rates of hybridization are commonly used as support for accepted
taxonomic divisions. Therefore, it is important to document new cases of hybridization among
species when they are encountered. In July 2017, we observed a nest where a male Cerulean
Warbler (Setophaga cerulea) and a female Black-throated Blue Warbler (Setophaga
caerulescens) were feeding nestlings. The Cerulean Warbler and Black-throated Blue Warbler
communicated with each other via song (male) and calls (female), much as a non-hybrid pair of
either parent species would, and the pair never engaged in aggressive behaviors toward each
other. Previously, the Cerulean Warbler has only been documented to hybridize with the
Northern Parula (Setophaga americana) and the Black-and-white Warbler (Mniotilta varia), and
the Black-throated Blue Warbler has been documented hybridizing with the Yellow Warbler
(Setophaga petechia) and Nashville Warbler (Leiothlypis ruficapilla). Interestingly, the Blackthroated Blue Warbler is not known to breed in Indiana, but it is a regular migrant in the spring
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and fall. We describe our observations of the behaviors of the hybrid pair at the nest, provide
photographs and audio recordings for documentation, and provide explanations on the origins of
this rare instance of pairing.
Key Words.--- Black-throated Blue Warbler, Cerulean Warbler, hybrid, Parulidae,
Setophaga caerulescens, Setophaga cerulea, wood-warbler
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Of the 47 species of wood-warblers that breed in North America, 34 have been reported to
hybridize (McCarthy 2006). Globally, approximately 9.2% of bird species have been observed in
hybridization events (Grant and Grant 1992), so the incidence rate of hybridization of >50% in
North American parulid warblers is quite high. Hybridization occurrences have long been
important in the species concept, and hybridization rates provide important evidence in
taxonomy. It is a rare occurrence, however, and even rarer to actually observe a hybrid pairing
event in nature (Willis et al. 2014).
According to McCarthy (2006), the Cerulean Warbler (Setophaga cerulea) has been
known to hybridize with the Black-and-white Warbler (Mniotilta varia) and the Northern Parula
(Setophaga americana). The first record of a hybrid with a Cerulean Warbler was collected on
24 April 1954 (Parkes 1978). This hybrid was an adult male Black-and-white Warbler x
Cerulean Warbler. Comparisons were made between after-second-year Cerulean Warbler and
Black-and-white Warbler. Parkes (1978) noted differences and similarities between colorations
and patterns of every body part (crown, face, back, rump, upper tail coverts, tail, throat, breast
band, sides, flanks, under tail coverts, and wings). Other measurements taken from the specimen
included flattened wing, tail, bill from anterior edge of nostril, tarsus, hallux minus claw, chord
of hind claw, hallux, claw/tarsus and weight. This hybrid specimen mostly resembled a Blackand-white Warbler, but the white stripes of the upperparts were replaced by a blue-gray color
(Parkes 1978). It also had a white throat and a black band across the upper breast. This specimen
proved to be intermediate between Black-and-white Warbler and Cerulean Warbler upon
conclusion of the study (Parkes 1978).
There are several previously documented instances of hybridization between Cerulean
Warbler and Northern Parula. In one case in East Hampton, Long Island, NY, the possibility of a
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hybrid pair between the two species proved no solid evidence. A male Northern Parula was
documented feeding nestlings, but at one point it was chased away by the female Cerulean
Warbler that owned the nest. A male Cerulean Warbler and a female Northern Parula were never
seen in the area near this nest (Lindsay and Vezo 1995). A more interesting report from Hyde
Park, Dutchess County, NY, reported an unusually plumaged Cerulean Warbler. Before this bird
was seen, it was heard vocalizing, and identified as a Northern Parula based on its song. When
first seen, it mostly resembled a Cerulean Warbler, but it sang a Northern Parula song (Pooth and
Johnson 2004). The authors described the bird’s body plumage as that of a Cerulean Warbler
(blue above, white below with wing bars, and a thin blue-gray necklace). They noted that the
head was more like a Northern Parula, completely blue, along with a distinct broken eye-ring.
The bird did not have any streaking on its sides or flanks. In a later observation, the bird sang
like a Northern Parula, but occasionally sang songs typical of a Cerulean Warbler (Pooth and
Johnson 2004).
On 16 May 2004, another unusually plumaged bird was observed, this time in Toledo,
Ohio. It closely resembled a Cerulean Warbler, but it did not have a breast band or distinct sidestreaking. It had a distinct broken eye-ring, characteristic of Northern Parula, but there was no
yellow on the throat or breast, and it lacked a greenish back (Nirschl 2004). The blue on the
forehead, crown, and wings was described as a cerulean blue, rather than the typical blue color of
a Northern Parula. When first observed early in the summer, it was singing the primary song of a
Northern Parula, but on 30 June 2004, it was observed singing a Cerulean Warbler song. On 1
July 2004, the bird was heard singing both Cerulean Warbler and Northern Parula songs (Nirschl
2004).
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Multiple Cerulean Warbler x Northern Parula hybrids have been documented with
photographs and audio recordings on eBird (eBird 2012). These individuals were determined to
be males based on plumage characteristics and singing behavior, and most individuals showed
plumage characteristics that were intermediate between both species. Most individuals had
broken eye-rings, faint breast bands, and with upper parts that were cerulean blue in color. The
crown coloration of these individuals was often monotone and did not have multiple colors like
that of a Cerulean Warbler. However, some individuals varied in plumage coloration and had a
hint of yellow or orange color on the breast, which would suggest a Northern Parula trait
(O’Brien 2009; Sanderson 2016; Gilliam 2017; Ivanov 2017; Wistrand 2017a).
The Black-throated Blue Warbler (Setophaga caerulescens) has been documented to
hybridize with Yellow Warbler (Setophaga petechia; Ducharme and Lamontagne 1992), and
with Nashville Warbler (Leiothlypis ruficapilla; Dunn and Garrett 1997; Williams 1996). Here,
we report the first hybrid pairing event between a Cerulean Warbler (male) and a Black-throated
Blue Warbler (female). We provide our observations of the pair at the nest and discuss possible
explanations for this hybrid pairing.
Methods
These observations were made on private property in Brown County, Indiana (39°13'42.44"N,
86°11'10.16"W) from 7-8 and 12-13 July 2017. Matthew Wistrand first discovered the nest on 7
July (Wistrand 2017b) and then subsequently observed the nest on 8 July before departing the
area (Wistrand 2017d). The authors were allowed access to the property from 12-13 July. Once
on the property, it did not take long to locate the reported nest based on detailed directions
(Mathew Wistrand, pers. comm.). We documented the hybrid pairing with photographs (Nikon
D5500 with a Tamron 150-600 mm lens) and audio recordings (Marantz PMD 661 MKIII solid-
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state digital recorder and Sennheiser ME62/K6 microphone with a Telinga Universal Pro
parabola).
Results
A nest was found on 7 July 2017 on private property in Brown County, Indiana by Matthew
Wistrand, a visiting birder, who submitted an eBird checklist with a description of his
observations (Wistrand 2017b). Most notably, he wrote about how a female Black-throated Blue
Warbler was paired with a male Cerulean Warbler attending to a nest. Wistrand noted that the
male Cerulean Warbler visited the nest to feed either the female Black-throated Blue Warbler or
young nestlings (his views of the nest were poor). Included in that checklist were poor quality
photographs showing the female Black-throated Blue Warbler (Wistrand 2017b). The only
distinguishing characteristic in the photographs was the white wing patch of the female Blackthroated Blue Warbler. Wistrand also obtained audio recordings of the female Black-throated
Blue Warbler and uploaded them to xeno-canto (Wistrand 2017b, Wistrand 2017c). Wistrand
revisited the nest site on 8 July 2017, and he observed both the female Black-throated Blue
Warbler and the male Cerulean Warbler at the same nest. This time he took a poor quality
photograph of the male Cerulean Warbler at the nest (Wistrand 2017d).
On 12 July 2017, we obtained permission to visit the nest site to confirm Wistrand’s
reports. We monitored the nest from 1410 h to 1515 h and counted four nestlings (Fig. 1b); we
remained as far as possible from the nest to minimize disturbance to the parents. One of the first
birds we observed after finding the nest was the female Black-throated Blue Warbler, and we
obtained audio recordings of her “chipping” near the nest that we later uploaded to eBird
(MacDonald 2017). Soon after locating the female Black-throated Blue Warbler, we located a
singing male Cerulean Warbler, and watched him visit the nest, where he fed the nestlings (Fig.
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1c, d). The female Black-throated Blue Warbler “chipped” actively while she foraged. During
our observation, we noted that the female Black-throated Blue Warbler fed nestlings
approximately ten times (Fig. 1e, f), while the male Cerulean Warbler fed nestlings about five
times. The male would almost always feed the nestlings after singing. Throughout the
observation, many photographs were taken of these individuals, mostly at the nest, which will be
uploaded to an eBird checklist at a future date (Delancey 2017). The nest was located about 6 m
above ground in a sugar maple (Acer saccharum) that had a dead, broken top hanging down. The
nest was mostly surrounded by dead leaves from within the broken-off top (Fig. 1a). The nest
itself was connected to gravepine (Vitis sp.) that was growing on the sugar maple. We noticed
that this nesting location was atypical of both Cerulean Warbler and Black-throated Blue
Warbler nest placements. The nestlings appeared no more than 4 days from fledging, and often
begged loudly (captured in audio recordings). The female Black-throated Blue Warbler was
observed brooding the nestlings for about two minutes on occasion. The male Cerulean Warbler
and female Black-throated Blue Warbler never interacted aggressively; in fact, they were
observed multiple times at the nest simultaneously (Fig. 1g). No other species were seen near the
nest during our observation.
On 13 July 2017, we returned after receiving permission to capture these birds to band
and collect DNA from all of the individuals. With help from the Streby Laboratory at the
University of Toledo, we intended to temporarily remove nestlings from the nest to collect DNA,
along with target netting both adults. However, upon arrival we were unable to locate the nest in
the tree. The nest was found empty, and on the ground. We could not locate any of the nestlings
that may have survived the nest falling from the tree. We believe the nest was predated as the
nest branch had broken off sometime since our visit the previous day. We collected the nest, and
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as we were leaving the site, we heard a male Cerulean Warbler singing nearby, but we were not
able to re-locate the female Black-throated Blue Warbler.
Discussion
It is not surprising that the Cerulean Warbler would hybridize with aNorthern Parula. In fact, the
Cerulean Warbler and two species of parula (Northern Parula and Tropical Parula Setophaga
pitiayumi) form a sister group (Lovette et al. 2010). At our research sites in southern Indiana, we
observe many Northern Parulas in close proximity to Cerulean Warblers that defend territories in
the riparian areas (pers. observ.). Based on feeding habits, nesting habits, plumage, body
structure and song, Cerulean Warblers and Northern Parulas are very alike (Pooth and Johnson
2004, Nirschl 2004, Buehler et al. 2013, Moldenhauer and Regelski 2012). However, it is
surprising that a Cerulean Warbler hybridized with a Black-and-white Warbler. According to
Lovette et al. (2010), the Cerulean Warbler and Black-and-white Warbler are not closely related;
they are not even in the same genus. The Black-and-white Warbler is the only species within the
monotypic genus Mniotilta, which is an older lineage of wood-warbler that is highly distinct
from the genus Setophaga based on phylogenetic results (Lovette et al. 2010). By examining
differences in plumage, behavior, and nesting habits, it is easy to note many strong differences
between the Cerulean Warbler and Black-and-white Warbler. Nesting habits between the two
species are near-complete opposite of one another; the Cerulean Warbler is a canopy nesting
species and the Black-and-white Warbler is a ground-nester. We have observed Cerulean
Warbler nests and Black-and-white nests within 15 m of each other in our study area.
At one point, the Cerulean Warbler and the Black-throated Blue Warbler were thought to
be “sister species” (Mayr and Short 1970), though they are not currently recognized as such;
however, they are both in the genus Setophaga. The Cerulean Warbler and the Black-throated
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Blue Warbler are more closely related to each other however, than either is to the Black-andwhite Warbler (Lovette et al. 2010). Holmes et al. (2005) suggested that Mayr and Short (1970)
constructed their phylogeny of relatedness based on the blue plumage that both species possess,
whereas Lovette et al. (2010) used genetics to construct their phylogeny. The Black-throated
Blue Warbler does not have any sister species or close relative (Lovette et al. 2010, Homes et al.
2005).
Hybridization between species may occur in multiple situations. One example is mate
rarity (Willis et al. 2014). Since 2007, we have observed a declining population of Cerulean
Warblers at our study area (our closest study site is approx. 13.9 km away from the hybrid pair
nest). The sex ratio of Cerulean Warblers appears to be skewed in favor of males, as not every
territory is occupied by a female (pers. observ.). After an unsuccessful attempt at attracting a
mate, a male Cerulean Warbler may pair up with a different species, such as a Black-throated
Blue Warbler. At the hybrid pair nest site, we did not observe or hear any other Cerulean
Warblers. According to Willis et al. (2014), closely related species are more likely to hybridize
with each other than species that are not as closely related. For example, the Northern Parula and
the Cerulean Warbler are closely related (Lovette et al. 2010), but it does not quite address
hybridization between Cerulean Warbler and Black-throated Blue Warbler. What is even more
remarkable is that the Black-throated Blue Warbler is not known to breed in the state.
The hybrid pair’s nest was “intermediate” in nest height at about 6 m from the ground. At
our research sites, Cerulean Warblers nest at an average height of 18 m (Wagner and Islam
2014), but we have documented nest heights ranging from 9.0-29.5 m (unpubl. data). Preferred
nest tree species for Cerulean Warblers include white oak (Quercus alba), chestnut oak (Quercus
montana), pignut hickory (Carya glabra), black walnut (Juglans nigra) and sugar maple
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(Buehler et al. 2013, Wagner and Islam 2014, unpubl. data). Cerulean Warblers typically place
their nests on horizontal branches, and conceal the nest with leaves from above. Nests are mainly
constructed of grapevine and spider web (Buehler et al. 2013). In central New Hampshire, the
Black-throated Blue Warbler nests in hobblebush (Viburnum sp.; 51%), but also uses American
beech (Fagus grandifolia) and sugar maple saplings (21% and 9%, respectively; Holmes et al.
2005). Their nests are generally low to the ground averaging 0.44 m. Two nests have been
observed above 10 m in height; one at 11 m in a yellow birch (Betula alleghaniensis), and
another at 17 m in an Eastern hemlock (Tsuga canadensis; Holmes et al. 2005). Nests are usually
constructed of thin strips of bark, often obtained from birch trees or rotten wood, and then stuck
together using spider webbing and saliva (Holmes et al. 2005). In the southern portion of their
range, Black-throated Blue Warblers have been documented to use rhododendron
(Rhododendron sp.) or grapevine in their nests (Holmes et al. 2005, Bent 1953). Sometimes
Black-throated Blue Warblers will place nests in a cluster of dead leaves or amongst dry foliage
of a large branch that has recently fallen (Holmes et al. 2005, Nice 1930, Walkinshaw and Dyer
1953).
The nesting location of this hybrid pairing most closely resembles that of a Blackthroated Blue Warbler. It was located in, and around, mostly dead leaves and was not on a
horizontal branch. Both warbler species have been found to favor sugar maple as a nest tree to
some extent. The nest material appeared to consist almost exclusively of grapevine and spider
webbing, which closely resembles nesting materials used by female Cerulean Warblers. Yellow
birch does not occur in Brown County, Indiana; this species occurs mainly in the northernmost
counties in Indiana. River birch (Betula nigra) does occur in Brown County, but this species
requires wet soils. We did not see any birch trees at this site, nor does it occur in our study area.
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White birch (Betula papyrifera) is also found in Indiana, but it is restricted to the northwestern
parts of the state (Jackson 2004). Nest height would be an outlier for both the Cerulean Warbler
and Black-throated Blue Warbler, so we classified it as intermediate.
The Black-throated Blue Warbler is an eastern species. It breeds in southeastern Canada,
the northeastern United States, and along the Appalachian Mountains. It is not known to breed in
Indiana, but migrates through the state during spring and fall. Aside from this report, there are
four other eBird sightings of Black-throated Blue Warblers in Indiana during the breeding
season. Three of those sightings were from northern Indiana and were minimally documented
(eBird 2012). One eBird sighting, in Brown County Indiana, reported an adult male Blackthroated Blue Warbler that was caught in a mist-net on 12 July 2017 (Britton 2017). This bird
was banded, and it was beginning its pre-basic molt (Patrick Ruhl, pers. comm.), which is
unusual because Black-throated Blue Warblers are known to initiate their pre-basic molt while
still on the breeding grounds. Black-throated Blue Warblers migrate through Indiana, but the
nearest they breed (to the north) is northern Michigan. Their breeding distribution extends from
northern Georgia to the Appalachian Mountains into New Brunswick and Nova Scotia, Canada
(Holmes et al. 2005). There are 14 records of Black-throated Blue Warblers in Indiana during the
summer months that are not on eBird (K. Brock, pers. comm.). Only three of these reports
include more than one individual bird reported. However, there are no confirmed breeding
attempts of this species in the state of Indiana, until this report. We believe that past reports of
Black-throated Blue Warblers in Indiana in the summer were mostly of vagrant individuals or
early fall migrants. Although Indiana’s land-use is largely agricultural, some forested areas
within the state may provide breeding habitat for Black-throated Blue Warblers. It is possible
that some other species may breed uncommonly within the state, but have yet to be discovered.
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Recently, the first successful breeding of the Chestnut-sided Warbler (Setophaga pensylvanica)
in 20 years was documented in southern Indiana (Ruhl et al. 2015). On 21 July 2017, we
captured a Blue-headed Vireo (Vireo solitarius) in a mist-net and discovered that it was a singing
male on territory. Its partial brood-patch suggested that it was in breeding condition. Yet, Blueheaded Vireos are not known to breed in southern Indiana (Morton and James 2014). So
although some species may not be known to breed in Indiana, or southern Indiana, as long as the
habitat is suitable, it is possible that there are some uncommon breeders that are yet to be
discovered.
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Figures

Fig. 1. a) View of the hybrid nest in mixed live and dead foliage. b) Close-up of four nestlings. c)
Male Cerulean Warbler with a beak full of green caterpillars. d) Male Cerulean Warbler feeding
nestlings. e) Female Black-throated Blue Warbler at the nest. f) Female Black-throated Blue
Warbler feeding nestlings. g) Male Cerulean Warbler brings food to nestlings after female Blackthroated Blue Warbler has finished feeding young. Photo credits: Clayton Delancey
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Chapter 5
Female song documented in two Cerulean Warblers (Setophaga cerulea)

Garrett J. MacDonald1, Clayton D. Delancey1, and Kamal Islam1,2
1

Department of Biology, Ball State University, Muncie, IN 47306, USA.

2

Corresponding author: kislam@bsu.edu

Abstract
Female song is now known to be widespread and ancestral, yet it is still poorly understood,
particularly in temperate regions. We document the singing behavior of 2 mated female Cerulean
Warblers (Setophaga cerulea) in southern Indiana in June 2017; this is the first documentation of
female song in this species. When assessed aurally and spectrographically, the songs of both
females resembled neither each other, nor any previously documented Cerulean Warbler
vocalization. Female song in this species may function intersexually as a means of reinforcing
the male-female pair bond when resource competition is high, but more data are needed to test
this hypothesis.
Key Words.--- Cerulean Warbler, female song, Parulidae, Setophaga cerulea, woodwarbler
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Female song is more prevalent than once thought and is now believed to be ancestral (Odom et
al. 2014). In tropical and sub-tropical regions, females of many species are prolific singers: both
solo female song and song duets by male-female pairs are common (e.g., Cooney and Cockburn
1995; Logue 2007). Traditionally, female song has been correlated with a number of life history
traits that are more frequent in tropical regions, including year-round territoriality, lack of
migration, monogamy, and sexual monochromatism (Najar and Benedict 2015). Female song in
temperate regions is thought to be far less common, but it may be more difficult to detect and
document. Many long-held assumptions about female song are currently being reexamined as it
is documented in an accumulating number of species.
Female song was once believed to be primarily a non-adaptive hormonal aberration
(Langmore 1998), but there is building evidence that it can have an adaptive function in both
inter- and intra-sexual communication (Odom et al. 2014). Female song appears to function in
mate guarding (Yasukawa and Searcy 1982), mate attraction (Langmore et al. 1996), and in the
coordination of reproduction (Ritchison 1983; Sonnenschein and Reyer 1983). In addition, it
may function intersexually for territorial defense or as a means of reinforcing male-female pair
bonds (Farabaugh 1982; Sonnenschein and Reyer 1983), and it may be more common when
competition for resources is high (Arcese et al. 1988). Nonetheless, the mechanisms underlying
female song and the reasons selection has favored the apparent loss of female song in many
species remain poorly understood.
Female song has been reported in approximately 23% of species within the New World
wood-warblers (family Parulidae), which includes both resident and migratory species (Najar
and Benedict 2015). Parulid species with reports of female song are about equally represented
among tropical and temperate regions; however, frequent female song, such as duetting, is most
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common in non-migratory species inhabiting tropical regions (Najar and Benedict 2015). Other
than a single mention in the Birds of North America without any data to corroborate the
statement, female song in the Cerulean Warbler (Setophaga cerulea) lacks documentation
(Buehler et al. 2013). Here we describe the occurrence of song in 2 mated female Cerulean
Warblers, discuss its context, and hypothesize on a potential adaptive function in this species.
Methods
We monitored a breeding population of Cerulean Warblers in southern Indiana, USA, from MayJuly 2017. Cerulean Warblers at our study sites have been closely observed for 11 breeding
seasons (2007-2017) as part of the Hardwood Ecosystem Experiment, a long-term (100 years)
multi-taxa, multi-organizational study initiated in 2006 (Swihart et al. 2013). Two female
Cerulean Warblers were observed to sing and were recorded by G.J. MacDonald and C.D.
Delancey. These individuals occurred in Yellowwood and Morgan-Monroe state forests in
Brown and Monroe counties and were separated by greater than 20 km. One female (hereafter,
Female ‘A’) was documented singing from 14-22 June 2017, a period that mostly overlapped
with the incubation period of her nest. The other female (hereafter, Female ‘B’) was documented
singing from 20-21 June 2017, which corresponded to the late nestling stage of her nest.
Cerulean Warbler nest transition dates in our system are approximate because nests at our field
sites are generally high in the canopy (average 18 m) and their contents cannot be observed from
the ground (Wagner and Islam 2014). Cerulean Warblers are sexually dichromatic and were
visually sexed at the time of each observation. In each instance, we also confirmed sex through
the repeated observation of incubation or brooding, which are female-specific behaviors in this
species (Buehler et al. 2013). At both nests, a male plumaged bird also tended the nest, which
further confirmed the sex of each female.
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The songs of the 2 females were recorded opportunistically using a Marantz PMD-661
MKIII solid-state digital recorder (48 kHz sampling rate, 24-bit) with a Sennheiser ME62/K6
microphone and a Telinga Pro Universal parabola. Additionally, C.D. Delancey obtained video
of Female ‘A’ while she sang using a Nikon D5300 DSLR camera and a Tamron 150-600 mm
lens mounted on a Vanguard ABEO 243AV tripod. We also obtained audio recordings from
Wildlife Acoustics SM4 automated recording units (hereafter, ARU; 48 kHz sampling rate, 16bit) that we deployed in mid-canopy forest within 15 horizontal meters and 10 vertical meters of
each nest for a different project. ARUs recorded from 1 hour prior to sunrise until 1300 hours for
the duration of each nest. The archived audio recordings are available through the Macaulay
Library at Cornell University (www.macaulaylibrary.org, catalog numbers: ML Audio
71459011, 71462341, and 71461751) and the video can be found at the following link
(https://youtu.be/6HiwANcmWAE). Spectrograms were generated using Raven Pro 1.5
(Bioacoustics Research Program 2014) with the following parameters: a 320-point Hann window
with a 4096-point Discreet Fourier Transform (DFT; Female ‘A’), a 560-point Hann window
with a 1024-point DFT (Female ‘B’), and a 460-point Hann window with a 1024-point DFT (the
mate of Female ‘A’).
Results
Form of female song
Spectrograms of the songs of both females resembled neither each other, nor a typical
male song (Fig. 1). Further, neither song resembled any previously documented Cerulean
Warbler vocalization. In Cerulean Warblers, typical vocalizations include: the male song, which
is a series of 1-2 phrases of rapidly uttered repeated syllables followed by a final buzzy trill (Fig.
1C), as well as variations of “zeet” and “chip” calls, apparently used by both sexes in a variety of
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contexts (Rogers 2006; Buehler et al. 2013). In comparison, the songs of Female ‘A’ consisted of
a rapid repetition of similarly frequency-modulated notes, and sounded rough and buzzy in
quality (Fig. 1A). Her songs were consistently similar in structure, averaging approximately 0.81.2 s in duration (song bout) and spanning approximately 4-8 kHz in frequency. Furthermore, her
songs had a distinctive pattern of several similar phrases separated by very short inter-phrase
pauses. In contrast, the songs of Female ‘B’ consisted of a series of high frequency, slurred rising
and falling notes with a distinct harmonic structure (Fig. 1B). Her songs were approximately 1.5
s in duration and spanned approximately 3-6.5 kHz in frequency. Additionally, the songs of
Female ‘B’ were slightly more variable in both structure and duration than those of Female ‘A,’
though all songs had the same slurred quality and harmonic overtones.
Context of female song
Female Cerulean Warblers often give a “zeet” call from the nest, usually uttered
immediately after song from the male (Buehler et al. 2013). Female ‘A’ mostly replaced these
“zeet” calls with her songs, which were typically given in extended song bouts from her nest. She
normally sang only after the conclusion of a song from her mate, though on occasion she sang
spontaneously (i.e., not after her mate’s songs). She gave most songs while sitting on her nest,
but we also recorded her singing away from her nest while foraging within her mate’s territory.
Based on 48.6 hours of ARU recordings from 16-22 June 2017, she sang throughout the daily
recording period averaging 25.5 songs per hour for a total of 1,238 songs. She abruptly stopped
singing around the estimated hatch day, and she was not observed to sing again despite continued
nest observations, as well as spectrographic analysis of the audio recordings from the ARU near
her nest.
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We were only able to record 9 songs from Female ‘B.’ All of her songs were given while
she foraged near her nest in close proximity to her mate during the late nestling stage. She was
never documented to sing earlier in the nesting cycle nor while sitting on her nest, despite 30 min
nest observation periods after nest discovery (nest building stage) and spectrographic analysis of
ARU audio recordings.
Discussion
We report on the first documentation of female song in the Cerulean Warbler. We have chosen to
call these vocalizations “songs” based on their duration, complexity, and structure - (“long,
complex, vocalizations…produced in long spells with a characteristic diurnal rhythm”) - despite
their apparent non-use during the mate acquisition period (Catchpole and Slater 2008). The songs
produced by the 2 females were distinct from those of their mates and did not resemble normal
vocalizations by either sex of this species. They also did not resemble the vocalizations of any
other locally breeding bird species, nor any species with which we are familiar. Unlike most
other instances of female song in temperate-breeding wood-warblers, we documented singing
behavior from both females only during the incubation or nestling stage rather than during the
mate acquisition period. Female ‘A’ sang for at least 9 days, which largely overlapped with
incubation, and Female ‘B’ apparently sang only late in the nestling stage. It is possible that we
missed earlier instances of song by either or both females, but we believe this to be unlikely
because their nests were monitored for 30 minutes every 1-3 days from discovery (both in the
nest building stage) until the completion of the nest. Additionally, before we first heard song
from Female ‘B,’ we had previously deployed an ARU near her nest for a separate project.
Subsequent analysis of recordings spanning 30 May-5 June failed to reveal song previous to 20
June, when we first recorded her songs.
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Given the context in which female song was given in the presence of each female’s mate,
we hypothesize that female song in these instances may have functioned inter-sexually in
reinforcing the male-female pair bond during a period of heightened resource competition.
Female ‘A’ often sang in the presence of her mate and her songs were typically given
immediately following the completion of his song. Additionally, Female ‘A’ almost completely
replaced the typical female “zeet” call, which is given from the nest, with her songs. We failed
to detect this same behavior in Female ‘B,’ but her songs were always given in close proximity
to her mate during feeding bouts to their nest. They may have served to reinforce intersexual
communication during the nestling stage, a stressful and energetically demanding time for adult
birds.
Female song in the family Parulidae is best known in species breeding in tropical or subtropical regions and in species that are sedentary or sexually monochromatic (Najar and Benedict
2015). Additionally, it may be more frequent in instances where resource competition is intense
(Arcese et al. 1988). Cerulean Warblers, however, do not conform to this pattern: they breed in
temperate eastern North America, are completely migratory, and are highly sexually dichromatic.
Little is known about inter- and intra-specific competition for resources involving Cerulean
Warblers, though as cup-nesters, they may experience less competition than would a cavitynesting wood-warbler (Lindell 1996). Anecdotally, we noted that the nest location of Female ‘A’
at our study site was in a “hotspot” of Cerulean Warbler activity; nest densities in this area were
high relative to other areas at our study sites, with at least 4 other Cerulean Warbler territories
within 100 m. Contrastingly, Female ‘B’ nested in a low-density breeding location; the nearest
Cerulean Warbler breeding pair was greater than 0.5 km away. Nonetheless, female song in
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Cerulean Warblers may function inter-sexually in reinforcing the male-female pair bond when
resource competition is high, though this remains an important question for future research.
Cerulean Warblers have been studied intensively in many areas of their breeding range,
including 11 consecutive years of research by our laboratory at the same study sites in southern
Indiana; therefore, it is surprising that this behavior has not been documented previously. There
is 1 prior report of female song in this species (without documentation), a bird in Desha County,
Arkansas in May 2006 that was noted to be in female plumage (Buehler et al. 2013). It should be
noted, however, that some second-year male Cerulean Warblers are extremely dull and femalelike in plumage, and thus confusion regarding sex can occur in rare instances (pers. observ.).
Breeding density and resource competition may play a role in the occurrence of female song in
this species, as well as in other species where females do not normally sing. In order to better
understand its function, female song should be looked for in other populations of Cerulean
Warblers, particularly those with high breeding densities.
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Fig. 1. Spectrograms of the songs of male and female Cerulean Warblers. A) Typical song
sequence from Female ‘A.’ B) Song from Female ‘B.’ C) Typical Cerulean Warbler male song;
specifically, the song produced by the mate of Female ‘A.’ Recordings are available from the
Macaulay Library at Cornell University (www.macaulaylibrary.org, catalog numbers: ML Audio
71459011, 71462341, and 71461751).
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