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ABSTRACT 

THESIS: Cerulean Warbler (Setophaga cerulea) Microhabitat Use in Southern Indiana 

STUDENT: Claire Nemes 

DEGREE: Master of Science 

COLLEGE: Sciences and Humanities 

DATE: May 2016 

PAGES: 92 

This study presents the results of research into habitat use by the Cerulean Warbler, a 

migratory songbird species that is listed as state-endangered in Indiana, during both the adult and 

juvenile stages of its life cycle. Adult Cerulean Warbler nest patches and territories were found 

to have several similar microhabitat features: close proximity to roads, steep slope gradient, and 

high percentage of tree canopy cover. However, a number of characteristics also differed; 

territories were located on northeast-facing slopes and possessed vegetative characteristics 

typical of uneven-aged forest stands, while nest patches were correlated to topographic position 

and had characteristics of more even-aged stands. Nest success was found to be influenced by 

several features, including proximity to roadway, height of the nest, and presence of woody vines 

on the nest tree. Cerulean Warbler fledglings were tracked during the pilot year of a 

radiotelemetry study in southern Indiana; preliminary findings, including differences between 

individual movements, are presented herein.  
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CHAPTER 1: Microhabitat use by Cerulean Warblers 

 

1. INTRODUCTION 
 

The Cerulean Warbler (Setophaga cerulea, formerly Dendroica cerulea) is a small, 

charismatic songbird that has gained increased attention in recent years due to both its aesthetic 

appeal and its worrisome population trends. Breeding Bird Survey data indicate that over the past 

40 years, populations of the Cerulean Warbler have declined at a rate of nearly 3% per year 

(Sauer et al. 2011), among the most drastic decreases of any North American songbird. This 

Neotropical migrant is considered state endangered in Indiana and endangered in Canada; it is 

classified as vulnerable elsewhere in its range (BirdLife International 2012, COSEWIC 2010, 

Indiana Department of Natural Resources 2013).  

Since Robbins et al. (1992), Hamel (2000), and others first sounded the alarm about the 

species’ decline, there has been a significant amount of research devoted to these birds, but many 

aspects of their life history remain unclear. A number of factors have contributed to population 

decreases, with habitat loss and degradation on both the breeding and wintering grounds 

appearing to be the primary causes (Buehler et al. 2013). At a 2006 workshop convened in 

response to a petition to list the species as federally threatened, Cerulean Warbler researches 

posited that changes in habitat across the breeding range have led to a reduction in the 

availability and quality of nest sites, and therefore, to lower nest success (USFWS 2006). 

However, nest success rates vary widely across the breeding range (Boves and Buehler 2012, 

Buehler et al. 2008). Some regions, therefore, undoubtedly host source populations, while others 

may act as ecological sinks for this species, for reasons that are not yet clear. 

Determining the relationship between nest and territory placement, nest success, and 

habitat features at the local level remains an important goal of Cerulean Warbler research and 
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may illuminate the drivers behind differential nest success rates. Unlike many other imperiled 

species, Cerulean Warblers have been witnessed nesting in a wide variety of tree species and 

appear to select for different habitat features depending on the geographic location (Boves et al. 

2013, Buehler et al. 2012).   

Though considered an area-sensitive, mature forest species, much research has shown 

that Cerulean Warblers are attracted to gaps in the tree canopy when choosing where to place 

nests and defend territories (Bakermans et al. 2012, Buehler et al. 2013, Hamel 2000, Oliarnyk 

and Robertson 1996, Weakland and Wood 2005, Wood and Perkins 2012). However, Barnes et 

al. (2016) did not find evidence that Cerulean Warbler occurrence or density were related to 

canopy gaps at our study sites in Morgan-Monroe and Yellowwood state forests in south-central 

Indiana. Other features associated with territory placement and nest locations were also found to 

vary across the range; for example, females in the Appalachians selected nest patches with more 

understory cover (Boves et al. 2013), while those in Ontario had more mid-story cover (Jones 

and Robertson 2001).  

Nest placement and the surrounding microhabitat characteristics can potentially have a 

substantial impact on reproductive success or failure (Martin and Roper 1988, Martin 1998). As 

such, I sought to determine which nest patch and site characteristics were predictors of nest 

success. Nest “site” describes the physical characteristics of the nest’s immediate location, such 

as the height of the nest or the size and species of the nest tree. Demographic measures such as 

daily nest survival, nest success, and fecundity vary and are likely influenced by microhabitat 

(Bakermans et al. 2012, Martin 1998 Martin and Roper 1988; but see Rodewald et al. 2001). 

Because nest success rates are lower in southern Indiana than in the Appalachian core of the 
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breeding range (Buehler et al. 2008, Roth and Islam 2008), a thorough study of microhabitat and 

its influence on nest success in our region is warranted. 

Despite several site-specific differences in nesting and territory habitat, studies across the 

range have consistently supported the species’ preference for white oak (Quercus alba) for both 

nesting and foraging, using these trees in a greater proportion than is available on the landscape 

(Barnes et al. 2016, Boves et al. 2013, Newell and Rodewald 2011, Roth and Islam 2008, 

Wagner and Islam 2014, Weakland and Wood 2005). Several of these studies have further 

demonstrated that Cerulean Warblers avoid red maple (Acer rubrum) and northern red oak 

(Quercus rubra) for nesting (Bakermans and Rodewald 2009, Boves et al. 2013, Newell and 

Rodewald 2011, Wagner and Islam 2014).  

In comparison with other tree species, oaks are relatively slow growing. When first 

germinating they tolerate shade, but in order to reach maturity they require canopy disturbances 

to allow sunlight to reach the forest floor and “release” sapling growth (Carman 2013). 

Historically, weather events and fires (both naturally-occurring and those intentionally started by 

Native Americans) provided sources of disturbance that allowed oak regeneration in the Central 

Hardwood Forest Region. However, modern-day fire suppression and forest management 

strategies have resulted in poor oak recruitment (Abrams 2003, Carman 2013, Fralish 2003, 

Jenkins 2013). Uneven-aged management techniques, including single-tree selection, are widely 

employed on public lands in Indiana; however, research indicates that this type of harvesting 

results in less diverse species composition and does not allow for significant oak regeneration 

(Jenkins and Parker 1998). If uneven-aged management continues to be practiced exclusively, 

southern Indiana state forests may in time become dominated by fast-growing, shade-intolerant 

species such as American beech (Fagus grandifolia) and maple (Acer sp.). This will result in the 
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loss of ecologically and economically valuable oaks and hickories (Carman 2013), species upon 

which Cerulean Warblers rely for nesting. In contrast, even-aged techniques such as clear-cuts 

and shelterwood harvests, along with prescribed burns, may favor oak regeneration (Iverson et al. 

2008, Jenkins and Parker 1998), provided there is a sufficient soil seed bank or coppiced stumps 

to allow regrowth of the desired species. 

 Varying forest management practices within our study site include experimental even- 

and uneven-aged harvests that could result in Cerulean Warbler microhabitat characteristics that 

further differ from those found at other sites. This research was designed to determine the 

specific habitat features associated with Cerulean Warbler nest patches, territories, and nest 

success rates in this region of the state, which may help forest managers better understand the 

potential impacts of local timber harvesting on this species.  

My primary research objectives were (1) to determine microhabitat characteristics at the 

nest patch level (in the immediate vicinity of the nest) and compare them with nearby non-nest 

locations, (2) to compare microhabitat characteristics of male territories with randomly sampled 

non-use locations outside of the territory, and (3) to ascertain which nest patch and nest site 

characteristics are the best predictors of Cerulean Warbler nest success.  
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2. METHODS 
	  

2.1 Study Area 
 
 All research was conducted within the experimental plots of the Hardwood Ecosystem 

Experiment (HEE). This project, initiated in 2006, is a 100-year study designed to investigate the 

impacts of timber management practices on the ecosystems of Morgan-Monroe and Yellowwood 

state forests in Brown, Morgan, and Monroe counties in the Central Hardwoods Ecoregion of 

Indiana (Fig. 1). It represents a collaborative effort between numerous stakeholders, including 

state agencies, nonprofit organizations, and local universities (Swihart et al. 2013). The forest 

type is primarily oak-hickory (Quercus-Carya), with sugar maple (Acer saccharum), tulip tree 

(Liriodendron tulipifera), American beech (Fagus grandifolia), and white ash (Fraxinus 

americana) also common. Due to the erosion process characteristic of this area, the terrain is 

very hilly, frequently steep, and bisected by intermittent small streams that drain into larger ones 

(Homoya et al. 1985).  

 The HEE study site consists of nine experimental plots, ranging from 303 to 483 hectares 

in size, scattered throughout the two state forests (Fig. 2). The nine units each consist of a core 

research area within which management activities take place, surrounded by a 150 m buffer 

region of forest. Adaptive management strategies will be employed for the 100-year duration of 

the HEE and are intended to result in a 20% regeneration of the harvested research core every 20 

years. Each unit was randomly assigned to one of three management strategies: uneven-aged 

harvest, even-aged harvest, or control. The initial round of timber harvesting was completed 

during the fall and winter of 2008 – 2009 (Kalb and Mycroft 2013).  

 Control cores (units 2, 4, and 5) undergo no logging or prescribed fire treatments for the 

duration of the experiment (Fig. 2). Even-aged units (3, 6, and 9) will receive shelterwood and 
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clearcut harvests to produce even-aged forest stands (Fig. 2). Four 4.08-ha harvest areas (two on 

northeast slopes and two on southwest slopes) were designated in each unit. Of these, two were 

assigned shelterwood cuts, which is a three-stage process occurring over a period of 

approximately 20 years. The preparatory stage for the shelterwoods took place in 2008 – 2009 

and removed understory and midstory trees (except oak species); next, an establishment cut will 

be conducted to reduce the basal area but retain robust oak and hickory specimens for seed 

production. After sufficient oak regeneration occurs (in another 5 to 10 years), these remaining 

canopy trees will be removed. Clear-cutting involves removing large (>30.48 cm DBH) trees in 

the harvest area. Mid-sized trees of valuable species including oak and hickory are coppiced to 

allow re-sprouting from the stumps. Stems of all other species are treated with a chemical 

herbicide to prevent regeneration (Mycroft 2013). Prescribed burns will also be conducted in 

portions of the even-aged research cores.  

 The uneven-aged units (1, 7, and 8) receive patch cuts and single-tree selection to 

produce uneven-aged stands of tree. Uneven-aged treatments most closely approximate the 

current timber harvest strategies in Indiana state forests, where group and single-tree selections 

on 15 – 25 year cycles are common (Swihart et al. 2013). As part of this regimen, eight areas in 

each unit—four on northeast-facing slopes and four on southwest-facing slopes—were 

designated for patch cuts, which follow similar methods to clearcuts but on a smaller scale. Four 

of the patch cuts are 0.40 ha in size, two are 1.21 ha, and two are 2.02 ha. Single-tree selections 

occur throughout the uneven-aged units, provided they are not immediately adjacent to patch 

cuts (Kalb and Mycroft 2013). 

 A 150 m buffer area surrounds each research core and is managed according to current 

Indiana Department of Forestry strategies, primarily consisting of single-tree selection harvests; 
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occasionally small group cuts (0.4 – 1.2 ha in size) are permitted as long as they are 100 m or 

farther from the research cores. The buffers are intended to minimize harvest effects in each of 

the units (Kalb and Mycroft 2013).  

  Each unit was also overlain with a 7x7 square Cerulean Warbler point count grid, with 

points located at 200 m intervals. This distance serves to minimize the chance of double-

counting the same individual bird during aural point counts because male Cerulean Warblers 

typically broadcast their song to a distance of 95 – 100 m (Hamel et al. 2009, Jones et al. 2000).  

 

2.2 Point Counts 
 
 Between 2011 and 2015, 100 m fixed-radius point count surveys for Cerulean Warblers 

were conducted according to the methods outlined in Islam et al. (2013). At each point, the 

surveyor listened for singing males for a period of two minutes, then broadcasted a recorded 

Cerulean Warbler song for one minute via a handheld mp3 player (SanDisk) and speaker 

(RadioShack Mini Amplifier-Speaker), then listened for another two minutes. Surveyors 

recorded the cardinal direction and estimated distance of all individuals detected during the 5-

minute period. Each year, the order in which points were surveyed was randomly selected so as 

to avoid any temporal bias in point counts. Surveys were conducted between 0600 and 1030 

beginning in early May of each year and continued daily until all points were surveyed, generally 

until the end of May. Point counts were not conducted if weather conditions were likely to 

interfere with the ability to detect singing birds or the birds’ ability to hear playback broadcasts 

(i.e. during heavy rain or high winds).  
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2.3 Territory Demarcation 
 
 Territory mapping methods are similar to those described in Roth and Islam (2007) and 

Falls (1981). The majority of mapping efforts were conducted during late May and throughout 

June of each year; at this point in the breeding season all singing males were assumed to be 

resident birds rather than individuals migrating through the area. At each location where a 

singing male was detected, either during point counts or incidentally thereafter, the site was 

visited and all trees in which the focal male was observed singing were recorded. Ideally, 

crewmembers worked in groups of two or more, with one person attempting to maintain visual 

contact with the bird and another marking song perch trees with flagging tape. Each tree’s 

species and coordinates were recorded using a handheld Global Positioning System (GPS) unit 

(Garmin GPSMap 62S). Because Cerulean Warblers territories are often clumped together 

spatially (Hamel 2000, Kaminski and Islam 2013, Roth and Islam 2007), two teams were 

frequently used, with each team following and mapping an adjacent male. This served to 

minimize the possibility of confusing multiple males whose territories were in close proximity, 

assuming birds were not distinguishable by color bands.  

 A minimum of 5 trees (but ideally 8 or more) were marked for each individual. Mapping 

was often completed in one day, but for many individuals a sufficient number of locations was 

not obtained on one visit and mapping was continued on subsequent occasions. I excluded 

territories from the analysis if they contained fewer than 5 trees, or if territories of unbanded 

males were so close to one another that I was not confident in our ability to differentiate between 

individuals. Song perch tree coordinates were uploaded to ArcGIS using the application 

DNRGarmin (Minnesota Department of Natural Resources 2015). These locations were used to 

generate territory polygons using ArcMap’s Minimum Bounding Geometry: Convex Hull 
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function, and the geometric center of each polygon was found using the Center-to-Point tool 

(ESRI 2015).   

 

2.4 Nest Searching and Monitoring 
 

Between 2011 and 2015, observers searched for Cerulean Warbler nests within the HEE 

units by observing nest-building and feeding behaviors of adult birds. Because nests are small 

(ranging from 6.5 – 7 cm across by 3.3 – 5 cm tall, Buehler et al. 2013), well camouflaged, and 

located high in the forest canopy (at an average height of 18.9 m in our study area), they can be 

extremely challenging to find. In general, the results of our point count surveys of territorial 

males were used to provide a starting location for nest searching. Male Cerulean Warblers 

typically arrive on the breeding grounds about one week before females (Buehler et al. 2013), 

but the search for evidence of nesting activity began upon arrival at the field site each year, 

generally in the last week of April or beginning of May. Nests were often easier to spot during 

the first few weeks of the breeding season and became progressively more difficult to find as 

leaf-out progressed and warbler activity was obscured.  

Though males may be involved in selection of the nest site and can occasionally help 

with nest material collection, females typically build the nests alone (Boves et al. 2013, Hamel 

2000). Early in the breeding season when much nest construction occurs, focusing on locating 

females and observing their behavior was a successful strategy. While nesting and foraging 

activities take place primarily in the forest canopy (George 2009, MacNeil 2010), females were 

sometimes observed collecting nesting material such as strips of grapevine bark, other plant 

fibers, and spider or tent caterpillar silk on or near ground level. Hence, a nest was occasionally 

located after a female was found gathering material close to the ground. Once chicks have 
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hatched, both parents provide for the offspring (Wagner and Islam 2014) and later in the 

breeding season nests were often discovered by observing one or both parents foraging for 

invertebrate prey items and bringing them back to the nest.  

 Once nests were found, monitoring commenced using a tripod-mounted 82mm Nikon 

Prostaff spotting scope with 20 - 60x zoom. During each observation period, information such as 

date and time of discovery, the estimated stage of the nest (construction, incubation, brooding, 

feeding, or fledging), parental visits to the nest, number of chicks (if hatched), and presence of 

other Cerulean Warblers in the vicinity were recorded. During the early nest stages nests were 

monitored every 2 - 3 days; the frequency of visits increased as the estimated date of fledging 

approached. Nests with chicks thought to be close to fledging were visited daily to maximize the 

chance of observing their departure. If no activity was observed at the nest, it was revisited on 

two more occasions before concluding that it had failed.  

During the course of our monitoring, any observed nest predators in the area were 

recorded, including American Crows (Corvus brachyrhynchos), Blue Jays (Cyanocitta cristata), 

and Red-bellied Woodpeckers (Melanerpes carolinus; Auer et al. 2013, Buehler et al. 2013). 

Brown-headed Cowbirds (Molothrus ater) were also noted, since this species is a brood parasite 

that sometimes lays its eggs in Cerulean Warbler nests. Between 2014 and 2015, only one case 

of brood parasitism was confirmed at our study site. True rates of cowbird parasitism (and its 

impacts on nest success) remain unclear because nests are so high that it can only be confirmed 

once a cowbird chick hatches and grows large enough to be visible from the observer’s position 

on the forest floor. Other potential nest predators include Eastern chipmunks (Tamias striatus) 

and black rat snakes (Elaphe obsoleta; Boves and Buehler 2012, Buehler et al. 2013.)  I typically 

waited until after fledging or nest failure to collect nest site and patch data so as to lessen human 
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activity near the nest and minimize the possibility of disturbing the birds or attracting the 

attention of predators.  

 

2.5 Microhabitat Sampling Overview  
  
 Microhabitat surveys were conducted beginning in late June or early July and were 

generally completed within one month. At each point, an 11.3 m-radius circular plot for 

microhabitat sampling was established, resulting in an area of 0.04 hectare (James and Shugart 

1970). The first set of circular survey plots were centered directly underneath each nest, referred 

to hereafter as the nest “patch”. Microhabitat data were assessed at a second non-nest location in 

a randomly generated compass direction, 50 m away from the nest (Fig. 3). This second location 

was assumed to be close enough to fall within the male’s territory but hypothetically represented 

a site that was not chosen for nesting (Dearborn and Sanchez 2001, Newell and Rodewald 2011). 

For the purpose of analysis, nest patches and their corresponding non-nest survey plots were 

assumed to be independent. Other researchers have previously used a similar study design with 

closer distances between points (35 m by Martin [1998]; 30, 40, or 50 m by Dearborn and 

Sanchez [2001]). In instances when the non-nest location fell within a known territory, a 

random-numbers generator was used to determine a new, alternative compass direction.   

Microhabitat data were also collected at the geometric center of male territories; this 

center point was calculated using ArcGIS as described above and uploaded to a GPS unit for use 

in the field. For each territory point, I generated a paired random non-use point in the same 

experimental unit for comparison. In order to increase the chance that these were truly “non-use”, 

I used ArcGIS’s “buffer” and “erase” tools to ensure points did not fall within 50 m of any 

Cerulean Warbler territories mapped in the current or previous years (Fig. 4). Mean male 

territory size in Morgan-Monroe and Yellowwood state forests was 0.28 ha, which is similar to 
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other sites in Indiana (Islam et al. 2013, Islam and Basile 2002, Islam and Roth 2004) but much 

smaller than territory sizes of 1-2 ha in Ohio (Newell and Rodewald 2011) or 1.4 ha in Ontario 

(Oliarnyk and Robertson 1996).  

Microhabitat data describing the nest site (characteristics such as nest height, nest tree 

species, etc.) were collected during the same season that the nest was found. In 2014, I began 

collecting data at the nest patch level, using a 11.3-meter radius circle centered directly under the 

nest. Therefore, in addition to the 2014 nests, nest sites were revisited and patch data for the 

previous years’ nests (2011-2013) was sampled. Although there is a possibility that some 

microhabitat characteristics may have changed in years between the original nesting attempt and 

when the patch was surveyed, abiotic components such as slope, aspect, and distance to 

landscape features remain constant. Furthermore, no measurements of herbaceous vegetation, 

which I assumed would vary more than woody vegetation on a yearly basis, were included in the 

models. Microhabitat data for all 90 non-nest locations were sampled in 2015.  

 

2.6 Microhabitat Sampling Measurements  
 
 Height of the tallest tree in each quadrant of the circle (NE, SE, SW, and NW) was 

measured using a Nikon laser rangefinder. Mean of these four values was calculated so that each 

survey circle had a single “Tallest Tree” value, a relative indicator of canopy height. When a 

quadrant did not contain any trees, nothing was recorded and the mean was determined using the 

trees in the remaining three quadrants.  

 The diameter at breast height (DBH) was recorded for all trees greater than 10 cm in the 

vegetation survey circle. Trees and other woody plants within a 5-meter radius of the center and 

under 10 cm DBH were counted, identified to species, and recorded as “shrubs”; there is some 
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indication that Cerulean Warblers are associated with increased understory density (Hartman et 

al. 2009, Robbins et al. 1992). Presence or absence (1 or 0) of grapevine, an important nesting 

material for this species, was also recorded (Buehler et al. 2013). Distance to harvest edge was 

determined using the “Near” tool in ArcGIS 10.2 (ESRI 2015). Single-tree selection harvests in 

the uneven-aged units were not included in available map layers, so this measurement refers to 

the edge of the nearest patch cut, clearcut, or shelterwood. Because roads in the state forests 

create breaks in the canopy that Cerulean Warblers may find attractive, distance to roadway (in 

meters) for each point was also calculated. Because Cerulean Warblers will use both dry upland 

slopes and wet bottomland forests for nesting (Buehler et al. 2013, Hamel 2000, Rosenberg et al. 

2000), I calculated distance to stream (in meters) for inclusion in the model. Road, stream, and 

harvest data layers were obtained courtesy of the Indiana Department of Natural Resources 

(IDNR).  

 Topographic position of each vegetation survey point was identified using ArcGIS using 

the Topographic Position Index extension developed by Jenness Enterprises (2006). A Digital 

Elevation Model (DEM) raster was obtained from the United States Geological Survey 2011 

National Land Cover Database (Homer et al. 2015). I reclassified this raster into three 

topographic categories on a scale from 0 to 1: valley (0 – 0.415686275), mid-slope (0.415686275 - 

0.564705882), and ridgetop (0.564705882 - 1). The “Extract Values to Points” tool in the Spatial 

Analyst extension of ArcGIS was used to determine a topographic position index value (between 

0 and 1) for each point. I then identified to which of the three topographic categories each point 

belonged. Each point, therefore, was designated as V (valley), M (mid-slope), or R (ridgetop); no 

point fell exactly on the middle value between two categories. The accuracy of ArcGIS’s 

classifications was verified by comparing with known positions of several nests (for example, I 
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looked at nests that I knew to be located in valleys based on field experience and confirmed that 

the calculated topographic position index value fell below 0.415686275).  

 Slope values (as a percentage grade) were recorded in the field using a Suunto clinometer. 

Uphill and downhill slopes were recorded separately, and the two readings were averaged for use 

in the analysis. Aspect (0 - 359°) was determined using a Suunto compass. Prior to analysis, 

Beers’ transformation was used to convert all compass aspect values, using the formula = cos (45 

– [measured aspect]) + 1. This assigns a higher weight to sites on more productive northeastern-

facing slopes (45˚) than those on less productive southwestern slopes (Beers et al. 1966).  

 

2.7 Statistical Analysis 
 
 To analyze microhabitat differences at the nest patch and territory levels, I employed a 

binomial generalized linear model (GLM), a suitable modeling technique when response 

variables do not follow a normal error distribution. Presence (1) or absence (0) of a nest was used 

as the response variable in the first analysis, and presence or absence of a territory was the 

response variable in the second analysis. I evaluated the influence of nine covariates on nest site 

and territory selection (Table 1). The most parsimonious model was selected based on Akaike’s 

Information Criterion corrected for small sample sizes (AICc) to prevent overfitting of the model. 

All models with a ΔAICc < 2.0 were considered equally plausible (Burnham and Anderson 

2002).  All statistical analyses were performed using program R (R Core Team 2015). 

 Model averaging using the AICmodavg package (Mazerolle 2015) and the MuMIn 

package (Bartoń 2015) was conducted when more than one model was selected based on AICc. I 

used the model-averaged coefficients to generate predictions of nest presence or territory 



	   26	  

presence based on each covariate in the candidate models. Means and 95% confidence intervals 

were then plotted.  

 Prior to conducting the GLM, I tested for collinearity (Pearson’s r > 0.3) among the 

variables in the datasets using the Hmisc package in R (Harrell 2015). In the nest patch and 

territory datasets, mean DBH was positively correlated with mean tallest tree height (r = 0.38 and 

r = 0.45, respectively); hence, the latter was removed. Slope was negatively correlated with 

grapevine presence at the nest patch level (r = -0.41), so the latter was removed from the nest 

patch model. Forest management type (even-aged harvest, uneven-aged harvest, or control) was 

unsurprisingly correlated with distance to nearest harvest boundary at both the nest patch and 

territory levels (r = -0.43 and r = -0.67, respectively), so management type was not included in 

either model.  

 To determine the influence of nest patch and nest site microhabitat on nest success, I used 

a generalized linear mixed-effects model (GLMM) through the lme4 package in R (Bates et al. 

2015). “Year” was included as a random effect to account for variation in Cerulean Warbler nest 

success rates between years. As above, I first tested for collinearity among the variables, i.e. 

those with a Pearson’s r > 0.3. Nest tree height was removed from the model because it was 

correlated with nest tree DBH (r = 0.62) and nest height (r = 0.56). Beers’ aspect was omitted 

from the model because many Cerulean Warbler nests were located in areas with a flat aspect 

(for example, in a streambed or stream valley) and therefore were not assigned any Beers’ aspect 

value. The model failed to converge when nest tree species was included as one of the 

covariates; therefore, this variable was also excluded from the GLMM.  

Using nest success as the response variable (success = 1, failure = 0), I examined the 

influence of six remaining variables on Cerulean Warbler nest success (Table 2). As with the 
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nest patch and territory analyses, I used AICc for model selection and considered all nest success 

models with a ∆AICc value of <2.0 to be equally plausible. The AICcmodavg and MuMIn 

packages were again used for model averaging when covariates were included in multiple 

component models. Because the GLMM has difficulty comparing covariates on very different 

scales, I re-scaled all variables to z-scores prior to analysis. I again used ggplot2 to graph the 

model-averaged covariates that were found to influence nest success.  

 Microhabitat surveys were not conducted at random non-use points in 2013 owing to 

time constraints and fieldwork logistics; therefore, 2013 was excluded from the territory 

microhabitat analysis, and years included were 2012, 2014, and 2015 (n territories = 158). Owing 

to the difficulty of finding Cerulean Warbler nests, the sample size from any given year is 

relatively small, so nest data were pooled from all years. Out of 93 nests discovered between 

2011 and 2015, three were omitted from analysis because of insufficient microhabitat data. Thus, 

90 nests (paired with 90 non-nest points) were used for nest patch analysis. The same 90 nests 

were used for evaluation of influential parameters on nest success.     
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3. RESULTS 
 
3.1 Overview 

Between 2011 and 2015,  93 Cerulean Warbler nests were found at our study sites in 

south-central Indiana (Fig. 21). Of these, nearly half (47.3%) were located in species of the white 

oak group (Quercus alba, Q. montana (prinus), or Q. muhlenbergii), with white oaks (Q. alba) 

comprising the vast majority of nest trees (n = 37). Other commonly used nest tree species were 

sugar maple (Acer saccharum, n = 9), American sycamore (Platanus occidentalis, n = 9), tulip 

tree (Liriodendron tulipifera, n = 8), and hickory (Carya sp., n = 6). Additional Cerulean 

Warbler nests were discovered in black walnut (Juglans nigra), elm (Ulmus sp.), basswood (Tilia 

americana), northern red oak (Q. ruber), black oak (Q. velutina), black tupelo (Nyssa sylvatica), 

and sassafras (Sassafras albidum). Interestingly, nest tree species use appeared to differ 

somewhat by year; for example, from 2011 – 2014 only two nests were discovered in sycamores, 

but in 2015, 7 out of 21 nests were constructed in this tree species.  

Over the five-year period, mean nest tree DBH in southern Indiana was 44.19 cm (SE ± 

1.64) and mean nest height in Indiana was 18.86 m (SE ± 0.49). Mean nest tree height was 25.83 

m (SE ± 0.51), and mean orientation of the nest relative to the trunk was 171.24 degrees (SE ± 

10.78). Mean distance from nest to trunk was 4.80 m (SE ± 0.3).  

 

3.2 Nest Patch 
 

Analysis of the microhabitat covariates at the nest patch vs. nearby non-nest points 

produced six equally plausible models with a ΔAICc <2.0 (Table 3). Distance to nearest roadway 

and percent slope were the most important covariates and each appeared in all six models (Table 

4). Topographic position, percent canopy cover, and number of shrubs were also included in 

several models each. The model-averaged coefficient for increasing distance to roadway was -
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0.003649, indicating that nests were located in closer proximity to roads (Fig. 5). Slope had a 

positive relationship with nest presence, with a model-averaged coefficient of 0.042618 (Fig. 6). 

The next most important variable, topographic position, was included in four models and showed 

a positive correlation with nest presence (Fig. 7).  Percent canopy cover, with a relative 

importance of 0.56, was included in three models and showed a strong positive relationship with 

nest presence (1.626822; Fig. 8) while the number of shrubs and trees <10cm DBH had a small 

negative association (-0.001175; Fig. 9).  

 

3.3 Territory 
 

Analysis of microhabitat variables at the territory center versus random points produced 

four equally plausible models (see Table 5 for a list of all territory models and Table 6 for 

model-averaged coefficients and relative importance scores). Beers’ aspect, distance to roadway, 

and slope were included in all four models and thus were categorized as the most important 

covariates; all had a relative importance value of 1.00. With an estimated model-averaged 

coefficient of 0.589978, Beers’ aspect was positively correlated with territory presence (Fig. 10). 

Distance to roadway, despite its inclusion in all models, had a weak negative association 

(coefficient estimate = -0.004775, Fig. 11), but revealed that territories are located closer to roads. 

The estimated coefficient for slope (0.0255010) indicated that territories are found on steeper 

slopes than random points (Fig. 12). Percent canopy cover, with a coefficient of 1.4033423, had 

the strongest positive association with territory presence of any of the covariates (Fig. 13), 

though it was only included in three of the four models. Number of shrubs (coefficient estimate = 

0.0006648) and mean tree DBH (-0.0027814) were featured in one model each; territories thus 
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appear to be associated with higher numbers of shrubs and smaller DBH trees (Figs. 14 and 15, 

respectively), though the effects were small.  

 

3.4 Nest Success 
 

Modeling of the variables influencing nest success resulted in 10 candidate models 

(including the null) with a delta AICc value of under 2.00, so all were considered equally 

plausible (see Table 7 for a list of component models and Table 8 for the coefficients 

[“estimates”] of each covariate). Of all covariates, nest height had the greatest relative 

importance (0.69) and was included in 6 of the models (Fig. 16); it was negatively correlated 

with nest success (conditional average estimate of -0.5212), indicating that lower nests had a 

greater probability of survival. Distance to roadway was also included in 6 models and was 

second (0.58) in terms of relative importance. Nest success increased with increasing distance 

from roadway (coefficient estimate = 0.4346; Fig. 17). Presence of vines on the nest tree was 

positively associated with nest success (coefficient estimate = 1.1393; Fig. 18); this microhabitat 

characteristic was included in 4 models. Slope and distance to harvest edge were included in one 

model each and were the least important covariates in the model (relative importance: 0.06). 

Both were negatively correlated with nest success, indicating that success decreased on steeper 

slopes and at farther distances from a harvest boundary (Figs. 19 and 20, respectively.) 
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4. DISCUSSION 
 
 
4.1 Territory and Nest Patch Characteristics 
 

Cerulean Warblers at our study site selected many of the same characteristics when 

choosing where to locate their territories and nests. Both nest patches and territories were 

situated closer to roads and found on steeper slopes when compared with non-use locations. In 

Morgan-Monroe and Yellowood state forests, the majority of roads are small, graveled, and not 

accessible by public vehicular traffic; many of them function as hiking trails and/or logging 

roads. These minor roads may produce breaks in the canopy that are attractive to breeding birds 

but do not result in a “hard” habitat edge. Such features may create structural conditions that 

emulate natural canopy gaps resulting from tree fall and other disturbances in mature forests 

(Barnes et al. 2016, Hamel 2000, Rosenberg 2000).  

The association between Cerulean Warbler nests and canopy gaps has been well 

documented in the literature (Jones et al. 2001, Oliarnyk and Robertson 1996, Rogers 2006, 

Wagner and Islam 2014). In Ontario, a majority of nests were located in close proximity to 

canopy gaps (Oliarnyk and Robertson 1996), and Boves et al. (2013) found that nest patches in 

the Appalachians were also located in areas that had characteristics of small-scale canopy 

disturbances. A previous study of Cerulean Warbler territories in the HEE found similar results, 

with territories lying closer to roads and streams that could produce canopy gaps (Kaminski and 

Islam 2013). Territories were found in close proximity to roads in West Virginia (Weakland and 

Wood 2005); elsewhere in the Appalachian Mountains and in Ontario, territories were also found 

near other types of canopy gaps, both manmade and naturally occurring (Barg et al. 2006, Boves 

et al. 2013, Oliarnyk and Robertson 1996, Perkins and Wood 2014).  



	   32	  

Birds may derive a number of benefits from the conditions associated with canopy gaps. 

The increased light penetration, higher soil moisture, and greater nutrient levels in such areas can 

result in greater vegetative productivity and, by extension, an increase in prey availability 

(Muscolo et al. 2014). Cerulean Warblers have been observed foraging for prey on branches near 

the edges of forest gaps (George 2009), and numerous insectivorous bird species were found to 

utilize gaps in Illinois, indicating that they can provide improved foraging opportunities for these 

species (Blake and Hoppes 1986). Cerulean Warblers whose nests are located closer to gaps may 

thus be able to expend less energy traveling between foraging sites and collect more prey items 

to feed their offspring, increasing the possibility of reproductive success.  

 Topographic position also influenced nest patch location; nests were more frequently 

found on either ridges or in valleys, and occurred comparatively less often on mid-slopes. This is 

consistent with Cerulean Warbler habitat use elsewhere in the range; the species is often found 

either on ridge tops or in lowland riparian areas (Buehler et al. 2013). Territory placement was 

not found to be related to topographic position, perhaps because a single male’s territory may 

span several positions; for example, he may defend trees both in a stream valley and on the 

adjacent slope. Within a territory, females may decide where to build their nests at least partially 

on the basis of topography. As noted by Barnes et al. (2016), the heterogeneous structure and 

effective canopy gaps produced by steep slopes, a feature to which Cerulean Warblers are 

evidently attracted, may be amplified on ridges or on steep slopes adjacent to stream valleys. 

Females may therefore prefer to nest in valleys or on ridges if the resulting gaps produce 

increased access to prey, as discussed above.  

While slope aspect was not included as one of the input variables in the nest patch or 

success models, aspect was found to influence Cerulean Warbler territory placement. Beers’ 
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aspect values of 2 represent slopes facing 45˚, and therefore indicate northeast-facing slopes 

(Beers et al. 1966). Male territories were frequently located on more northeasterly-facing slopes 

than were random points. Similar results were found in previous studies in Indiana; male 

territories were found on eastern slopes (Kaminski and Islam 2013) and higher-use areas were 

located primarily on north to southeast-facing slopes (Barnes et al. 2016). This pattern has been 

reported from Cerulean Warbler territories elsewhere in their range as well (Boves et al. 2013, 

Oliarnyk and Robertson 1996).  

Birds may receive a number of benefits from breeding on northeast slopes. In the 

northern hemisphere, northeast-facing slopes receive less solar radiation and are thus cooler and 

retain more moisture than southwest slopes. This, in turn, contributes to greater productivity and 

higher plant growth rates on slopes with more northeasterly aspects (Beers et al. 1966, 

Fekedulegn et al. 2003, Fekedulegn et al. 2004, Fralish 1994). This increased productivity may 

be attractive to male Cerulean Warblers if it promotes better foraging and nest concealment 

opportunities for the territorial male and his prospective mate. In particular, trees on northeast 

slopes leaf out earlier, which may serve as a cue predicting future prey availability later in the 

breeding season when parents are feeding nestlings (Marshall and Cooper 2004). Abundance and 

size of arthropod prey items such as Lepidopteran larvae can vary throughout the season and 

may peak relatively early (Feeny 1970, Marshall and Cooper 2004); the nutritional content and 

palatability of leaves may also decrease over time as they develop increased chemical defenses to 

reduce insect herbivory, resulting in smaller larvae (Feeny 1970). Earlier leaf-out phenology may 

also serve to conceal nests from the attentions of predators and brood parasites. Hence, northeast 

slopes may convey improved reproductive success for Cerulean Warblers. 
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Both Cerulean Warbler nest patches and territories were found to have a higher 

percentage of canopy cover than non-use points. Male Cerulean Warblers at our study sites 

favored territories with a more closed canopy, which contradicts the findings of Bakermans and 

Rodewald (2009), who recorded higher Cerulean Warbler densities in forest stands with open 

canopy structure. However, male territories in Ontario had high, dense canopies (Jones and 

Robertson 2001), and Barnes et al. (2016) determined that higher use areas in Indiana were 

characterized by a more homogeneous canopy structure without large gaps. Female Cerulean 

Warblers in the Appalachians selected nest patches with lower mid-story cover (Boves et al. 

2013), while nest patches in Ontario were characterized by a denser upper canopy (Jones and 

Robertson 2001). Boves et al. (2013) determined that males in less-forested landscapes defended 

territories with more mature forest characteristics, including higher canopy closure; the same 

pattern could potentially apply in southern Indiana.  

This study did not distinguish between different canopy strata (understory, midstory, or 

overstory), so the high canopy cover value could result from dense cover at any level. However, 

nest patches at our study site also had fewer shrubs and small trees in the understory than non-

nest sites; this indicates that understory cover was probably less dense than canopy cover at the 

higher strata. The combination of a high percentage of canopy cover and lower understory 

vegetation suggests that females in Indiana may be selecting for microhabitat features associated 

with more even-aged management practices (Meier et al. 2015). Understory vegetation varies 

across the species’ range; similar to our results, nest patches in Ontario were found to have fewer 

saplings and small trees in one year of a two-year study (Jones and Robertson 2001). However, 

females in the Appalachians selected nest patch locations with greater understory cover (Boves 

et al. 2013).  
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In contrast to nest patches, male Cerulean Warbler territories had higher numbers of 

shrubs and trees under 10 cm DBH than random points. The mean DBH of trees (≥10 cm) in 

territories was also smaller than randomly sampled locations. This supports the findings of 

Barnes et al. (2016), whose data documented that high use areas tend to have fewer large trees 

and a lower basal area. Uneven-aged forest management strategies tend to produce such 

conditions, wherein regenerating shade-tolerant tree and shrub species proliferate in the 

understory and contribute to the lower mean DBH; less shade-tolerant species compose much of 

the canopy (Meier et al. 2015, Witwer et al. 2015). Nest patches in this study showed no 

relationship to mean tree DBH. Hence, within territories delineated and defended by their mates, 

females appear to select several features that are somewhat different from average territory 

values when choosing where to place their nests.  

Mean nest tree DBH in southern Indiana over the five-year period was almost identical to 

nest tree DBH in the Appalachian Mountains of Tennessee, which had a mean DBH of 44.0 cm 

(Boves et al. 2013). Mean nest height in Indiana likewise fell within the range of values reported 

from Tennessee (18 – 23 m, Boves et al. 2013) and Michigan (19 – 20 m, Rogers 2006) but was 

considerably higher than nest heights in Ontario (mean of 11.8 m, Oliarnyk and Robertson 2006). 

At our study site, mean nest tree height was 25.83 m (SE ± 0.51) and nests tended to be 

positioned south or southeast relative to the trunk of the tree. Nests in Indiana were located 

farther from the trunk than those in Appalachia, where the mean was 3.4 m (Buehler et al. 2013); 

however, this measurement can be difficult to accurately assess in the field.  

Supporting the findings of many other researchers, Cerulean Warblers showed a clear 

preference for white oaks as nest trees; use was disproportionate to their availability at our study 

site (Wagner and Islam 2014). Historically, oaks and hickories were dominant species in the 
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Indiana landscape prior to European settlement (Abrams 2003, Jenkins 2013). However, nests 

were also found in a variety of other tree species over the five-year period; the next most-

frequently used species included sugar maple, American sycamore, and tulip tree. Preference for 

white oaks and other species may be related to prey availability; several researchers have 

recorded Cerulean Warblers preferentially foraging in white oaks (George 2009, MacNeil 2010), 

and Wagner and Islam (2014) found that Lepidopteran larvae were more abundant on oaks and 

hickories in comparison with other tree species. 

 

4.2 Nest Success 

 Despite the tendency of Cerulean Warblers to select nest patches and territories closer to 

roads, nests located farther from roads were more successful than those nearby. This may be due 

to increasing edge effects closer to roads, such as higher rates of predation or brood parasitism 

(Buehler et al. 2013, Swihart et al. 2013). Cerulean Warblers may be attracted to the canopy gaps 

and attendant heterogeneous vegetation structure created by roads, but if females place their 

nests in these areas they may suffer reduced reproductive fitness as a result. Likewise, Cerulean 

Warblers selected nest patches on steeper grades, which tend to produce heterogeneous canopy 

structure and functional edges, but nests on more gradual, gentler slopes or on flat ground had a 

slightly higher chance of succeeding. 

 Interestingly, nest height was negatively correlated with nest success. Though nest 

heights in the HEE typically fall in the range of 18 – 20 m, lower nests were more likely to 

successfully produce one or more fledglings during the 2011 – 2015 period. Nests constructed 

lower in the canopy may be better concealed from aerial predators such as corvids, woodpeckers, 

and raptors (Buehler et al. 2013). Alternatively (or in addition), they may also be less exposed to 



	   37	  

the elements. As previously discussed, severe weather events such as torrential rain, high winds, 

or drought likely contribute to nest failures; lower nests may hence be more sheltered from the 

effects of weather by the substantial canopy above.   

 Presence of vine, either grape (Vitis sp.) or Virginia creeper (Parthenocissus 

quinquefolia), on the nest tree was positively correlated with nest success. Though we did not 

record whether vines concealed the nest or were simply present on the tree, it is conceivable that 

they could have afforded a degree of camouflage in some cases. Because grapevine bark is one 

of the primary nesting materials for this species, having a source of fiber so close to the nest site 

may benefit a female by allowing her to expend less energy searching for fibers to construct and 

repair her nest; it may also permit her to build a sturdier structure and avoid competition for 

material with other songbirds (Buehler et al. 2013).  

 Cerulean Warbler nests located closer to patch cut, clearcut, or shelterwood harvest 

boundaries had a slightly higher success rate. A very large opening presumably creates a hard 

edge that may increase the likelihood of edge effects, but a smaller opening might avoid such 

negative impacts and could potentially convey the benefits associated with gaps described above. 

In the HEE, regeneration openings range in size from 0.4 ha (patch cuts) to 4.08 ha (even-aged 

shelterwoods and clearcuts). This analysis did not differentiate between the sizes of the openings 

to see whether different-sized harvest areas have differing impacts on nest success.  

 

4.3 Conservation and Management Implications 
 
 Land managers who wish to manage habitat for Cerulean Warblers in south-central 

Indiana state forests must be willing to consider the microhabitat preferences of local populations. 

In the Hardwood Ecosystem Experiment, Cerulean Warblers appear to make use of areas with a 
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higher percentage of canopy cover when establishing territories and situating their nests. In 

addition, male territories have more shrubs and small trees and a lower mean DBH, which is 

consistent with growth of shade-tolerant shrub and tree species in the understories of uneven-

aged stands. Certain uneven-aged management strategies, which are currently practiced 

throughout much of the Indiana state forest system, may therefore provide favorable conditions 

for Cerulean Warbler territories. However, female Cerulean Warblers selected conditions that 

may be associated with even-aged stands (fewer small trees and shrubs) when deciding where to 

locate their nests. Even-aged forest management also tends to promote the growth of grapevines 

and other woody vine species (Morrissey et al. 2008), which may further increase the appeal of 

such stands for females who collect grapevine bark for nest construction. 

 Male Cerulean Warbler territories were located on steep, northeast-facing slopes, which 

have high productivity, and the topographic variation produces a heterogeneous canopy structure 

to which birds may be attracted (Barnes et al. 2016). To preserve good-quality habitat for 

territorial males, harvests that create large openings should be minimized on these slopes where 

possible. However, certain features preferred by Cerulean Warblers at the territory level were 

determined to have a negative impact on nest success. For example, territories and nests were 

located closer to roadways on average, but nests in close proximity to roads were more likely to 

fail. Likewise, warblers preferred steeper slopes for their territories and nests, but nests on 

gentler slopes or flat ground had a higher probability of success according to this model. 

Land managers cannot influence the height of Cerulean Warbler nests, but they can opt to 

minimize the number of roads running through state forests in order to promote nest survival. 

Although controlling grapevine can be of major concern to managers due to its ability to reduce 

timber quality (Morrissey et al. 2008), nest survival was greater in trees with grape or Virginia 
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creeper growing on them. Hence, attempts at grape reduction are not recommended in Cerulean 

Warbler nesting areas.  

 In this study, I examined nest success (from laying to fledging) but did not attempt to 

estimate survival rates at other life stages. It is possible that features associated with decreased 

chance of survival in the nesting phase may benefit Cerulean Warblers during the post-fledging 

period or thereafter. For example, lower nests may have a greater probability of producing 

fledglings, but higher nests could allow recent fledglings (who are relatively weak fliers) to 

remain out of reach of terrestrial predators during that vulnerable period in their life cycle.  

 Cerulean Warblers may prefer characteristics associated with uneven-aged timber 

harvests for their territories, but land managers must balance this preference with the need to 

encourage regeneration of oak-hickory forests. Oaks are generally slow-growing, moderately 

shade-intolerant species and the heavy reliance upon uneven-aged management frequently does 

not permit sufficient recruitment of oak seedlings, which are crowded out by faster-growing, 

shade tolerant species. However, Cerulean Warblers in our area rely heavily upon white oak 

group species for their nest trees. In addition, at the nest patch level, females appear to be 

selecting for several characteristics associated with more even-aged stands. Hence, any long-

term forest management plan to benefit these birds must take into consideration the need for oak 

regeneration via even-aged timber harvests or larger uneven-aged harvests that create 

disturbances of sufficient size to favor slower-growing oak species. 
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CHAPTER 1 FIGURES 

 
 

 
 
Figure 1. Morgan, Monroe, and Brown counties in south-central Indiana, where the Hardwood 
Ecosystem Experiment is located.  
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Figure 2. Map showing locations and relative sizes of the nine experimental units in the 
Hardwood Ecosystem Experiment.  
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Figure 3. Nest patch microhabitat sampling design. Microhabitat variables were sampled at each 
of the nest locations, with an 11.3m-radius survey circle centered underneath the nest. Each of 
these nest survey points was paired with a second non-nest point 50 m away from the nest in a 
random direction (illustrated here as 43°). Excel’s random numbers function was used to 
generate a compass bearing (in degrees), drawing from a table of integers between 0 and 359. 
Microhabitat variables were then sampled at this second location.   
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Figure 4. Territory microhabitat sampling design. Microhabitat variables were sampled at the 
geometric center of each mapped male territory; an example of a center is shown here in red. In 
addition, ArcGIS was used to create one random “non-use” point corresponding to each territory 
center point; sampled microhabitat variables were sampled at this non-use location (shown here 
in orange) as well. Each computer-generated non-use point is located within the same 
experimental unit as the territory center point it is paired with, but does not fall within 50m of 
any mapped territory from current and previous years (represented by the light blue polygons.) 
The black dots on this map represent the 7x7 point count grid. 
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Figure 5. Model averaged prediction for influence of distance to road on nest presence on each 
of the three different topographic positions, 2011 - 2015. The solid line represents nests on ridges, 
the dotted line represents mid-slope nests, and the dashed line represents valley nests. For clarity, 
standard error bars are not depicted in nest patch figures but values are listed in Table 4. 
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Figure 6. Model-averaged prediction for influence of slope steepness (percent) on nest presence, 
2011 – 2015. The solid line represents nests on ridges, the dotted line represents mid-slope nests, 
and the dashed line represents valley nests.  
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Figure 7. Model-averaged prediction for influence of topographic position on nest presence, 
2011 – 2015 (M = mid-slopes, R = ridge tops, and V = valleys). Error bars represent standard 
error (SE). 
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Figure 8. Model averaged prediction for influence of percent canopy cover on nest presence, 
2011 – 2015. The solid line represents nests on ridges, the dotted line represents mid-slope nests, 
and the dashed line represents valley nests.  
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Figure 9. Model averaged prediction for influence of number of shrubs and trees <10cm DBH 
on nest presence, 2011 – 2015. The solid line represents nests on ridges, the dotted line 
represents mid-slope nests, and the dashed line represents valley nests. 
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Figure 10. Model-averaged prediction for influence of Beers’ aspect on territory presence in 
2012, 2014, and 2015. Beers aspect ranges from 0 (perfectly southwest-facing slopes) to 2 
(perfectly northeast-facing slopes.) The closer that Beers’ aspect is to 2.0, the more northeasterly 
the slope. The shaded gray area represents 95% confidence intervals. 
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Figure 11. Model-averaged prediction for influence of distance to roadway on territory presence 
in 2012, 2014, and 2015. Increased territory presence is correlated with decreasing distance to 
the nearest road. The shaded gray area represents 95% confidence intervals. 
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Figure 12. Model-averaged prediction for influence of percent slope on territory presence in 
2012, 2014, and 2015. Greater percent slope (steeper grades) are associated with increased 
territory presence. The shaded gray area represents 95% confidence intervals. 
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Figure 13. Model-averaged prediction for influence of percent canopy cover on territory 
presence in 2012, 2014, and 2015. Increasing canopy cover is associated with increased territory 
presence. The shaded gray area represents 95% confidence intervals. 
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Figure 14. Model-averaged prediction for influence mean diameter at breast height (DBH) on 
territory presence in 2012, 2014, and 2015. Territories are associated with lower mean DBH 
(smaller) trees. The shaded gray area represents 95% confidence intervals. 
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Figure 15. Model-averaged prediction for influence of number of shrubs on territory presence in 
2012, 2014, and 2015. A greater number of shrubs is associated with increased territory presence. 
The shaded gray area represents 95% confidence intervals. 
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Figure 16. Model-averaged prediction for influence of nest height on nest success, 2011 – 2015. 
Nests located lower in trees had a greater chance of success than those situated higher. The 
shaded gray area represents 95% confidence intervals. 
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Figure 17. Model-averaged prediction for influence of distance to roadway on Cerulean Warbler 
nest success, 2011 – 2015. The black line shows the line of best fit and the gray bands represent 
95% confidence intervals. Note that distance on the x-axis is standardized so that 0 represents the 
mean and 1 represents plus or minus one standard deviation from the mean. Nest success 
increases with increasing distance from the nearest roadway.  
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Figure 18. Model-averaged prediction for influence of vine presence on the nest tree on nest 
success 2011 – 2015. Here, 0 represents absence of vines and 1 represents presence of vines on 
the nest tree. Vines of any species (Vitis sp. and Parthenocissus quinquefolia were the most 
frequently observed) growing on the nest tree were associated with an increased chance of nest 
success.   
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Figure 19. Model-averaged prediction for influence of slope on nest success, 2011 – 2015. The 
black line shows the line of best fit and the gray bands represent 95% confidence intervals. Note 
that distance on the x-axis is standardized so that 0 represents the mean and 1 represents plus or 
minus one standard deviation from the mean. Slope had a small negative influence on success, 
with nests on less steep, more gentle slopes or flat ground having a slightly higher chance of 
succeeding.  
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Figure 20. Model-averaged prediction for influence of nearest harvest edge on nest success, 
2011 – 2015. The black line shows the line of best fit and the gray bands represent 95% 
confidence intervals. Note that distance on the x-axis is standardized so that 0 represents the 
mean and 1 represents plus or minus one standard deviation from the mean.  Increasing 
proximity to a harvest boundary had a slight negative influence on nest success; that is, nests 
closer to the edge of a harvest had a greater chance of success; as distance to edge increased, nest 
success decreased. 
  



	   66	  

 
 
Figure 21. Tree species in which Cerulean Warbler nests were found, 2011 – 2015 (n nests = 93). 
“Hickory sp.” includes Carya glabra (pignut hickory) and C. ovata (shagbark hickory). “Elm sp.” 
includes Ulmus rubra (slippery or red elm) and U. americana (American elm). “Red Oak Group” 
includes Quercus velutina (black oak) and Q. rubra (Northern red oak). “Other” consists of 
species in which only one or two nests were found during the entire study period. This includes 
basswood (Tilia americana, n=2), American beech (Fagus grandifolia, n=1), ash (Fraxinus sp., 
n=1), black tupelo (Nyssa sylvatica, n=1), and sassafras (Sassafras albidum, n=1).  
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CHAPTER 1 TABLES 
 
 

Table 1. Microhabitat variables included in the territory and nest patch models. The nest patch model excluded grape (which was 
found to be correlated with slope at the nest-patch level; Pearson’s r = -0.41), Beers’ aspect (because of the high number of N/A 
values in the dataset), and distance to harvest (because the model would not properly converge when it was included).  
 
Variable Name Description 
DBH Mean diameter at breast height (cm) of all trees >10cm in survey circle 
SLOPE Average of two slope readings (uphill and downhill from center of circle), percent 
BEERS Beers’ aspect (0 – 2) 
GRAPE  Presence or absence of grapevine in the survey circle (presence = 1, absence = 0) 
CANOPY Mean percent canopy cover in the circle (average of 20 measurements) 
SHRUB Number of woody shrubs and small trees <10cm DBH 
DISTHARV Distance (m) from center of survey circle to edge of nearest harvested area 
DISTROAD  Distance (m) from center of survey circle to nearest road (paved or gravel) 
TPI Topographic position index (R = ridgetop, M = mid-slope, V = valley) 
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Table 2. Microhabitat variables included in the nest success model. 
 
Variable Name Description 
SLOPE Average of two slope readings (uphill and downhill from center of circle), percent 

CANOPY Mean percent canopy cover in the circle (average of 20 measurements) 
NESTHT Height of nest tree (m) 
NTDBH Nest tree diameter at breast height (cm) 
DISTSTREAM Distance (m) to nearest mapped stream 
DISTHARV Distance (m) from center of survey circle to edge of nearest harvested area 
DISTROAD  Distance (m) from center of survey circle to nearest road (paved or gravel) 
TPI Topographic position index (R = ridgetop, M = mid-slope, V = valley) 
VINENT Presence of vine on nest tree (1=present, 0=absent) 
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Table 3. ∆AICc values and weights for the nest patch model. All models with ∆AICc values under 2.00 were considered equally 
plausible. 
 

Component Models AICc ∆AICc Weight 

Canopy + distance to road + slope + topographic position 175.94 0.00 0.25 

Canopy + distance to road + slope 175.38 0.43 0.20 

Distance to road + slope + topographic position 176.59 0.65 0.18 

Distance to road + slope 176.89 0.95 0.16 

Canopy + distance to road + shrub + slope + topographic position 177.62 1.67 0.11 

Distance to road + shrub + slope + topographic position 177.88 1.93 0.10 
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Table 4. Model-averaged coefficients (estimates) for the nest patch model. Topographic position is a categorical variable and 
therefore coefficient estimates of nest presence for each category (ridge, rid-slope, and valley) are presented separately; relative 
variable importance of topographic position (all categories) is 0.64.  
 

 Estimate Std.Error 
Adjusted 

SE 
z value Pr(>|z|) 

Relative Variable 

Importance 

N containing 

models 

Distance to road -0.003649 0.001801 0.001818 2.008 0.0447 1.00 6 

Slope 0.042618 0.016779 0.016929 2.517 0.0118 1.00 6 

Topographic position 

- Ridge 

- Valley 

- 

0.538698 

1.325400 

- 

0.491273 

0.664677 

- 

0.496149 

0.671270 

- 

1.086 

1.974 

- 

0.2776 

0.4294 

0.64 

- 

- 

4 

- 

- 

Canopy 1.626822 1.971765 1.754461 1.326 0.1850 0.56 3 

Shrub -0.001175 0.003987 0.004013 0.293 0.7698 0.21 2 
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Table 5. Territory component models and ∆AICc values and weights for territory selection.  
 

Territory component models AICc ∆AICc Weight 

Beers’ aspect + % canopy cover + distance to road + % slope 346.54 0.00 0.36 

Beers’ aspect + distance to road + slope 347.31 0.78 0.25 

Beers’ aspect + % canopy cover + distance to road + number of shrubs + % slope 347.56 1.02 0.22 

Beers’ aspect + % canopy cover + mean DBH + distance to road + % slope 348.04 1.50 0.17 
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Table 6. Model-averaged coefficients for territory selection model. The “estimate” coefficient column describes the magnitude and 
direction of the relationship between each covariate and territory presence.  

 
Model-averaged 

coefficients 

 

Estimate 

 

Std. Error 

 

Adjusted SE 

 

z value 

 

Pr(>|z|) 

Relative variable 

importance 

N containing 

models 

(Intercept) -1.8442943 1.0051267 1.0080763 1.830 0.067322 - - 

BEERS 0.5899776 0.1815590 0.1823992 3.235 0.001218 1.00 4 

DISTROAD -0.0047748 0.0013297 1.2335525 1.138 0.255270 1.00 4 

SLOPE 0.0255010 0.0118518 0.0013358 3.574 0.000351 1.00 4 

CANOPY 1.4033423 1.2335524 0.0119064 2.142 0.032211 0.75 3 

SHRUB 0.0006648 0.0018684 0.0018732 0.355 0.722654 0.22 1 

DBH -0.027814 0.0106999 0.0107335 0.259 0.795534 0.17 1 
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Table 7. ∆AICc values for the nest success model. All models with ∆AICc values under 2 were considered equally plausible.  
 

Component Models Degrees of Freedom Log Likelihood AICc ∆AICc Weight 

Distance to Road + Nest Height 4 
-39.93 

88.54 
 

0.00 
0.16 

Nest Height 3 -41.13 88.66 0.12 0.15 

Distance to Road + Nest Height + Vine 5 -38.82 88.69 0.15 0.14 

Nest Height + Vine 4 -40.12 88.92 0.38 0.13 

Distance to Road + Vine 4 -40.46 89.62 1.08 0.09 

Distance to Road 3 -41.80 90.00 1.46 0.08 

Vine 3 -41.81 90.03 1.49 0.07 

(Null) 2 -43.02 90.25 1.71 0.07 

Distance to Road + Nest Height + Slope 5 -39.70 90.45 1.91 0.06 

Distance to Harvest + Distance to Road + Nest Height 5 -39.74 90.53 1.99 0.06 
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Table 8. Model-averaged coefficients (conditional average) for the nest success model. The “estimate” coefficient column describes 
the magnitude and direction of the relationship between each covariate and nest presence. 
 
 

 Estimate Std. Error Adjusted SE z value Pr(>|z|) 

Relative Variable 

Importance 

N containing 

models 

(Intercept) -0.3897 0.2885 0.2940 1.325 0.1851 - - 

DISTROAD 0.4346 0.2799 0.2857 1.521 0.1283 0.69 6 

NESTHT -0.5212 0.2849 0.2909 1.792 0.0732 0.58 6 

VINENT 1.1393 0.7801 0.7964 1.431 0.1526 0.44 4 

SLOPE -0.2019 0.3007 0.3071 0.658 0.5108 0.06 1 

DISTHARV -0.1737 0.2891 0.2953 0.588 0.5563 0.06 1 



CHAPTER 2: Post-fledging habitat use by Cerulean Warblers 
 

1. INTRODUCTION 
	  

Thanks to the dedicated efforts of many teams of researchers, knowledge of Cerulean 

Warbler biology has greatly increased during the past decade. However, little remains known 

about this species’ habitat use patterns during the post-fledging period, when juveniles have left 

the nest but are still being fed by the parents prior to dispersal.  Several researchers have 

hypothesized that loss and degradation of high quality post-fledging habitat has resulted in a 

decrease in the juvenile survival rate, which may play a role in population declines (USFWS 

2006).  

Buehler et al. (2013) listed “[determining] the relationship between breeding habitat type, 

management practice, and post-fledging survival” as one of the top five priorities for future 

research on this species. 2015 was the pilot season for a multi-year investigation of post-fledging 

habitat use via radio-telemetry to track the movements of juvenile birds.  This study will be the 

first in Indiana to follow fledglings using this method, and will be continued by other graduate 

students in 2016 and beyond.  

In Chapter 1, I sought to ascertain the microhabitat features selected by adult birds for 

nest sites and territories, but it is probable that Cerulean Warbler fledglings need and use 

different microhabitat types than adults. Current knowledge about the fate of these fledglings 

after they leave the nest or what aspects of the landscape they utilize during this vulnerable 

period of their life cycle remains lacking. Through this research, I hoped to determine what 

specific vegetative and landscape characteristics fledglings utilize, whether these characteristics 

are correlated with different forest management strategies, and whether selective timber 
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harvesting creates conditions that are utilized by Cerulean Warbler fledglings after they depart 

from the natal territory.  

The fledglings of several other mature forest-breeding species, including Wood Thrushes 

(Hylocichla mustelina), Ovenbirds (Seiurus aurocapilla), and Worm-eating Warblers 

(Helmitheros vermivorum) have been observed to use areas with a dense understory after leaving 

the nest, indicating that these areas may afford fledglings more protection from predators and 

from exposure to the elements (Anders et al. 1998, Akresh et al. 2009, Vitz and Rodewald 2010). 

Vitz and Rodewald (2006) found high numbers of juvenile mature-forest species in regenerating 

clearcuts (including several Cerulean Warblers), and Vega Rivera et al. (2003) reported Scarlet 

Tanagers (Piranga olivacea) using early-successional areas during the post-breeding season than 

they do during the nesting period.  

These studies indicate that many species nesting in forest interiors use early-successional 

areas following dispersal from the natal territory. If this pattern is true of Cerulean Warblers, 

timber harvesting techniques that create canopy gaps and promote understory vegetation growth 

may influence the post-fledging habitat use and survivorship of this species. In particular, I 

sought to determine whether they utilize the experimentally harvested areas within the Hardwood 

Ecosystem Experiment, either for food or for shelter.  

The post-fledging period is an especially dangerous time for songbirds, and mortality 

rates are highest during the first several weeks following fledging (Cox et al. 2014, Rush and 

Stuchbury 2008). Survival of fledglings, however, is critical to sustaining populations, 

particularly considering that this and other sites in Indiana have exhibited comparatively low nest 

success and fecundity rates (Buehler et al. 2008). Sites that attract breeding Cerulean Warblers 
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but fail to provide adequate habitat, food resources, or other features necessary for survival of the 

offspring can function as ecological traps or “sinks” (Robertson and Hutto 2006).  

Previously, efforts to determine the habitat use and preferences of Cerulean Warbler 

fledglings have been hampered by their small size (approximately 7 – 8 g), which limits the 

weight of radio transmitters that they can carry during the post-fledging period. However, 

ongoing improvements in technological design have resulted in increasingly smaller and lighter 

transmitters, so that it is now possible to obtain devices that do not exceed the recommended 3-

5% of the animal’s body weight (White and Garrott 1990, Withey et al. 2001). The battery life of 

such small devices is generally limited to 1-2 weeks, though longevity continues to improve with 

each new model that is released.  

The primary objectives of this research are to investigate 1) how habitat use by Cerulean 

Warbler fledglings differs from that of adults, and 2) whether (and how) forestry-induced 

changes in vegetation characteristics influence this behavior. These findings could in turn be 

used to develop forest management prescriptions to minimize disturbance to or perhaps even 

benefit this species.  
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2. METHODS	  
	  

2.1 Study Area 
 

Research on Cerulean Warbler post-fledging habitat use is conducted within the bounds of 

the Hardwood Ecosystem Experiment (HEE), described in detail in Chapter 1. In 2015, the pilot 

year for this study, Cerulean Warbler nests were found in all but two of the HEE’s nine 

experimental units (none was found in Unit 1, an uneven-aged plot, nor in Unit 2, a control plot) 

and thus concentrated our capture efforts in these units. 

 

2.2 Nest Searching and Monitoring 
 

Nest searching followed the methodology outlined in Chapter 1; behavioral observations 

of adult Cerulean Warblers were of great utility in ascertaining nest locations. While incubating 

or brooding, a female will often make a characteristic “zeet” call when her mate arrives at the 

nest or sings nearby, though males sometimes utter this call note as well. Nonetheless, female 

vocalization was one of the most helpful clues while nest searching. A number of researchers 

have described a distinctive “bungee jump” maneuver of female Cerulean Warblers, whereby 

they will sometimes drop straight down when leaving the nest (Buehler et al. 2013); this was 

sometimes useful in pinpointing nest locations. Occasionally, sheer dumb luck was the principal 

factor in nest discovery.  

 Cerulean Warblers are single-brooded, but if a nest fails at any stage before the 

young fledge they will often attempt to re-nest, provided it is early enough in the breeding season 

(Hamel 2000, Oliarnyk and Robertson 1996). In 2015, three nests belonging to a color-banded 

female were found; the first two attempts failed during the laying or incubation period, while the 
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third was successful (offspring fledged on 15 June 2015.) Most nests were found in May, though 

nest searching continued throughout June; in several years nests were found during the last week 

of June, which likely represented re-nests following the failure of previous attempts. Finding 

nests during the early stages of the breeding cycle is preferable because it allows for more 

information on daily survival rates, which are used to calculate the overall nest survival using the 

Mayfield method (Mayfield 1961, Mayfield 1975).  

All nests were closely monitored as they approached the calculated date of fledging. 

Though nest contents were generally not visible, behavioral cues from the parents allowed 

estimation of the stage of the nesting cycle. The incubation period for Cerulean Warblers lasts 11 

– 12 days, though nestlings may occasionally depart earlier than this if they are force-fledged 

(Boves and Buehler 2012, Oliarnyk and Robertson 1996). Because of this behavior, as well as 

the margin of error when calculating prospective fledging dates, daily visits commenced when 

the nestlings reached an estimated 7 – 8 days old. When nestlings began flapping their wings, 

preening, jostling with one another, and perching on the nest rim, fledging was assumed to be 

imminent. At this point, observers remained watching the nest for as long as possible in hopes of 

observing the juveniles depart, which occasionally resulted in all-day stakeouts. Being present 

when the chicks fledged may potentially afford a better chance to capture them if they come 

close to the ground before they develop strong flying skills.  

 

2.3 Capture and Transmitter Attachment 
 

To aid in capture, a large butterfly-style net was devised by attaching a metal hoop to one 

end of a telescoping forestry pole, to which a laundry bag made of fine mesh was then affixed. 

Despite the increased reach it afforded, fledglings often remained perched just beyond the height 
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of the net. None of the fledglings flew into more conventional mist nets. Though capable of short 

bursts of flight, very recent fledglings generally remained in one spot for extended periods of 

time while waiting for the attendant parent to arrive with food, making mist-netting largely 

ineffective for juvenile birds at this point in their development. 

Two fledglings were successfully captured from known nest locations by hand, evidently 

on the same date they fledged. One of these weighed 7.9 g and therefore may have been able to 

carry a 0.32 g radio transmitter (which would have equaled 4.05% of its body weight) but at that 

point in the season the transmitter had not yet been shipped. The second fledgling weighed 7.2 g 

and was deemed too small (though the transmitter, at 4.44% of its weight, would have fallen 

within the guidelines recommended by White and Garrott (1990). A third juvenile bird was 

caught under highly unusual circumstances: the nest had fallen out of its tree, and the chick was 

discovered on the ground underneath the inverted nest with the female desperately attempting to 

feed it (Fig. 1). The chick had feathers emerging but likely would not have been ready to leave 

the nest had it not been force-fledged.  A United States Geological Survey (USGS) band and a 

year-specific color band1 were quickly applied but no measurements were taken so as to 

minimize further stress to it or its mother.  

Between-year variation in nest success rates contributes to the difficulty of capturing 

fledglings soon after they leave the nest (Table 1). In 2015, southern Indiana, like much of the 

eastern United States, experienced heavy rains and strong winds throughout the breeding season 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Beginning in 2013, all Cerulean Warblers banded at our study site have received a standard 
metal USGS leg band, as well as a plastic color band in a color unique to the year in which they 
were captured and marked. Hence, all birds marked in 2013 received a yellow band above their 
USGS band, 2014 birds received a red band, and 2015 birds received a light blue band. This 
permits us to tell at a distance what year the bird was originally captured, and hence the 
approximate age. Adult birds also received one or two additional color bands on the opposite leg 
for quick identification of individuals in the field without the need for recapture.  
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due to El Niño. On occasion, nests being monitored failed after a period of bad weather, so 

weather may play a role in nest abandonment or failure. As a result, many of the nests under 

observation in 2015 failed, which reduced the chances of capturing young birds on the day they 

fledged.  

 Given these early difficulties, subsequent efforts focused on catching adult birds that 

were observed feeding fledglings. Adults are heavier on average than juveniles (8-10 g, 

according to Hamel 2000), but perhaps more importantly, they have proven easier to catch. 

While fledglings frequently remained stationary for long periods, particularly soon after leaving 

the nest, adult birds were often observed actively foraging close to ground level to collect food 

for their offspring. Consequently, they were more likely to fly into a strategically placed mist 

nest. Adults are also more apt to respond to playback; males feeding fledglings can occasionally 

be enticed into the net with recordings of Cerulean Warbler songs, and both sexes will 

sometimes mob a speaker in response to Tufted Titmouse (Baeolophus bicolor) alarm calls and 

Eastern Screech-Owl (Megascops asio) tremolos. However, adults feeding fledglings at our 

study site were not as responsive to playback at this stage, perhaps because they were investing 

so much energy in provisioning their offspring.  

Two of the birds outfitted with radio transmitters were captured in Unit 8, which is an 

uneven-aged unit, while the third was netted in Unit 6, an even-aged plot. Once adult birds were 

in-hand, a 0.25 g radio transmitter (Phillip Blackburn, Nagadoches, TX) was quickly applied 

using the figure-eight leg-loop harness method reported by Rappole and Tipton (2010) and 

improved upon by Streby et al. (2015). The harness adds approximately 0.05 g of extra weight 

but takes minutes to attach, as opposed to approximately 1 hour required for traditional gluing 

methods (Rappole and Tipton 2010). Given the short life of the transmitters, glue attachment is 
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not necessary for this experiment, nor is it advisable for fledglings. A Blackburn 0.25 g 

transmitter model can be expected to last between 7 and 14 days (Phillip Blackburn, pers. 

comm.) The combined weight of the transmitter plus harness is 0.32 g, which equals 4.57% of 

the body weight of a 7.0 g fledgling and 4.00% of the weight of an 8.0 g fledgling; both values 

fall within the recommended 3-5% range (White and Garrott 1990, Withey et al. 2001). The 

weight of any leg bands was also included in the calculations; when the weight of color bands 

plus the transmitter would be too heavy, either a metal USGS band was used alone, or else 

banding was forfeited altogether. 

 

2.4 Tracking and Observation 
 

After radio transmitter attachment, parents and their fledglings were tracked daily using a 

handheld receiver (Wildlife Materials TRX-1000) and a 3-element yagi antenna. The locations of 

the fledgling(s) were recorded in a Global Positioning System (GPS) at the beginning and the 

end of a half-hour observation session, during which time detailed notes were recorded on 

behavior of the parent and offspring, position of the fledglings in the forest profile (i.e. 

understory, mid-story, canopy), and tree/shrub species utilized. In each case, observers waited 

until the observation period was complete or the birds moved away to record their locations so as 

to not accidentally disturb or impact the movements of the family unit (Vega Rivera et al. 2003). 

Laser rangefinders were found to be less accurate for short heights, so height of the fledglings 

above the ground was visually estimated. The species of the tree/shrub in which the birds were 

originally observed was also recorded, as were temperature and weather conditions at the time of 

the observation. 
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2.5 Microhabitat Surveys 
 

The initial and final fledgling locations were uploaded into ArcGIS and the linear 

midway point between them was calculated (ESRI 2015). Microhabitat characteristics were 

sampled at this center point using the same methods described for microhabitat surveys in 

Chapter 1. Vegetation density at 15 m from the center in each cardinal direction was also 

measured using a profile board as described in Nudds (1977). Percentage values were averaged 

to generate a single vegetation density score for each survey point. As with the nest patch and 

territory microhabitat surveys, one random sampling point for each fledgling location was 

generated using ArcGIS; this point could fall anywhere within the same experimental unit where 

the fledglings were tracked and was sampled using the same protocol.  

 

2.6 Analysis 
 

Too few radio transmitters were deployed in the 2015 field season to conduct any 

statistically significant measurements of the differences between fledgling locations and random 

points. However, mean values for the quantitative variables were calculated using Microsoft 

Excel. ArcGIS’s Minimum Bounding Geometry - Convex Hull tool was used to create Minimum 

Convex Polygons for the locations of two of the family groups tracked. 

 

3. RESULTS 
 

In total, 21 Cerulean Warbler nests were found during the 2015 breeding season, of 

which only 8 successfully fledged one or more offspring. Over the course of the season, three 

adult Cerulean Warblers—two males and one female—were captured and outfitted with radio 

transmitters using the harness method described above. These individuals were all observed 
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feeding one or more fledglings prior to capture, and juveniles were easily located by following 

the signal of the parent’s transmitters. Nest locations and fledge dates of two of the three family 

units were known. The third bird, a male, was observed feeding two offspring after they had 

fledged; a transmitter was deployed on this bird for exploratory purposes even though the nest 

location and exact age of the fledglings were unknown. Estimating fledgling ages was difficult, 

particularly because chicks from the same brood can vary significantly in size and appearance of 

maturity. Unfortunately, the transmitter applied to the female warbler fell off after one day, so no 

location data was obtained beyond where the bird was captured and where the fallen transmitter 

was found.  

The initial capture location in the even-aged unit was a steep, northeast-facing slope with a 

creek at its base and is known to be a site where male Cerulean Warbler territories are spatially 

clustered, a pattern reported elsewhere (Roth and Islam 2007). This particular slope consistently 

supports a high number of territorial males, and nesting females have been discovered here each 

year. In contrast, both the male and the female captured in the uneven-aged unit were associated 

with nests found a low-lying wooded floodplain, which is also an area of relatively high 

Cerulean Warbler density. 

Vegetation surveys were conducted at 12 points: 7 locations for SARAH, a male 

Cerulean feeding two fledglings in the uneven-aged plot (Unit 8), and 5 locations for BUSTA, a 

male feeding two fledglings in the even-aged plot (Unit 6). The number of locations 

corresponded to the number of days that birds were tracked.  In comparison with randomly 

sampled points, fledgling locations had a somewhat lower mean percentage of ground cover 

(mean 0.221, SE ± 0.05 versus 0.32 ± 0.06 for random points). Mean percentage of canopy cover 

was nearly identical, at 0.825 ± 0.02 at fledgling points versus 0.832 ±0.02 for random points. 
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Fledgling locations had a lower mean number of shrubs (19.83, SE ± 2.06) than random points 

(41.14 ± 5.09 SE). In accordance, mean understory vegetation density was 35.1% ± 19.6 at 

fledgling locations and 41.78% ± 15.90 at random points.  However, mean DBH at both 

fledgling and random locations was similar (28.49 cm ± 7.73 for fledgling points, 27.62 cm ± 

1.38 for random points). Likewise, tallest tree was also similar (21.79 m ± 0.62 for fledgling 

points and 22.54 m ± 0.61 for random points). Mean slope was comparable between fledgling 

locations (25.08% ± 4.49) and random sites (24.32% ± 2.82).  

Figures 2 and 3 depict maps of the Minimum Convex Polygon (MCP) for each set of 

fledglings. Note that the same scale is used in each map, which illustrates the significant size 

disparity in the MCPs. The polygon generated for the BUSTA family locations was much 

smaller, with an area of 2523 m2 (0.25 ha), indicating that they remained within a relatively 

small region for the duration of the tracking period (Fig. 2). In contrast, the SARAH family unit 

ranged much farther with an area of 35,370 m2 (3.54 ha; Fig. 3). Although their exact ages were 

unknown, BUSTA fledglings were assumed to be older than the SARAH fledglings, as they 

appeared larger with better-developed plumage. However, the SARAH family traveled much 

farther from day to day and covered a larger area than the BUSTA family.   

 

4. DISCUSSION 
 

Because only three transmitters were deployed in 2015 (two of which provided useful 

data), several more seasons worth of fieldwork are necessary to gather enough data points to 

draw meaningful conclusions about fledgling habitat use. Future graduate students in the BSU 

Cerulean Warbler Research Laboratory will continue with this project in the 2016 and 2017 field 

seasons. It appeared that the two family units tracked in 2015 used areas with less understory 
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vegetation than random locations based on calculations of mean values. Fledglings were found in 

habitat with less ground cover, fewer shrubs, and lower understory vegetation density than 

random points, though these differences were not evaluated for statistical significance. More data 

are needed to explore whether such patterns occur in other Cerulean Warblers during the post-

fledging period. A further question that may be answered by radio-telemetry is whether there are 

sex-specific differences in habitat use during this period; i.e. whether females feeding fledglings 

exhibit different preferences than males with their offspring. Though capturing female Cerulean 

Warblers is a challenge at any stage in the breeding season, tracking their movements would 

undoubtedly prove enlightening.  

Attaching transmitters to adult birds appears to be a viable alternative to using fledglings 

because they are easier to catch and generally weigh more than their offspring. The two males 

that were tracked continued to provision their fledglings during the entire tracking period and 

therefore it proved easy to find the young birds by following the adult’s signal. However, as 

fledglings mature they presumably begin to rely less on their parents for food and begin to forage 

more independently over time. As this occurs, following the parent may become a less effective 

strategy for observing fledglings as the family unit grows progressively more independent in 

their movements.  

Ultimately, obtaining sufficient data to calculate estimates of fledgling survivorship 

would be invaluable for understanding the influence of post-fledging habitat use on survival in 

this imperiled species. If future researchers are able to overcome the challenges inherent in 

applying transmitters to lightweight, canopy-nesting songbirds, this project has the potential to 

shed light on a fascinating and important stage of the Cerulean Warbler life cycle in Indiana that 

remains relatively unknown.  
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CHAPTER 2 FIGURES 
 

 
 

Figure 1. Cerulean Warbler chick and nest that fell out of nest tree on 6 July 2015. The chick 
was originally discovered underneath the upside-down nest on the ground with the mother 
attempting to feed it through the holes. The chick was quickly banded and placed back in the 
upright nest, allowing the female to return. Although not yet able to fly (and probably several 
days from its normal fledging date), the chick was quite mobile and quickly hopped out of the 
nest to flutter after the female, staying on or near the ground. The pair was observed from a 
distance for several hours; however, upon returning the next day the chick could not be relocated, 
though a female remained in the vicinity.   
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Figure 2. Map of BUSTA fledgling locations. The light green area is the Minimum Convex 
Polygon generated from the 8 fledgling location waypoints (shown in yellow.)
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Figure 3. Map of SARAH fledgling locations. The light purple area is the Minimum Convex 
Polygon generated from the fledgling location waypoints (shown in turquoise). The nest tree 
location is displayed as an orange point to the east of the MCP. Note that the scale bar here and 
on Figure 2are the same, showing the large disparity in area covered by the two sets of fledglings.   
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CHAPTER 2 TABLES 
 
Table 1. Mayfield nest success rates for Cerulean Warbler nests found in the Hardwood 
Ecosystem Experiment, 2011 – 2015 (Mayfield 1961, 1975). Note the considerable variability in 
yearly success rates, ranging from 10.1% in 2012 (during which there was a severe drought) to 
35.4% in 2011.  
 

Year Mayfield Nest Success Rate 

 

2011 

 

0.354341808 

2012 0.10093552 

2013 0.331564771 

2014 0.34741335 

2015 0.208650942 

Mean 0.268581278 

 
	  


