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ABSTRACT 

THESIS PROJECT:  Cerulean Warbler population and breeding response to recent 
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DEGREE: Master of Science 

COLLEGE: Sciences and Humanities 

DATE: May 2012 

PAGES: 173 

 This study presents the results of a field study comparing the effects of two 

forest harvest methods on the Cerulean Warbler, a state-endangered songbird.  

Population estimates and a breeding study produced no significant differences among 

groups, although the species was not attracted to forest openings and experienced 

decreased nest success in treated sites.  Additional study on prey influences showed 

strong correlations with timing of breeding and peak larval lepidopteran abundance, 

specifically on oak and hickory tree species.  Data suggests that these trees are vital to 

increased probability of nest success due to an increase in prey availability within 

territories.  Further study is recommended to ascertain the long-term effects of forest 

harvest and the importance of oak and hickory dominated landscapes to the 

persistence of this species. 
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SUMMARY 

 The main research objectives of this project were to (1) assess the effect of 

silviculture treatments on the Cerulean Warbler (Setophaga cerulea) by analyzing 

population abundance, distribution of males, and breeding success, (2) determine if 

there was asynchrony between peaks in breeding energy demand and prey abundance, 

(3) determine territory trees with the greatest amount of lepidopteran larvae and the 

effect of this variable on nest success, (4) determine prey items delivered to nestlings, 

and (5) test the efficiency of using the frass trap method to measure prey availability 

within avian territories. 

 Study sites (three each) were prescribed even-aged (clearcut and shelterwood) 

or uneven-aged (patch cuts with single tree removal) management in 2008.  Three 

additional sites were left un-harvested as controls, totaling nine research sites.  

Relative abundance estimates of male Cerulean Warblers did not differ among 

treatment and control sites from 2009-2011.  Breeding success in 2011 was highest in 

controls, but was not found to be statistically different from either treatment.  Males 

were no more likely to settle near harvests than in areas deemed interior forest (at 

least 100 m from harvest) in any post-harvest year with all treated sites combined. 

 Frass traps were used to collect droppings from larval lepidopterans within 

territories during the 2011 breeding season.  The end of the brooding stage was 

tightly correlated with peaks in larval lepidopteran abundance, particularly in oaks 

and hickories within territories.  These two genera contained greater amounts of 

larval lepidopterans when compared to other tree genera.  Higher percentages of oaks 

and hickories were found in successful territories when compared to unsuccessful 
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territories.  The most common prey item delivered to nestlings was larval 

lepidopterans; with occasional insects from orders of Phasmida and Orthoptera.  The 

frass trap design and particularly the usage of one frass trap per tree may be a useful 

alternative to measuring prey abundance within avian territories. 

 As this study reports on population response and breeding success at only 

three years post-harvest, it is recommended that long-term studies are implemented to 

understand the implications of silviculture on the Cerulean Warbler.  Oak and hickory 

trees within territories seem to be extremely important to nest success as they not only 

contain the highest amount of optimal prey items, but are also the trees most closely 

timed with the brooding stage, implying an evolutionary mechanism to including 

these trees within territories.  Further research is warranted into the importance of oak 

and hickory-dominated landscapes to this species. 
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1.  CERULEAN WARBLER POPULATION RESPONSE AND 
NESTING SUCCESS IN FORESTS WITH RECENT SILVICULTURE 

 
 

 
INTRODUCTION 

 

Neotropical-Nearctic migratory birds migrate to breeding grounds in the 

temperate forests, while spending winters in the Tropics.  This life-history strategy 

had allowed individuals to take advantage of reduced competition from other avian 

species and provided many with ample space in the breeding grounds.  However, 

much of the eastern deciduous forest was almost completely cleared for logging and 

agriculture by the early 1900’s (Whitney 1994).  Even after agricultural abandonment 

and conversion to mature forest, many areas still undergo silviculture for economic 

profit.  Although many forests have regenerated since that time, recent habitat loss 

and habitat fragmentation have decreased the extent of breeding areas for old-growth 

dependent species.  

Fragmentation of mature, deciduous forest has been cited as a serious 

problem, which may be the cause of the decline of many Neotropical-Nearctic 

migrants that depend on mature deciduous forests (Holmes et al. 1986, Wiens 1989, 

Robinson and Wilcove 1994).  One such species is the Cerulean Warbler (Setophaga 

cerulea), which has experienced the quickest decline of any North American wood 

warbler (Sauer et al. 2008).  The Cerulean Warbler is a Species of Concern 

nationwide (USFWS 2006) and globally (IUCN 2011).  Based on Breeding Bird 
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Surveys (BBS) conducted annually from 1966-2007, annual declines as high as 4.1% 

have been found throughout its range (Robbins et al. 1992).  Alarmingly, BBS data 

analyzed toward the end of the last century (1980- 1998) indicated a higher rate of 

decline (-8.8%/ year; Hamel 2000b); therefore, understanding and ensuring suitable 

breeding habitat in the future is crucial.   

There is still a paucity of data relating to nesting phenology and certain 

aspects of nesting ecology for this species.  In the early 1990’s there were still no life 

history data relating to nesting behavior or incubation period (Robbins et al. 1992).  

There have been an increasing number of studies related to nesting phenology which 

report variations in nest initiation dates throughout the range.  For example, nest 

initiation was documented at the end of April in northern Texas (Pulich 1988), while 

in Ohio and Ontario, nest initiation was towards the end of May or beginning of June 

(Peterjohn and Rice 1991, Peck and James 1987, Oliarnyk and Robertson 1996).  The 

difference in latitude is most probably the reason for these differences; however this 

stresses the importance of understanding specific site phenologies that will aid 

researchers during future breeding studies.  Data are also still lacking on mate 

provisioning and nesting behavior.  Males have rarely been found to feed incubating 

females in Ontario (Oliarnyk and Robertson 1996, Barg et al. 2006) and provisioning 

rates to nestlings was lower than the rates found in other closely related species (Barg 

et al. 2006).  Depending on the stage of the nest, females may feed nestlings more 

often than males (Allen and Islam 2004, Barg et al. 2006).  Collection of data in more 

geographic areas that pertain to these natural history traits is necessary to fully 

understand this species’ nesting ecology. 
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The historic breeding range of the Cerulean Warbler includes areas of the 

mid-Atlantic and mid-west United States, with southeastern Canada as the northern 

boundary (Hamel 2000a).  Cerulean Warblers exhibit a preference for nesting in large 

forest patches (Hamel 2000b) and much of their decline has been attributed to 

constraints on the breeding grounds, such as loss of mature deciduous forest, habitat 

fragmentation, forest management strategies preventing tree maturity, and nest 

parasitism by Brown-headed Cowbirds [Molothrus ater]; Robbins et al. 1992).   

Some studies suggest that canopy openings may be an associated habitat 

feature (Oliarnyk and Robertson 1996, Rosenberg et al. 2000, Hamel et al. 2004, 

Bakermans and Rodewald 2009, Boves 2011) and an important aspect of nest-site 

selection (Oliarnyk and Robertson 1996).  However, other studies have indicated that 

canopy openings may not be as essential to Cerulean Warbler site selection as 

originally suggested (Hamel 2005, Barg et al. 2006).  Only one study found an 

apparent discrepancy in habitat preferences between intact forests and newly 

fragmented forests.  Weakland and Wood (2005) found that forest fragmentation due 

to mountaintop removal mining caused a decrease in Cerulean Warbler densities at 

locations within fragmented forests or close to mine edges.  However, other studies 

did not find this trend.  Bakermans and Rodewald (2009) found no association 

between adjacency to ~3-10 year regenerating clearcuts and mean density of Cerulean 

Warblers and territories were no less likely to be placed at harvest edges than in 

interior forest areas.  Register and Islam (2008) did not find differences in Cerulean 

Warbler abundance in un-harvested stands when compared to sites with either single 

tree removal or single tree removal combined with group tree removal aged at ~2-30 
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years.  Wood et al. (2005) investigated abundance of Cerulean Warblers in control 

stands versus 15-18 year old regenerating clearcuts and found no difference in 

abundance between the study sites.  It is important to make the distinction that 

abundance, or attraction to an area, does not necessarily correlate to increased fitness.  

There is still a paucity of data relating to the nesting success of individuals attempting 

to breed across a gradient of canopy opening sizes, especially those created by 

silviculture. 

Many recent studies have investigated reproductive success throughout the 

range of this species to aid in understanding source and sink population dynamics 

(Oliarnyk and Robertson 1996, Jones and Robertson 2001, Rogers 2006, Buehler et 

al. 2008, Roth and Islam 2008); however, very few studies have investigated 

reproductive success in relation to landscapes affected by silviculture (Beachy 2008, 

Bakermans and Rodewald 2009, Boves 2011).  Large variations in nest success, 

typically measured as the fledging of at least one conspecific individual, exist 

throughout the Cerulean Warbler’s range.  In southwestern Michigan, less than one 

fledgling per male was recorded in the three years of study (Rogers 2006) and in Big 

Oaks National Wildlife Refuge (BONWR), Indiana 33 of 40 nests failed and a total of 

seven young fledged in two years, producing a 0.165 total estimate of success (Roth 

and Islam 2008).  Low overall nest success rates were recorded in Michigan, the 

Mississippi Alluvial Valley, and Indiana, where 27%, 21%, and 16% of nests were 

successful, respectively (Buehler et al. 2008).  Areas with high overall nest success 

rates appear to be Ontario, Canada and in the Cumberland Mountains of Tennessee, 

where 40% and 46% of nests were successful, respectively (Buehler et al. 2008).   
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Studies have also been underway to determine what methods of habitat 

manipulation may be either detrimental helpful to the breeding success of the 

Cerulean Warbler.  There is still a lack of data concerning the response of this species 

to silviculture as well as discrepancies among the studies.  For example, in southern 

Ohio, Bakermans and Rodewald (2009) concluded that adjacency to regenerating 

clearcuts (3-10 years old) within surrounding landscapes were not associated with a 

decrease in daily nest survival rates.  In Tennessee, daily nest success was lower in 

the year immediately following three levels of stand-level reductions (Beachy 2008) 

and in the four post-treatment years when compared to un-harvested sites (Boves 

2011).  Understanding management strategies that are beneficial is difficult 

considering that the same treatments are often not replicated across studies and 

differences in pre-treatment forest conditions can confound effects.  Rogers (2006) 

hypothesized that low reproductive output has caused the Cerulean Warbler decline 

and stressed the importance of measuring reproductive output in more regions. 

Cerulean Warblers have a preference for large trees (Robbins et al. 1992, 

Oliarnyk 1996, Hamel 2000a, Barg et al. 2006, Roth and Islam 2008, Bakermans and 

Rodewald 2009) with a high canopy (Roth and Islam 2008) and nests are often placed 

territories close to small canopy openings (Oliarnyk 1996, Hamel 2000a).  It has been 

suggested that there is no preference for nest tree species because a wide variety of 

deciduous species are used throughout the range (Oliarnyk and Robertson 1996, 

Rogers 2006, Roth and Islam 2008, Beachy 2008, Boves 2011).  Understanding 

habitat and nest-site preferences in more areas will lead to better conservation efforts 

from land managers. 
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Timber is an economic resource in Southern Indiana and management of this 

resource is likely to continue in the future.  Therefore, identifying management 

strategies that align with Cerulean Warbler conservation is a vital research need.  It is 

suggested that the population of many mature forest species can be managed with 

silviculture, especially ones that may depend on small openings (Hunter et al. 2001).  

This study aims to advance our understanding of the effects of recent silviculture 

practices on the breeding success of the Cerulean Warbler.  The objectives of this 

study were to detect the presence of male Cerulean Warblers around silviculture 

harvests, compare nest-habitat characteristics across two silviculture treatments and 

control sites, and determine the relative nest success rates in sites with recent 

silviculture.  I hypothesized that Cerulean Warbler relative abundance and breeding 

success will be highest in uneven-aged sites, as this type of silviculture creates a great 

amount of canopy openings, which is thought to be an important habitat feature for 

this species (Oliarnyk and Robertson 1996, Rosenberg et al. 2000, Hamel et al. 

2004).  At a finer spatial scale, I predicted that more individuals would be detected in 

areas around the smaller openings created by uneven-aged patch harvests than in the 

interior forests.  Additional objectives were to determine nesting phenology, feeding 

rates between sexes, the foraging time of females during incubation, and predator and 

brood parasite abundance in three groups with different forest management 

prescriptions.  
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METHODS 

Study Area   

 

This study was conducted during the spring and summer of 2010 and 2011 in 

Morgan-Monroe (MMSF) and Yellowwood (YWSF) state forests in Morgan, 

Monroe, and Brown counties, Indiana.  MMSF and YWSF are approximately 9,712 

and 9,439 ha, respectively.  These forests received statutory distinction by the Indiana 

Department of Natural Resources in 1929 and 1940, respectively.  Both forests are 

within the Brown County Hills region and consist of deeply dissected uplands 

underlain by siltstone, shale, and limestone (Homoya et al. 1984).  Wet-mesic 

bottomlands are dominated by sugar maple (Acer saccharum), American sycamore 

(Platanus occidentalis), and American beech (Fagus grandifolia), while mesic slopes 

are dominated by sugar maple, tulip poplar (Liriodendron tulipifera), American 

beech, and northern red oak (Quercus rubra).  Dry mesic slopes are dominated by 

white oak (Quercus alba) (Jenkins et al. 2004).  

 

Silviculture Treatments 

 

Nine management units were established by the Hardwood Ecosystem 

Experiment (HEEForestStudy.org) in MMSF and YWSF (Figure 1.1); four units are 

in MMSF and five units are in YWSF.  The HEE, which is in its sixth year, is a 

proposed 100-year study investigating the effects of silviculture on various taxa.  

Each management unit contains a central research core area and a buffer area around 

this core (Figure 1.2).  The size of the research cores and their buffer areas range from 
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364 ha to 405 ha.  Prior to the commencement of this project, the nine research units 

were randomly drawn from 11 possible areas and were randomly assigned to a 

treatment or control that was implemented in the fall of 2008.  The three groups 

(control- no management, even-aged management, and uneven-aged management) 

were replicated three times.  Silvicultural treatments were applied at the stand-level, 

such that replications of each treatment took place within each research core.  

Even-aged management units received both shelterwood and clearcut 

treatments, which were each replicated twice within each research core.  Shelterwood 

stands (two 4-ha stands) were in the first stage of preparatory cut during this study, 

meaning that only the mid-story was removed.  Additionally, the forest canopy 

remained virtually intact.  I did not consider these treatments as “impact harvests” for 

the Cerulean Warbler in their current form and therefore, not included in this study’s 

analyses.  Clearcut stands (two 4-ha stands) were given diameter-limit harvests; only 

trees with > 30.5 cm diameter at breast height (DBH) were removed.  Post-harvest 

timber stand improvement was implemented to remove all material down to 2.5 cm 

DBH (an example of an even-aged management unit with clearcuts is shown in 

Figure 1.2).  Uneven-aged management units were prescribed single-tree selection 

with eight patch cuts ranging in size from 0.4 to 2 ha (an example of an uneven-aged 

management unit is shown in Figure 1.3).  

The nine units were located an average of 14.9 ± 1.6 km apart (range = 1.5 - 

28.4 km (mean ± 1 SE; Table 1.1).  The three even-aged sites were located 18.0 ± 5.6 

km apart (range = 6.8 - 23.9 km).  The three uneven-aged sites were located 19.0 ± 

8.4 km apart (range = 2.3 - 28.4 km).  The three control sites were located 11.1 ± 3.7 
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km apart, with a range of 4.2 to 16.7 km.  Sites are separated by roads and 

agricultural and/or mature forested lands.  Because of small sample sizes (3 units per 

treatment or control) and large distances between sites (ensuring independence), 

observations from the replicates were pooled for analyses. 

 

Population Monitoring 

 

Point count surveys were conducted during May from 0530 to 1000 hours at 

the nine management units.  The study sites included survey plots (each 1.96 km2, or 

259 ha with a 50 m buffer) consisting of seven transect lines each with seven 

equidistant points (totaling 49 points per study plot) 200 m apart (Figures 1.2 and 

1.3).  The 100 m fixed radius was determined to be the furthest distance at which a 

Cerulean Warbler song can be heard (Jones et al. 2000, Hamel et al. 2009) and thus, 

would minimize the likelihood of dual detection.  Point counts were conducted using 

a playback method to locate males singing on territory (Falls 1981).  In 2009 and 

2010 a Sony Walkman attached to external speakers was used to broadcast taped 

male Cerulean Warbler songs.  In 2011 an mp3 player attached to external speakers 

was used to broadcast a digital recording of male Cerulean Warbler songs.  The 

observer listened for singing males for the first two minutes after arrival at the 

designated point.  Recorded Cerulean Warbler songs were played for one minute to 

elicit a response from territorial males.  The observer listened again for two minutes 

and recorded the distance (m) and compass direction (º) of any males detected.  To 

ensure highest accuracy of detecting singing Cerulean Warblers, no surveys were 

conducted on rainy or windy days.  In addition to recording all Cerulean Warblers at 
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each point, a presence/absence was noted for brood parasites (Brown-headed 

Cowbirds) and predators (Blue Jays [Cyanocitta cristata], American Crows [Corvus 

brachyrhynchos]) 

 

Territory Demarcation 

 

All detections from point count surveys throughout all nine study sites were 

revisited and males were relocated by auditory and visual cues.  If a male was not 

apparent on the revisit, the playback method was used to elicit a territorial response 

(see Population Monitoring methodology section above).  During these visits, males 

were followed by two or more individuals and perch tree locations were noted 

visually or aurally.  A perch tree was designated as a tree used by a male to perform a 

territorial song.   The global positioning system (GPS; Garmin GPSMAP® 76) 

locations of males singing in perch trees was recorded until at least five trees per male 

had been recorded for the territory.  All trees were marked with flagging tape and 

were used to assess territorial boundaries while in the field.  The GPS location of 

perch trees was imported into ArcMap to delineate territory boundaries.  I first 

created triangular irregular networks (TINs) using the GPS points and then converted 

these to TIN domains, producing a minimum convex polygon for each territory.  

The center of the territory was determined using ArcMap and this point was 

used to approximate the distance of the territory to the closest harvest.  The center 

was located by applying two lines across the two widest lengths of each territory and 

using the intersection of these lines as the center point.  A straight line distance tool 

was used to assess the distance between this center point and the closest harvest edge. 
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Distribution Relative to Harvests 

 

The locations of males detected during point count surveys was analyzed for 

presence in a 100 m buffer zone around each harvest treatment using the buffer tool 

in ArcMap 10.0 (Figures 1.4-1.8).  Other studies which have monitored avian 

populations in regards to edges have deemed interior forest as at least 100 m from 

forest edge (Duguay et al. 2001, Battin and Sisk 2011); therefore, I used the same 

distance for this study.  I included detections from 2009 (Kaminski 2010) as well as, 

the two years of data collected in this study.  The degrees and distance from each 

transect point were used to mark the approximate location of each bird detection 

using the distance-direction tool in a GIS database (ArcMap 10.0; Appendix 1).   

I tested for presence in the harvest buffer zone in the three post-harvest years 

at each unit separately and each year with treatment types combined.  One uneven-

aged unit (site 1) was not included in the analysis because it had 0, 1, and 1 detections 

across the 3 post-harvest years.  To calculate the expected proportions of detections, 

the total area covered by the harvest buffers was divided by the total site area.  For 

example, at even-aged units, harvest buffers ranged from approximately 0.11 to 0.13 

km2 of the total site area of 1.96 km2.  I averaged harvest buffer areas across the three 

even-aged and two uneven-aged units to produce expected proportions of detections, 

if no attraction to canopy openings occurred.  There was an expected proportion of 

86.6% and 13.4% for interior forest and buffers, respectively for even-aged sites and 

73% and 27% for interior forest and buffers, respectively for uneven-aged sites 

(Figures 1.4-1.8).   
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Breeding Success Determination 

 

A less intensive, preliminary breeding study was conducted in 2010.  Nests 

monitored in this year are included in analysis of nest-habitat characteristics, while all 

other analyses are based on data collected in 2011 only.  Behavioral cues were used to 

locate nesting activity within a male’s territory.  For example, females may “bungee” 

off nest (falling quickly off nest before beginning flight close to the ground) and 

males may “whisper sing” in the nest tree (producing a softer version of their more 

vocal territorial song; Barg et al. 2008, pers. obs.).  Once a nest was found, it was 

monitored for at least 0.5 hrs with a spotting scope every two days or more often if 

fledging was anticipated.  I recorded the nesting stage as building, incubation, 

feeding, or fledging, the duration of female feeding bouts (during incubation), the 

number of parental feeding bouts for both sexes (during brooding), and the number of 

young (which would became visible above the nest cup during the feeding stage).  

Territories were visited at least once post territory demarcation to survey for 

fledglings, even if a nest was not located.  Fledglings of many species will produce 

loud begging calls in anticipation of being fed by adults; all begging calls within 

Cerulean Warbler territories were located and the fledgling was identified to species 

to ensure that an underestimate of Cerulean Warbler success was minimized.  If 

fledglings or a nest were not found during surveys, the territory was considered to 

have “unknown” success.  A “successful” territory was defined as one that fledged at 

least one conspecific, whereas an “unsuccessful” territory was defined as one that 

failed at the nest stage.  To determine success for a given treatment group, I divided 
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the number of successful territories by the total number of demarcated territories in 

that group. 

Mayfield’s (1975) method for calculating nest success was used to determine 

success rates within the treatment types and overall for 2011.  I combined nests for all 

three sites of the same treatment due to small sample sizes and calculated an overall 

nest success with all nine sites combined for an estimation of population 

sustainability within these forests.  For nests found during the brooding stage, an 11-

day incubation period and 10-day brooding period was assumed (Oliarnyk and 

Robertson 1996).  Nest success estimates were calculated only for the incubation 

stage as no observed nests failed during brooding. 

 

Timing of Breeding 

 

To calculate the time of peak incubation, I used known data from observations 

of incubation and brooding at the nest (N = 9) and back-dated stage of nest activity 

based on fledging date for nests found during brooding (i.e. if a nest was found during 

brooding and fledged 4 days later, I would be able to back-date to when the nest was 

in the incubation stage; N = 5).  I back-dated fledglings that were one-day post-

fledged, based on field observations, such as the presence of high amounts of down 

feathers, incomplete flight capabilities, and reliance on adults for food (Figure 2.1; N 

= 5).  Back-dating was performed by assessing incubation and brooding periods of 11 

and 10 days, respectively (Oliarnyk and Robertson 1996, Hamel 2000a).   
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Habitat Characteristics 

 

 Within each territory, an 11.3 m radius vegetation plot (0.04 ha) was sampled 

for canopy height, and shrub and mature tree density (James and Shugart 1970).  

Canopy height was measured in each quadrant around the center (NE, NW, SE, and 

SW) with a range finder.  The observer would stand in the approximate center of the 

quadrant and locate the highest canopy detectable through the range finder.  Species 

and DBH of mature trees (>10 cm DBH) were recorded.  Shrub density was measured 

in a 5 m subplot centered on the main plot; each shrub was classified as <3 cm DBH 

(small-sized) or 3-10 cm DBH (medium-sized) and included true shrubs and young 

trees of this size.    

Nest characteristics were measured post-fledging.  Variables recorded were 

nest tree species, nest tree DBH, distance of nest from bole, nest height, nest tree 

height, and distance from the nearest foliage edge (Martin et at. 1997).  The distance 

of the nest from the bole of the tree was measured with a tape measure and having 

one observer stand below the nest while the other stood at the trunk.  The distance 

from the nearest foliage edge was also measured using a tape measure and a break in 

the foliage of at least 20 m2 was estimated with final determination by J. Wagner.  

The nest height and nest tree height were measured using a rangefinder.  I also noted 

the presence or absence of grape vines within the territory. 

 

Data Analyses 
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An ɑ-level of 0.05 was used to test for significance in all tests (LeBlanc 

2008), unless otherwise noted.  Values are presented as means ± SE.  A nested 

analysis of variance (ANOVA) was used to test for a difference in Cerulean Warbler 

relative abundance (males/ km2) among the three groups with treatment (control, 

even-aged, uneven-aged) and year (2009, 2010, and 2011) as the predictor variables.  

I used the presence/absence data for Brown-headed Cowbirds, American Crows, and 

Blue Jays to compare the percentage of survey points where these were detected 

among the three groups.  This was calculated by summing the survey points marked 

“present” and dividing by the total number of survey points (147 total points [49 

survey points per site x 3 sites for each group]).  I tested the relationship between 

habitat type (buffer vs. interior) and Cerulean Warbler occurrence using a chi-square 

goodness-of-fit test (LeBlanc 2008; chi-square, Minitab 16.1.0). 

 Daily nest survival for the incubation period was calculated across the three 

groups (Mayfield 1975).  I compared breeding success across the treatment types 

using a chi-square goodness-of-fit test (chi-square, Minitab 16.1.0).  Expected success 

was based on the proportion of territories in each treatment type out of the total 

number of territories demarcated.  Thirty-seven out of 101 territories were 

demarcated in uneven-aged units; therefore the expected contribution of total 

successful territories from uneven-aged units is 0.366.  Forty and 24 out of 101 

territories were demarcated in even-aged and control units, respectively; therefore the 

expected contribution of total successful territories from even-aged and control units 

is 0.396 and 0.238, respectively. 
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 I tested for nest-site differences among the two treatment types and the control 

using a one-way ANOVA (Minitab 16.1.0).  Log transformation was used to 

normalize the distance of nest to bole.  Two-sample t-tests were used to compare 

territory habitat differences between successful and unsuccessful nests (Two-sample 

t-test, Minitab 16.1.0) for all characteristics except average tree DBH, in which case a 

non-parametric Mann-Whitney U-test was used due to non-normality.  Log 

transformation was used to normalize the number of mature trees.   

 Logistic regression with a backward elimination procedure was used to test 

for the effect of habitat variables on nest success (SAS software, SAS Version 9.2).  A 

priori I considered a successful nest to be associated with the following variables: 

percentage of oaks and hickories in vegetation plot (0.04 ha), nest tree identity (2 

levels:  Quercus or Carya, or other), nest tree DBH, nest tree height, distance to 

closest canopy opening >20 m2, distance to closest forest harvest, and territory size.  

Variables were screened a priori to determine if there were significant 

intercorrelations (SAS PROC CORR).  Intercorrelations were considered significant 

if their Pearson correlation values were > 0.5.  Distance to closest opening and 

distance to harvest were strongly intercorrelated (r = 0.67).  Tree size and tree height 

were also intercorrelated (r = 0.54).  Therefore, I did not include these couplets of 

variables in the same logistic regression models.  The variable with largest r2 value 

was retained in the model.  To meet normality assumptions, the variable of oak and 

hickory percentage was square root transformed (Sokal and Rohlf 1981) and all other 

continuous variables were log transformed.  The significance of the logistic 

regression models was assessed using the likelihood ratio, which approximates a Chi-
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square distribution (Sokal and Rohlf 1995).  Tests of significance for parameter 

estimates were performed using Wald Chi-Square analysis.  The relatively low 

number of successful nests resulted in a very low power (β = 0.60) for logistic 

regression, so I considered the models to be significant when P < 0.10.   
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RESULTS 

 

Population Monitoring 

 

 There was no significant difference in detections of Cerulean Warblers among 

the three groups (control, even-aged, uneven-aged) for any of the post-harvest years 

(2009, F2,6 = 0.27, p = 0.773; 2010, F2,6 = 3.43, p = 0.102;  2011, F2,6 = 0.42, p = 

0.673; Table 1.2).  With all years (2009-2011) and study sites combined, the mean 

relative abundance of Cerulean Warbler males was 6.76 ± 5.22 km2 (range= 0 - 20.41 

km2).  This is the approximate density of Cerulean Warblers in Morgan-Monroe and 

Yellowwood state forests based on a total sampled area of 17.64 km2.   

 In 2011, detections of predators and brood parasites were highest in uneven-

aged sites and lowest in control sites (Table 1.3).  During nest and fledgling surveys 

of territories during both study years, only one Brown-headed Cowbird fledgling was 

observed, which was being fed by a Cerulean Warbler adult in 2010.  Initially, the 

Brown-headed Cowbird fledgling was observed being fed by a Red-eyed Vireo 

(Vireo olivaceus) adult, although the Cerulean Warbler male chased off the Red-eyed 

Vireo and subsequently fed the chick himself.  For this reason, it was not clear 

whether the chick fledged from a Cerulean Warbler nest or from a Red-eyed Vireo 

nest.  However, due to the Cerulean Warbler male’s territorial behavior towards the 

Red-eyed Vireo, it was assumed to have been fledged from his nest.  This male’s 

territory was located within a 2-year post shelterwood harvest and was a distance of 

200 m from the 2-year post clearcut harvest (at site 9).  
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Distribution Relative to Harvests 

 

Cerulean Warblers were no more likely to settle in buffers surrounding 

harvests than in interior forest areas in all even-aged units in 2009 (��
� = 0.20, p = 

0.653) and in 2010 (��
� = 0.99, p = 0.319); however, they were more likely to settle in 

harvest buffers in even-aged units in 2011 (��
� = 6.73, p = 0.009).  As no males were 

detected at one uneven-aged unit, only the remaining two units were analyzed.  

Cerulean Warblers were no more likely to settle in buffers surrounding harvests than 

in interior forest areas in these two uneven-aged units in 2009 (��
� = 0.73, p = 0.392), 

2010 (��
� = 3.09, p = 0.079), and 2011(��

� = 2.60, p = 0.107).  

 

Breeding Success 

 

 A 30.7% nesting success rate was documented across the 101 demarcated 

territories in the study.  More nests were located in even-aged sites than in the other 

groups and number of fledglings ranged from 2-3 across all groups (Table 1.4).  Two 

nests at even-aged sites failed at the incubation stage due to unknown reasons, as the 

nest was still complete, but the female was no longer incubating the nest.  Another 

nest probably failed due to predation, as the nest was partially torn from below; the 

female was not found in subsequent surveys and may have been depredated while 

incubating.  In the last case, the nest was no longer on the branch immediately 

following a hail storm and it is believed that this nest failed due to exposure; surveys 
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in the area for the nest were not fruitful, although it is possible it was blown far from 

the nest site.  The reason for the nest failure at the uneven-aged site was unknown.    

Daily nest survival rates during the incubation stage were 0.44 for even-aged 

sites, 0.77 at uneven-aged sites, and 1.0 for control sites.  An overall success 

probability for the incubation stage was 0.629 across the entire study area.  No 

observed nests failed during the brooding stage, so Mayfield estimates of success 

were not calculated for this stage.   

 A total of 24 territories were deemed successful based on fledglings alone, 12 

of which were in even-aged sites, 5 of which were in uneven-aged sites, and 7 of 

which were in control sites (see Figures 1.9-1.11 for locations of these territories).  

Nesting success rate for the three areas were 38% of 24 demarcated territories in the 

control sites, 33% of 40 in even-aged sites, and 22% of 37 in uneven-aged sites.  The 

proportion of successful territories did not differ by treatment type, ��
� = 1.58, p = 

0.453 (Table 1.5).   

 Logistic regression models that included independent effects of nest tree 

species, nest tree height, distance to closest opening, distance to closest forest harvest, 

and territory size were not significant (P > 0.25 for models with combinations of 

these variables).  A logistic regression model including percentage of oaks and 

hickories in sampled vegetation plot and nest tree DBH, however, was significant 

(likelihood ratio = 5.57, df = 2, p = 0.062).  There was a significant relationship 

between Cerulean Warbler nest success and the main effect of oak and hickory 

percentage in the sampled vegetation plot (Wald’s χ2 = 3.22, df = 1, p = 0.073), but 

not for nest tree DBH (Wald’s χ2 = 0.52, df = 1, p = 0.473). 
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Timing of Breeding 

 

The first sighting of a Cerulean Warbler in 2011 was on 13 April in Eagle 

Slough Natural Area, Evansville, IN, which is approximately 200 km south of the 

project sites (Tim Griffith, pers. comm.).  I did not arrive on project sites until 3 May 

in 2011, although during this day, copulation was seen in one pair and male “cup-

forming” behavior (i.e. motioning to female about a suitable nest location by circling 

an area on a branch; Barg et al. 2008) was seen in another pair.  On 4 May 2011 a 

female was seen peeling bark off a grape-vine, which is the main component in 

Cerulean Warbler nests (Hamel 2000a).   

The first nest of the 2011 season was found on 8 May.  The first definitive 

observation of incubation occurred on 10 May.  The last nest building activity was 

observed on 12 June and incubation of that nest began on 15 June.  This particular 

nest failed on 25 June and no other nesting activity was seen for the remainder of the 

breeding season.  The peak in nests known to be in the incubation stage was 

approximately 13 – 17 May, while it was approximately 22 – 26 for nests assumed to 

have been in the incubation stage based on back-dating (Figure 1.12).  The peak in 

nests known to be in the brooding stage was approximately 29 – 31 May, while it was 

approximately 4 – 8 June for nest assumed to have been in the brooding stage based 

on back-dating (Figure 1.13) 

 

Nest Site Characteristics 
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The most commonly used nest tree species in all three groups was white oak 

(Table 1.6).  No comparison of the availability of selected nest tree species with 

species available throughout the study area was made.  Grape (Vitis spp.) was only 

observed on 1 of 16 nest trees, although it occurred in 10 of 12 territories surveyed.  

Virginia creeper (Parthenocissus quinquefolia) was only observed concealing 1 of 17 

nests. 

The average nest tree DBH, average nest height, average nest tree height, and 

average distance of nest to bole did not differ statistically among the three groups 

(Table 1.6).  There was a significant difference across the three sites for nest distance 

to foliage edge (F2, 13 = 5.14, p = 0.023).  Tukey post-hoc comparisons of the three 

sites indicated that control sites (36.10 ± 12.1 m) were significantly further from 

foliage edges than were even-aged sites (9.59 ± 2.45 m).  

 

Territory Vegetative Characteristics 

 

There were no statistical differences in vegetative characteristics between 

successful and unsuccessful territories (Table 1.7).   

 

Feeding Rates  

 

 Within the 30-min observation period, females at five nests spent 

approximately 6.36 ± 0.91 min (range = 2 – 15 min, n =14) foraging off the nest and 

feeding bouts averaged 4.68 ± 0.48 min (range = 2 – 9 min, n = 14).  No statistical 

comparisons were made between time spent off nest during incubation for successful 
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and unsuccessful nests due to small sample sizes (3 unsuccessful and 2 successful 

nests).  During the nestling stage, adults returned to the nest to feed approximately 

3.32 ± 0.39 times per 30 min site visit.  Of the 38 feeds from six nests in which the 

sex of the adult was noted, no difference was found in parental feedings between the 

sexes (males fed 20 times and females fed 18 times).  There was no apparent increase 

in feeding rates as the brooding stage progressed (Figure 1.14). 
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DISCUSSION 

 

Population Monitoring 

 

 Population densities vary widely across the Cerulean Warbler’s range.  Based 

on BBS, the mean density of birds did not differ between states and averaged 43 pairs 

± 42 per km2 (Hamel 2000a).  This indicates that this study’s relative abundance 

estimates of 6.76 ± 5.22, and even the highest estimates of 20.41 males/ km2, are still 

below the range-wide mean.  The estimates in Morgan-Monroe and Yellowwood state 

forests are higher than in BONWR, IN (1.78 ± 1.87 males/km2); however, the highest 

densities seem to be concentrated in more heavily forested areas, such as the 

Cumberland Mountains of Tennessee (~20-130 territories/km2; Beachy 2008, Boves 

2011), the Ohio Hills (0-75 males/km2), and Queen’s University’s Biological Station, 

Ontario, Canada (96 pairs/km2).        

 Comparing these estimates as a true measure of abundance throughout the 

range can be misleading.  Many of the studies above were focused on breeding 

success rather than population density estimation.  For example, Oliarnyk and 

Robertson (1996) visited sites based on those with the “greatest regularity and highest 

density based on breeding bird surveys.”  This difference in methodology makes 

comparisons of density across these studies tenuous Comparisons to estimates from 

BBS may also be misleading.  Hamel (2000a) reported on data collected from as far 

back as 1932.  For a declining species, limiting comparisons to current estimates only 

may be important for understanding the core and periphery of the range as well as 

source/sink populations.  The comparisons to historical estimates or to studies with 
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different sampling methodologies can bias abundance estimates and result in 

misleading interpretations.  

 

Distribution Relative to Harvests 

 

 There were inconsistent trends in attraction to buffers surrounding harvests 

when data were analyzed through years at the unit level.  My hypothesis that 

Cerulean Warbler males were more likely to settle in buffer areas around the patch 

harvests at uneven-aged units was not supported.  Not only did the relative abundance 

not differ among any of the three groups in any post-harvest year (Table 1.2), but the 

attraction to buffers around any of the forest openings was not seen in any post-

harvest years when units were combined (Figure 1.7-1.8).  However, an attraction to 

buffers around harvests did occur in one of the uneven-aged units for two of the 

years.  This apparent attraction to openings was also seen in the even-aged units in 

only one post-harvest year.  This does not align with other studies, which suggested 

that Cerulean Warblers have an attraction to canopy openings (Oliarnyk and 

Robertson 1996, Rosenberg et al. 2000, Hamel et al. 2004, Rodewald 2004, Boves 

2011) or have concluded that areas with canopy openings may be suitable habitat for 

Cerulean Warblers given no significant abundance differences in mature forest and 

regenerating stands (Register and Islam 2008, Bakermans and Rodewald 2009).  This 

study indicates that there is no attraction to gaps created by forest harvests, at least 

not at this scale.  Smaller openings created by treefalls, streams, or roads may still be 

an attractant for this species.  An apparent attraction to canopy gaps produced by 

roads was found immediately post-harvest at our study sites (Kaminski 2010); 
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however, in the Cumberland Mountains, no significant attraction to small openings 

was found (Buehler et al. 2006, Beachy 2008).  Kaminski (2010) hypothesized that an 

attraction to roads may be due to their typical location, such as on ridge-tops, which 

may have large trees or be located on southeast facing slopes.    

Interestingly, the lesser populated units of both treatment types were more 

likely to have males settle near openings created by the harvests (Figure 1.5 and 1.7) 

and I speculate that this may be a biological response to the lower occurrence of 

conspecific song in such areas.  A primary purpose of male song is to broadcast 

locations and attract females (Eriksson and Wallin 1986, Catchpole and Slater 1995).  

To compensate for the lower collective signal resulting from fewer males, individuals 

may choose perch trees near openings, thus broadcasting the song further.  From an 

evolutionary standpoint, this more conspicuous behavior might be worth the risk of 

predation if it increases probability of attracting a mate.  

 

Breeding Success 

 

My hypothesis that breeding success would be highest in uneven-aged sites 

was not supported by this study.  While not significantly significant, uneven-aged 

sites had the lowest reproductive success and un-harvested control sites had the 

highest reproductive success. Bakermans and Rodewald (2009) found that distance to 

regenerating clearcuts (3-10 year old stands) did not influence nest success of 

Cerulean Warblers and these trends held true for other forest birds in similar 

landscapes (15 years post- harvest; Duguay et al. 2001).  In my study both even-aged 

and uneven-aged treatment sites had (non-significantly) higher numbers of territories 
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compared with control sites, although a greater percentage of the control site 

territories were successful.  When significant detection differences in treatment sites 

and control sites in the Cumberland Mountains were no longer apparent after four 

years of lower reproductive success in treated areas, Boves (2011) suggested that 

individuals might try other areas in subsequent seasons.  Such a lag-effect may be in 

play in our study location.  Already, in 2011, I noted an increase in relative 

abundance at control sites when compared to the previous year (Table 1.2); however, 

continued research will be necessary to verify this effect and this is assuming some 

degree of site-fidelity, which is still poorly understood (Hamel 2000b). 

The relatively lower success rates at uneven-aged sites when compared with 

even-aged sites may be due in part to the high levels of fragmentation and thus 

increased vulnerability to predators and weather conditions; in essence, more of an 

edge effect.  Some researchers have suggested that clearcuts may minimize the 

amount of edge created by logging and thus provide larger, contiguous areas of 

mature forest habitat (Robbins 1979, Harris 1984).  So, although clearcuts may be a 

larger initial impact, it leaves larger patches of the landscape un-harvested and, 

therefore, this remaining forest can act as interior.  Interestingly, Thompson et al. 

(1992) found only slightly lower populations of many mature forest birds in areas 

subjected to clear-cutting than in uncut areas, possibly because only a small 

percentage of the landscape consisted of early successional vegetation at any one 

time.  This trend may hold true for the Cerulean Warbler, although monitoring the 

population as both uneven-aged and even-aged cuts regenerate will provide a better 

understanding of this species response in the long-term. 
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It is clear that canopy openings are not a deterrent for this species and this 

may be a double edged sword, especially in relation to breeding success.  On the one 

hand, it indicates that regenerating harvests may be compatible with populations of 

Cerulean Warblers and therefore silviculture-treated forests can still support 

populations of Cerulean Warblers.  On the other hand, many forests, including 

Morgan-Monroe and Yellowwood state forests, are currently surrounded by 

landscapes that may support higher numbers of corvids and Brown-headed Cowbirds 

than they did in the past due to high amounts of agriculture and fragmentation around 

these forests (Thompson et al. 1992).  Cowbirds and nest predators benefit from the 

additional foods available in agricultural and urban areas because interior forest 

provides few feeding opportunities (Thompson et al. 1992).  If surrounding 

landscapes are predominately composed of agricultural or other human disturbances, 

then silviculture may have a larger relative impact when compared to forests that do 

not have these landscape features in the surrounding area. 

Once silviculture gets implemented, predators and brood-parasites may be 

more attracted to these newly opened areas.  In fact, control sites had the lowest 

estimates of corvids and Brown-headed Cowbirds when compared to treatment sites.  

Predation may also have attributed to high rates of nest failure in BONWR, IN and 

was thought to be the greatest cause of nest failure in treated sites in the Cumberland 

Mountains (Boves 2011).  Brood parasitism caused 25% and 18% of nest failure in 

Michigan and Ontario, respectively (Peck and James 1987, Rogers 2006, Buehler et 

al. 2008, Roth and Islam 2008).  Additionally, predation of Cerulean Warbler nests 

(Buehler et al. 2008) and other forest passerines (Robinson et al. 1995) has been the 
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highest in study sites with <50% forest cover in the surrounding area.  With this in 

mind, it is not enough to monitor presence/absence, but more importantly, breeding 

success near harvests versus interior forest must be quantified.  Although I was 

unable to quantify the proportion of failed nests due to predation or parasitism, it was 

observed.  The only sighting of a Brown-headed Cowbird chick being fed by a 

Cerulean Warbler adult was even beyond this 100 m buffer, at a distance of 200 m 

from the closest clearcut (in the 2010 season).  Additionally, the only definitive case 

of predation was seen in the same even-aged site (in 2011; Table 1.4).  Although 

single sightings of brood parasitism and predation are not cause for alarm from a 

conservation standpoint, it does shed light on the importance of monitoring breeding 

success as the indicator of suitable habitat.  The lowest daily survival rates for the 

incubation stage were in even-aged units and the highest detection rates of nest 

predators and parasites were in these locations (Table 1.3).  Thus, although clearcuts 

can minimize edges, it may not be suitable for the forests that exist in Morgan-

Monroe and Yellowwood state forests.  This forest treatment may be a suitable 

prescription when viewed at a larger timescale, as regenerating clearcuts aged at 3 to 

ten years were not associated with the reduced daily nest survival seen in this study 

(Bakermans and Rodewald 2009).  Additionally, a more heavily forested landscape 

may mitigate edge effects (364,225 ha of forest in a Virginia silviculture study versus 

<20,000 ha in our study; Duguay et al. 2001). 

I hesitate to attribute the relatively lower breeding success at uneven- and 

even-aged sites to the treatments alone because no data were collected pre-treatment 

and only one year of breeding data were included with no significant differences.  
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Data collection over the long-term will be required to determine if there is a 

significant response to treatment.  Bakermans and Rodewald (2009) reported that 

adjacency to recent clearcuts (estimated at <10 years old) was not a factor in daily 

survival rates of nests and that males were no more or less likely to be found in areas 

close to clearcuts.   

When putting these forests in the context of breeding success throughout the 

Cerulean Warbler’s range, it appears that Morgan-Monroe and Yellowwood state 

forests produce approximately average success rates.  The 30.7% success rate across 

the 101 sites combined aligns with success levels found in Michigan and the 

Mississippi Alluvial Valley and is higher than the success found in BONWR, Indiana 

(Rogers 2006, Roth and Islam 2008, Buehler et al. 2008).  Based on source/sink 

parameters (Pulliam 1988) and comparisons to population growth rates across the 

breeding range (see Table 2 in Buehler et al. 2008), Morgan-Monroe and 

Yellowwood state forests may be a sink-population for this species. 

 

Nest Site Characteristics 

 

White oak trees were the most commonly used species for the nest tree.  This 

trend was also found in Ohio (Bakermans and Rodewald 2009) and, based on 

availability, a preference for white oaks was observed in the Cumberland Mountains 

(Boves 2011).  It is not clear why white oaks would be preferred at these sites and 

those in southern Ohio, in contrast to locations where more variable nest tree species 

were documented (Rogers 2006, Beachy 2008, Roth and Islam 2008).  It may be an 

indication that oaks provide greater nesting opportunities, such as foliage cover, than 
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other genera in our location.  These trees may also be associated with other habitat 

features, such as high food availability (Jeffries et al. 2006, Chapter 3) or the 

presence of grape vines, which is the primary material in nests (Hamel 2000a, 

Bakermans and Rodewald 2009, J. Wagner pers. obs.); in fact, grape was present in 

most territories (83%; Appendix 2), whereas grape was only found at 21.3% of non-

use vegetation surveys (J. Wagner, unpub. data).  An analysis of the tree community 

at all units indicates that the conversion of oak/ hickory dominated stands to beech/ 

maple dominated stands is a possibility, as evidenced by the higher proportion of 

beech and maple saplings in the understory (Saunders and Arseneault, in press).  This 

may be detrimental to nesting success in areas where birds typically relied upon oaks 

for nesting; however plasticity in nest choice does seem to exist in other parts of the 

range and therefore, we may see a switch to higher usage of other species for nesting 

once they become more dominant in the landscape. 

Vegetative characteristics of the nest-site were consistent with other studies 

(Oliarynyk and Robertson 1996, Rogers 2006, Beachy 2008, Bakermans and 

Rodewald 2009, Boves 2011).   Mean nest tree DBH was less than what Roth and 

Islam (2008) reported at BONWR, Indiana (41. 9 cm vs. 50.4 cm).  Nest height and 

nest tree height were higher than what Oliarnyk and Robertson (1996) reported from 

Ontario (18.4 m vs. 11.8 m and 25.7 m vs. 17.7 m, respectively).  The distance to 

foliage gap differs widely across the range of this species.  In some locations, such as 

Ontario and one site in Michigan, the distance to the closest gaps were 33.4 ± 4.7 and 

17.7 ± 7.2 m, respectively (Oliarnyk and Robertson 1996, Rogers 2006).  Roth and 

Islam (2008) reported a lower average distance to foliage gap at BONWR than what 
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was found in this study (17.3 m vs. 2.9 m).  This characteristic may contribute to 

lower nest success, as seen in BONWR and in the units of this study that had smaller 

distance to the closest opening (even-aged and uneven-aged units when compared to 

control sites; Table 1.6).   

 

Territory Vegetative Characteristics 

 

Successful territories were also characterized as having more small-sized 

shrubs, more mature trees, and a greater average tree DBH than unsuccessful 

territories, although none of these variables were statistically significant in admittedly 

small sample sizes.  The breeding success model indicated that oaks and hickories 

within the territory may increase the probability of nest success. 

 

Feeding Rates 

 

 Observations of food provisioning and feeding rates during brooding were 

similar with results of other breeding studies on Cerulean Warblers.  As with sites in 

Ontario, males occasionally fed incubating females (Oliarnyk and Robertson 1996, 

Barg et al. 2006).  Female foraging time during incubation, total number of feeds, and 

food provisioning rates of males and females during brooding were similar to Ontario 

sites (Oliarnyk and Robertson 1996, Barg et al. 2006); however, this last 

characteristic differed from sites in BONWR, where females were found to feed more 

often than males (Allen and Islam 2004).  In the Cumberland Mountains, disturbance 
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regime positively influenced male feeding rates (Boves 2011), although this was not 

investigated in this study.   

 The reason for the discrepancy in feeding rates between the sexes when 

comparing this study to BONWR is not clear, but may be due to small sample sizes in 

nest observations in this study (6 nests) and in BONWR (4 nests) or that in BONWR 

only day six of brooding was considered, as opposed to the entire brooding period in 

this study.  Allen and Islam (2004) suggested there may be a temporal difference in 

feeding rates.  As nestlings age, females decrease their time investment in brooding to 

an increase in feeding.  Another possibility is that time of day influences feeding rates 

of each parent.  For example, males may spend more time in the morning in territorial 

defense and increase food provisioning to nestlings later in the day.  Time of day, age 

of nestlings, and disturbance regime were not considered in this study, although 

further research into parental investment and food provisioning rates for each sex is 

warranted. 

 

Timing of Breeding 

 

 By the second week in May, the majority of nests were in the incubation 

stage.  Comparisons with the only other breeding study in Indiana (at BONWR) show 

similar phenology in incubating and brooding, with peak incubation around 19 May 

in 2003 (K. Roth, unpubl. data).  Interestingly, data from BONWR suggest another, 

smaller peak in incubating nests around 20 June, although these may have been re-

nesting attempts since many nests failed early due to weather conditions (Roth and 

Islam 2008).   
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Based on peaks in incubation and first visual sighting of nest building, nest 

initiation at Morgan-Monroe and Yellowwood were around the first week in May.  

From the perspective of latitude, these data align with nest initiation dates for Texas 

(Pulich 1988), and Ohio and Ontario (Peterjohn and Rice 1991, Peck and James 1987, 

Oliarnyk and Robertson 1996), which were earlier and later, respectively.  It is logical 

that nest initiation would vary across the range of a species as this avian behavior 

coincides with local environmental conditions (Visser et al. 2009).  

 

Management Implications 

 

Silviculture is likely to remain an important economic resource for the 

communities in southern Indiana.  It is recommended that long rotations between 

harvests be implemented to produce big, old trees preferred by this species (Hands et 

al. 1989) while still providing foresters with a supply of economically profitable 

timber.  However, I recommend that breeding success in silviculture-treated forests 

(and specifically in relation to clearcuts) be measured in more areas before definitive 

forest prescriptions are determined.  Monitoring the habitat selection and breeding 

success of this population with the regeneration of both uneven-aged and even-aged 

stands will enable us to understand how silviculture affects this species, especially in 

forests where agriculture and fragmentation are extensive in the surrounding 

landscape.   
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Future Studies 

 

Many abundance estimates appear to be from the mid 1990’s or earlier and it 

is recommended that distinction is made between older versus contemporary 

estimates when elucidating population estimates.  Additionally, although detailed 

studies pertaining to the life history of the Cerulean Warbler may not always be 

feasible due to limitation of time and resources, collection of more contemporary 

density estimates across the range of this species will greatly aid in understanding 

range expansions, core populations, and forest size thresholds for maintenance of 

dense populations.  Although no attraction was found to the harvest areas initially, as 

the stands begin to age, studies may begin to see an attraction and therefore increased 

compatibility with different silviculture types.  It is recommended that research at 

these project sites continues and that the focus is on areas around the harvests as well 

as landscape level detections. 

Based on peak timing during both incubation and brooding stages (Figure 

1.12), I recommend that further studies focus their nest searches during the second 

week in May, as most activity will take place during nest building and leaf burst is 

not yet full (pers. obs.).  However, nests can also be found relatively easily during the 

brooding stage as both males and females feed young and noise levels at the nest 

increase due to begging calls of young.  Therefore, if field crews are short on 

resources, they should focus their nest survey efforts on the 3-week period of mid-

May to the first week of June.  Feeding rates did not appear to differ between males 

and females nor did combined feeds change in frequency through the brooding stage; 

however this may be the case as the nestlings age.  Future studies should ensure 
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collection of feeding rate data for various aged nestlings.  This may require more 

frequent nest visitations than what took place during this study.  

A high proportion of oaks and hickories within the territory appeared to 

contribute to nest success and research into this is warranted.  The Cerulean Warbler 

may have evolved alongside forests dominated by these genera and therefore their 

natural history most strongly aligns with habitat traits associated with these trees, 

such as food habits or nesting locations.  A survey of available nesting habitat will 

enable us to better understand whether oaks are being selected preferentially from 

other tree species for nest sites.  A more diverse subset of tree species may be used 

for nesting habitat, although more years of data at these study sites is necessary to 

support this claim. 
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Figure 1.1 - Nine management units located in Morgan-Monroe and Yellowwood 
state forests in Morgan, Monroe, and Brown counties, southern Indiana. Control, or 
no-management, units are shown in red, even-aged management units are shown in 
light green, and uneven-aged management units are shown in dark blue.  See Figures 
1.2 and 1.3 for close-up displays of each treatment type.  For distances between sites 
see Table 1.1. (Figure is modified from an original version from Cortney Mycroft, 
Hardwood Ecosystem Experiment) 
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Figure 1.2 - Depiction of even-aged management unit with clearcuts and a central research core 
and buffer.  Each management unit contains a central research core (green) and a buffer area 
(tan) around this core.  The size of the research cores and their buffer areas range from 364 ha to 
405 ha.  This is an example of an even-aged unit with two 4 ha clearcuts.  Transect points are 
shown in the 7 x 7 grid. 
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Figure 1.3 - An example of an uneven-aged unit with eight patch cuts ranging in size from 0.4 
ha to 2 ha.  Transect points are shown in the 7 x 7 grid.  Each management unit contains a central 
research core (green) and a buffer area (tan) around this core.  The size of the research cores and 
their buffer areas range from 364 ha to 405 ha.   
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Figure 1.4 - Unit 3, one of three even-aged management units displaying point count detections 
of male Cerulean Warblers from 2009 (first year post-harvest) to 2011 in Morgan-Monroe state 
forest, Indiana.  A 100 m buffer was applied to each forest harvest.  No attraction to the forest 
harvest buffers was found in any post-harvest year. 
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Figure 1.5 - Unit 6, one of three even-aged management units displaying point count detections 
of male Cerulean Warblers from 2009 (first year post-harvest) to 2011 in Yellowwood state 
forest, Indiana.  A 100 m buffer was applied to each forest harvest.  An attraction to the forest 
harvest buffers was found in two post-harvest years (2009 and 2011).  
 



 

61 

 

 
 

Figure 1.6 - Unit 9, one of three even-aged management units displaying point count detections 
of male Cerulean Warblers from 2009 (first year post-harvest) to 2011 in Yellowwood state 
forest, Indiana.  A 100 m buffer was applied to each forest harvest.  No attraction to the forest 
harvest buffers was found in any post-harvest year. 
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Figure 1.7 - Unit 7, one of three uneven-aged management units displaying point count 
detections of male Cerulean Warblers from 2009 (first year post-harvest) to 2011 in Yellowwood 
state forest, Indiana.  A 100 m buffer was applied to each forest harvest.  An attraction to the 
forest harvest buffers was found in two post-harvest years (2009 and 2011). 
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Figure 1.8 - Unit 8, one of three uneven-aged management units displaying point count 
detections of male Cerulean Warblers from 2009 (first year post-harvest) to 2011 in Yellowwood 
state forest, Indiana.  A 100 m buffer was applied to each forest harvest.  An attraction to the 
forest harvest buffers was found in one post-harvest year (2010). 
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Figure 1.9 - Territory placement and nesting success at even-aged sites in Morgan-Monroe and 
Yellowwood state forest, Indiana for the 2011 breeding season.  Red represents unsuccessful 
nests, blue represents successful nests, and tan represents unknown success.  Harvests in hatched 
pattern are clear-cuts each 4 ha (see Methods).  Fourteen out of 40 demarcated territories were 
successful, producing an overall success rate of 35%. 
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Figure 1.10 - Territory placement and nesting success at uneven-aged sites in Morgan-Monroe 
and Yellowwood state forest, Indiana for the 2011 breeding season.  Red represents unsuccessful 
nests, blue represents successful nests, and tan represents unknown success.  Harvests in hatched 
pattern are two 2-ha, two 1.2-ha, and two 0.4-acre patch harvests (see Methods).  The third 
uneven-aged site had no territories demarcated and thus, was not included.  Eight out of 37 
demarcated territories were successful, producing an overall success rate of 22%. 
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Figure 1.11 - Territory placement and nesting success at control sites (no harvest) in Morgan-
Monroe and Yellowwood state forest, Indiana for the 2011 breeding season.  Blue represents 
successful nests and tan represents unknown success.  The third control site had no territories 
demarcated and thus, was not included.  Nine out of 24 demarcated territories were successful, 
producing an overall success rate of 38%. 
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Figure 1.12 - Dates for number of Cerulean Warbler nests in the incubation nest stage for the 2011 breeding season in Morgan-
Monroe and Yellowwood state forests, Indiana.  For nests located during brooding, I back-dated nest stages once fledging date was 
known, assuming a 11 and 10 day incubating and brooding stage, respectively (Oliarnyk and Robertson 1996, Hamel 2000a).  The 
peak in incubating nests for known nests was 13 – 17 May, but based on back-dating of nests the peak was 22 – 26 May. 
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Figure 1.13 - Dates for number of Cerulean Warbler nests in the brooding nest stage for the 2011 breeding season in Morgan-Monroe 
and Yellowwood state forests, Indiana.  For nests located during brooding, I back-dated nest stages once fledging date was known, 
assuming a 10 day brooding stage (Oliarnyk and Robertson 1996, Hamel 2000a).  The peak in brooding nests for known nests was 29 
– 31 May, but based on back-dating of nests the peak was 4 – 8 June. 
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Figure 1.14 - Feeding rates as measured as feeds per half hour site visit during the brooding for five different nests in Morgan-Monroe 
and Yellowwood state forests, Indiana during the 2011 Cerulean Warbler breeding season. No consistent increase was seen in feeding 
rates, except for at one nest (upper left). 
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Table 1.1 - Distance (km) between management units at Morgan-Monroe and Yellowwood state 
forests, Indiana. Units 1, 7, and 8 are uneven-aged management units; 3, 6, and 9 are even-aged 
management units, and 2, 4, and 5 are control units.  See Figure 1.1 for spatial layout of 
management units. 

Unit 1 2 3 4 5 6 7 8 

2 1.5 - - - - - - - 

3 3.8 2.3 - - - - - - 

4 5.4 4.2 2.5 - - - - - 

5 17.6 16.7 14.4 12.4 - - - - 

6 26.7 25.4 23.3 21.3 9.2 - - - 

7 26.4 25.4 23.4 21.2 8.9 4.3 - - 

8 28.4 27.2 25.2 23 10.7 3.7 2.3 - 

9 26.8 25.8 23.9 21.6 9.6 6.8 2.5 4.2 
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Table 1.2 - Cerulean Warbler male detections and relative abundance (R.A.) measured in males/ 
km2 in Morgan-Monroe and Yellowwood state forests, Indiana during May 2009, 2010, and 
2011.  Totals of the combined male detections and R.A. are found below the three units of each 
group. There was no significant difference in R.A. of Cerulean Warblers among the three groups 
(control, even-aged, uneven-aged) or between any of the post-harvest years (2009 to 2011; F2,6 = 
0.812, p = 0.487). 
 

    

2009
a (1st year   2010 (2nd year   2011 (3rd year 

post-harvest) 
 

post-harvest) 
 

post-harvest) 
  Treatment/Unit males R.A.   males R.A.   males R.A. 

Control 
Sites 

2 8 4.08 
 

5 2.55 
 

7 3.57 
4 10 5.1 

 
3 1.53 

 
8 4.08 

5 13 6.63 
 

7 3.57 
 

19 9.69 

Total 31 5.27 
 

15 2.55 
 

34 5.78 

          

Even-
aged 
Sites 

3 36 18.37 
 

22 11.22 
 

19 9.69 

6 10 5.1 
 

13 6.63 
 

26 13.27 
9 12 6.12 

 
16 8.16 

 
11 5.61 

Total 58 9.86 
 

51 8.67 
 

56 9.52 

          

Uneven-
aged 
Sites 

1 0 0 
 

1 0.51 
 

1 0.51 

7 6 3.06 
 

8 4.08 
 

10 5.1 

8 40 20.41 
 

18 9.18 
 

29 14.8 

Total 46 7.82   27 4.59   40 6.8 

 
a2009 male detection data supplied by Kaminski 2010. 
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Table 1.3 - Percentage of survey points where Brown-headed Cowbirds (BHCO), Blue Jays 
(BLJA), and American Crows (AMCR) were present for each group in 2011 in Morgan-Monroe 
and Yellowwood state forests, Indiana. 
 

Group 
% 

BHCO 
% 

BLJA 
% 

AMCR 

Control 34 13 12 
Even-aged 38 33 20 

Uneven-aged 42 37 27 
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Table 1.4 - The outcome of the 12 active Cerulean Warbler nests located in 2011 in 
Morgan-Monroe and Yellowwood state forests, Indiana.  The average number of 
fledglings was 2.7 and the reason for the majority of nest failures was unknown. 

  # Nests Located 
# Observed  

Successful Nestsa 
Number of 
Fledglings 

Reason for 
Failure 

Control 2 2 3, 3  N/A 

Even-aged 6 2 3, 3 

predation, 
exposure,  
2 unknown 
(abandoned) 

Uneven-aged 4 3 2, 2, 3 
unknown  
(abandoned) 

 

 aSuccessful nests were defined as those that fledged at least one conspecific. 
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Table 1.5 - Observed number of successful territories (based on nest success and fledgling 
detection) in each of the three groups.  The expected proportion was calculated from the relative 
proportion of demarcated territories in each group out of all demarcated territories.  There were 
no differences in success rates among the three groups (control, even-aged, and uneven-aged; ��

� 
= 1.58, p = 0.453). 
 

  

Observed 
Number of 
Successful 
Territories 

Expected 
Proportion 

Even 14 0.396 
Control 9 0.238 
Uneven 8 0.366 
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Table 1.6 - Descriptive statistics (mean ± SE) for all Cerulean Warbler nests located during 2010 and 2011 in Morgan-Monroe and 
Yellowwood state forests, Indiana.  Nests were grouped into even-aged, uneven-aged, control sites. Variables in bold differ 
statistically (p < 0.05).   

  “Treatment” Type   

  Even-Aged Uneven-Aged Control Overall 

Top nest tree speciesa (% occurrence) QUALd (37.5%) QUAL (50%) QUAL (50%) QUAL (45.5%) 

Nest tree diameter at breast heighta (cm) 42.60 ± 6.54 38.70 ± 3.80 48.45 ± 6.78 41.89 ± 3.13 

Nest heighta (m) 18.77 ± 1.94 17.33 ± 1.52 20.15 ± 2.98 18.37 ± 1.09 

Nest tree heighta (m) 26.25 ± 1.61 23.22 ± 1.30 30.63 ± 3.79 25.67 ± 1.17 

Distance of bole to nestb (m) 4.51 ± 1.35 3.76 ± 1.41 5.33 ± 2.74 4.35 ± 0.88 

Distance to closest canopy openingc (m) 9.59 ± 2.45 16.75 ± 6.65 36.10 ± 6.97 17.25 ± 3.73 
 

aSample sizes for these parameters are 8, 10, and 4 for clear-cut, patch cut, and control sites, respectively.  Overall sample size is 22. 
bSample sizes for this parameter are 7, 7, and 3 for clear-cut, patch cut, and control sites, respectively. Overall sample size is 17. 
cCanopy opening was determined to be any break in the canopy >20 m2, as estimated visually in the field. Sample sizes for this parameter  
are 7, 6, and 3 for clear-cut, patch cut, and control sites, respectively. Overall sample size is 16. 
dQUAL = Quercus alba 
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Table 1.7 - Descriptive statistics (mean ± SE) comparing vegetative characteristics in successful and unsuccessful Cerulean Warbler 
territories located in the 2011 breeding season in Morgan-Monroe and Yellowwood state forests, Indiana.  There were no significant 
differences between any of the characteristics. 
 

  
Small-Sized  

Shrubsa 
Medium-Sized  

Shrubsb 
Average DBH  

of Mature Treesc 
# of Mature 

Trees in Subplot Canopy Height 
Distance to Closest  

Forest Harvest 

Successful Territories (n = 7) 39.3 ± 6.06 1.6 ± 1.5 29.5 (N=71) 10.14 ± 1.3 25.5 ± 0.88 233 ± 47  

Unsuccessful Territories (n = 5) 31.6 ± 7.39 4.4 ± 1.5 26.4 (N=43) 8.6 ± 1.6 25.6 ± 1.1 334 ± 69 
 

aDefined as any true shrub or young tree less than 3 cm DBH 
bDefined as any true shrub or young tree between 3 and 10 cm DBH 
cDefined as any tree greater than 10 cm DBH, Median average is reported 
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Appendix 1 - GPS locations of all Cerulean Warbler detections for 2009-2011 in Morgan-Monroe 
and Yellowwood state forests, Indiana.   
 

Year Site X Y 
2009 2 547559 4355373 
2009 2 547794 4355293 
2009 2 547788 4355356 
2009 2 547863 4355137 
2009 2 548233 4355357 
2009 2 548263 4354928 
2009 2 548205 4354912 
2009 2 548344 4354733 
2009 3 547128 4352177 
2009 3 547217 4352319 
2009 3 547388 4352504 
2009 3 547294 4352317 
2009 3 547463 4352516 
2009 3 547555 4352720 
2009 3 547744 4352326 
2009 3 547759 4351938 
2009 3 547896 4351789 
2009 3 547972 4351713 
2009 3 547955 4351696 
2009 3 547901 4351850 
2009 3 547911 4352142 
2009 3 547901 4352279 
2009 3 547940 4352643 
2009 3 548147 4352931 
2009 3 548071 4352652 
2009 3 548068 4352527 
2009 3 548218 4352520 
2009 3 548160 4352420 
2009 3 548111 4352269 
2009 3 548189 4352158 
2009 3 548115 4352068 
2009 3 548134 4351918 
2009 3 548124 4351683 
2009 3 548362 4351679 
2009 3 548383 4351943 
2009 3 548413 4351869 
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Appendix 1 continued 
 

Year Site X Y 
2009 3 548328 4351880 
2009 3 548328 4351985 
2009 3 548299 4352141 
2009 3 548386 4352034 
2009 3 548392 4352135 
2009 3 548253 4352258 
2009 3 548315 4352226 
2009 3 548380 4352705 
2009 4 549313 4351337 
2009 4 549315 4350357 
2009 4 549557 4350930 
2009 4 549631 4351010 
2009 4 549621 4350685 
2009 4 550143 4351345 
2009 4 550118 4351153 
2009 4 550091 4351181 
2009 4 550221 4351174 
2009 4 550230 4351079 
2009 5 553792 4339968 
2009 5 553864 4339952 
2009 5 554047 4339199 
2009 5 554020 4339178 
2009 5 554100 4338912 
2009 5 554226 4339474 
2009 5 554161 4339757 
2009 5 554394 4339729 
2009 5 554653 4338973 
2009 5 554786 4339330 
2009 5 554759 4339156 
2009 5 555050 4339983 
2009 5 555104 4339972 
2009 6 554337 4330570 
2009 6 554654 4330815 
2009 6 554540 4330728 
2009 6 554629 4330633 
2009 6 554753 4330444 
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Appendix 1 continued 
 

Year Site X Y 
2009 6 554967 4330586 
2009 6 555008 4330545 
2009 6 554988 4330406 
2009 6 554968 4330430 
2009 6 554979 4329896 
2009 7 558281 4331124 
2009 7 558484 4332011 
2009 7 558471 4331824 
2009 7 558755 4331720 
2009 7 559124 4331518 
2009 7 559557 4331559 
2009 8 557886 4329038 
2009 8 557968 4329004 
2009 8 558140 4329656 
2009 8 558051 4329589 
2009 8 558129 4329160 
2009 8 558028 4329028 
2009 8 558125 4329076 
2009 8 558261 4329808 
2009 8 558479 4329743 
2009 8 558548 4329848 
2009 8 558466 4329898 
2009 8 558493 4329819 
2009 8 558433 4329369 
2009 8 558501 4329365 
2009 8 558460 4329247 
2009 8 558529 4329192 
2009 8 558480 4329264 
2009 8 558480 4329055 
2009 8 558716 4329026 
2009 8 558663 4329065 
2009 8 558698 4329000 
2009 8 558611 4329220 
2009 8 558650 4329421 
2009 8 558705 4329421 
2009 8 558631 4329701 
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Appendix 1 continued 
 

Year Site X Y 
2009 8 558617 4329783 
2009 8 558858 4330206 
2009 8 558944 4329843 
2009 8 558907 4329623 
2009 8 558904 4329610 
2009 8 558881 4329130 
2009 8 558903 4328980 
2009 8 559028 4329033 
2009 8 559042 4329439 
2009 8 559101 4329455 
2009 8 559077 4329663 
2009 8 559013 4329635 
2009 8 559087 4329644 
2009 8 559123 4329598 
2009 8 559040 4329791 
2009 9 560588 4332817 
2009 9 560581 4332778 
2009 9 560627 4332816 
2009 9 560841 4332754 
2009 9 560801 4332644 
2009 9 560818 4332592 
2009 9 560839 4332557 
2009 9 560788 4332565 
2009 9 560837 4332446 
2009 9 560780 4332379 
2009 9 560746 4332432 
2009 9 560999 4332344 
2010 1 547919 4356236 
2010 2 547567 4355420 
2010 2 548021 4355203 
2010 2 548075 4355160 
2010 2 548535 4354712 
2010 2 548910 4354593 
2010 3 547254 4352259 
2010 3 547460 4352264 
2010 3 547724 4352330 
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Appendix 1 continued 
 

Year Site X Y 
2010 3 547761 4352362 
2010 3 547806 4351887 
2010 3 547947 4351689 
2010 3 547875 4351909 
2010 3 547929 4351829 
2010 3 547917 4352110 
2010 3 547860 4352341 
2010 3 547956 4352264 
2010 3 548120 4352299 
2010 3 548112 4352344 
2010 3 548073 4352070 
2010 3 548160 4352065 
2010 3 548150 4351971 
2010 3 548373 4351925 
2010 3 548312 4352081 
2010 3 548342 4352132 
2010 3 548388 4352111 
2010 3 548314 4352253 
2010 3 548356 4352539 
2010 4 549219 4351399 
2010 4 549389 4350085 
2010 4 550379 4350928 
2010 5 553844 4339981 
2010 5 553897 4339944 
2010 5 554070 4339156 
2010 5 554669 4339366 
2010 5 554766 4339341 
2010 5 554802 4339196 
2010 5 554990 4339996 
2010 6 554555 4330755 
2010 6 554593 4330770 
2010 6 554656 4330584 
2010 6 554767 4330764 
2010 6 554943 4330751 
2010 6 555171 4330363 
2010 6 555184 4330368 
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Appendix 1 continued 
 

Year Site X Y 
2010 6 555219 4330415 
2010 6 555120 4330536 
2010 6 555225 4330546 
2010 6 555130 4330799 
2010 6 555177 4330698 
2010 6 555208 4330802 
2010 7 558292 4331312 
2010 7 558333 4331315 
2010 7 558291 4332330 
2010 7 558334 4332343 
2010 7 558552 4331872 
2010 7 558465 4331700 
2010 7 558714 4331699 
2010 7 558767 4332158 
2010 8 557907 4329237 
2010 8 558037 4329572 
2010 8 558043 4329466 
2010 8 558120 4329466 
2010 8 558135 4329223 
2010 8 558346 4329261 
2010 8 558231 4329464 
2010 8 558296 4329646 
2010 8 558448 4329261 
2010 8 558480 4329169 
2010 8 558681 4329671 
2010 8 558681 4330045 
2010 8 558912 4329882 
2010 8 558893 4329664 
2010 8 558910 4329628 
2010 8 558861 4329199 
2010 8 559080 4329706 
2010 8 559013 4329857 
2010 9 560535 4332168 
2010 9 560621 4332531 
2010 9 560550 4332795 
2010 9 560628 4332837 
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Appendix 1 continued 
 

Year Site X Y 
2010 9 560643 4332778 
2010 9 560773 4332591 
2010 9 560812 4332634 
2010 9 560805 4332586 
2010 9 560848 4332461 
2010 9 560750 4332413 
2010 9 560822 4332391 
2010 9 561007 4332332 
2010 9 561190 4332425 
2010 9 561132 4332363 
2010 9 561798 4333227 
2010 9 561835 4333185 
2011 1 548085 4355809 
2011 2 547647 4354197 
2011 2 547630 4355366 
2011 2 548260 4354916 
2011 2 548262 4355000 
2011 2 548206 4354839 
2011 2 548415 4355151 
2011 2 548414 4355153 
2011 3 547193 4352178 
2011 3 547206 4352086 
2011 3 547112 4352271 
2011 3 547098 4352322 
2011 3 547315 4352105 
2011 3 547786 4352081 
2011 3 547931 4351716 
2011 3 547888 4352086 
2011 3 547927 4352332 
2011 3 547914 4352217 
2011 3 547934 4352858 
2011 3 548133 4352923 
2011 3 548060 4352865 
2011 3 548130 4352158 
2011 3 548072 4351682 
2011 3 548283 4351712 
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Appendix 1 continued 
 

Year Site X Y 
2011 3 548397 4351662 
2011 3 548341 4352083 
2011 3 548272 4352437 
2011 4 549122 4350730 
2011 4 549204 4350777 
2011 4 550092 4351183 
2011 4 550096 4350736 
2011 4 550345 4350292 
2011 4 550304 4350899 
2011 4 550189 4351185 
2011 4 550325 4351394 
2011 5 553843 4338729 
2011 5 553829 4339374 
2011 5 553872 4339954 
2011 5 554072 4339919 
2011 5 554034 4339988 
2011 5 554048 4338986 
2011 5 554293 4338728 
2011 5 554291 4338869 
2011 5 554240 4339128 
2011 5 554405 4338935 
2011 5 554495 4338688 
2011 5 554405 4338691 
2011 5 554661 4339341 
2011 5 554666 4339323 
2011 5 554629 4339568 
2011 5 554806 4339768 
2011 5 555050 4339328 
2011 5 555033 4339557 
2011 5 555081 4339970 
2011 6 554361 4330193 
2011 6 554380 4330790 
2011 6 554606 4330756 
2011 6 554585 4330584 
2011 6 554611 4330596 
2011 6 554615 4330550 
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Appendix 1 continued 
 

Year Site X Y 
2011 6 554798 4330328 
2011 6 554804 4330636 
2011 6 554859 4330584 
2011 6 554825 4330717 
2011 6 554730 4330770 
2011 6 555000 4330605 
2011 6 555066 4330541 
2011 6 554889 4330579 
2011 6 554962 4330157 
2011 6 555014 4329934 
2011 6 554980 4330030 
2011 6 555040 4329800 
2011 6 555124 4330150 
2011 6 555256 4330598 
2011 6 555111 4330532 
2011 6 555109 4330573 
2011 6 555175 4330797 
2011 6 555349 4330565 
2011 6 555363 4330130 
2011 6 555491 4329970 
2011 7 558250 4331311 
2011 7 558588 4331951 
2011 7 558733 4331521 
2011 7 558708 4331678 
2011 7 558652 4331894 
2011 7 558682 4332007 
2011 7 558918 4331707 
2011 7 558873 4331670 
2011 7 558879 4331362 
2011 7 559600 4331107 
2011 8 557879 4329016 
2011 8 557929 4329281 
2011 8 557876 4329169 
2011 8 557886 4329424 
2011 8 558102 4329563 
2011 8 558090 4329227 
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Appendix 1 continued 
 

Year Site X Y 
2011 8 558018 4329219 
2011 8 558105 4329035 
2011 8 558065 4329020 
2011 8 558280 4328982 
2011 8 558280 4329245 
2011 8 558527 4330033 
2011 8 558530 4329990 
2011 8 558486 4329261 
2011 8 558572 4329017 
2011 8 558447 4329058 
2011 8 558610 4329031 
2011 8 558656 4329066 
2011 8 558657 4329167 
2011 8 558670 4329427 
2011 8 558906 4330019 
2011 8 558808 4330063 
2011 8 558862 4329632 
2011 8 558900 4329433 
2011 8 559106 4329297 
2011 8 558992 4329424 
2011 8 559096 4329626 
2011 8 559065 4329647 
2011 8 559037 4329978 
2011 9 560597 4331990 
2011 9 560671 4332820 
2011 9 560551 4332783 
2011 9 560801 4332795 
2011 9 560723 4332819 
2011 9 560739 4332594 
2011 9 560829 4332437 
2011 9 560805 4332386 
2011 9 560754 4332424 
2011 9 560971 4332192 
2011 9 561760 4333220 
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Appendix 2 - Raw data for all nests located during the 2010 and 2011 breeding season of the Cerulean Warbler in Morgan-Monroe and 
Yellowwood state forests, Indiana. 

Nest 
# 

Date 
Found Oa  Tb  

Nest Tree  
Species 

Nest  
Height 

(m) 

Tree  
Height 

(m) 

Nest  
Tree 
DBH 
(cm) 

Distance  
from 

Trunk (m)e Aspecte 

Nest  
Orientation 

(°)e DFEce 

Grape 
on  

Nest 
Treede 

Grape in  
Territoryde 

Virginia 
Creeper  

Over 
Nestde 

1 06/16/10 S E LITU 22 29 46.5             1 

2 06/22/10 U C JUNI 16.5 22.5 36.3               

3 06/24/10 U U QUAL 22.5 25 43.6               

4 06/18/10 U U QUAL 14.3 20 34.6 1.8             

5 06/02/10 S U QUAL 22.5 28 45.7               

6 05/31/10 NS U CACO 12 17.2 28               

7 06/12/11 NS E QUAL 14 22 37.2 2.1 NE 230 7.1 0 1 0 

8 06/01/11 S U ACSA 10 18.5 26.2 1.7 S 140 25 0 1 0 

9 05/09/11 NS U QUAL 23 28 57 12 SE 220 2 0 1 0 

10 06/14/11 S U QUAL 21.5 25.5 58.8 4 NE 40 14 0 1 0 

11 06/02/11 U U ACSA 14.5 19 27.2 2.3 NE 340 45 0 1 0 

12 06/02/11 U U ACSA 15 24.5 34.4 1.8 NW 20 12.5 0   0 

13 05/08/11 NS E QUAL 17 33.5 80.1 10.5 E 140 1 0   0 

14 05/18/11 U E ACSA 14 25 40.2 5.6 E 200 11.1 0   0 

15 05/08/11 NS E CAGL 26 29 27.8 2 NE 60 5 0 0 0 

16 05/09/11 S E ACSA 12.6 20.5 24.5 3 E 60 7.42 0 1 0 

17 05/13/11 S E QUVE 26.6 29 56.2 7.7 E 0 15.5 0 1 0 

18 06/13/11 U C QUAL 20 27 42.4 4.6 S 160 28.3 0   0 

19 05/27/11 S C QURU 28.6 33 67.6 10.4 E 160 30 0 1 0 

20 05/27/11 S C QUAL 15.5 40 47.5 1 E 270 50 1 1 0 

21 06/08/11 NS E QUAL 18 22 28.3 0.7 NE 80 20 0 0 0 

22 06/07/11 S U ACSA 18 26.5 31.5 2.7 E 80 2 0 1 0 
aOutcome of Nest : (S= Successful, NS = Not Successful, U = Unknown), bTreatment Type: (E =even-aged, U= uneven-aged, C = 
control), cDistance from Foliage Edge = measured as distance of nest to canopy opening greater than 20 m2, d1 = yes, 0 = no, eBlank 
cells represent nests for which this data was not collected.  
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Appendix 3 - Raw data for vegetative characteristics for successful and unsuccessful territories of the Cerulean Warbler in Morgan-
Monroe and Yellowwood state forests, Indiana for the 2011 breeding season.  For territory ID, those that end in a “U” were 
unsuccessful, whereas those that end in “S” were successful. 
 

        Canopy Heights   Shrubs   Mature Trees 

Territory ID GPS X GPS Y   Quadrant Height (m)   Species Count DBH (cm)   Species DBH (cm) 

1U 548000 4352160 NE 27.5 ACSA 3 <3 FRAM 58.5 
NW 20.5 FAGR 3 <3 FRAM 40 
SE 36.5 FAGR 4 3<dbh<10 FRAM 28.8 
SW 35.0 ACSA 5 3<dbh<10 OSVI 10.5 

FRAM 32.1 
ACSA 29.4 
COFL 14.6 

2U 558305 4329230 NE 24.5 CACA 8 <3 PIST 39.5 
NW 29.0 COFL 1 <3 PIST 62.5 
SE 23.5 FRAM 6 <3 PIST 46.6 
SW 25.5 FAGR 6 <3 PIST 74 

ACRU 1 <3 DEAD 19.4 
QUAL 2 <3 PIST 44.5 
LITU 22 <3 FRAM 13.8 

FRAM 1 3<dbh<10 
CACA 4 3<dbh<10 

3U 560819 4332677 NE 24.0 ULRU 2 <3 CATO 16.4 
NW 27.5 CAGL 4 <3 NYSY 17.4 
SE 25.5 FAGR 5 <3 CAOV 32.3 
SW 28.0 CACA 11 <3 CATO 16.6 

              SAAL 5 <3   ACSA 26.4 
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Appendix 3 continued 
 

        Canopy Heights   Shrubs   Mature Trees 

Territory ID GPS X GPS Y   Quadrant Height (m)   Species Count DBH (cm)   Species DBH (cm) 

CATO 2 <3 CAOV 20.7 
ACSA 1 <3 QUAL 29.5 
QURU 2 <3 QURU 64.7 
QUAL 1 <3 

4U 560589 4332779 NE 26.0 VIAC 8 <3 CAGL 51 
NW 25.0 FAGR 4 <3 CAGL 22.4 
SE 14.5 SAAL 3 <3 CAGL 28 
SW 24.5 ACRU 2 <3 QUAL 45.7 

CAGL 3 <3 QUAL 51.2 
QUPR 3 <3 CAGL 17 
CATO 1 <3 
CACA 2 <3 
ACSA 1 <3 
FAGR 3 3<dbh<10 
ACRU 1 3<dbh<10 
COFL 1 3<dbh<10 

5U 554579 4330665 NE 30.0 FAGR 3 <3 ACSA 17.4 
NW 30.0 OSVI 8 <3 QUAL 31.5 
SE 24.0 VIAC 22 <3 QUVE 42.8 
SW 20.0 CACA 2 <3 ACSA 18.5 

VISP 1 <3 NYSY 12.5 
              COFL 1 <3   LITU 16.5 
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Appendix 3 continued 
 

        Canopy Heights   Shrubs   Mature Trees 

Territory ID GPS X GPS Y   Quadrant Height (m)   Species Count DBH (cm)   Species DBH (cm) 

CRSP 9 <3 DEAD 45.2 
ACSA 1 3<dbh<10 QURU 35.8 
COFL 1 3<dbh<10 QUAL 16 
NYSY 1 3<dbh<10 QUAL 22.2 

ACSA 15.5 
DEAD 12.5 
ACSA 11.4 
QUAL 17.3 
ACSA 16.5 

1S 560727 4332551 NE 18.0 SAAL 39 <3 CALA 30.1 
NW 24.5 LITU 3 <3 QUPR 58.2 
SE 20.5 QUAL 5 <3 CAGL 56.2 
SW 12.5 CECA 1 <3 LITU 14.7 

CATO 2 <3 CAOV 25 
ASTR 1 <3 LITU 15.4 
QUPR 1 <3 FRPE 41.6 
ACSA 1 3<dbh<10 

2S 560726 4332499 NE 26.0 ASTR 46 <3 LITU 27.9 
NW 23.5 CAGL 8 <3 CALA 17.8 
SE 28.5 SAAL 4 <3 CAGL 50.5 
SW 19.5 CACA 1 <3 CAGL 34.2 

              CATO 1 <3   SAAL 40 
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Appendix 3 continued 

 

        Canopy Heights   Shrubs   Mature Trees 

Territory ID GPS X GPS Y   Quadrant Height (m)   Species Count DBH (cm)   Species DBH (cm) 

ASTR 2 3<dbh<10 DEAD 29.7 
ULRU 1 3<dbh<10 

3S 558801 4329430 NE 22.5 CACA 5 <3 QUVE 48.5 
NW 20.0 VIAC 4 <3 COFL 10.6 
SE 24.0 CAGL 1 <3 QUVE 43.7 
SW 24.5 OSVI 27 <3 QUAL 51.8 

VISP 2 <3 ACSA 10.6 
CATO 21.7 
QUCO 58.6 
QUAL 36.5 
ACSA 33.3 
CATO 25.7 
CATO 12 
ACSA 17.8 

4S 558661 4329147 NE 23.5 CAGL 1 <3 ACSA 29.5 
NW 25.0 OSVI 32 <3 CATO 11.5 
SE 22.5 ACRU 2 <3 NYSY 14.7 
SW 24.5 CATO 1 <3 CATO 13.4 

CAOV 2 <3 CAOV 24.7 
QUVE 1 <3 CAOV 39.3 

QUVE 40.4 
                      CAOV 24.6 
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Appendix 3 continued 

 

        Canopy Heights   Shrubs   Mature Trees 

Territory ID GPS X GPS Y   Quadrant Height (m)   Species Count DBH (cm)   Species DBH (cm) 

CAOV 20.8 
ACSA 13 
ACSA 16.5 
QUVE 18.6 
QUVE 62.8 
DEAD 10.8 
CATO 17.5 

5S 558715 4331671 NE 28.5 FAGR 8 <3 QUVE 44.8 
NW 25.0 OSVI 1 <3 ACSA 10.7 
SE 30.5 FAGR 1 3<dbh<10 ACSA 10.3 
SW 27.0 DEAD 37 

ACSA 14.2 
QUVE 66.9 
ACSA 29.6 

6S 549145 4350665 NE 31.5 SAAL 9 <3 QUPR 27.2 
NW 30.0 FAGR 4 <3 ACRU 13 
SE 28.5 VIAC 9 <3 DEAD 17.5 
SW 29.0 HAVI 8 <3 QUVE 48.2 

CASP 2 <3 CACO 10.5 
ACRU 1 <3 QUPR 46.5 
COFL 1 <3 QUPR 37.7 

              ACSA 1 3<dbh<10   ACRU 14.9 
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Appendix 3 continued 
 

        Canopy Heights   Shrubs   Mature Trees 

Territory ID GPS X GPS Y   Quadrant Height (m)   Species Count DBH (cm)   Species DBH (cm) 

FAGR 2 3<dbh<10 QUAL 48.9 
ACRU 1 3<dbh<10 QUVE 50.6 

QUPR 48.2 
FAGR 11.6 
QUPR 44.8 

7S 549142 4350719 NE 30.5 CACA 1 <3 QUPR 43.8 
NW 29.5 ACRU 5 <3 QUVE 64.6 
SE 31.5 LITU 2 <3 QUPR 26.3 
SW 31.5 VIAC 16 <3 QUPR 40.1 

FAGR 10 <3 CACO 26.2 
SAAL 7 <3 QUVE 40.1 
HAVI 1 <3 QUPR 49.7 
FAGR 2 3<dbh<10 QUPR 55.1 

QUPR 48.6 
CACO 28.2 

                      ACSA 10.1 
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2.  AVIAN NESTING ECOLOGY AND PREY ABUNDANCE USING 
FRASS DROP AS AN INDICATOR 

 
 

 
INTRODUCTION 

 

During the avian nesting season of altricial birds, parents are constrained by their 

own energy requirements, as they must find enough food to maintain their own 

metabolism.  Additionally, they must gather enough food to meet the energy 

requirements of their offspring during brooding and often during post-fledging.  Thus, 

prey choice and foraging efficiency will affect nesting success as the parents struggle to 

optimize the amount of energy gained from the amount of energy expended.  For many 

insectivorous birds, hatching of young is synchronized with a peak in insect prey 

abundance (Lack 1968).  Lepidoptera larvae (caterpillars) are a valuable resource that 

provides a relatively large and economically profitable food (MacArthur 1959, add 

sources) for both the female as she prepares to lay eggs (Drent and Daan 1980, Martin 

1987, Perrins 1996) and to recently hatched young and fledglings (MacArthur 1959, van 

Noordwijk et al. 1995, García-Navas and Sanz 2011).   

Although the importance of food to successful breeding is unquestionable, it is 

often overlooked during investigations in species declines.  Oftentimes, studies are 

centered on vegetative habitat associations (Oliarnyk and Robertson 1996, Jones and 

Robertson 2001, Rogers 2006, Roth and Islam 2008), and while these studies are 
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necessary, they should be understood within the context of resource acquisition.  For 

example, studies with other insectivorous birds have shown that experimental or natural 

fluctuations in caterpillar abundance correlates with timing of egg-laying (Marshall and 

Cooper 2004, Seki and Takano 1998), length of the nestling period and post-fledging 

parental care (Seki and Takano 1998), and annual breeding productivity (Rodenhouse and 

Holmes 1992).  Mature deciduous forests are heterogeneous by nature, and thus, food is 

not spread evenly across a landscape (Holmes and Schultz 1988).  This raises the 

question of whether settlement patterns, territorial defense, nest-site selection, and 

ultimately nest success is a result, at least in part, to prey abundance in the surrounding 

habitat.   

The Cerulean Warbler (Setophaga cerulea) is an insectivorous bird, feeding 

primarily on homopteran insects and larval lepidopteran during the breeding season 

(Howell 1924, Sample et al. 1993).  Cerulean Warblers typically feed on caterpillars by 

gleaning them from leaves and other substrates (Hamel 2000, MacNeil 2010).  Stomach 

contents from a 1914 study of four individuals had prey proportions from the following 

orders: Hymenoptera (42%), Lepidoptera (35%), and Coleoptera (23%; Hamel 1992).  A 

later study showed considerable variation in prey proportions, with homopteran and 

lepidopteran insects dominating the sample at 52% and 37%, respectively (Sample et al. 

1993).  Cerulean Warblers may have a preference for lepidopteran larvae, although they 

did consume higher proportions of homopteran insects in insecticide-treated 

(lepidopteran-reduced) forests (Sample et al. 1993).  No data, to my knowledge, have 

been published on prey provided to nestlings during the brooding stage. 
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The Cerulean Warbler is state-endangered in Indiana (Indiana Department of 

Natural Resources [IDNR] 2011), a Species of Concern nationwide (United States Fish 

and Wildlife Service [USFWS] 2006), and vulnerable globally (International Union for 

the Conservation of Nature [IUCN] 2011).  It has faced a decline rate as high as 4.1% 

from 1966-2007 and is now reduced to approximately 70% of its original population size 

since 1966 (Robbins et al. 1992, Sauer et al. 2008).  Understanding and ensuring that 

optimal breeding habitat is maintained for the future is crucial.  

Although direct measurement and/or intrusive methods of measuring prey (e.g. 

insecticide spraying, branch removal) may be useful for testing theoretical questions in 

more common species, it may prove too disrupting when faced with sensitive species and 

ecosystems.  Testing the validity and efficiency of indirect measures of prey is a 

necessary research need and can be applied to research with other species.  This study 

used an indirect method of measuring prey to investigate how variations in prey 

availability may affect breeding ecology.  Concurrent investigations of population 

monitoring of the Cerulean Warbler allowed me to use it as the focal species for this 

study.   

Territory defense during the breeding season is an energetically costly task.  The 

evolution of such a behavior would only arise if the benefit of access to a limiting 

resource was greater than the energetic costs of territory defense (Brown 1964).  From 

this reasoning, it follows that territory size should be inversely related to food availability 

(Lack 1968), which has been demonstrated in studies of Ovenbirds (Seiurus aurocapilla; 

Stenger 1958) and Red-eyed Vireos (Vireo olivaceus; Marshall and Cooper 2004).   
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It has been assumed that Cerulean Warbler territorial defense has evolved with 

respect to optimal habitats and specifically the defense of optimal nesting habitats, 

increasing the pair’s overall fitness.  Food limitation at the nest site or within the territory 

may be an underlying factor in territory placement and nest-site selection, but has not yet 

been investigated in the Cerulean Warbler.  The degree to which the elements of prey 

limitation and habitat features associated with that limitation can be separated is not clear, 

as insects are likely correlated to certain habitat features.  However, Cerulean Warblers 

with successful broods exhibited twice as many feeding bouts during 30-minute 

observations than unsuccessful pairs in an Ontario study (Barg et al. 2006) and low 

performance of parental feeds of Great (Parus major) and Blue Tits (Parus caeruleus) 

has led to decreased fledging weights (Naef-Daenzer and Keller 1999).  This leads to the 

idea that observations of feeding rates or food choice for offspring may allow researchers 

to ascertain levels of food limitation with the territory. 

In addition to habitat characteristics, other confounding factors are weather 

patterns and long-term climatic change.  The USFWS stated that a necessary 

conservation action is to “investigate correlations between climate change, timing of 

spring arrival of Cerulean Warblers on breeding grounds, and timing of emergence of 

insect prey populations” (USFWS 2007).  Climate change has been on the forefront of 

the scientific community for at least the last decade and research has been undertaken to 

understand how climate change impacts breeding birds in multiple geographic areas (e.g. 

Crick et al. 1997, Dunn and Winkler 1999, Žalakevičius 1999, Kitaysky and Golubova 

2000, Sanz 2002, Sanz et al. 2003, Both et al. 2004, Barbraud and Welmerskirch 2006, 

Visser et al. 2006).  Based on mounting evidence, it is clear that the timing of breeding 
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has changed in recent warming years for multiple species.  This begs the question of 

whether or not this change in breeding time affects reproductive success.  Research has 

shown that climate change may disrupt trophic interactions (Walther et al. 2002).  At the 

turn of the century, Both and Visser (2001) warned that numerous long-distance 

migratory birds (e.g. Cerulean Warbler) may suffer from recent climate change due to 

their uses of cues from their wintering grounds or endogenous rhythms to begin 

migration to breeding grounds.  However, breeding ground phenology may change at 

different rates, affecting the timing of peak prey abundances and creating asynchrony 

between reproductive need during the breeding season and prey availability.  For 

example, in recent warming years in the Netherlands, climatic cues have been associated 

with asynchrony in peak caterpillar abundance of the winter moth (Operophtera 

brumata) and energy demands of the Great Tit (measured by advances in laying dates 

over 20 years), as they are each responding to differently to temperature changes (Visser 

at al. 2006).  This has contributed to a decline in fledgling number and weight (Visser et 

al. 2006).  Caterpillar abundance, in relation to bird nesting biology, has been studied in 

some songbirds in Europe (Perrins 1991, Van Noordwijk et al. 1995, Visser et al. 2006, 

Both et al. 2009, Buse et al. 1999, Tinbergen and Dietz 1994), Asia (Seki and Takano 

1998), and North America (Rodenhouse and Holmes 1992, Jones et al. 2003, Marshall 

and Cooper 2004).  To maximize fitness, the last few days of the brooding stage when 

food is in highest demand for nestlings should coincide with caterpillar peak (Visser et al. 

2006, García-Navas and Sanz 2011).  Although this relationship has not yet been 

investigated in relation to Cerulean Warbler declines, foraging studies have shown that 

Cerulean Warblers favor bitternut hickory (Carya cordiformis), white oak, tulip poplar, 
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and pignut hickory (Carya glabra) in Indiana (MacNeil 2010) and bitternut hickory and 

shagbark hickory (Carya laciniosa) in Illinois (Gabbe et al. 2002) 

As evidenced in previous studies, reductions in prey abundance can cause a 

trophic cascade and influence various aspects of breeding ecology including declines in 

breeding success (e.g. Rodenhouse and Holmes 1992, Visser et al. 2006).  Recently, the 

effect of logging on variuos insect communities has been studied in some detail (e.g. 

Murphy and Hall 1981, Niemelä et al. 1993, Dunn 2004, Summerville 2011).  Pre- and 

post- harvest comparative studies have found an approximate 40% decline of nearby 

Lepidoptera abundances; these declines were concentrated around forest harvest and 

detectable up to 200 m away from harvested sites (Summerville 2011).  However, sites 

that maintained lepidopteran species richness were shelterwood stands created in forests 

with even-aged management (Summerville 2011).  At these sites, a thinning of the 

midstory may have mitigated the effects of decreased foliage density (such as influences 

on the microclimate) caused by traditional logging methods (e.g. clearcuts) by 

maintenance of upper canopy trees.  The Cerulean Warbler’s proposed attraction to 

canopy gaps (Bent 1963, Oliarnyk and Robertson 1996, Hamel 2000, Beachy 2008) 

offers a further reason to investigate how territory placement in relation to various 

silviculture treatments may impact the prey availability within a territory. 

It is a necessary conservation need to locate areas with high breeding success 

rates, identify indirect causes of variations in fitness (prey availability), and study habitats 

associated with relatively high nest success probabilities.  In the 2011 season, I collected 

Cerulean Warbler reproductive data and frass (prey) biomass estimates within seven 

Cerulean Warbler territories. The specific objectives of this study were to: 
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1. Test the hypothesis that there is synchrony between peak in caterpillar (food) 

abundance and peak in energy demands of nestlings. 

2. Determine if local territory characteristics are influenced by prey availability 

by examining associations at the territory scale.  Is nest-site selection 

influenced by food availability?  Is there an inverse relationship between 

territory size and prey abundance?   Does territory size change as the prey 

abundance changes?  What is the tree species composition within territories?  

Does the distance of the territory to forest harvest affect distribution of prey?  

Do territories shift as the season progresses as a possible response to local 

resources? 

3. Determine which tree species have the highest prey abundances to understand 

the long-term effects of a possible forest conversion from oak-hickory to 

beech-maple. 

4. Determine food items brought by adults to feed young during the nestling 

stage. 

5. Test the efficiency and precision of using constructed frass traps by 

determining if traps under the same tree are producing unified results. 
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METHODS 

 

Study Area   

 

This study was conducted during the spring and summer of 2011 in Morgan-

Monroe (MMSF) and Yellowwood (YWSF) state forests in Morgan, Monroe, and Brown 

counties, Indiana.  MMSF and YWSF are approximately 9,712 and 9,439 ha, 

respectively.  These forests received statutory distinction by the Indiana Department of 

Natural Resources in 1929 and 1940, respectively.  Both forests are within the Brown 

County Hills region and are characterized by deeply dissected uplands underlain by 

siltstone, shale, and limestone (Homoya et al. 1984).  The landscape consists of wet-

mesic bottomlands, dominated by sugar maple (Acer saccharum), American sycamore 

(Platanus occidentalis), and American beech (Fagus grandifolia).  Mesic slopes are 

dominated by sugar maple, tulip poplar (Liriodendron tulipifera), American beech, and 

northern red oak (Quercus rubra), and dry mesic slopes are dominated by white oak 

(Quercus alba) (Jenkins et al. 2004).  

 

Silviculture Treatments 

 

Nine study sites were established by the Hardwood Ecosystem Experiment 

(HEEForestStudy.org) in MMSF and YWSF (Figure 1.1) with four sites in MMSF and 

five sites in YWSF.  Each study site contains a central research core area and a buffer 

area around this core (Figure 1.1).  The size of the research cores and their buffer areas 

range from 364 ha to 405 ha.  Prior to the commencement of this project, the nine 
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research units were randomly picked from 11 possible areas and randomly assigned to a 

treatment or control site.  Harvest of treatment sites were implemented in the fall of 2008.  

Treatments and the control were replicated three times: No management (control), even-

aged management, and uneven-aged management.  Silvicultural treatments were applied 

at the stand-level, such that replications of each treatment took place within each research 

core (Figures 1.2 and 1.3).  

Even-aged management units were assigned both shelterwood and clearcut 

treatments, which were each replicated twice within each research core.  Shelterwood 

stands (2 4-ha stands) were in the first stage of preparatory cut during this study, meaning 

that only the midstory was removed.  These treatments were not considered “impact 

harvests” for this species and therefore, not included in this study’s analysis.  Clearcut 

stands (2 4-ha stands) were prescribed diameter-limit harvests; only trees ≥ 30.5 cm DBH 

were removed.  Post-harvest timber stand improvement was implemented to remove all 

material down to 2.5 cm DBH (an example of an even-aged management site is shown in 

Figure 1.2).  Uneven-aged management units were prescribed single-tree selection with 

eight patch cuts ranging in size from 0.4 to 2 ha.  Each patch was replicated twice within 

each research core (an example of an uneven-aged management site is shown in Figure 

1.3). 

 

Territory Demarcation 

 

Prior to territory demarcation, male locations were determined through bird 

surveys that were completed along 200 m spaced intervals throughout 1.96 km2 in each 
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study site in May (Figure 1.2 and 1.3).  All detections throughout all nine sites were 

revisited and males were relocated by auditory and visual cues.  If a male was not 

apparent on the revisit, a playback method was used to elicit a territorial response, which 

included broadcasting a recorded male song from an mp3 player (Falls 1981).  During 

these site visits, males were followed by two or more observers and locations in perch 

trees were noted visually or aurally.  A perch tree was designated as a tree used by a male 

to illicit a territorial song.  The global positioning system (GPS) locations of males 

singing in perch trees was recorded until at least five (range 5 – 12) trees per male had 

been recorded for the territory.  All trees were marked with flagging tape and were used 

to assess territorial boundaries while in the field.   

To determine the flexibility and shift of territories as the season progresses, a 

random number generator was used to produce a subsample of ten territories to be 

remapped at least 30 days after the first demarcation.  Due to limited time and resources, 

only ten territories were chosen for this objective.  This task was not performed in 

conjunction with prey determination and was merely to understand whether or not 

plasticity in territory size and placement exists.  I revisited each random territory and 

remapped using the same methodology above.  If the bird was not relocated during the 

remapping, another random individual was chosen using a random number generator. 

 

Breeding Success Determination 

 

Behavioral cues were used to locate nesting activity within a male’s territory.  For 

example, females may “bungee” off nest (falling quickly off nest before beginning flight 
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close to the ground) and males may “whisper sing” in the nest tree (producing a softer 

version of their more vocal territorial song; Barg et al. 2008, J. Wagner pers. obs.).  Once 

a nest was found, it was monitored for at least 0.5 hr with a spotting scope every two days 

or more often if fledging was anticipated.  I recorded the nesting stage as building, 

incubation, feeding, or fledging, duration of female feeding bouts during incubation, 

number of parental feeds by both sexes (during brooding), and number of young (which 

would became visible above the nest cup during the feeding stage).  Territories were 

visited at least once post territory demarcation to survey for fledglings, even if a nest was 

not located.  Begging calls of all chicks within the territory were identified to species to 

ensure that Cerulean Warbler success was not underestimated.   

 

Timing of Breeding 

 

To calculate regional peaks in incubation and brooding, I used known data from 

observations of incubation and brooding at the nest (N = 9) and back-dating, which 

assessed assumed incubation and brooding periods of 11 days and 10 days, respectively 

(Oliarnyk and Robertson 1996, Barg et al. 2006).  I calculated these assumed nest activity 

stages based on fledging date for nests found during brooding (N = 5).  I also back-dated 

fledglings that were one-day post-fledged, based on field observations, such as the 

presence of  high amounts of down feathers, incomplete flight capabilities, and reliance 

on adults for food (Figure 2.1; N = 5).   
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Frass Collection 

 

Low density polyethylene plastic (thickness of 0.05 cm) was cut into ¾ circles, 

formed into a funnel shape, and placed inside one-quart funnels, producing an overall 

funnel size of 0.2 m2 (diameter of 0.5 m).  The top of the funnel was covered by a piece 

of filter paper supported by mosquito netting and attached by a rubber band.  The entire 

funnel system (adapted from Liebhold and Elkinton (1988)) was affixed to a wooden 

stake (Figure 2.2).  Two traps were used per tree, which not only increased the amount of 

frass collected per tree, but was ultimately used in testing frass trap efficiency.  With the 

two trap couplet design, the total collected vertical surface equaled 0.4 m2 per tree.  The 

first trap (trap A) was placed under the part of the tree with the greatest distance between 

the trunk and outer extremities of the crown.  The second trap (trap B) was placed as 

close to 180º from this location, assuming a clear path to the canopy was available.  

A set of frass trap couplets were placed under four to six (depending on territory 

size) randomly selected trees within seven separate territories and another under the nest 

tree (Figure 2.3).  These seven territories were chosen based on those for which the nest 

was located early enough in the breeding stage.  I used a stratified sampling method to 

ensure even sampling of territory polygons (see Territory Demarcation methodology).  A 

tree of at least 15 cm DBH nearest from the random point was used as the random/non-

nest tree; this tree size minimum ensured sampling from emergent trees and thus, where 

most of the foraging of this species takes place.  The species, height, DBH, and GPS 

location of the sampling trees were noted (Table 2.1).  The placement of the first trap was 

determined by locating the greatest distance between the canopy limits and the trunk and 
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situating the trap halfway between the outer limits of the crown and the trunk.  The 

second trap was placed 180° from this location, also halfway between the outer limits of 

the crown and trunk.  This location may have been adjusted to ensure a clear visual 

pathway to the crown.  Occasionally understory trees were pruned to allow for a clear 

pathway to the upper canopy of the sampled tree; trees and branches were pruned to a 

height of about 1.7 m and occurred only when no other sightline to the canopy was 

located.  More than 325 lepidopteran species have been recorded for MMSF 

(Summerville et al. 2008) and frass was collected with no knowledge of its association.  

Each trap was emptied by removing the filter paper from the bottom of the funnel 

and allowing frass to be placed in a Ziploc® bag.  This was performed every two to five 

days, weather permitting (i.e. samples from rainy days were proven to be unusable during 

attempts at sorting), during the breeding season.  To avoid bias, wet samples were 

discarded across all sites.  Minimal sorting took place in the field, where large plant 

matter (twigs and leaves) were removed from the trap.  Systematic sorting took place in 

the laboratory where frass pellets of at least 0.6 mm in size were sorted using a dissecting 

scope and a 0.6 mm paper affixed below a petri dish (Tinbergen 1960; Figure 2.4).  

Samples were dried in an oven at 85°C for 24 hrs (Tinbergen 1960) and weighed to 0.001 

g on an OHAUS Precision Standard TS00D microbalance.  

As stated above, each tree was assigned a level of frass for two frass traps.  The 

frass amount was divided by the number of days it was set to obtain a per day frass drop 

for each tree (e.g. if the trap was set for four days and four hours, then the sample was 

divided by 4.17 [100 hours/ 24 hours per day = 4.17 days]).  Frass average per tree per 



 

109 

 

day was calculated by averaging both traps and dividing by trap days, whereas frass sum 

totaled frass from both traps. 

 

Data Analyses 

 

All statistical tests were set an α-level of 0.05 to test for significance.  

Peak in Prey Abundance and Energy Demand Synchrony 

 

 Synchrony between the peaks in highest energy demands of nestling and prey 

availability was analyzed at the landscape scale and at the local territory scale.  For the 

landscape analysis of synchrony, I used the seven territories where frass were collected, 

and totaled the frass per territory based on the total 0.4 m2 frass drop per sampled tree.  

These frass totals were averaged across the following dates: 18-21 May, 27-31 May, 31 

May – 3 June, 6 – 9 June, 28 June – 1 July, and 1 – 6 July 2011.  Dates that were not 

collected represent rain event which prevented sorting of frass samples.  Dates for which 

a territory does not have data indicates that the nest was found later in the season and this 

is when sampling began.  Among those six time intervals, I averaged frass across all 

territories for which data were available.  I used known incubation (N = 7) and brooding 

(N = 5) data from successful nests and was able to back-date five of 24 fledglings (i.e. 

five fledglings were assumed to be within one or two days of fledging based on size, 

flying ability, and amount of down feathers.  All other fledglings found were too old to 

back-date).  Therefore, a total of 17 nesting chronologies were available for analysis.  For 

the local scale, I analyzed frass drop within each territory by keeping each tree’s frass 
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total separate and using the nesting stage from that individual territory to test for 

synchrony. 

 

Territory Characteristics 

 

I compared the frass drop (average) for tree type (nest vs. non-nest) for each 

territory.  Comparisons between tree types were performed for all dates possible.  Data 

were normalized using a log transformation and analyzed with a two-sample t-test 

(Minitab 16.1.0).  When normality transformations were not successful, a Mann-Whitney 

U-test was used (Minitab 16.1.0).   

The GPS location of perch trees was imported into ArcMap to delineate territory 

boundaries.  I first created triangular irregular networks (TINs) using the GPS points and 

then converted these to TIN domains, producing a minimum convex polygon for each 

territory.  A linear regression was used with total average frass as the predictor variable 

and territory size as the response variable (LRM, Minitab 16.1.0).   

Territory sizes of the ten remapped territories were used as a comparison to the 

original territory sizes from 30 days prior.  I used a log transformation to normalize the 

data and compared territory sizes using a paired t-test (Minitab 16.1.0).  Within each 

territory, a 0.04 ha plot was used as a territory subsample to measure (DBH) and identify 

(to species) all mature trees.   

The center of the territory was determined using ArcMap and this point was used 

to approximate the distance of the territory to the closest harvest.  The center was located 

by applying two lines across the two widest lengths of each territory and using the 
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intersection of these lines as the center point.  The straight line distance tool in ArcMap 

was used to assess the distance between this center point and the closest harvest edge.  A 

regression was used to test for an association between distance to closest harvest and 

frass drop (SAS software, SAS Version 9.2).  The size of the tree was used as a covariate.  

Both distance and tree size were normalized using a log transformation. 

  

Trees with higher prey densities 

 

Precipitation and trap collapse limited this analysis to frass collections from 6 – 9 

June, 28 June – 1 July, and 1 – 6 July.  To determine if oaks and hickories provide more 

prey items than other forest trees, I compared trees of Carya (n = 5) and Quercus (n = 16) 

with sugar maple, American sycamore, tulip poplar, and black cherry collectively (n = 9).  

Frass from each tree was summed across these dates and the data were log transformed to 

normalize.  I used a general linear model to compare frass levels of hickories, oaks, and 

other trees by treating “tree type” as a categorical variable with three levels: Quercus, 

Carya, and other genera (PROC GLM, SAS software, SAS Version 9.2).  The variable 

“tree size” was treated as a random covariate and consisted of log-transformed DBH 

values (ANCOVA, SAS software, SAS Version 9.2). 

 

Nestling Prey Choice 

 

I used video recorded with a Canon PowerShot SD1300 through a spotting scope 

and snapshots from a Canon Rebel XSi to document prey provided by adults to nestlings.  
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This documentation was performed opportunistically for any nest that was in the 

brooding stage or feeding bouts observed in the field.  All arthropods were identified by 

K. Summerville.   

 

Trap Efficiency 

 

 The amount of frass per trap per day (see Frass Collection Methods) was used to 

test for differences in frass collection between trap A and trap B of the same tree. 

Instances where one trap fell over and I was unable to collect frass were discarded from 

the analysis.  A log transformation was used to normalize the data.  A paired t-test was 

used to test for differences in frass collected per trap (Minitab 16.1.0) 
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RESULTS 

 

Raw data for all frass drop during the 2011 season are shown in Table 2.2. 

Peak in Prey Abundance and Energy Demand Synchrony 

 

 Average frass and number of nests found in the brooding stage were graphed 

across the breeding season (Figure 2.5).  The peak in brooding stage began on 30 May 

and lasted until 7 June.  The peak in insect abundance as represented by frass drop (Table 

2.3) was found to be from 27 – 31 May.  It should be noted that no frass was collected 

from 22 – 26 May or 10 – 26 June (Figure 2.6).  Most of the peaks in tree prey abundance 

within territories are during the end of the brooding or beginning of post-fledging stage 

(Figures 2.6-2.12). 

 

Prey Abundance and Territory Characteristics 

 

 Table 2.4 illustrates the variation in nest and non-nest trees and denotes 

characteristics of each.  No difference was found between frass load of nest trees versus 

non-nest trees for four of the seven territories (E2S [U = 82.0, p = 0.81], E4U [t4 = 0.39, p 

= 0.72], C2S [t13 = -1.23, p = 0.24], and E1U [t7 = 0.51, p = 0.63]).  Non-nest trees had a 

greater frass load than nest trees for two territories (E3S [t9 = -3.61, p = 0.006], U1U [t7 = 

-5.79, p = 0.001]).  Conversely, nest trees had greater frass load than non-nest trees for 

one territory (C1S [t14 = 2.44, p = 0.03]).    

There was no association between territory size and frass load, R2 = 9.5, F1,4 = 

0.42, p = 0.551 (Table 2.5).  There was no difference in territory sizes from original 



 

114 

 

mapping in May to mapping 30 days later t8 = 0.18, p = 0.863.  All males shifted their 

territories to some degree, although most were still defending an overlapping portion of 

their original territory (Figure 2.13). 

Using the subsampled vegetation plot, I calculated the percentage of oaks and 

hickories in all plots (Tables 2.6-2.8).  Unsuccessful territories (N = 5; Table 2.7) had an 

average of 43% oaks and hickories, whereas successful territories (N = 7; Table 2.8) had 

an average of 63% oaks and hickories.  There was a tendency for more oaks and 

hickories to be found in successful territories than unsuccessful territories, ��
� = 3.22, N= 

12, p = 0.073.  There was no association between distance to the harvest and prey 

abundance, F2, 27 = 0.90, N = 30, p = 0.417. 

 

Trees with higher prey densities 

 

The total frass drop differed among the groups of Quercus, Carya, and other 

genera (F2, 26 = 3.91, p = 0.0197) as did the average frass drop (F2, 26 = 3.09, p = 0.0447; 

Table 2.4).  There was no significant effect of tree size on frass levels (F1, 26 = 0.54, p = 

0.4701).  Hickory and oak trees dropped higher amounts of frass than trees categorized as 

“other”.  The overall model of tree category and tree size explains 31.1% of the variance 

in total frass drop. 

 

Nestling Prey Choice 
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Thirty-four video segments (of approximately 5 s to 3 min and 30 s in length) 

and/or photographs of feeds at six unique nests were examined during the 2011 breeding 

season.  The dominant prey item was a lepidopteran insect (larvae: 82%, adult: 6%), 

while prey from the orders Orthoptera and Phasmida were each provided approximately 

6% of the time.  Of the lepidopteran insects, the families fed most often were Noctuoidae, 

with a few Notodontidae, one Geometridae, and one Hesperiidae.  The limitation to 

analysis with this method is that other prey items, such as individuals from the families 

Psyllidae and Homoptera are too small for reliable detection. 

 

Trap Efficiency 

 

 No difference was found between traps A and B with respect to log frass amounts, 

t133 = 1.06, p = 0.291 (Table 2.2).   
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DISCUSSION 

 

Peak in Prey Abundance and Energy Demand Synchrony 

 

 Peak in insect abundance appears to align with peak in number of nests at the 

brooding stage. García-Navas and Sanz (2011) suggested that peak in insect abundance 

should coincide with the end of the brooding stage.  As the brooding period progresses, 

altricial offspring increase their demand for food (Martin 1987); nestlings grow larger 

and require more food to sustain their continued growth.  Surprisingly, there was no 

consistent increase in feeding rates as the nestling stage progressed (Figure 1.14) 

although this was only measured during half hour site visits.  It can be argued that an 

even more energy demanding period is the post-fledging period (Martin 1987) as parents 

need to sustain energy requirements of juveniles in flight as opposed to stationary and 

smaller nestlings.  At the landscape scale (Figure 2.5), prey abundance peaked just prior 

to the steady peak in the number of nests in the brooding stage.  Frass averages dropped 

by nearly half from the last week in May to the first week in June; however, the peak in 

brooding nests continued through the first week in June.  As highest energy demands are 

either towards the end of the brooding stage or in the post-fledging stage, it appears that 

on a landscape scale, asynchrony of these phenomena is possible and this may put 

additional strain on parents’ foraging efforts.  This trend can be attributed to what was 

termed the “dilemma of the prudent parent” (Drent and Daan 1980) where most 

individual birds actually delay nesting past the most favorable date (Lack 1966, Perrins 

1970).  Based on the date for peaks in landscape caterpillar abundances, the most 

favorable date for egg-laying would have been at least one week earlier; however, the 
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energetics required to have achieved this (e.g. high levels of protein and fat acquisition; 

Drent and Daan 1980) may not have been possible depending on local prey availability at 

the breeding grounds after arrival from migration.  Decisions about breeding may also be 

dependent, in part, on the condition of individuals before departing for migration and on 

refueling along the way, as this has been shown to affect survival and adult weight on 

breeding grounds in the Red Knot (Calidris canutus rufa; Baker et al. 2003).  Therefore, 

investigations into the quality of habitat prior to migration and during stopover feeding 

bouts are warranted.  It would be interesting to have data on frass drop for the beginning 

of May (collection did not commence until May 18) to determine whether this apparent 

mistiming is caused by “the parents’ prudence” or true energy constraints.  

 Interestingly, when investigating frass drop at the local level (within individual 

successful territories; Figures 2.6-2.13), peaks in caterpillar abundance coincide tightly 

with the periods of peak energy demands: the end of the brooding period and beginning 

of the post-fledging period. For E2S, E3S, C1S, AND C2S, nearly all trees peaked during 

the brooding or post-fledging stage (with the exception of one tree in E2S’s territory).  It 

was not possible to collect data from June 9 to June 28, which would have provided 

insights into the caterpillar abundance further into the post-fledging period.  Very little is 

known about post-fledging parental care in Cerulean Warblers and it is possible that 

parents may expand territories since juveniles are now mobile.  The parents are no longer 

tied to the nest location and although the juveniles may not yet forage on their own, they 

can stay in close proximity to parents and reduce energy costs due to parental returns to 

the nest.  If that was the case, data on an individual territory’s caterpillar abundance for 

knowledge on a pair’s energy pool would be moot.  Regardless, it is not clear whether 
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another increase in landscape prey availability occurs during the last two weeks in June.  

There is a drop in caterpillar abundance by the beginning of July, at which point Cerulean 

Warblers are preparing for migration.  

 Diversification of the diet is an option for this species in periods of reduced 

optimal prey (Sample et al. 1993).  Interestingly, although I observed adults at most nests 

feeding mainly larval lepidopterans and occasional unknown winged insects (possibly 

from Homoptera or Hymenoptera, pers. obs.), I did observe one pair at only one nest 

feeding adult lepidopterans, orthopterans, and phasmidans and this nest was the last nest 

observed to fledge (on 15 June).  It is possible that Cerulean Warblers are able to shift 

foraging strategies when the season progresses and optimal prey (lepidopteran larvae) 

become scarce; although, the reduction of fitness, if any, that may be caused by this 

strategy is unknown.  Lepidoptera larvae are high in fat and their cuticle accounts for 

only 4% of their dry weight, compared to 47% for an orthopteran of comparable size 

(Bernays 1986).  This cuticle is comprised of 60% chitin (Karasov 1990) which is 

indigestible to birds (Bell 1990).  Experimental caterpillar reductions have been shown to 

cause a decrease in avian fat reserves (Whitmore et al. 1993) and due to increased 

amounts of chitin on the less optimal prey, digestion and nutrient acquisition may be 

more difficult for nestlings.  Additionally, feeding events at the aforementioned nest took 

nearly five times as long as those feeding caterpillars (pers. obs.).  This alone is a clear 

energy strain and stresses the importance of synchrony with optimal prey.   

 

Territory Characteristics 
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 I hypothesized that nest trees were being selected based on food availability; 

however, the abundance of prey-rich territory trees may have only allowed me to find this 

trend in one territory and therefore my hypothesis was not supported.  Surprisingly, two 

territories had non-nest trees that dropped more frass than nest trees and in four territories 

there was no difference; this leads me to reason that food within the territory may be 

more important than nesting in a tree with large amounts of prey.  Foraging in non-nest 

trees would be advantageous because it would not bring attention to the nest tree, making 

it more difficult for predators to key in on the nest site.  However, there is probably a 

threshold distance for this behavior, at which point the adults would not be able to 

maintain visibility of the nest site or return quickly upon the presence of a nest predator.   

Once young fledge from the nest, however, it may be more advantageous to 

forage in the nest tree since fledglings are more conspicuous at this time.  The most 

common nest tree in this study were white oaks (Table 1.5) and therefore, prey 

abundance in the nest tree may still be one of the factors when deciding upon nest sites.  

Sugar maples were the second most common nest tree in this study (Chapter 1) and were 

the most common nest tree in Ontario, Canada (with oaks as second most common; 

Oliarnyk and Robertson 1996); maples also experience leaf burst earlier than oaks 

(Lechowicz 1984).  Early leaf burst and thus foliage cover provided for birds attempting 

to nest in early May may cause these individuals to select these trees as nest sites as long 

as there are abundant optimal foraging trees within the territory to provide ample food 

into the nesting period.  Reports from nest tree selection in other areas supports the claim 

that Cerulean Warblers select nest trees on the basis of other associations (such as 

concealment, height, and/or basal area) as a wider variety of other trees have been 
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selected as nest trees than what was seen in this study (such as black walnut [Juglans 

nigra], sweetgum [Liquidambar styraciflua], black locust [Robinia pseudoaccacia], 

American sycamore [Platanus occidentalis], black cherry [Prunus serotina], and 

American basswood [Tilia glabra]; Rogers 2006, Roth and Islam 2008, Beachy 2008) 

 Territory size was not correlated with abundance of prey within the territory.  It is 

possible that initial settlement and establishment of the territory is based on habitat cues 

in early spring (such as early bud burst).  If this is the case, then my analysis would not 

reflect this, as I did not have unified frass measurements from early May across all 

territories to make comparison of territory sizes.  For example, although Marshall and 

Cooper (2004) found that prey was negatively correlated with territory size (Lack 1968), 

they found that foliage density was responsible for this effect.  In essence, the judgment 

of the appropriate habitat size necessary for successful reproduction may need to be made 

quickly, perhaps before assessment of prey can be properly assessed by the birds; 

therefore, foliage density can provide for a speedier judgment of perceived prey habitat.  

This is further confounded by the possibility that inexperienced (first-spring) males may 

not fully understand how to make proper habitat assessments or that conspecific density 

can decrease available territory habitat (R. Dibala, unpub. data) and increase energy 

required for its defense.  Ideally, prey would be measured during initial territory 

placement in order to understand this connection.   

 Another factor that may make it difficult to find this connection is the 

methodology used in this study.  Instead of sampling random points within a territory, I 

sampled random trees.  Corresponding trees in different territories may have similar 

amounts of prey although their spacing from other territory trees is what would determine 
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the territory size necessary to defend.  That is to say, a denser area of trees would 

potentially yield similar amounts of prey as the same amount of trees in a wider spaced 

area; however the prey per unit area would be different leading to differing size of 

defended territory.  Perhaps territories that are larger have wider spaced mature trees than 

smaller territories in similar habitats, although an analysis of tree spacing within 

territories was not investigated in this study. 

 There is some evidence that territory areas may shift slightly during the season 

(Figures 2.14).  The shift after 30 days may be a factor of food availability; leaves of 

different tree species experience bud burst at different times during the season 

(Lechowicz 1984) and therefore, defending certain trees at different times during the 

season may be a beneficial adaptation in territorial behavior.  However, no comparison of 

tree composition between the two defended territory areas was made.  I did not see a 

change in size from early in the season to later in the season and therefore, territory 

defense may be constrained by an individual’s ability in territorial behavior and plasticity 

in this behavior may not exist.  A banded population will allow for further study of a 

male’s territory size throughout different breeding seasons; this will allow us to 

understand whether territorial defense is determined more by learned behavior of 

experienced males or prey abundance/ leaf density at the time of territory placement.  

 

Trees with higher prey densities 

 

 Preliminary data analysis on vegetation associated with territories leads me to 

believe that oaks and hickories are major tree genera in territories.  Additionally, nest 
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trees were most often Quercus alba (Table 1.5).  It is not clear whether Cerulean 

Warblers make a selection for oak/hickory dominant forest stands or whether their 

preference for settlement and nesting is for large trees.  If the latter is the case, then 

oak/hickories may be selected on the basis of being the larger trees on the landscape and 

males settle there by random selection of large trees.   However, the evidence is strong 

that oaks and hickories possess larger amounts of prey, and specifically energetically 

profitable free-living Lepidotera larvae.  It is cautioned that prey abundance does not 

simply correlate to prey availability, as bird species exploit resources differently 

depending on their foraging strategies and physical adaptations (Holmes and Shultz 

1988).  However, foraging studies demonstrated that Cerulean Warblers select both 

hickory and oak species (Gabbe et al. 2002, MacNeil 2010).   

 A tree fogging study in Ohio found results consistent with this study.  Lepidoptera 

species richness and abundance (nearly twice as many species and individuals) was 

higher on oaks when compared to maples and beeches (Summerville et al. 2003).  In this 

study, the dominant prey item for nestlings was larvael lepidopteran.  So, although trees 

other than oaks and hickories may be chosen as part of a territory, it is my contention that 

Cerulean Warblers exploit the former most often for nest tree selection and foraging 

effort.   

 The importance of these prey-rich trees within the territory is further emphasized 

when the synchrony is re-examined.  Not only did oaks and hickories drop the greatest 

amount of frass, they also were the trees most tightly correlated with the end of the 

brooding stage and beginning of post-fledging stage for three of the four successful 

territories for which frass was collected.  In Figures 2.6 to 2.8 it is evident that timing of 



 

123 

 

breeding was timed to the peak in prey abundances for trees 6 and 2 (E2S), 4 and 1 

(E3S), and 2 and 3 (C2S).  Surprisingly, all of these trees were of either an oak or a 

hickory (Table 2.1). 

There is concern that oak/hickory forests in southern Indiana might be succeeded 

by beech/maple as evidenced by the disproportionate number of beech and maples in the 

understory and the apparent lack of oak and hickory saplings (Saunders and Arseneault, 

in press).   Cerulean Warblers have a strong aversion to foraging on blue beech (Carpinus 

caroliniana) and red maple (Acer rubrum) and were the second most selective forager 

when compared with 12 other forest birds (Gabbe et al. 2002).  Thus, forests dominated 

by oaks and hickories are demonstrably important for the Cerulean Warbler.  Even if they 

find potential nest sites in other tree genera, the lack of trees to support a vital food 

source in the surrounding territory may prove to be detrimental to their success at food 

acquisition and ultimately breeding success.    

Some studies have suggested that food is a superabundant resource during the 

breeding season (Morse 1978, Rosenberg et al. 1982, Anderson et al. 1983); however; 

Martin (1987) claimed that direct evidence is needed to support this claim and stated that 

determining current fitness levels will aid in understanding if food is a limiting resource.  

I would argue that food does limit reproductive success, especially in non-outbreak years.  

This study suggests that food availability was a limiting factor, particularly in territories 

that contained a lower proportion of optimal foraging trees (oaks and hickories; OFTs).  

This assertion is based on the significant effect produced by OFT proportion when 

predicting nest success.  Additionally, the adults at the last nest to fledge, which was past 

the caterpillar peak, shifted their dietary choice for nestlings to consume less optimal 
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prey.  Long-term studies will provide us with the necessary data to confirm the avian 

community’s response to a potential forest conversion, which would decrease the 

proportion of OFTs on the landscape. 

Any slight increase in the time spent foraging off the nest will leave the nest 

vulnerable to predators.  Additionally, any slight increase in the distance from the nest 

required for food acquisition will make it more difficult to maintain protection of the 

nest.  I hypothesize that this will depend not only on the relative number of OFTs, but 

also the distribution of them in relation to the nest tree.  If, for example, the nest is placed 

in the center of many OFTs with each OFT at a minimal distance from the nest, then 

perhaps this scenario would lead to higher nest success than a relatively higher proportion 

of OFTs that are dispersed at greater distances from the nest.   More careful analysis of 

the distribution of OFTs throughout a territory would need to be done to determine if nest 

placement is characterized by an abundance of OFTs in the close vicinity around the nest 

tree.  Determining optimal foraging territories may be most easily measured by studying 

the fluctuations in the weight of nestlings (e.g. Naef-Daenzer and Keller 1999), adults 

(e.g. García-Navas and Sanz 2011), or females during incubation, as she is in a constant 

struggle between maintaining her own condition and being attentive to the nest (Martin 

1987).  

It is suggested that a territory quality combined with an individual’s foraging 

ability will be the ultimate predictors in not only nest success, but also clutch size and 

time of egg laying (see Table 1b in Martin 1987).  For example, successful Cerulean 

Warbler pairs in Canada made twice as many feeding bouts as unsuccessful pairs (Barg et 

al. 2006) leading to the idea that parental attentiveness and individual variation in 
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foraging ability can compensate for lower territory quality.  Another possibility is that as 

the season progresses and prey begins to decrease (Figures 2.6-2.13), males may expand 

their territory or shift them to include areas that were not necessary to defend earlier 

when prey abundances were higher (Figure 2.14). 

 It is possible that low territory quality, (defined here as minimal abundance of 

OFTs), can also be mitigated by the attentiveness of the male to the female.  Males 

provided females with food in studies with the Snow Bunting (Plectrophenax nivalis; 

Lyon and Montgomerie 1985) and Pied Flycatcher (Ficedula hypoleuca; Lifjeld and 

Slagsvold 1986).  This increased the condition of females, and allowed the female to 

remain on the nest longer, which reduced the incubation period.  Male Cerulean Warblers 

infrequently feed females during the incubation period (J. Wagner pers. obs., Barg et al. 

2006); however, the male was often seen feeding the female and nestlings during the 

brooding stage (J. Wagner pers. obs.), which is a time of severe energy demands (Martin 

1987).  Occasionally, the male would provide the food directly to the female as opposed 

to nestlings and she would then either consume the food or ration to nestlings (J. Wagner 

pers. obs.).  It was thought that feeding may strengthen pair bonds around the time of 

copulation (Lack 1940); however, at this point in the breeding season, mates are already 

raising a hatched brood.  I therefore hypothesize that the female is constantly balancing 

nestling energetic need and maintenance of her own condition; the latter would 

eventually reduce the nest exposure time (if her condition is not maintained by mate 

provisioning then she will have to rely on her own foraging efforts, thus leaving and 

exposing the nest).  This is not only a struggle which exists during the nestling stage, but 

is apparent in foraging bout times during incubation as well (Martin 1987). 
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 Weather is known to affect breeding productivity (Rodenhouse and Holmes 1992) 

and therefore, this relationship should be investigated in multiple years.  However, it may 

be impossible to separate the effect of weather on food abundance and therefore fitness 

because weather conditions affect avian food requirements (Calder and King 1974) and 

the overall availability of insects (Davies 1977).   

 

Trap Efficiency 

 

This method may provide a less intrusive and possibly more efficient way of 

studying arthropod abundance in forests.  Other studies have visually examined leaves 

and twigs (Holmes et al. 1979, Holmes and Shultz 1988, Rodenhouse and Holmes 1992) 

or fogged the tree canopy to collect subsequently killed arthropods (Sweney and Jones 

1975, Summerville et al. 2003).  The majority of time for this method can be devoted to 

laboratory work post- breeding season, allowing more time to be spent on avian surveys, 

nest monitoring, etc.  This would be useful for studies that are simultaneously studying 

breeding and insect biomass. 

 A draw back to examining leaves and twigs in the field is that it requires the 

vertical stratification of insect abundance to be uniform.  This may be true for some 

forests (Holmes and Schultz 1988), but it is not clear if this is a dependable method in all 

forests.  However, the frass trap method depends on the assumption that the forest, or at 

least the tree or territory being sampled, is homogenous in nature.  Holmes and Shultz 

(1988) suggested that forests are heterogeneous and while this is not being denied, it is 

clear that individual trees have similar amounts of arthropod abundance on different sides 
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of trees and therefore even one trap with an area of 0.2 m2 is sufficient in comparisons of 

relative prey abundance between trees and therefore avian territories. 

 

Management Implications 

 
 Evidenced by food choice of late nesters, Cerulean Warblers seemed to show 

some plasticity in food preferences during the nestling stage; however the clear 

preference was for lepidoptera larvae.  The connection between oak and hickory-

dominated successful territories and oaks and hickories with higher amounts of prey 

should not be overlooked.  The idea that a low proportion of prey-rich trees can affect 

fitness has clear management implications.  In order to support a large population of the 

state-endangered Cerulean Warblers and enable each individual to have the highest 

fitness, high densities of mature forests primarily comprised of oaks and hickories should 

be conserved and maintained.  Additionally, silviculture prescriptions should be 

undertaken to promote the regeneration of these genera.  Other trees may be suitable for 

nest-sites, but they do not offer the foraging opportunities that are ideal for this species 

and enable them to increase their productivity.  Therefore, it may not be a particular 

treatment type that is more or less favorable for this species, but rather the composition of 

tree species that are remaining on the landscape that will ultimately provide optimal 

nesting and foraging habitats. 
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Figure 2.1 - Depiction of a young Cerulean Warbler on the day of fledging.  Note the tufts 
of feathers on the head, amount of down on the body, and bill color.  These characteristics as well 
as flight ability were used to age fledglings to within one or two days of fledging.  This data was 
used to back-date nesting stages for five nests during the 2011 breeding season in Morgan-
Monroe and Yellowwood state forests, Indiana and to aid in determining peaks in incubation and 
brooding. 
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Figure 2.2 - Frass trap design that was used to collect caterpillar droppings (frass) within 
Cerulean Warbler territories. This figure shows trap “3A”, while trap “3B” (not pictured) is 
located on the other side of the tree.  
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Figure 2.3 - Placement of frass traps within each territory in Morgan-Monroe and Yellowwood state forests, Indiana.  These figures 
demonstrate the desire to sample frass throughout territory. The naming system corresponds to E, U, or C (treatment type= even-aged, 
uneven-aged, or control), nest number within treatment type (1-4), and U or S (unsuccessful or successful). The star symbol and letter 
“N” refer to the nest tree.  Table 2.1 lists characteristics of each trap tree and 2.2 lists territory sizes. 
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Figure 2.4 - Depiction of frass sample post-sorting.  Frass was sorted to include only pellets of at 
least 0.6 mm in diameter.  This was performed by placing the entire sample on reduced mm 
paper and using a dissecting scope. 
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Figure 2.5 - Total number of brooding and incubating Cerulean Warbler nests during the 2011 breeding season and its association 
with landscape frass averages.  Sample sizes vary based on the number of trees available for each date.  Averages were calculated 
from frass sum for each tree within the time period (See Table 2.2 for raw data and Table 2.3 for data summary). Breeding stages of 
17 nests (see Timing of Breeding Methodology) were used to calculate peaks in incubation and brooding stages. 
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Figure 2.6 - Changes in frass levels for territory trees of E2S.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title. 
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Figure 2.7 - Changes in frass levels for territory trees of E3S.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title. 
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Figure 2.8 - Changes in frass levels for territory trees of C2S.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title. 
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Figure 2.9 - Changes in frass levels for territory trees of C1S.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title. 
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Figure 2.10 - Changes in frass levels for territory trees of E1U.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title. 
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Figure 2.11 - Changes in frass levels for territory trees of E4U.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title. 
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Figure 2.12 - Changes in frass levels for territory trees U1U.  Frass level for each tree was averaged between both traps at same tree 
(See Results of trap comparison).  Plateaus show dates for which frass was collected; lines connecting plateaus are assumed amounts, 
although frass was not measured for those days (e.g. rain days).  Nest stage is displayed below title.
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Figure 2.13 - Comparison of original territory placement in May and readjustment of territory placement when remapped at least 30 
days later in June of 2011 in Morgan-Monroe and Yellowwood state forests, Indiana.  Original territories are shown in tan and 
remapped territories are shown in blue.  The “U” and “E” indicate that the territory was in an uneven-aged or even-aged management 
unit, respectively.  

E4 U6 

U5 U4 

E3 E2 

U1 E1 

U3 U2 



 

150 

 

 

 
 

 

 

 
TABLES 

 
  



 

151 

 

Table 2.1 - Frass trap characteristics within each territory, including tree species, height, DBH of 
the tree, and GPS (UTM) location of the tree.  Each territory was located in Morgan-Monroe and 
Yellowwood state forests, Indiana and was demarcated during the summer of 2011.  Four- letter 
tree species codes are identified in Appendix 2. 
 

Territory ID Tree # 

Tree Height DBH 

X Y Species (m) (cm) 

E2S 1 CALA 21.5 54.7 560709 4332551 
E2S 2 CAGL 27 54.8 560722 4332541 
E2S 3 QUPR 25 58.5 560733 4332546 
E2S 4 LITU 28.5 66.4 560725 4332532 
E2S 5 LITU 31.5 76.2 560727 4332565 
E2S 6 QUPR 27 54 560740 4332564 
E2S N QUVE 29 56.3 560721 4332570 

       
E3S 1 QUAL 25.5 35.6 560694 4332495 
E3S 2 LITU 29.5 59.4 560713 4332508 
E3S 3 LITU 32 52.1 560736 4332512 
E3S 4 CACO 23 29.8 560724 4332479 
E3S N ACSA 20.5 24.5 560693 4332452 

       
E4U 1 QUAL 25.5 40.6 560599 4332769 
E4U 2 QUPR 21 44.7 560572 4332777 
E4U 3 QUPR 23.5 44.2 560586 4332766 
E4U 4 QUAL 24 49.4 560593 4332760 
E4U 5 QUAL 23.5 51.2 560592 4332784 
E4U N CAGL 29 27.8 560581 4332785 

       
C1S 1 QUPR 24 36.6 549141 4350674 
C1S 2 QUAL 31 58.2 549149 4350682 
C1S 3 ACSA 17.5 23 549145 4350651 
C1S 4 ACSA 14.5 16.9 549149 4350654 
C1S N QUAL 40 47.5 549154 4350664 

       
C2S 1 QUVE 31 59.5 549153 4350723 
C2S 2 CACO 21.5 26.4 549146 4350715 
C2S 3 QUAL 19.5 25.5 549133 4350724 
C2S 4 QUAL 21.5 31.1 549124 4350720 
C2S N QUVE 33 67.6 549164 4350725 

       
E1U 1 QUAL 19 25.2 547983 4352151 
E1U 2 QURU 29 38.8 547994 4352169 
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Table 2.1 continued 
 

Territory ID Tree # 

Tree Height DBH 

X Y Species (m) (cm) 

E1U 3 ACSA 16.5 28.8 548017 4352141 
E1U 4 ACSA 16 18.1 548015 4352120 
E1U N QUAL 22 37.2 547989 4352163 

       
U1U 1 PRSE 23.5 41.5 558308 4329236 
U1U 2 PLOC 25.5 49.8 558319 4329201 
U1U 3 ACSA 17.5 21.3 558287 4329243 
U1U 4 ULRU 17.5 32.8 558297 4329194 
U1U 5 QUAL 26 61.9 558309 4329270 
U1U N QUAL 28 57 558312 4329231 
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Table 2.2 - Raw data of frass weight for both traps of each tree.  Trap time is the length, in days, of the trap collection. Blank spaces 
and/or a 0.0 weight represents a trap that had fallen over.  Refer to Table 2.1 for data on species, tree height, and DBH on a specific 
Tree #.  Tests for differences in frass drop collected from trap couplets determined that there was no difference in frass collected per 
trap.  Therefore, in instances where one trap had fallen over, the sum was calculated by doubling the frass from the remaining trap. 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

E2S 18 - 21 May 1 0.099 0.066 2.98 0.033 0.022 33.221 22.148 27.685 55.369 

  
2 

 
0.048 2.98 0 0.016 0 16.107 16.11 32.22 

  
3 0.149 0.092 2.98 0.05 0.031 50 30.872 40.436 80.872 

  
6 

 
0.127 2.98 0 0.043 0 42.617 42.62 85.235 

            
 

27 - 31 May N 0.06 0.135 3.83 0.016 0.035 15.666 35.248 25.457 50.914 

  
1 0.131 0.111 3.83 0.034 0.029 34.204 28.982 31.593 63.185 

  
2 0.113 0.108 3.83 0.03 0.028 29.504 28.198 28.851 57.702 

  
3 0.094 0.096 3.83 0.025 0.025 24.543 25.065 24.804 49.608 

  
5 0.015 0.014 3.83 0.004 0.004 3.916 3.655 3.786 7.572 

  
6 0.221 0.153 3.83 0.058 0.04 57.702 39.948 48.825 97.65 

            

 
31 May - 3 

June 
N 0.057 0.053 3.15 0.018 0.017 18.095 16.825 17.46 34.921 

  
1 0.093 0.111 3.15 0.03 0.035 29.524 35.238 32.381 64.762 

  
2 0.133 0.119 3.15 0.042 0.038 42.222 37.778 40 80 

  
3 0.071 0.08 3.15 0.023 0.025 22.54 25.397 23.968 47.937 

  
4 0.009 0.019 3.15 0.003 0.006 2.857 6.032 4.444 8.889 

  
5 

 
0.015 3.15 0 0.005 0 4.762 4.76 9.524 

    6 0.183 0.17 3.15 0.058 0.054 58.095 53.968 56.032 112.063 
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Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

 
6 - 9 June N 0.063 0.061 2.98 0.021 0.02 21.141 20.47 20.805 41.611 

  
1 0.088 0.079 2.98 0.03 0.027 29.53 26.51 28.02 56.04 

  
2 0.075 0.101 2.98 0.025 0.034 25.168 33.893 29.53 59.06 

  
3 0.03 0.046 2.98 0.01 0.015 10.067 15.436 12.752 25.503 

  
4 

 
0.108 2.98 0 0.036 0 36.242 36.24 72.483 

  
5 0.015 0.009 2.98 0.005 0.003 5.034 3.02 4.027 8.054 

  
6 0.094 0.2 2.98 0.032 0.067 31.544 67.114 49.329 98.658 

            
 

28 June - 1 July N 0.013 0.012 3.04 0.004 0.004 4.276 3.947 4.112 8.224 

  
1 0.045 0.019 3.04 0.015 0.006 14.803 6.25 10.526 21.053 

  
2 0.06 0.042 3.04 0.02 0.014 19.737 13.816 16.776 33.553 

  
3 0.023 0.015 3.04 0.008 0.005 7.566 4.934 6.25 12.5 

  
4 0.014 0.045 3.04 0.005 0.015 4.605 14.803 9.704 19.408 

  
5 0.009 0.018 3.04 0.003 0.006 2.961 5.921 4.441 8.882 

  
6 0.018 0.02 3.04 0.006 0.007 5.921 6.579 6.25 12.5 

            
 

1 - 6 July N 0.044 0.024 4.88 0.009 0.005 9.016 4.918 6.967 13.934 

  
1 0.055 0.036 4.88 0.011 0.007 11.27 7.377 9.324 18.648 

  
2 0.08 0.034 4.88 0.016 0.007 16.393 6.967 11.68 23.361 

  
3 0.024 0.039 4.88 0.005 0.008 4.918 7.992 6.455 12.91 

  
4 0.011 0.04 4.88 0.002 0.008 2.254 8.197 5.225 10.451 

  
5 0.026 0.022 4.88 0.005 0.005 5.328 4.508 4.918 9.836 

    6 0.013 0.011 4.88 0.003 0.002 2.664 2.254 2.459 4.918 
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Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

E3S 28 - 31 May N 0.041 0.025 2.75 0.015 0.009 14.909 9.091 12 24 

  
1 0.107 0.279 2.75 0.039 0.101 38.909 101.455 70.182 140.364 

  
2 

 
0.025 2.75 0 0.009 0 9.091 9.091 18.182 

  
4 0.317 0.162 2.75 0.115 0.059 115.273 58.909 87.091 174.182 

            

 
31 May - 3 

June 
N 0.038 0.022 3.17 0.012 0.007 11.987 6.94 9.464 18.927 

  
1 0.088 0.226 3.17 0.028 0.071 27.76 71.293 49.527 99.054 

  
2 0.014 0.047 3.17 0.004 0.015 4.416 14.826 9.621 19.243 

  
3 0.104 0.06 3.17 0.033 0.019 32.808 18.927 25.868 51.735 

  
4 0.203 0.13 3.17 0.064 0.041 64.038 41.009 52.524 105.047 

            
 

6 - 9 June N 0.018 0.022 2.98 0.006 0.007 6.04 7.383 6.711 13.423 

  
1 0.079 0.201 2.98 0.027 0.067 26.51 67.45 46.98 93.96 

  
2 0.04 0.052 2.98 0.013 0.017 13.423 17.45 15.436 30.872 

  
3 0.138 0.113 2.98 0.046 0.038 46.309 37.919 42.114 84.228 

  
4 0.1 0.064 2.98 0.034 0.021 33.557 21.477 27.517 55.034 

            
 

28 June - 1 July N 0.011 0.007 2.98 0.004 0.002 3.691 2.349 3.02 6.04 

  
1 0.025 0.101 2.98 0.008 0.034 8.389 33.893 21.141 42.282 

  
2 0.049 0.027 2.98 0.016 0.009 16.443 9.06 12.752 25.503 

  
3 0.033 0.02 2.98 0.011 0.007 11.074 6.711 8.893 17.785 

    4 0.023 0.03 2.98 0.008 0.01 7.718 10.067 8.893 17.785 
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Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

 
1 - 6 July N 0.013 0.021 4.92 0.003 0.004 2.642 4.268 3.455 6.911 

  
2 0.024 0.023 4.92 0.005 0.005 4.878 4.675 4.776 9.553 

  
4 

 
0.045 4.92 0 0.009 0 9.146 9.146 18.293 

            
E4U 27 - 31 May N 0.233 0.27 4.17 0.056 0.065 55.875 64.748 60.312 120.624 

  
1 0.16 0.164 4.17 0.038 0.039 38.369 39.329 38.849 77.698 

  
2 0.3 0.125 4.17 0.072 0.03 71.942 29.976 50.959 101.918 

  
3 0.095 0.75 4.17 0.023 0.18 22.782 179.856 101.319 202.638 

  
4 0.13 0.127 4.17 0.031 0.03 31.175 30.456 30.815 61.631 

  
5 0.094 0.148 4.17 0.023 0.035 22.542 35.492 29.017 58.034 

            
 

6 - 9 June N 0.072 0.113 2.92 0.025 0.039 24.658 38.699 31.678 63.356 

  
1 0.067 0.063 2.92 0.023 0.022 22.945 21.575 22.26 44.521 

  
2 0.214 0.08 2.92 0.073 0.027 73.288 27.397 50.342 100.685 

  
3 0.074 0.041 2.92 0.025 0.014 25.342 14.041 19.692 39.384 

  
4 0.073 0.213 2.92 0.025 0.073 25 72.945 48.973 97.945 

  
5 0.09 0.23 2.92 0.031 0.079 30.822 78.767 54.795 109.589 

            
 

28 June - 1 July N 
 

0.034 3.04 0 0.011 0 11.184 11.184 22.368 

  
1 0.032 0.04 3.04 0.011 0.013 10.526 13.158 11.842 23.684 

  
2 0.033 0.023 3.04 0.011 0.008 10.855 7.566 9.211 18.421 

  
3 0.035 0.015 3.04 0.012 0.005 11.513 4.934 8.224 16.447 

  
4 0.053 0.033 3.04 0.017 0.011 17.434 10.855 14.145 28.289 

    5 0.019 0.096 3.04 0.006 0.032 6.25 31.579 18.914 37.829 
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Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

 
1- 6 July N 0.044 0.082 4.896 0.009 0.017 8.987 16.748 12.868 25.735 

  
1 

 
0.04 4.896 0 0.008 0 8.17 8.17 16.34 

  
2 0.035 

 
4.896 0.007 0 7.149 0 7.149 14.297 

  
3 0.023 0.02 4.896 0.005 0.004 4.698 4.085 4.391 8.783 

  
4 0.028 0.037 4.896 0.006 0.008 5.719 7.557 6.638 13.276 

  
5 0.058 

 
4.896 0.012 0 11.846 0 11.846 23.693 

            
            

C1S 28 - 31 May N 0.072 0.083 2.85 0.025 0.029 25.263 29.123 27.193 54.386 

  
1 0.078 0.058 2.85 0.027 0.02 27.368 20.351 23.86 47.719 

  
2 0.238 0.183 2.85 0.084 0.064 83.509 64.211 73.86 147.719 

  
3 0.05 0.068 2.85 0.018 0.024 17.544 23.86 20.702 41.404 

  
4 0.041 0.04 2.85 0.014 0.014 14.386 14.035 14.211 28.421 

            

 
31 May - 3 

June 
N 0.123 0.081 2.83 0.043 0.029 43.463 28.622 36.042 72.085 

  
1 0.07 0.033 2.83 0.025 0.012 24.735 11.661 18.198 36.396 

  
2 0.126 0.055 2.83 0.045 0.019 44.523 19.435 31.979 63.958 

  
3 0.061 0.04 2.83 0.022 0.014 21.555 14.134 17.845 35.689 

  
4 0.03 0.038 2.83 0.011 0.013 10.601 13.428 12.014 24.028 

            
 

6 - 9 June N 0.081 0.115 2.94 0.028 0.039 27.551 39.116 33.333 66.667 

  
1 0.057 0.028 2.94 0.019 0.01 19.388 9.524 14.456 28.912 

  
2 0.087 0.057 2.94 0.03 0.019 29.592 19.388 24.49 48.98 

  
3 0.084 0.051 2.94 0.029 0.017 28.571 17.347 22.959 45.918 

    4 0.014 0.083 2.94 0.005 0.028 4.762 28.231 16.497 32.993 
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Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

 
28 June - 1 July N 0.077 0.036 2.98 0.026 0.012 25.839 12.081 18.96 37.919 

  
1 0.031 

 
2.98 0.01 0 10.403 0 10.403 20.8 

  
2 0.065 0.076 2.98 0.022 0.026 21.812 25.503 23.658 47.315 

  
3 0.021 0.031 2.98 0.007 0.01 7.047 10.403 8.725 17.45 

  
4 0.019 0.006 2.98 0.006 0.002 6.376 2.013 4.195 8.389 

            
 

1 - 5 July N 0.074 0.053 4.13 0.018 0.013 17.918 12.833 15.375 30.751 

  
1 

 
0.009 4.13 0 0.002 0 2.179 2.179 4.36 

  
2 0.065 0.033 4.13 0.016 0.008 15.738 7.99 11.864 23.729 

  
3 0.022 

 
4.13 0.005 0 5.327 0 5.327 10.64 

  
4 0.033 0.02 4.13 0.008 0.005 7.99 4.843 6.416 12.833 

            
            

C2S 1 - 3 June N 0.025 0.018 1.77 0.014 0.01 14.124 10.169 12.147 24.294 

  
1 0.027 0.026 1.77 0.015 0.015 15.254 14.689 14.972 29.944 

  
2 0.052 0.035 1.77 0.029 0.02 29.379 19.774 24.576 49.153 

  
3 0.037 0.027 1.77 0.021 0.015 20.904 15.254 18.079 36.158 

  
4 0.019 0.017 1.77 0.011 0.01 10.734 9.605 10.169 20.339 

            
 

6 - 9 June N 0.022 0.025 2.94 0.007 0.009 7.483 8.503 7.993 15.986 

  
1 

 
0.005 2.94 0 0.002 0 1.701 1.7 3.4 

  
2 0.044 0.047 2.94 0.015 0.016 14.966 15.986 15.476 30.952 

  
3 0.064 0.051 2.94 0.022 0.017 21.769 17.347 19.558 39.116 

    4 0.035 0.028 2.94 0.012 0.01 11.905 9.524 10.714 21.429 

 

 



 

159 

 

Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

 
28 June - 1 July N 0.02 0.036 2.98 0.007 0.012 6.711 12.081 9.396 18.792 

  
2 0.039 0.033 2.98 0.013 0.011 13.087 11.074 12.081 24.161 

  
3 0.035 0.027 2.98 0.012 0.009 11.745 9.06 10.403 20.805 

  
4 

 
0.032 2.98 0 0.011 0 10.738 10.738 21.477 

            
 

1 - 5 July N 0.038 0.015 4.17 0.009 0.004 9.113 3.597 6.355 12.71 

  
1 0.016 0.032 4.17 0.004 0.008 3.837 7.674 5.755 11.511 

  
2 0.015 

 
4.17 0.004 0 3.597 0 3.597 7.194 

  
3 0.031 0.023 4.17 0.007 0.006 7.434 5.516 6.475 12.95 

  
4 0.04 0.024 4.17 0.01 0.006 9.592 5.755 7.674 15.348 

            
            

E1U 28 - 30 June N 0.056 0.02 2.31 0.024 0.009 24.242 8.658 16.45 32.9 

  
1 0.043 0.029 2.31 0.019 0.013 18.615 12.554 15.584 31.169 

  
2 0.027 0.024 2.31 0.012 0.01 11.688 10.39 11.039 22.078 

  
3 

 
0.023 2.31 0 0.01 0 9.957 9.957 19.913 

  
4 0.014 0.012 2.31 0.006 0.005 6.061 5.195 5.628 11.255 

            
 

30 June - 3 July 2 0.022 
 

2.96 0.007 0 7.432 0 7.432 14.86 

  
3 0.047 0.026 2.96 0.016 0.009 15.878 8.784 12.331 24.662 

  
4 

 
0.016 2.96 0 0.005 0 5.405 5.405 10.81 

            
 

3 - 5 July N 0.039 0.015 1.81 0.022 0.008 21.547 8.287 14.917 29.834 

    1 0.059 0.039 1.81 0.033 0.022 32.597 21.547 27.072 54.144 
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Table 2.2 continued 
 

Territory 
Dates Set 

(2001) Tree # 
Trap A  

(g) 
Trap B  

(g) 

Trap 
Time 
(days) 

Trap A 
(g/ day) 

Trap B 
(g/day) 

Trap A 
(mg/day) 

Trap B 
(mg/day) 

Frass 

Average 

(mg) 

Frass 

Sum 

(mg)* 

  
2 0.033 0.02 1.81 0.018 0.011 18.232 11.05 14.641 29.282 

  
3 0.034 0.035 1.81 0.019 0.019 18.785 19.337 19.061 38.122 

  
4 0.023 0.023 1.81 0.013 0.013 12.707 12.707 12.707 25.414 

            
            

U1U 7 - 10 June N 0.114 0.058 2.96 0.039 0.02 38.514 19.595 29.054 58.108 

  
1 0.04 0.078 2.96 0.014 0.026 13.514 26.351 19.932 39.865 

  
2 0.012 0.015 2.96 0.004 0.005 4.054 5.068 4.561 9.122 

  
3 0.057 0.022 2.96 0.019 0.007 19.257 7.432 13.345 26.689 

  
4 0.043 0.079 2.96 0.015 0.027 14.527 26.689 20.608 41.216 

  
5 0.105 0.15 2.96 0.035 0.051 35.473 50.676 43.074 86.149 

            
 

28 June - 1 July N 0.035 0.031 2.81 0.012 0.011 12.456 11.032 11.744 23.488 

  
1 0.049 0.062 2.81 0.017 0.022 17.438 22.064 19.751 39.502 

  
2 0.02 0.01 2.81 0.007 0.004 7.117 3.559 5.338 10.676 

  
3 

 
0.028 2.81 0 0.01 0 9.964 9.964 19.929 

  
4 0.054 0.069 2.81 0.019 0.025 19.217 24.555 21.886 43.772 

  
5 0.029 0.036 2.81 0.01 0.013 10.32 12.811 11.566 23.132 

            
 

1 - 6 July N 0.045 0.042 4.92 0.009 0.009 9.146 8.537 8.841 17.683 

  
1 0.03 

 
4.92 0.006 0 6.098 0 6.098 12.18 

  
2 0.025 

 
4.92 0.005 0 5.081 0 5.081 10.16 

  
3 0.04 

 
4.92 0.008 0 8.13 0 8.13 16.26 

    5 0.049 0.057 4.92 0.01 0.012 9.959 11.585 10.772 21.545 
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Table 2.3 - Average frass sum drop (mg) for each territory and landscape frass averages across all seven territories.  See Figure 2.5 for 
application.  Averages were calculated from frass sum for each tree within the time period (See Table 2.2). Tree frass sum was 
included as long as the time interval was contained within the time interval listed above or was within one day of the time period (for 
example, frass drop from U1U was collected for the period of 7 – 10 June and is therefore included in the time interval 6 – 9 June).  
 

Time Interval (2011) E2S E3S E4U C1S C2S E1U U1U AVERAGES 

18 – 21 May 63.42 
      

63.42 

27 – 31 May 54.44 89.18 103.76 63.93 
   

77.83 

31 May – 3 June 51.16 58.8 
 

46.43 31.98 
  

47.09 

6 – 9 June 51.63 55.5 75.91 44.69 22.18 
 

43.52 48.91 

28 June – 1 July 16.59 21.88 24.51 26.37 21.31 23.46 26.75 22.98 

1 – 6 July 13.44 11.59 17.02 16.46 11.94 35.36 15.57 17.34 
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Table 2.4 - Sum and average of frass drop from each tree species within Cerulean Warbler 
territories in Morgan-Monroe and Yellowwood state forests, Indiana during the 2011 breeding 
season.  This data was used in the analysis for determining which tree genera contained higher 
amounts of prey, whether or not distance to harvest affected frass drop, whether or not nest trees 
contained different amounts of prey than non-nest trees, and if territory size and prey abundance 
had an inverse relationship. Four- letter tree species codes are identified in Appendix 2. 
 

Territory 
Tree 

Species 
Tree 

height (m) 

Tree 
DBH 
(cm) 

Distance to 
Harvest (m) 

Sum*  
(mg) 

Average* 
(mg/day) 

Territory 
Size (ha) 

E2S QUVE1 29 56.3 239 63.77 21.26 0.0929 

 
CALA 21.5 54.7 223 95.74 31.91 

 
 

CAGL 27 54.8 210 115.97 38.66 
 

 
QUPR 25 58.5 213 50.91 16.97 

 
 

LITU 28.5 66.4 200 102.34 34.11 
 

 
LITU 31.5 76.2 233 26.77 8.92 

 
 

QUPR 27 54 230 116.08 38.69 
 

        
E3S ACSA1 20.5 24.5 139 26.37 8.79 0.4923 

 
LITU 29.5 59.4 181 65.93 21.98 

 
 

CACO 23 29.8 150 91.11 30.37 
 

        
E4U CAGL1 29 27.8 486 111.46 37.15 0.1626 

 
QUAL 25.5 40.6 465 84.54 28.18 

 
 

QUPR 21 44.7 483 133.4 44.47 
 

 
QUPR 23.5 44.2 467 64.61 21.54 

 
 

QUAL 24 49.4 459 139.51 46.5 
 

 
QUAL 23.5 51.2 481 171.11 57.04 

 
        

C1S QUAL1 40 47.5 2310 135.34 45.11 0.0617 

 
QUPR 24 36.6 2310 54.07 18.02 

 
 

QUAL 31 58.2 2310 120.02 40.01 
 

 
ACSA 17.5 23 2310 74.01 24.67 

 
 

ACSA 14.5 16.9 2310 54.22 18.07 
 

        
C2S QUVE1 33 67.6 2270 47.49 15.83 0.0734 

 
CACO 21.5 26.4 2270 62.31 20.77 

 
 

QUAL 19.5 25.5 2270 72.87 24.29 
 

  QUAL 21.5 31.1 2270 58.25 19.42   
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Table 2.4 continued 
 

Territory 
Tree 

Species 
Tree 

height (m) 

Tree 
DBH 
(cm) 

Distance to 
Harvest (m) 

Sum* 
(mg) 

Average* 
(mg/day) 

Territory 
Size (ha) 

U1U QUAL1 28 57 90 99.28 33.09 0.2607 

 
PRSE 23.5 41.5 88 91.55 30.52 

 
 

PLOC 25.5 49.8 88 29.96 9.99 
 

 
ACSA 17.5 21.3 74 62.88 20.96 

 
  QUAL 26 61.9 108 130.83 43.61   

1Nest trees 
*Time intervals included in this analysis are 6 – 9 June, 28 June – 1 July, and 1 – July 2011.  Only trees 
that had frass collected for all three intervals were included. 
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Table 2.5 - Territory size and corresponding total average frass for Cerulean Warbler territories 
in Morgan-Monroe and Yellowwood state forests, Indiana for the 2011 breeding season. 
 

Territory ID Size (ha) Total Average Frass* (mg) 

E2S 0.0929 27.22 
E3S 0.4923 20.38 
E4U 0.1626 39.15 
U1U 0.2607 27.63 
C1S 0.0617 29.18 
C2S 0.0734 20.08 

 
*Total Average Frass was calculated by totaling all frass averages in territory trees from 6 – 9 
June, 28 June – 1 July, 1 – 5 July 2011.  E1U did not have frass collected for these time period 
and was therefore not included in this analysis. 
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Table 2.6 - Summary data of successful and unsuccessful territories in Morgan-Monroe and Yellowwood state forests in the 2011 
breeding season.  
 

Nest Success  
(1 = Successful,  

0 = Unsuccessful) 

% 
Oaks/Hickories  
in 0.04 ha plota 

Nest Tree ID  
(1 =Oak/Hickory,  
0 = Other genera) 

Nest Tree  
DBH (cm) 

Nest Tree  
Height (m) 

Distance to 
Canopy 
Opening  

> 20 m2 (m) 

Distance to 
Closest  

Harvest (m) 

Territory  
Size (ha) 

1 57 1 56.2 29 15.5 219 0.0929 
1 50 0 24.5 20.5 7.42 167 0.3421 
0 100 1 27.8 29 5 476 0.1626 
1 69 1 47.5 40 50 2306 0.0617 
1 91 1 67.6 33 20 2262 0.0734 
0 0 1 37.2 22 7.1 430 0.1475 
0 0 1 57 28 2 82 0.2607 
0 75 1 80.1 33.5 1 341 0.0827 
0 40 1 28.3 22 20 335 0.0333 
1 67 0 26.2 18.5 25 58 0.0238 
1 67 1 58.8 25.5 14 176 0.4318 
1 29 0 31.5 26.5 2 12 0.1475 

 
aFor the breakdown of the tree assemblage in 0.04 ha plot used for this calculation, see Tables 2.7 and 2.8. 
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Table 2.7 - Mature trees within the 0.04 ha sub-sample within each unsuccessful Cerulean 
Warbler territory, from Morgan-Monroe and Yellowwood state forest, Indiana, 2011. Four- letter 
tree species codes are identified in Appendix 2. 
 

Unsuccessful 
Territory 

Mature Tree 
Species 

% Oaks/ 
Hickories 

% of other 
tree genera 

E1U FRAM 0 100 

 
FRAM 

 
 

FRAM 
 

 
OSVI 

 
 

FRAM 
 

 
ACSA 

 
 

COFL 
  

    
E5U CACO 75 25 

 
NYSY 

 
 

CAOV 
 

 
CACO 

 
 

ACSA 
 

 
CAOV 

 
 

QUAL 
 

 
QURU 

  
    

E6U ACSA 40 60 

 
QUAL 

 
 

QUVE 
 

 
ACSA 

 
 

NYSY 
 

 
LITU 

 
 

DEAD 
 

 
QURU 

 
 

QUAL 
 

 
QUAL 

 
 

ACSA 
 

 
DEAD 

 
 

ACSA 
 

 
QUAL 

 
  ACSA     
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Table 2.7 continued 
 

Unsuccessful 
Territory 

Mature Tree 
Species 

% Oaks/ 
Hickories 

% of other 
tree genera 

E4U CAGL 100 0 

 
CAGL 

 
 

CAGL 
 

 
QUAL 

 
 

QUAL 
 

 
CAGL 

  
    

U1U PIST 0 100 

 
PIST 

 
 

PIST 
 

 
PIST 

 
 

DEAD 
 

 
PIST 

 
  FRAM     
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Table 2.8 - Mature trees within the 0.04 ha subsample within each successful Cerulean Warbler 
territory, from Morgan-Monroe and Yellowwood state forest, Indiana, 2011. Four- letter tree 
species codes are identified in Appendix 2. 
 

Successful 
Territory 

Mature Tree 
Species 

% Oaks/ 
Hickories 

% of other 
tree genera 

E2S CALA 57 43 

 
QUPR 

 
 

CAGL 
 

 
LITU 

 
 

CAOV 
 

 
LITU 

 
 

FRPE 
  

    
E3S LITU 50 50 

 
CALA 

 
 

CAGL 
 

 
CAGL 

 
 

SAAL 
 

 
DEAD 

  
    

U2S QUVE 75 25 

 
COFL 

 
 

QUVE 
 

 
QUAL 

 
 

ACSA 
 

 
CACO 

 
 

QUCO 
 

 
QUAL 

 
 

ACSA 
 

 
CACO 

 
 

CACO 
 

 
ACSA 

  
    

U3S ACSA 67 33 

 
CACO 

 
 

NYSY 
 

  CACO     
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Table 2.8 continued 
 

Successful 
Territory 

Mature Tree 
Species 

% Oaks/ 
Hickories 

% of other 
tree genera 

 
CAOV 

 
 

CAOV 
 

 
QUVE 

 
 

CAOV 
 

 
CAOV 

 
 

ACSA 
 

 
ACSA 

 
 

QUVE 
 

 
QUVE 

 
 

DEAD 
 

 
CACO 

  
    

U4S QUVE 29 71 

 
ACSA 

 
 

ACSA 
 

 
DEAD 

 
 

ACSA 
 

 
QUVE 

 
 

ACSA 
  

    
C1S QUPR 69 31 

 
ACRU 

 
 

DEAD 
 

 
QUVE 

 
 

CACO 
 

 
QUPR 

 
 

QUPR 
 

 
ACRU 

 
 

QUAL 
 

 
QUVE 

 
 

QUPR 
 

 
FAGR 

 
  QUPR     

 

 

 

 

 



 

170 

 

Table 2.8 continued 
 

Successful 
Territory 

Mature Tree 
Species 

% Oaks/ 
Hickories 

% of other 
tree genera 

C2S QUPR 91 9 

 
QUVE 

 
 

QUPR 
 

 
QUPR 

 
 

CACO 
 

 
QUVE 

 
 

QUPR 
 

 
QUPR 

 
 

QUPR 
 

 
CACO 

 
  ACSA     
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Appendix 1. Nest monitoring data sheet used during the Cerulean Warbler 2011 breeding season 
in Morgan-Monroe and Yellowwood state forests, Indiana. 
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Appendix 2.  Identification of four letter species codes for tree species used in Table 2.1, 2.4, 2.7, 
and 2.8. 

Tree Species 

Code Scientific Name Common Name 

ACSA Acer saccharum Sugar Maple 
ACRU Acer rubrum Red Maple 
CACO Carya cordiformis Bitternut Hickory 
CALA Carya lacinosa Shellbark Hickory 
CAGL Carya glabra Pignut Hickory 
CAOV Carya ovata Shagbark Hickory 
COFL Cornus florida Flowering Dogwood 
FAGU Fagus grandifolia American Beech 
FRAM Fraxinus americana White Ash 
FRPE Fraxinus pennsylvanica Green Ash 
LITU Liriodendron tulipifera Tulip Poplar 
NYSY Nyssa sylvatica Black Gum 
OSVI Ostrya virginiana American Hophornbeam 
PIST Pinus strobus White Pine 

PLOC Platanus occidentalis American Sycamore 
PRSE Prunus serotina Black Cherry 
SASS Sassafras albidum Sassafras 
QUAL Quercus alba White Oak 
QUCO Quercus coccinea Scarlet Oak 
QUPR Quercus prinus Rock Chestnut Oak 
QURU Quercus rubra Red Oak 
QUVE Quercus velutina Black Oak 
ULRU Ulmus rubra White Ash 

 

 

 

 
 


