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MATURE FOREST-BREEDING BIRD USE OF  

EARLY-SUCCESSIONAL HABITAT 

 

Alicia D. Burke 

Dr. John R. Faaborg, Thesis Supervisor 

ABSTRACT 

Some late-successional birds shift habitat-use from mature forest-

breeding habitat to early-successional habitat.  Management efforts have 

primarily focused on breeding habitat for migratory songbirds, but the post-

breeding period could be equally important given that birds can spend an equal 

or greater amount of time in this stage.  More information is needed to determine 

how widespread this habitat shift is for mature forest-breeding birds.  In species 

such as the Wood Thrush (Hylocichla mustelina), Ovenbird (Seiurus 

aurocapilla), and Worm-Eating Warbler (Helmitheros vermivorum) all hatch-

year birds appear to disperse to early-successional vegetation.  Netting studies 

have captured other species of forest-breeding birds in regeneration cuts and 

report higher captures of mature forest species than early-successional species in 

this habitat in the post-breeding season.   

The presence of mature forest birds in early-successional habitat does not 

mean that it is a requirement during their annual cycle.  Radio telemetry studies 

suggest that adult Scarlet Tanager are using more than one type of habitat during 

the post-breeding period.  My Thesis research investigates to what extent mature 

forest-breeding birds utilize early-successional habitat, focusing on the post-
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breeding season.  Specifically, I (1) identify habitat selection by stand treatment 

and tree size for three species of independent juvenile mature forest-breeding 

birds (Ovenbird, Worm-eating Warbler, and Red-eyed Vireo (Vireo olivaceus)); 

(2) explore variation in abundance of mature forest-breeding bird species in 

early-successional habitat during the post breeding season, (3) examine species’ 

abundances between age classes of mature forest-breeding birds between the 

breeding and post-breeding season, (4) identify species for further study that 

appear to require early-successional habitat. 

Our study was located in the Ozarks of southeastern Missouri in the 

Current River and Logan Creek Conservation Areas.  We used constant effort 

mist netting to capture mature forest-breeding birds in regeneration cuts to 

examine temporal variation in the abundance of mature forest-breeding birds in 

regeneration cuts from the end of May to the beginning of Aug from 2010-2012.  

We placed radio transmitters on seven Ovenbird, seven Worm-eating Warbler 

and 15 Red-eyed Vireo hatch-year birds captured in clearcuts and attempted to 

relocate them for 24 days, in the summer of 2012.  We evaluated the effects of 

stand treatment and tree size on habitat use versus what was available for use by 

independent juvenile Red-eyed Vireo, Worm-eating Warbler and Ovenbird.   

Juvenile Ovenbirds and Worm-eating Warblers remained in the early-

successional habitat where initially captured.  In contrast, juvenile Red-eyed 

Vireos used both late successional habitat and early-successional habitat in 

similar proportions.  There was variation in abundance of mature forest-breeding 

birds among species in early-successional habitat.  Mean daily captures for each 

species fell into three distinct groups: nine highly abundant species (Red-eyed 
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Vireo, Worm-eating Warbler, Black-and White Warbler (Mniotilta varia), 

Ovenbird, Scarlet Tanager, Carolina Wren (Thryothorus ludovicaianus), Ruby-

throated Hummingbird (Archilochus colubris), Northern Parula (Setophaga 

americana), and Tufted Titmouse (Baeolophus bicolor)) which were 85% of our 

total forest bird captures; eight moderately abundant species that were 12% of 

our total captures; and 14 low abundance species for which we had five or fewer 

total captures.  There were large variations in captures among species, by age and 

sex. 

Our study expands on existing information and captures habitat use for 

juvenile Ovenbird and Worm-eating Warbler post-independence, while 

contributing new information on habitat use for independent juvenile Red-eyed 

Vireo.  Our analyses allow us to speculate on which other mature forest-breeding 

species may make post-breeding movements to early-successional habitat and 

those that clearly do not.  The clear differences in habitat use between species 

classified as mature forest-breeding birds make evident the importance of 

obtaining habitat use information across the whole annual cycle for all species.  

This information can help guide habitat management decisions to potentially 

increase bird populations.  
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THESIS FORMAT 

	   The chapters of this Thesis were formatted as individual manuscripts 

prepared for submission to peer-reviewed journals.  Therefore, some portions of 

the introduction and methods are repeated, and a literature cited section 

supersedes each chapter.  I have chosen to use the plural noun “We” in lieu of “I” 

within each chapter.



	  
	  

1	  

 

CHAPTER 1 
JUVENILE MATURE FOREST BIRD USE OF EARLY-

SUCCESSIONAL HABITAT: CONVENIENCE OR 
NECESSITY? 

 

ABSTRACT 

Some late-successional breeding birds shift habitat-use from mature 

forest-breeding habitat to early-successional habitat.  In species such as the 

Wood Thrush, all hatch-year birds appear to disperse to early-successional 

vegetation upon independence.  Netting studies have captured other forest-

breeding birds in regeneration cuts, but this does not mean that early-

successional growth vegetation is a required habitat during their annual cycle.  

We wanted to determine if independent hatch-year birds captured in early-

successional habitat remained there for extended periods (suggesting that such 

habitat is a necessity), or if these habitats were only visited infrequently during 

foraging activities (which indicates convenience but not necessity).  We 

determined habitat use by three species of juvenile, mature forest birds during 

the independent post-fledging period in the Missouri Ozarks: Ovenbird (Seiurus 

aurocapilla), Worm-Eating Warbler (Helmitheros vermivorum) and Red-eyed 

Vireo (Vireo olivaceus).  We placed radio transmitters on 29 hatch-year birds 

captured in clearcuts and attempted to relocate them for 24 days, the life of the 

transmitter battery, in the summer of 2012.  Ovenbirds and Worm-eating 

Warblers remained in the early-successional habitat where initially captured.  In 

contrast, Red-eyed Vireos used both late and early-successional habitat.  
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Management efforts have primarily focused on breeding habitat for migratory 

songbirds, but the post-breeding period could be equally important given that 

hatch-year birds can spend an equal or greater amount of time in this stage.  

More information is needed to determine how widespread this habitat shift is for 

mature forest-breeding birds. 

 

INTRODUCTION 

Some Neotropical migrant songbirds have shown population declines over 

the last several decades due to habitat loss and fragmentation on the breeding 

and wintering grounds (Robinson et al. 1995; Holmes 2007; Sauer et al. 2012).  

Concern about these declines led to the establishment of Partners in Flight (PIF) 

in 1990.  One of the major lessons of PIF is that there is a significant need for 

research through the annual cycle (Faaborg et al. 2010a, 2010b; Sauer et al. 

2012).  PIF’s action plan clearly embraces the need for research to encompass the 

entire annual cycle for migrant songbirds, and maintains a goal of increasing our 

capacity to support full life cycle conservation (Sauer et al. 2012).  Neotropical 

migrant songbirds have several distinct stages in their annual cycle in which they 

face different key processes and situations (Sherry and Holmes 1991). 

Many songbird studies have focused on the breeding season with the 

primary emphasis on adults and nest success (Robinson et al. 1995; Campbell et 

al. 2007; Bakermans et al. 2012).  The breeding season can be broken up into 

three distinct stages: nesting (1-3 months); dependent post-fledging (3-4 weeks); 

and independent post-fledging (2-3 months).  The timing of nesting, fledging, 
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and independence of young varies among species and is affected by nest 

predation rates.  There is also regional variation in breeding season length; birds 

in the southern U.S. arrive earlier and have a longer breeding season than birds 

in New England and Canada.  In many cases, and particularly in the southern 

portion of their breeding range, individuals spend more time in the post-breeding 

period than the breeding period, thus, amplifying the importance of this 

understudied phase in a songbird’s annual cycle.  The post-fledgling period is a 

phase of learning and associated with that learning are choices that can influence 

an individual’s survival and ability to prepare for fall migration, as well as body 

condition for the following year (Faaborg et al. 2010a, 2010b).   

Juvenile post-breeding habitat use is difficult to determine because these 

birds typically do not sing during this time, or appear to maintain territories.  

Several studies have shown that some dependent post-fledgling birds shift 

habitat during the post-breeding period (Anders et al. 1997; Vega Rivera et al. 

1998; Fink 2003; Vitz and Rodewald 2010; Streby and Anderson 2013).  These 

studies used radio telemetry and focused on Neotropical migrant birds such as 

Wood Thrush (Hylocichla mustelina), Swainson’s Thrush (Catharus ustulatus), 

Ovenbird (Seiurus aurocapilla) and Worm-eating Warbler (Helmitheros 

vermivorum).  Radio transmitters were placed on the juvenile birds in the nest 

and birds were tracked predominately during the dependent post-fledgling stage, 

with limited movement and habitat use information after day 24, the 

approximate date of independence (Anders et al. 1997; Vega Rivera et al. 1998; 

Fink 2003; White et al. 2005; Vitz and Rodewald 2010; Streby and Anderson 

2013).  There is more complete information on Wood thrush because they are 
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larger in body mass and can be radio-tracked longer.  Adult and juvenile Wood 

Thrush move into areas of regenerating vegetation and travel long distances to 

find patches of early-successional habitat, and remain in these patches for the 

post-fledgling stage (Anders et al. 1997; Rivera et al. 1998; Fink 2003).  

Swainson’s Thrush, Ovenbird, and Worm-eating Warbler were also observed to 

move from their breeding habitat to early-successional habitat including 

clearcuts or regeneration cuts (Vega Rivera et al. 1998; White et al. 2005; Vitz 

and Rodewald 2010).  

Color banding and radio telemetry are the primary methods for relocating 

Neotropical migrant songbirds to determine habitat use.  The use of color bands 

relies on being able to visually relocate an individual bird.  Radio telemetry is a 

viable option though time intensive, requiring extensive field resources to obtain 

data.  There are also drawbacks in regards to the battery life of radio transmitters 

that are available and small enough to place on migratory songbirds (≤ 3% bird’s 

weight, USGS, Bird Banding Laboratory).  This limitation generally reduces the 

data collection period to just a few weeks.  Mist netting can also provide a 

snapshot of habitat use, telling us what habitat individual birds are using at a 

point in time.  Due to low recapture rates for mist netting, we do not know if the 

birds captured actually remain in these habitats (Rappole and Ballard 1987; Vitz 

and Rodewald 2006; Burke 2013).  It has been hypothesized that the shift from 

mature forest to early-successional habitat occurs to take advantage of resources, 

such as insect and fruit abundance, increased cover from threats such as 

predators, while preparing for migration (Rivera et al. 1998; White et al. 2005; 

Vitz et al. 2007; Stoleson 2013). 
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We investigated movements and habitat use of independent post-fledgling 

young for three species; Ovenbird, Worm-eating Warbler and Red-eyed Vireo, to 

determine habitat use for each species.  These species are relatively abundant, 

Neotropical migrants, that nest primarily in mature forest.  However, based on 

mist-net data captures, these species also use early-successional habitat (Pagen et 

al. 2000; Vitz and Rodewald 2006; Bowen et al. 2007; Chandler et al. 2012; 

Burke 2013; Stoleson 2013).  Previous studies indicate that Ovenbirds and 

Worm-eating warblers shift habitats during the post-breeding period, but no one 

has looked extensively at habitat use for juveniles during the independent stage 

of the post-fledgling period (Vitz and Rodewald 2010; Streby and Anderson 

2013).  It is important to know (1) if mature forest-breeding birds captured in 

early-successional habitat are choosing to stay in this habitat (2) or if they are 

moving from one regeneration cut to another both of which would both indicate 

selection and that such habitat is a necessary part of their annual cycle.  

Alternatively, it is possible that 3) these birds are just foraging and returning to 

the forest, which would indicate that such habitat is a convenience but not a 

necessity.  We are using the term necessity to describe exclusive use of one 

habitat type versus convenience, which we describe as a more even distribution of 

use across habitat types.  We used an information theoretical approach 

(Burnham and Anderson 2002) to address these questions and  hypothesized 

that the relative probability of use is greater in regeneration cuts than in partially 

cut stands or stands that received no treatment.  We placed radios on Ovenbird, 

Worm-eating Warbler and Red-eyed Vireo and tracked their movements to gain 

insight into how necessary early-successional habitats are for these mature 
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forest-breeding birds.  Determining the extent that these mature forest birds 

require early-successional habitat may be critical to managing their populations.    

 

METHODS 

Study Sites 

We conducted our study in SE Missouri (Shannon and Carter counties) in 

the Current River and Logan Creek Conservation Areas (Figure 1).  This area is 

84% forested and comprised of upland oak-hickory and oak-pine forests (Shifley 

and Kabrick 2002).  Activities were focused on six total forest stands that had 

been clearcut in the last 3-6 years, with each cut being between 5.7 – 13.8 

hectares (Table 1, Figure 1).  We chose our stands based on size and age criteria of 

previous research conducted by the Missouri Ozark Forest Ecosystem Project 

(MOFEP).  Stands were regenerating oak-hickory and pine with various dense 

fruit-bearing vegetation such as blackberry/raspberry (Rubus spp.), blueberry 

(Vaccinium spp.), grape (Vitis spp.), and shinning sumac (Rhus copallina 

latifolia) (Shifley and Kabrick 2002).  Due to the limited number of stands that 

met the established age and size requirements, we were unable to randomize site 

selection.  The six stands that were used were all that were suitable for our 

purposes and met the requirements established by MOFEP.  Data from previous 

years were used to select telemetry locations (Burke 2013).  Due to the number of 

captures and the location of each stand in relation to each other, we chose to 

focus our radio telemetry on four stands: Trail 24, 15, 11, and 5 (Figure 1).  
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Care and Handling of Birds 

 We captured birds at 4 sites using constant effort mist netting from 1 June 

to 3 August 2012 (Table 1).  We placed 12 nets (12m x 2m) end-to-end within each 

regeneration cut, and all sites were netted 1-2 times per week.  Nets were opened 

at sunrise for approximately 5-6 hours, or until it became too hot, and monitored 

for birds every 15-20 min.  All birds captured, except Ruby-throated 

Hummingbirds (Archilochus colubris), were fitted with USGS aluminum bands 

and basic body measurements were taken along with species, age, and sex 

information.  We chose to focus on Red-eyed Vireo (~16 g), Worm-eating 

Warbler (~13 g) and Ovenbird (~19 g) based on a combination of information 

from previous research and the abundance of each species captured.  There were 

species for which we had higher capture numbers, but we were constrained by 

≤3% (USGS, Bird Banding Laboratory) transmitter size to body weight ratio.  All 

procedures were approved by the Missouri Department of Conservation (state 

permit #14675) United States Department of the Interior USGS (federal sub 

permit #09518 - AK) and University of Missouri-Columbia Animal Care and Use 

Committee (protocol #6653). 

 

Radio Telemetry 

 Our goal was to place 45 radio transmitters (Advanced Telemetry Systems, 

model A2414, 0.3 g) on independent hatch year Red-eyed Vireo, Worm-eating 

Warbler and Ovenbird that we captured with mist nets in regeneration cuts.  



	  
	  

8	  

Radios attached to all three of these species were 1.5 - 2% of the birds body 

weight, which meet the ≤ 3% transmitter weight restriction by the USGS, Bird 

Banding Laboratory.  Transmitters were supposed to last for approximately 24 

days once attached to a bird.  We attached transmitters with the method used by 

(Stanton 2013) for Brown-headed Nuthatches (Sitta pusilla).  We moved the 

body feathers back with our fingers and use a little moisture to expose the veins 

of the two central tail feathers.  We used a razor to scrape off any wax that might 

prevent the glue and transmitter from sticking.  We applied an accelerant (Bob 

Smith 151 Insta-Set) for the glue (Bob Smith 108 Insta-Cure) to the two central 

tail feathers with a Q-tip and very quickly put the glue on the transmitter and 

pressed and held it for a few seconds.  The transmitter was glued to the tail 

feathers, which would allow the birds to shed the transmitter when they molted 

within the next year. 

 We used triangulation and homing (White and Garrott 1990) to locate the 

birds with hand-held, three-element, Yagi antennas and receivers 

(Communications Specialists, model R-1000) from 20 June to 3 August 2012.  

We attempted to relocate each bird at least every 24 hours.  Early in the summer 

we were able to get points for each bird in the morning and evening, but as we 

placed radios on more birds we could only locate birds once a day.  If we were 

unable to find a bird near its previous location, we would then drive and search 

the surrounding area (Current River CA) for a minimum of one hour, covering as 

much of the 11,853 ha area as possible via established trails and logging roads.  If 

we had multiple birds that had left their previously recorded location, we would 

scan for all individuals and ensured at least one hour was spent on each bird. 



	  
	  

9	  

Typically we spent 5-6 hours (depending on the number of “missing” birds) in the 

am (0500-1100) and pm (1500-2000) and covered the entire Current River CA 

during that time with a magnetically mounted Omni antenna (Laird 

Technologies) placed on the roof of a truck.  A bird was classified as “missing” if it 

moved away from the regeneration cut where it was initially banded and we were 

unable to locate it.  We continued to search for all “missing” birds for the 24-day 

life of the transmitter’s battery.  When we located a bird in the forest, we were 

usually able to view the bird and would take a single geographic location 

(Universal Transverse Mercator coordinate system, UTM) with a global 

positioning system (GPS, Garmin, GPSMAP 76 and eTrex Legend H, 3-5 m 

accuracy).  Dense vegetation prevented our homing to the location of a bird in 

regeneration cuts; in this case we took 3-5 bearings from the perimeter.  We 

triangulated locations from bearings using the program Location Of A Signal 

(LOAS, Ecological Software Solutions) and excluded locations where the error 

ellipse was greater than the size of the regeneration cut (5.66 – 13.75 ha).  We 

were always able to determine if the bird was inside or outside of a regeneration 

cut simply based on bearings in the field.  

 

Data Analysis 

We evaluated the effects of stand treatment and tree size on habitat use 

versus what was available for use by Red-eyed Vireo, Worm-eating Warbler and 

Ovenbird.  We constrained available habitat to a mean daily distance traveled for 

each species.  We assumed 3rd order selection as defined by Johnson (1980), 
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where our actual distribution of each species across the different stand 

treatments and tree sizes is the end result of the habitat selection process, the 

majority of which has taken place before these juvenile individuals were born.  

We acknowledge that there have been many decisions made for these individuals 

by their parents in terms of habitat selection (Johnson 1980). 

We used timber sale records, stand inventory data (Heather Burm, 

Missouri Department of Conservation, pers. com.), and aerial photographs 

(MSDIS, US Forest Service) in a Geographic Information System (GIS) to create 

stand specific habitat classifications.  Forest stands are contiguous groups of trees 

delineated by the Missouri Department of Conservation based upon similarity in 

age, size class and location that are sufficiently distinguishable from surrounding 

stands.  We classified each stand based on inventories and according to forestry 

treatment as regeneration cut, partial cut, and no treatment.  We classified forest 

stand treatments as regeneration cut if a regeneration cut occurred within the last 

six years.  We classified forest stand treatment as partial cut if forest inventory 

indicated stand treatment as “intermediate harvest”, “timber stand 

improvement”, “select cut”, or “uneven age management”.  We classified forest 

stand treatment as no treatment if forest inventory indicated a stand was “mature 

forest” and “old growth” and there was no recent record of a treatment.  We also 

classified each stand by tree size-class based upon the stand inventory data.   Tree 

size was classified (1) small tree if forest inventory indicated stand tree size as 

“small tree”(<12.7 cm), (2) pole timber (12.7-27.9 cm) if that was its classification 

in the forest inventory. (Heather Burm, MDC, pers com).  Stands were also 

classified as (3) no treatment if inventory comments were “leave” or “no 
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treatment received” and tree size was listed as “sawtimber”(>27.9 cm), “small 

sawtimber” or “large pole”.   

We estimated daily movements from GPS coordinates of located individual 

birds using Excel.  We calculated linear distance moved as  (“√ (x estimate B – x 

estimate A)2+(y estimate B – y estimate A)2”).  We calculated the distance moved 

per hour as (linear distance/hour(s) since previous location).  We calculated a 

mean daily distance for each species based on individual means (“individual 

mean*24”).  The mean daily distance per species was used to generate our 

random points around each location.  We generated five random points for each 

actual location to compare habitat selection.  The mean daily distance (OVEN 

mean 131.64 m, range 67.44 – 277.92 m; WEWA mean 125.56 m, range 51.6-

176.16 m; REVI mean 251.66 m, range 59.28-560.64 m) was used for each species 

and we generated a buffer around each location using Hawths tools (ArcGis; 

ESRI) and intersected both point groups with our habitat classifications to assign 

values for treatment and size class.  The mean daily distance was used as a 

maximum radius around the random points as potential alternative habitat 

locations they could have chosen to use (ArcGIS, ESRI). 

We used an informational theoretic approach to evaluate what variables 

best explained habitat use by Red-eyed Vireo, Worm-eating Warbler and 

Ovenbird based on Akaike’s Information Criterion for small sample size (AICc) 

(Burnham and Anderson 2002).  We fit conditional logit discrete choice models 

based on individual relocations and random locations for each species to 

determine habitat use (Proc MDC, SAS 9.3).  Discrete choice models will allow us 

to define habitat availability for each individual.  We assumed that the individual, 
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when given a set of resources (forest treatment or tree size), will make its 

selection based on maximum utility (Millspaugh and Marzluff 2001).  Because we 

were using multiple points from the same individual to make inferences for each 

species as a whole, we fit models for each species with a random effect to account 

for individuals (SAS Institute 2011).  We plotted predicted relative probabilities 

of use across the range of observed values for supported variables to for each 

species to demonstrate habitat relationships. 

Our treatment model included binary variables indicating if a stand had 

been treated by regeneration cut (RC), partial cut (PC) and no treatment (NT). 

We considered NT as our reference variable and excluded it from our model to 

avoid linear dependent covariates.  Or tree size model included binary variables 

indicating if a stand was classified as small tree (ST), pole timber (P), and saw 

timber (S).  We used S as our reference variable and excluded it from our model 

to avoid linear dependent covariates.   

  

RESULTS 

We placed 29 radio transmitters on all hatch year Red-eyed Vireo (n=15), 

Worm-eating Warbler (n=7) and Ovenbird (n=7) that we captured in the summer 

of 2012.  Our number of captures was limited due to a severe drought in the 

Midwestern United States during the summer of 2012; prior year captures for the 

focal species were higher (Table 2).  Our number of individuals we could follow 

was also limited due to predation (one Worm-eating-Warbler, three Red-eyed 

Vireo), transmitter attachment failure (one Ovenbird, one Red-eyed Vireo; 
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Ovenbird recaptured three weeks later in same regeneration cut), individuals 

disappearing from our search area and the number of days available for tracking 

provided by the transmitter (24 days).  The area of error ellipses for triangulated 

points was 0 – 5.35 ha (Table 1).  We could only locate some birds for a few days 

and then the birds appeared to leave our study area.  We searched for the 

“missing” individuals for the life of the transmitter battery (approximately 24 

days) but in most cases were not able to relocate them.  We fit two discrete choice 

models that described habitat selection for all three species. 

 

Ovenbird 

We captured and radio-tagged seven Ovenbirds and were able to relocate 

four.  We had 15 relocations for bird 4.972, 16 for 5.473, 12 for 5.513, and 11 for 

bird 5.552 with a total of 54 relocations during the summer of 2012.  Birds were 

relocated on average every 28.2 hours (8.1 – 120.1 hrs).  The mean distance 

moved between relocations was 133.5 m (6.1 – 1145.3 m, Figure 2).  Relocations 

predominately corresponded with regeneration cut study sites and 75% of the 

Ovenbird remained in the same regeneration cut where captured (Figure 3).  

Relocation points are clustered within the regeneration cuts, but significant 

movement occurred from day to day and even while taking GPS points for 

triangulation (Figure 3).   

The tree size class model had the greatest support (Table 3) and 

conditional on this model, the relative probability of use was much greater for 

stands in the small-tree class than pole or sawtimber class (Figure 4).  There was 
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also some support for the stand treatment model (Table 3) and conditional on 

this model, the relative probability of use was much greater for stands treated by 

regeneration cuts than partial cuts or no treatment (Figure 5).  There was no 

support for our null model (Table 3). 

We had a single Ovenbird (frequency 5.552) from Trail 15 we tracked to a 

canopy gap, 981 m away from where he was initially captured where it remained 

for two days, (Figure 3).  We were then able to record a 1.14 km progressively 

northern movement over 2 more days to one of our other study sites (Trail 11) 

(Figure 2).  In that same day (pm relocation) we relocated it, 1.14 km south in the 

same canopy gap where it remained for 10 more days, but after that we were 

unable to locate it.  This bird was still using early-successional habitat for all of 

the points where it was located, though more actively used a smaller patch of 

early-successional habitat (tree fall).  This stand was classified as sawtimber and 

had received no treatment.  The mean distance/hr by this ovenbird (5.552) was 

compared to all individual ovenbirds.  A significant difference in the mean 

distance/hr movement was found between two (4.972 and 5.473) of the 

remaining three (α=0.05, Table 5).  There was no significance at the lower 

bounds for individual 5.513 but a 12.18 m gap at the upper bounds with 5.552 

moving the mean longest distance/hr (α=0.05, Table 5). 

 

Worm-eating Warbler 

We captured and radio-tagged seven Worm-eating Warblers and were able 

to relocate six.   We had 34 relocations for bird 5.332, 32 for 5.409, 33 for 5.543, 7 
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for 5.571, nine for 5.642, and three for 5.652 with a total of 118 relocations during 

the summer of 2012.  Birds were relocated on average every 21 hours (6.4 – 215.4 

hrs).  The mean distance moved between relocations was 89 m (6.1 – 448.8m, 

Figure 6).  Relocations predominately were in stands treated by regeneration cuts 

and all Worm-eating Warbler remained in or near the same location where 

captured (Figure 7).  Relocation points are clustered within the regeneration cuts, 

but significant movement occurred from day to day and even while taking GPS 

points for triangulation.  A comparison of mean distance/hr did not indicate a 

significant difference among individual Worm-eating Warblers (α=0.05, Table 

6). 

The tree size class model had the greatest support (Table 3) and 

conditional on this model, the relative probability of use was much greater for 

stands in the small-tree class than pole or sawtimber class (Figure 8).  There was 

also significant support for the stand treatment model and conditional on this 

model, the relative probability of use was much greater for stands treated by 

regeneration cuts than partial cuts or no treatment (Table 3 and Figure 9).  There 

was no support for our null model (Table 3). 

 

Red-eyed Vireo 

We captured and radio-tagged 15 Red-eyed Vireo and were able to relocate 

12.  We had 11 relocations for bird 4.922, nine for 4.959, two for 5.003, three for 

5.011, eight for 5.364, three for 5.438, six for 5.451, two for 5.462, two for 5.532, 

11 for 5.582, five for 5.634, and eight for 5.664 with a total of 70 relocation points.  
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Birds were relocated on average every 40 hours (8.51 – 136.28 hrs).  The mean 

distance moved between relocations was 434 meters (15.5 – 4032.6 m, Figure 

10).  Red-eyed Vireos were initially captured in regeneration cuts, but appeared 

to also be selecting forested areas (Figure 11 and 12).  

The tree size class model had the greatest support (Table 3).  Conditional 

on this model, the relative probability of use was greater (52%) that they would 

choose small tree over pole (32%) or sawtimber (16%) and the relative probability 

was higher that they would choose pole over sawtimber (Figure 13).  There was 

also some support for the stand treatment model and conditional on this model, 

the relative probability of use was greater (53%) that they would choose small 

tree over pole (30%) or sawtimber (17%) and the relative probability was higher 

that they would choose pole over sawtimber (Table 3 and Figure 14).  There was 

no significant support for our null model (Table 3). 

We had one Red-eyed Vireo where we were able to capture a large 

movement (Figure 12).  Initial capture, 20 July 2012, was in a regeneration cut 

(Trail 11), the preceding relocations were recorded in surrounding stands that 

received a partial cut (PC) with tree size of pole (P) and no treatment (NT) stands 

that had sawtimber (S) (Figure 12).  Time spent over the next 15 days was split 

equally between the two treatment types and tree sizes, with the bird appearing 

to alternate locations for consecutive relocations.  This bird was classified as 

“lost” until 8 August 2012.  This new location was over 4 km southwest of all 

previous locations (Figure 11).  This stand was classified as a partial cut with a 

tree size of sawtimber.  We were unable to relocate the bird in the Current River 

CA after 8 August 2012.  A comparison of the mean distance moved/hr did not 
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indicate a significant difference among individual Red-eyed Vireo (α=0.05, Table 

7).  

 

DISCUSSION 

Our results indicate early-successional habitat use by mature forest-

breeding birds during the post-breeding period which reinforces the results from 

several other studies (Anders et al. 1997; Rivera et al. 1998; Pagen et al. 2000; 

Fink 2003; Marshall et al. 2003; White et al. 2005; Vitz and Rodewald 2006; 

Major and Desrochers 2012; Streby and Anderson 2013).  The majority of these 

studies reported limited movement and habitat use information after day 24, the 

approximate date of independence.  Our study expanded on this information and 

captured habitat use for juvenile Ovenbird, Worm-eating Warbler, and Red-eyed 

Vireo post-independence.   

Habitat managers and conservationist now have habitat use information 

that encompasses the breeding and post-breeding season for Wood Thrush 

(Anders et al. 1997; Vega Rivera et al. 1998; Fink 2003), Ovenbird (Vitz and 

Rodewald 2010; Burke 2013; Streby and Anderson 2013), and Worm-eating 

Warbler (Vitz and Rodewald 2010; Burke 2013).  Our results for independent 

juvenile Ovenbird and Worm-eating Warbler indicated that they are selecting 

early-successional habitat (Table 3), which elaborates on the results from 

previous studies (Vitz and Rodewald 2010; Streby and Anderson 2013).  

Ovenbirds either stayed in a single regeneration cut, or moved from one 

regeneration cut to another via forest stands with patches of early-early 
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successional habitat (Figure 3).  Worm-eating Warblers appeared to be strongly 

clustered in the original regeneration cut as well, and preferred dense small tree 

vegetation when compared to available alternative habitat locations of non-

treated forest and partial treated stands which reinforces the results from 

previous studies (Table 3, Figure 7)(Vitz and Rodewald 2010).  Wood thrush, 

because of their larger size, is one of the only species for which there is more 

contiguous breeding season habitat use information (Anders et al. 1997; Vega 

Rivera et al. 1998; Fink 2003).  Wood Thrush have been shown to travel large 

distances to locate early-successional habitat and, similar to our Ovenbird and 

Worm-eating Warbler, appear to stay for long periods indicating a necessity 

(Anders et al. 1997).  Selection of early-successional habitat may also be 

considered a necessity for Worm-eating Warbler and Ovenbird, based on our 

observation of their exclusive use in the post-breeding season. 

Not all species of mature forest-breeding birds exclusively use early-

successional habitat during the post-breeding season.  Scarlet Tanager use 

mature forest as well as early-successional habitat during the breeding and post-

breeding season (Vega Rivera et al. 2003).  Red-eyed Vireo appear to most 

closely resemble observations of adult Scarlet Tanager in their use of mature 

forest and early-successional habitat during the post-breeding period (Vega 

Rivera et al. 2003).  Our observations for independent juvenile Red-eyed Vireo 

are the only known habitat selection study for this species.  Results for Red-eyed 

Vireo indicate that they may be doing something different from Wood Thrush, 

Ovenbird and Worm-eating Warbler, with habitat use distributed between 

different habitat types (Table 3).  Our models indicated selection for regeneration 
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cuts, though these birds were also positively associated with partial cuts and 

mature forests, though less often (Table 3, Figure 11 and 12).  There was a higher 

predicted probability of use for small trees and regeneration cuts, though they did 

use other habitats as well during the post-breeding season (Figure 13 and 14).  

Selection of early-successional habitat for Red-eyed Vireo could possibly be 

considered both a necessity and convenience, based on the distribution of use.  

These data make evident the importance of obtaining whole annual cycle habitat 

use information for all species.  There are clear differences in habitat use between 

species classified in the mature forest-breeding bird guild.   

Early successional habitat may provide resources such as fruit and insects, 

as well as increased cover from predators and result in greater survival(Anders et 

al. 1997; Vitz and Rodewald 2006; Major and Desrochers 2012; Stoleson 2013).  

Current forestry practices create areas of early-successional habitat, though 

historical methods such as natural fire, wind events and tree falls also continue to 

provide these areas as well.  We found that early-successional habitats are being 

selected and may be a necessary part of the annual habitat use for Ovenbird, 

Worm-eating Warbler, and possibly Red-eyed Vireo.  While we demonstrated 

selection of early successional habitats during the post-breeding season we did 

not measure survival, growth, or other factors affecting fitness.  We suggest based 

on our results and others (Anders et al. 1997; Vitz and Rodewald 2006; Major 

and Desrochers 2012; Stoleson 2013), however, that selection of early 

successional habitats is conveying fitness benefits to these species. 

Previously, management has been predominately focused on breeding 

habitat for migratory songbirds, but the post-breeding period could be equally 



	  
	  

20	  

important for their survival considering they spend an equal or greater amount of 

time in the post-breeding stage.  Conservation agencies and land managers need 

evidence on the type of habitat juvenile post-fledgling, mature forest birds are 

choosing after they are independent from their parents.  It is important to note 

that we do not have records of these species nesting in early-successional habitat 

(Thompson et al. 1992; Annand and Thompson 1997; Wallendorf et al. 2007).  

For most species, such as Wood Thrush, Ovenbird and Worm-eating Warbler, 

early successional-habitat use does seem to be restricted to the post-breeding 

season.  If we located these same birds in the nesting season (May) we would find 

them using mature forest habitat.  By following these birds during this habitat 

shift, when they are independent in the post-breeding season, I believe we have 

shown how important early-successional habitat is for these bird species.  We 

now have a better understanding of what type of habitat these species are using, 

and hopefully this can help guide habitat management decisions to potentially 

increase populations.   

 

Future Research   

We captured 30 different mature forest-breeding bird species in our Ozark 

clearcuts (Burke 2013).  Post-breeding season habitat use information is still 

lacking for conservation agencies and land managers for many of these resident 

and Neotropical migrant species.  Knowledge of the extent that these mature 

forest birds require early-successional habitat may be critical to managing their 

populations.  We suggest further research to define post-breeding habitat use for 
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mature forest-breeding birds, which could help optimize management and 

conservation efforts to increase declining populations of Neotropical migrant 

songbirds.  Less information exits on post fledging ecology after 25 days post-

fledgling (A. Cox unpubl. data).  Conservation agencies and land managers 

currently know that six out of 30 species use early-successional habitat (Table 4).  

Future research needs to examine habitat use for all mature forest-breeding bird 

age groups and life stages.   
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FIGURES 

	  
 

Figure 1. Study site location. Map of the state of Missouri with an enlargement of the southwest 

section of Reynolds County and the northeast corner of Shannon County.  The six regeneration 

cut sites are shown in red and are Trail 34, Trail 106, Trail 11, Trail 5, Trail 15, and Trail 24 (from 

top to bottom). Green areas are forested.  
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Figure 2. Frequency of distances moved (m) by individual juvenile Ovenbirds (n=4) tracked using 

radio telemetry in the Current River CA in the Ozarks of southeastern Missouri. Red, blue, green, 

and purple columns represent each individual identified by transmitter frequency.   
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Figure 3. All relocation for four individual Ovenbirds tracked using radio telemetry in the Current 

River CA in the Ozarks of southeastern Missouri.  Red areas are classified as small tree, dark 

green are classified as sawtimber, and light green are classified as pole timber.  
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Figure 4. Predicted probability of tree size selection for Ovenbird in the summer of 2012 in the 

Current River CA in the Ozarks of southeastern Missouri.  
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Figure 5. Predicted probability of stand treatment selection for Ovenbird in the summer of 2012 

in the Current River CA in the Ozarks of southeastern Missouri.  
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Figure 6. Frequency of distances moved (m) by individual juvenile Worm-eating Warbler (n=6) 

tracked using radio telemetry in the Current River CA in the Ozarks of southeastern Missouri. 

Blue, red, green, purple, teal, and orange columns represent each individual identified by 

transmitter frequency.  
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Figure 7. All relocations for six individual Worm-eating Warblers tracked using radio telemetry in 

the Current River CA in the Ozarks of southeastern Missouri.  Red areas are classified as small 

tree, dark green are classified as sawtimber, and light green are classified as pole timber.   
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Figure 8. Predicted probability of tree size selection for Worm-eating Warbler in the summer of 

2012 in the Current River CA in the Ozarks of southeastern Missouri.  
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Figure 9. Predicted probability of stand treatment selection for Worm-eating Warbler in the 

summer of 2012 in the Current River CA in the Ozarks of southeastern Missouri.  
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Figure 10. Frequency of distance moved (m) for individual Red-eyed Vireo (n-12) tracked using 

radio telemetry in the Current River CA in the Ozarks of southeastern Missouri. Color bars 

represent each individual identified by transmitter frequency.  
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Figure 11. All relocations for ten individual Red-eyed Vireos tracked using radio telemetry in the 

Current River CA in the Ozarks of southeastern Missouri.  Red areas are classified as small tree, 

dark green are classified as sawtimber, and light green are classified as pole timber.   
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Figure 12. All relocations for two individual Red-eyed Vireos tracked using radio telemetry in the 

Current River CA in the Ozarks of southeastern Missouri. These two individuals had large 



	  
	  

38	  

movements and are excluded from figure 11 due to size constraints. Red areas are classified as 

small tree, dark green are classified as sawtimber, and light green are classified as pole timber.   
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Figure 13. Predicted probability of tree size selection for Red-eyed Vireo in the summer of 2012 in 

the Current River CA in the Ozarks of southeastern Missouri.  
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Figure 14. Predicted probability of stand treatment selection for Red-eyed Vireo in the summer of 

2012 in the Current River CA in the Ozarks of southeastern Missouri.  
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TABLES 

Table 1. Site information; site name, when clear-cut was mist-netted, when the clear-cut was 

harvested, the age of the clear-cut when mist-netted, and the size of the clearcut. 

	  
Site Summer Netted Date Cut Regeneration Cut 

Age (yr) Size (ha) 

Trail 24 2010, 2012 April 2007 3-5 yr 9.3  
Trail 15 2010, 2012 November 2007 2-4 yr 13.75 
Trail 11 2011, 2012 December 2007 3-4 yr 5.66 
Trail 34 2011 July 2006 4 yr 8.9 
Trail 5 2011, 2012 August 2006 4-5 yr 7.28 

Trail 106 2011 August 2006 4 yr 8.1 
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Table 2. Number of individuals captured at each site for our three focal species (Red-eyed Vireo, 

Worm-eating Warbler, and Ovenbird) in the Current River CA in the Ozarks of southeastern 

Missouri during the summers of 2010 and 2011. 

Species & Year Captures Total Trail 5 Trail 11 Trail 15 Trail 24 Trail 34 Trail 106 
Ovenbird        

2010 - - 1 4 - - 5 
2011 5 1 - - 3 3 12 

Worm-eating Warbler        
2010 - - 7 3 - - 10 
2011 12 11 - - 7 5 35 

Red-eyed Vireo        
2010 - - 12 39 - - 51 
2011 11 10 - - 9 6 36 
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Table 3. Support for discrete choice models predicting relative probability of forest stands as a 

function of tree size class and stand treatment for fledgling Ovenbirds, Worm-eating Warblers, 

and Red-eyed Vireos in the Missouri Ozarks, 2012. 

Species & Model K Log-
Likelihood AICc ΔAICc ωi 

Ovenbird      
Tree Size 3 -66.462 139.353 0.000 0.979 

Stand Treatment 3 -70.290 147.008 7.655 0.021 
Null Model 2 -104.101 212.413 73.060 0.000 

Worm-eating Warbler      
Tree Size 3 -141.318 288.843 0.000 0.548 

Stand Treatment 3 -141.512 289.231 0.388 0.452 
Null Model 2 -214.241 432.585 143.741 0.000 

Red-eyed Vireo      
Tree Size 3 -123.198 252.744 0.000 0.699 

Stand Treatment 3 124.132 254.612 1.868 0.274 
Null Model 2 -127.572 259.315 6.571 0.026 
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Table 4. List by age and life stage of the six species of Neotropical migrant songbirds we have 

dependent and independent post-breeding habitat use information for (Anders et al. 1997, Fink 

2003, Rivera et al. 1998, Streby et al. 2013, Vitz & Rodenwald 2010, White & Faaborg 2005). 

 

Species 
Age Life Stage 

HY AHY Dependent  
Post-breeding 

Independent  
Post-breading 

Wood Thrush ✓ ✓ ✓ ✓ 
Ovenbird ✓ ✓ ✓ ✓ 
Worm-eating Warbler ✓  ✓ ✓ 
Red-eyed Vireo ✓   ✓ 
Scarlet Tanager  ✓ ✓  
Swainson’s Thrush ✓  ✓ ✓ 
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Table 5. Comparison of individual Ovenbird movements, standardized to distance per hour. 

Individual N Mean Variance 

95% Confidence 
Interval 

 
Low       High 

4.972 14 2.81 5.149 1.62 – 4 
5.473 15 2.93 3.809 1.94 – 3.91 
5.513 11 4.64 10.373 2.73 – 6.54 
5.552 10 11.58 132.791 4.44 – 18.72 
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Table 6. Comparison of individual Worm-eating Warbler movements, standardized to distance 

per hour. 

Individual N Mean Variance 

95% Confidence 
Interval 

 
Low      High 

5.332 33 5.14 10.365 4.04 – 6.24 
5.409 31 6.5 29.393 4.59 – 8.41 
5.543 32 7.34 69.88 4.45 – 10.24 
5.571 5 7.17 28.093 2.52 – 11.82 
5.642 8 2.15 2.471 1.06 – 3.24 
5.652 2 3.09 0.319 2.13 – 3.87 
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Table 7. Comparison of individual Red-eyed Vireo movements, standardized to distance per hour. 

Individuals with an asterisk (*) only had two relocations 

Individual N Mean Variance 

95% Confidence 
Interval 

 
Low      High 

4.922 10 5.43 32.514 1.89 – 8.96 
4.959 8 10.88 114.133 3.48 – 18. 29 

5.003* 1 - - - 
5.011 2 7.9 35.476 0 – 16.15 
5.364 7 12.15 242.326 0.62 – 23.68 
5.438 2 2.47 3.08 0.04 – 4.90 
5.451 5 13.66 403.66 0 – 31.27 

5.462* 1 - - - 
5.532* 1 - - - 
5.582 10 8.43 99.005 2.27 – 14.60 
5.634 4 23.36 658.146 0 – 48.5 
5.664 7 16.9 287.569 4.34 – 29.46 

  



	  
	  

48	  

CHAPTER 2 
MATURE FOREST-BREEDING BIRD USE OF EARLY-

SUCCESSIONAL HABITAT: 
MOVING BEYOND MIST-NETS 

 
Alicia D. Burke 

Dr. John Faaborg, Thesis Supervisor 

 

ABSTRACT 

Some late-successional breeding birds shift habitat-use from mature 

forest-breeding habitat to early-successional habitat.  In species such as the 

Wood Thrush (Hylocichla musteline), Ovenbird (Seiurus aurocapilla) and 

Worm-eating Warbler (Helmitheros vermivorum), most hatch-year birds appear 

to disperse to early-successional vegetation upon independence.  Conversely, 

radio telemetry studies suggest that Red-eyed Vireo (Vireo olivaceus) and Scarlet 

Tanager (Piranga olivacea) are using multiple habitats during the post-breeding 

period.  Netting studies have captured other forest-breeding birds in regeneration 

cuts, but this does not mean that early-successional growth vegetation is a 

significant habitat during their annual cycle.  We used constant effort mist 

netting in the Missouri Ozarks to capture mature forest-breeding birds in 

regeneration cuts to examine temporal variation in the abundance of mature 

forest-breeding birds in regeneration cuts from the end of May to the beginning 

of Aug.  Mean daily captures for each species fell into three distinct groups: nine 

highly abundant species (Red-eyed Vireo, Worm-eating Warbler, Black-and 

White Warbler (Mniotilta varia), Ovenbird, Scarlet Tanager, Carolina Wren 
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(Thryothorus ludovicaianus), Ruby-throated Hummingbird (Archilochus 

colubris), Northern Parula (Setophaga americana), and Tufted Titmouse 

(Baeolophus bicolor)] which were 85% of our total forest bird captures; eight 

moderately abundant species, 12% of our total captures; and 14 low abundance 

species for which we had 5 or fewer total captures.  We suggest the wide variation 

in abundance of post-breeding forest birds in early successional habitats 

indicates early successional habitat is important for some and not others, and 

suggest future research determine the benefits species utilizing these habitats 

during the post-breeding season receive.   

 

INTRODUCTION 

Neotropical migrant songbirds have shown population declines over the 

last several decades due to habitat loss and fragmentation on the breeding and 

wintering grounds (Robinson et al. 1995; Holmes 2007; Sauer et al. 2012). 

Concern about these declines led to the establishment of Partners in Flight (PIF) 

in 1990.  One of the major lessons of PIF is that there is a significant need for 

research through the annual cycle (Faaborg et al. 2010a, 2010b; Sauer et al. 

2012).  PIF’s action plan clearly embraces the need for research to encompass the 

entire annual cycle for migrant songbirds, and maintains a goal of increasing our 

capacity to support full life cycle conservation (Sauer et al. 2012).   

Neotropical migrant songbirds have several distinct stages in their annual 

cycle in which they face different key processes and situations (Sherry and 

Holmes 1991).  Most songbird studies have focused on the breeding season with 
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the primary emphasis on adults and nest success (Robinson et al. 1995; Campbell 

et al. 2007; Bakermans et al. 2012; Rappole 2013).  Yet, the traditional concept of 

the breeding season can be broken up into two distinct stages, breeding (1-3 

months) and post-breeding (3-4 months).  The breeding season for songbirds 

starts with the initiation of reproductive activities and ends with their 

completion.  The post-breeding period for adult songbirds begins with the 

completion of reproduction and for juveniles it begins with independence from 

their parents; this period concludes for both age groups with migration (Rappole 

2013).  The timing of nesting, fledging, and independence of young varies among 

species, making it difficult to distinguish between breeding and post-breeding; in 

most populations there are individuals in the breeding phase and, at the same 

time, other individuals in the same population are in the post-breeding phase 

(Rappole 2013).  There is also regional variation in breeding season length; birds 

in the southern U.S. arrive earlier and have a longer breeding season than birds 

in New England and Canada.  There are distinct behavioral and, in many cases, 

observed physiological differences during the post-breeding season which require 

acknowledgement and further study (Rappole 2013). 

Some mature forest-breeding birds use early-successional habitat later in 

the breeding season (Pagen et al. 2000; Marshall et al. 2003; Vitz and Rodewald 

2006; Mcdermott and Wood 2010; Streby et al. 2011; Chandler et al. 2012; Major 

and Desrochers 2012; Stoleson 2013).  These studies used mist nets and reported 

captures of adult and juvenile mature forest-breeding, Neotropical migrant 

songbirds in early-successional growth such as regeneration cuts.  Radio 

telemetry studies show that Wood Thrush (Scientific names in Table 2)(Anders et 
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al. 1997; Vega Rivera et al. 1998; Fink 2003), Swainson’s Thrush (White et al. 

2005), Ovenbird (Vitz and Rodewald 2010; Burke 2013; Streby and Anderson 

2013), and Worm-eating Warbler (Vitz and Rodewald 2010; Burke 2013) 

juveniles use early-successional habitat during the post breeding season.  Red-

eyed Vireo is one of the most commonly captured mature forest-breeding birds in 

early-successional habitat during the post breeding season; additional research 

using radio telemetry indicates that habitat selection for independent juveniles is 

split between early-successional and forested habitats (Burke 2013).  Radio 

tagged adult Scarlet Tanager use early-successional habitat during both the 

breeding and post-breeding season, with an increase in use during the post 

breeding season (Vega Rivera et al. 2003).  Though all of these species are 

classified as mature forest-breeding birds, considerable variation has been shown 

between species and by geographic region in the extent that they use these early-

successional habitats (Anders et al. 1997; Pagen et al. 2000; Vega Rivera et al. 

2003; White et al. 2005; Vitz and Rodewald 2010; Chandler et al. 2012; Burke 

2013; Stoleson 2013; Streby and Anderson 2013).  These documented shifts in 

habitat use demonstrate the importance of research to encompasses the entire 

annual cycle, though not just per guild, but by individual species and geographic 

region. 

Post-breeding habitat use is difficult to determine because these birds alter 

their behavior during the post-breeding season and typically do not sing during 

this time or appear to maintain territories.  Mist netting can provide a snapshot 

of habitat use, telling us what habitat individual birds are using at the time they 

were captured.  Mist netting studies typically have low recapture rates so we do 
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not know if the birds captured actually remain in these habitats (Rappole and 

Ballard 1987; Vitz and Rodewald 2006; Burke 2013).  It has been hypothesized 

that the shift from mature forest to regenerating vegetation occurs to take 

advantage of resources such as insect and fruit abundance, increased cover from 

threats such as predators, prebasic molt, prospecting for the following year, and 

preparation for migration (Vega Rivera et al. 1998; White et al. 2005; Vitz et al. 

2007; Rappole 2013; Stoleson 2013). 

Mist net data show that mature forest-breeding birds occur in 

regeneration cuts, but to establish that individuals rely on early-successional 

habitat requires monitoring of birds marked with radio transmitters.  We have 

seen that Wood Thrush (Anders et al. 1997), Swainson’s Thrush (White et al. 

2005), Ovenbird (Vitz and Rodewald 2010; Burke 2013) and Worm-eating 

Warbler (Vitz and Rodewald 2010; Burke 2013) appear to use early-successional 

habitat almost exclusively as post-fledging juveniles; Scarlet Tanager (Vega 

Rivera et al. 2003) and Red-eyed Vireo (Burke 2013) use such habitats regularly 

but not exclusively. 

Simply capturing a bird in early-successional habitat does not mean this 

habitat is important to that species annual cycle.  Incomplete reporting of 

observations can lead to ambiguous summaries of reported data by species and 

an implication that they utilize early-successional habitat, as seen in Rappole’s 

Table 3.3 (Rappole 2013).  Scientists need to be more rigorous in habitat 

assignments and perceived associations due to the clear differences in the extent 

that mature forest-breeding birds utilized early-successional habitat. 
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Our objective was to determine for which species of mature forest-

breeding birds early-successional habitat might be considered an important part 

of their annual cycle.  We hypothesized that 1) there is variation in abundance of 

mature forest-breeding bird species in early-successional habitat during the post 

breeding season and that abundance reflects importance of this habitat to 

species, and 2) species’ abundances vary between breeding and post-breeding 

and between age classes (After Hatching Year, Hatching Year) of a species in 

early-successional habitat and that abundance reflects importance.  We reviewed 

existing studies to demonstrate which species were common forest breeding birds 

in the region and used our capture data to demonstrate for which of these species 

regeneration cuts appear important during post-breeding.  

 

METHODS 

Study Sites 

We conducted our study in SE Missouri (Shannon and Carter counties) in 

the Current River and Logan Creek Conservation Areas (Figure 1).  This area is 

84% forested and comprised of upland oak-hickory and oak-pine forests (Shifley 

and Kabrick 2002).  Activities were focused on six regeneration cuts sites that 

had been clearcut in the last 3-6 years, with each cut between 5.7 – 13.8 hectares 

(Table 1, Figure 1).  We chose our stands based on size and age criteria from 

previous research conducted by the Missouri Ozark Forest Ecosystem Project 

(MOFEP) to maximize the number of birds captured (Faaborg pers comm).  

Clearcut stands were regenerating oak-hickory and pine with various dense fruit-
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bearing vegetation such as blackberry/raspberry (Rubus spp.), blueberry 

(Vaccinium spp.), grape (Vitis spp.), and shining sumac (Rhus copallina latifolia) 

(Shifley and Kabrick 2002).  Due to the limited number of sites that met the 

established age and size requirements, we were unable to randomize site 

selection.  The six sites that were used were all that were suitable for our 

purposes and met the established requirements.  

 

Care And Handling of Birds 

All procedures were approved by the Missouri Department of 

Conservation (state permit #14675) United States Department of the Interior 

USGS (federal sub permit #09518 - AK) and University of Missouri-Columbia 

Animal Care and Use Committee (protocol #6653). 

 

Mist Netting 

 We used constant effort mist netting with 12 nets (12m x 2.6m, 32mm) 

placed end-to-end within each clearcut.  Net height was optimal for the 

vegetation height found in the regeneration cuts.  Our goal was to capture mature 

forest-breeding birds in regeneration cuts to examine temporal variation over the 

entire summer (end of May to beginning of Aug).  Nets were opened at sunrise for 

approximately 5-6 hours, or until it became too hot.  Open nets were monitored 

for birds every 15-20 minutes; all birds captured, except Ruby-throated 

Hummingbirds, were fitted with USGS aluminum bands and basic body 

measurements were taken along with species, age, and sex information.  Mist 
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nets were run from 24 June to 13 August 2010 (25 netting days), 31 May to 4 

August 2011 (32 netting days) and 1 June to 3 August 2012 (28 netting days); not 

all sites were netted all 3 summers (Table 1). 

 

Data Analysis 

 We calculated mean daily captures and 95% confidence intervals across all 

site visits and years as a measure of average abundance in early successional 

habitat for the entire season (Figure 2).  We calculated the percent of each species 

captured from our total captures of mature forest-breeding birds and then ranked 

each species from most to least captured.  This ranking allowed us to easily 

classify captured species into three categories, to quantify patterns: “High 

Abundance”, “Moderate Abundance”, and “Low Abundance”.  We selected 

species for quantitative analysis, based on sufficient captures and documented 

use of early-successional habitat to compare early-successional habitat use for 

select species where habitat use was unknown.  

We used generalized linear mixed models for repeated measures using a 

Poisson distribution (PROC GLIMMIX, SAS 9.3) to test our hypothesis that 

species’ abundances varied between breeding and post-breeding and between age 

classes.  We used a Poisson distribution for the response variable (number of 

captures) and included random effects to account for revisits to a site within a 

year and sites revisited among years.  We considered season (breeding, post-

breeding) and age (AHY, HY) as categorical variables and examined the 
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interaction between them to examine change in abundance by each age group 

during the breeding and post-breeding season.   

The beginning of the post-breeding period was defined for most of our 

focal species as June 28th.  This date was calculated from the mean earliest 

capture in 2010 and 2011 for species known to utilize early-successional habitat; 

independent HY Red-eyed Vireo, Worm-eating Warbler and Ovenbird.  We 

decided not to include first capture dates from 2012 due to the fact that a 100 

year drought was recorded and captures for each species were generally 10 days 

earlier than the two previous years. 

We qualitatively compared our mature forest-breeding bird capture data 

to four studies conducted nearby in southeastern Missouri: MOFEP regeneration 

cut mist-netting data (Porneluzi et al. in review) from 1998-2011 (1st 2 weeks of 

July), MOFEP spot mapping density data (Kendrick et al. in review) from 2010 

(mid May to the end of June), mean point count detections in mature forest 

conducted in 1993 (19 May – 18 June) and 1994 (16 May – 22 June) (Annand and 

Thompson 1997), and mean breeding bird abundances conducted in 1989 and 

1990 (16 May – 20 June) (Thompson et al. 1992).  Obviously, quantitative 

comparisons between such different methodologies are problematic, but our 

assumption was that species that were common breeders in nearby mature forest 

and had low abundance in regeneration cuts were not using early-successional 

habitat, whereas those that had high abundance were making more substantial 

use of regeneration cuts.  Mature forest-breeding birds caught regularly in early-

successional habitat would require further investigation to determine if it is 

important habitat during their annual cycle.  
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RESULTS 

We sampled six regeneration cuts for a total of 5,610 net hours over 85 

days in 3 summers (Table 1).  We captured 2,069 total birds of 50 different 

species with a less than 7.5% (N=153) recapture rate for birds from our total 

captures.  We classified 1159 individuals of 31 species as mature forest-breeding 

birds (62% of total captures), and had a recapture rate for mature forest-breeding 

birds of 3% of our total captures (N=39)(Table 2).  The 31 mature forest-breeding 

birds captured in regeneration cuts included five resident species and 26 

Neotropical migrant songbird species (Table 2). 

There was variation in abundance of mature forest-breeding birds among 

species in early-successional habitat (Figure 2).  Mean daily captures for each 

species fell into three distinct groups: nine highly abundant species had ≥0.53 

birds per day, which was 85% of our total forest bird captures; eight moderately 

abundant species had between 0.27 – 0.12 bird per day (12% of our total forest 

bird captures); and 14 low abundance species had 0.06 or fewer individual daily 

captures (3% of our total forest bird captures) (Table 2, Figure 2).  There were 

large variations in captures among species, by age and sex (Table 2, Figure 2, 3, 

4). 

There was variation in abundance by breeding season between age classes 

and season for species we classified as high abundance in early-successional 

habitat.  We modeled eight of the nine most common species to explore 

significant differences in abundance by age and season.  We did not have 

significant age classification data to analyze differences for Ruby-throated 
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Hummingbird (Table 2).  We did not have support for interactive effects for age 

and season for four species: Scarlet Tanager (P=0.58), Carolina Wren (P=1.0), 

Northern Parula (P=0.73), or Eastern Tufted Titmouse (P=0.46) (Figure 3e, 3f, 

3g, 3h).  We found interactive effects for age and season for Red-eyed Vireo 

(P=<0.01); an overall pattern of increased use for both ages is predicted for the 

post-breeding season, though adult use is predicted to be higher than juvenile use 

during both periods (Figure 3a).  Worm-eating Warbler (P=0.04) and Ovenbird 

(P=0.01) show similar results with there being higher predicted captures for AHY 

than HY in the breeding season (Figure 3b & 3d).  There was a decrease in 

expected captures for adults and an increase for juvenile Ovenbird and Worm-

eating Warbler during the post-breeding season and this resulted in equitable 

predicted captures for both age groups.  Black-and White Warbler (P=0.03) 

showed support for interactive effects for age and season with adult use predicted 

higher in the breeding season and decreasing by more than 50% in the post-

breeding season when juvenile use is higher (Figure 3c).  

There was variation in abundance by breeding season between age classes 

and season for species we classified as moderately abundant in early-successional 

habitat.  We modeled the next four most abundant Neotropical Migrants, 

excluding Yellow-billed Cuckoo due to insufficient HY captures (Table 2).  We did 

not have significant support for interactive effects for age and season for Eastern 

Wood-pewee (P=0.99) or Acadian Flycatcher (P=0.93) (Figure 4b & 4c).  There 

was support for interactive effects for age and year for Blue-gray Gnatcatcher 

(P=0.04).  Juveniles had over 90% more captures in early-successional habitat 

during the post-breeding season than adults (Figure 4a).  Adult Summer Tanager 
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(P=<0.01) had higher predicted captures during the breeding and post-breeding 

season when compared to predicted captures for juvenile birds (Figure 4d). 

Low abundance species (n=14) had too few captures for analysis beyond 

mean daily captures (0.06) (Table 2, Figure 2).  We did not test for variation of 

abundance by breeding season between age classes and season for species 

classified as low abundance. 

 

DISCUSSION 

 Our results indicate a habitat shift by many mature forest-breeding birds 

to early-successional vegetation during the post-breeding period, which 

reinforces the results from several other studies (Pagen et al. 2000; Marshall et 

al. 2003; Vitz and Rodewald 2006; Mcdermott and Wood 2010; Streby and 

Andersen 2011; Chandler et al. 2012; Major and Desrochers 2012; Stoleson 

2013).  Our data further indicate that these species are using this habitat 

disproportionately by age and season (Table 2 & 3;Figures 2, 3, & 4).  Our 

captured species fell into three distinct groups which characterize their presence 

in early-successional habitat: nine high abundance species made up 85% of our 

captures; eight moderate abundance species were 12% of our total; and 14 low 

abundance species made up only 3% of our total captures (Table 2).  Our review 

of comparative data combined with our captures and analyses allows us to 

speculate on which other mature forest-breeding species may make post-

breeding movements to early-successional habitat and those that clearly do not 

(Table 3). 
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 From our list of captures, radio telemetry studies have specifically shown 

that Wood Thrush (Anders et al. 1997; Vega Rivera et al. 1998; Fink 2003), 

Ovenbird (Vitz and Rodewald 2010; Burke 2013), and Worm-eating Warbler 

(Vitz and Rodewald 2010; Burke 2013) show high use of early-successional 

habitat during the post breeding season.  All of these were high abundance 

species except for the Wood Thrush.  Though historically present in significant 

numbers, Wood Thrush are no longer captured abundantly in the Missouri 

Ozarks and could not be analyzed.  Our models for age and season indicated 

support for Worm-eating Warbler and Ovenbird with there being higher 

predicted captures for AHY than HY in the breeding season (Figure 3b, 3d).  

There was a decrease in expected captures for adults and an increase for juvenile 

during the post-breeding season and this resulted in equitable predicted captures 

for both age groups (Figure 3b, 3d).  There are clear differences in use by age and 

by season for Worm-eating Warbler and Ovenbird, which provides support for 

other studies on juvenile habitat use and also provides information for how 

adults might be using these habitats.   

 Our high abundance group also includes Red-eye Vireo and Scarlet 

Tanager (Figure 2).  It is possible to conclude from our capture data and the 

comparative studies that these two species are also shifting habitat during the 

post-breeding period, similarly to Wood Thrush, Ovenbird, and Worm-eating 

Warbler (Table 2& 3, Figure 2).  Contrary to this observation, radio telemetry 

studies indicate that juvenile Red-eyed Vireo (Burke 2013) and adult Scarlet 

Tanager (Vega Rivera et al. 2003) are using more than one type of habitat during 

the post-breeding period.  These data suggest that these two species are possibly 
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habitat generalists, though mature forest is still a requirement for nesting.  Our 

analyses indicate that Red-eyed Vireo is ranked number one for all four 

comparative studies and Scarlet Tanager is in the top 5 – 6 most captured species 

(Table 3).  Our model indicates that there is a significant difference in age and 

season for Red-eyed Vireo; an overall pattern of increased use for both ages is 

predicted for the post-breeding season, though adult use is predicted to be higher 

than juveniles during both periods (Figure 3a, 3e).  Our model for age and season 

is not supported for Scarlet Tanager, but we would suggest that both age groups 

for this species are using early-successional habitat in a similar way, though more 

research is recommended for juveniles (Figure 3e).  Making assumptions based 

on incomplete sampling methods can be misleading; mist-netting data and point 

count surveys can only indicate that a species is present in a habitat, radio 

telemetry or similar technology is required to obtain actual habitat use 

information. 

There were clear differences in the extent that mature forest-breeding 

birds utilized early-successional habitat.  It is important to focus on those species 

for which it is uncertain that they use early-successional habitat during the post-

breeding season.  Habitat managers and conservationists need to ensure that 

they are including the appropriate species’ requirements when making habitat 

management decisions.  Black-and-White Warbler, Ruby-throated 

Hummingbird, and Northern Parula were also among our high abundance 

species in early-successional habitat, ranking from 2nd-14th, 7th, and from 5th-12th 

respectively in our captures and among comparative studies (Table 3).  Their 

proportionately high captures would seem to indicate a habitat shift and the 
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possibility of early-successional habitat being a significant part of their annual 

cycle (Figure 2).  Interactive effects for age and season for HY Black-and-White 

Warbler are predicted to have higher captures in what we have defined as the 

breeding season verses the post-breeding season in early-successional habitat, 

and AHY are predicted to use this habitat proportionately during the breeding 

and post-breeding season (Figure 3c).  The interactive effects for age and season 

did not indicate significance for Northern Parula, but if we compare this model to 

interactive effects for species with documented early-successional habitat use 

(Red-eyed Vireo, Worm-eating Warbler, Ovenbird) there are similarities in 

regards to age and season (Figure 3a, 3b, 3d, 3g).  Our estimated beginning date 

for the post-breeding season is insufficiently early for Black-and White Warbler 

and Northern Parula, where we have documented captures of juveniles prior to 

June 28th.  Capture data for Ruby-throated Hummingbird are inconclusive 

though their high captures would indicate a significant presence in early-

successional habitat (Table 2, Figure 2).  Without the use of radio telemetry it is 

not possible to know if these birds remain in early-successional habitat, as has 

been shown for Ovenbird and Worm-eating Warbler, or if they are moving 

between habitats similar to the Red-eyed Vireo and Scarlet Tanager.  We suggest, 

based on the high abundance of captures, that these species be consider a priority 

for further research to explore their habitat use during the post-breeding season.  

Currently, radio-tracking technology for any proportionate period of time is 

insufficient for small bird species (<10 grams).  Until radio transmitters are 

developed that meet USGS restrictions, we can only suggest that these species be 

studied as technological advances allow. 
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 Resident mature forest-breeding bird populations have also been shown to 

use early-successional habitat though they have not, to our knowledge, been the 

primary focus of a study (Marshall et al. 2003; Chandler et al. 2012)(Pornoluzi et 

al. in press).  The Carolina Wren and Eastern Tufted Titmouse were among our 

high abundance species, and were ranked 5th-16th and 7th to 9thin our captures 

and comparative studies (Table 3).  These birds, that are common in all seasons 

throughout the Midwestern and Eastern United States, appear to have a 

requirement associated with early-successional habitat though they did not 

indicate any interactive effects for age or season (Figure 3f, 3h). When we 

compare these species’ data to interactive effects for species with documented 

early-successional habitat use, there are similarities in regards to age and season 

(Figure 3a, 3b, 3d, 3f, 3h).  These similarities are not sufficient to explain actual 

habitat use.  Habitat use can be defined with radio telemetry studies or similar 

technology, and focus on these species falls within PIF’s mission of “Keeping 

Common Birds Common”(Sauer et al. 2012).  These species are not of particular 

conservation concern, but information regarding habitat use can provide valuable 

information for making management decisions and preserving their populations. 

 Post-breeding habitat use is difficult to predict for some species of mature-

forest breeding birds.  Our results indicate eight moderate abundance species. 

Wood Thrush is included in this group, and has historically been show to utilize 

early-successional habitat (Anders et al. 1997; Vega Rivera et al. 1998; Fink 

2003).  The remaining seven species warrant further exploration, with a higher 

priority for research being place on the Neotropical migrant species (Table 2 & 3, 

Figure 2).  Our qualitative comparison indicaates that Acadian Flycatcher, 
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Eastern Wood-pewee, Yellow-billed Cuckoo, and Blue-gray Gnatcatcher are all 

included in the top ten species reported in mature forests during the breeding 

season (Table 3, Figure 2).  Our model data indicated support for interactive 

effects for age and season for Blue-gray Gnatcatcher and Summer Tanager 

(Figure 4a, 4d).  Adult Summer Tanager had higher predicted captures during the 

breeding and post-breeding season when compared to predicted captures for 

juvenile birds (Figure 4d).  Juvenile Blue-gray Gnatcatchers had over 90% more 

predicted captures than adults during the post-breeding season, indicating 

greater importance for early-successional habitat for this age group during the 

post-breeding season.  We suggest based on personal observations that Eastern 

Wood-pewee and Acadian Flycatcher do not shift to early-successional habitat 

during the post-breeding period in the Missouri Ozarks.  It is also unlikely that 

they use this habitat for any significant period of time, when compared to species 

that are documented to use early-successional habitat and are also included in 

the top ten species reported by our comparative studies during the breeding 

season (Table 3, Figure 2, 3a, 3b, 4b, 4c, 4d, 4e).  There is a great deal of 

uncertainty concerning post-breeding habitat use for these seven species.  We 

recommend that due to this degree of uncertainty these species be considered a 

priority for examining habitat use during the post-breeding period.  All seven 

species, with the exception of the Blue-gray Gnatcatcher, would be a capable of 

being monitored with radio telemetry, though significant sample sizes could pose 

a problem.  It is important to determine if these birds require early-successional 

habitat as a part of their annual cycle.  
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 The presence of a species does not necessarily indicate that they are using 

early-successional habitat to any significant extent or that it is an important 

component of their annual cycle.  Our results indicated 14 mature forest-breeding 

birds with 5 or fewer captures that were classified as low abundance.  Our 

comparison of data from mist net captures and other censuses allow us to 

speculate on which mature forest-breeding species may make post-breeding 

movements to early-successional habitat and those that clearly do not.  We 

believe that birds which fell into the low captures group clearly do not use early-

successional habitat in the Ozarks of southeastern Missouri.  Incomplete 

reporting of species observations can lead to ambiguous summaries of reported 

data and an implication that they utilize early-successional habitat, as seen in 

Rappole’s (2013) Table 3.3 summary of “Breeding Habitat and Post-breeding 

Habitat Use for Selected Species of North American Migrants” (Table 4)(Rappole 

2013).  Many studies included in Rappole’s summary report species that fall 

within our low captures and a few of the studies do not report any numbers at all 

(Table 4).   

There are clear differences in the extent that mature forest-breeding birds 

utilized early-successional habitat (Table 2 & 3, Figure 2).  Estimates may be all 

we can provide for small bird species (<10 grams) until radio transmitters are 

developed that meet USGS restrictions, but until then we can suggest species that 

should be studied as technological advances allow.  Additional investigation into 

how mature forest-breeding birds are utilizing early-successional habitat is 

needed due to the extreme variation between species during the post-breeding 
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season.  Discovering how significant early-successional habitat is to these birds’ 

annual cycle can help focus management efforts to increase populations. 
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TABLES 

Table 8. Table 1. The number of mornings netlines were run from 2010 – 2012, per site by year.  

Date Cut = when the clear-cut was harvested, Regeneration Cut Age = the age of the clear-cut 

when mist-netted. 

Site 2010 
24 June – 13 August 

2011 
31 May – 4 August 

2012 
1 June - 3 August Date Cut  Cut Age 

(yr) 
Size 
(ha) 

Trail 24 13 - 2 April  
2007 

3-5 yr 9.3  

Trail 15 12 - 12 November 
2007 

2-4 yr 13.75 

Trail 11 - 9 7 December 
2007 

3-4 yr 5.66 

Trail 34 - 8 - July  
2006 

4 yr 8.9 

Trail 5 - 8 7 August  
2006 

4-5 yr 7.28 

Trail 106 - 7 - August  
2006 

4 yr 8.1 

Total 25 32 28    
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Table 9. Table 2. Thirty-one species of mature forest birds captured in regeneration cuts in 

southeastern Missouri, 2010-2012 listed by order of most captured. Asterisks (*) indicate our 14 

focal species. (M=Migrant, R=Resident, AHY=After Hatch Year, HY=Hatch Year, U=Unknown). 

  

Species Migrant 
Status 

Sex 
F/M/U AHY HY U Total 

“High Abundance”       
Red-eyed Vireo (Vireo olivaceus)* M 130/31/199 244 111 5 360 
Worm-eating Warbler (Helmitheros 
vermivorum)* M 21/17/102 78 56 6 140 

Black-and-White Warbler (Mniotilta varia)* M 60/32/11 42 57 4 103 
Ovenbird (Seiurus aurocapilla)* M 13/21/42 47 25 4 76 
Scarlet Tanager (Piranga olivacea)* M 35/22/14 40 31 - 71 
Carolina Wren (Thryothorus ludovicianus)* R 29/2/37 45 18 5 68 
Ruby-throated Hummingbird (Archilochus 
colubris) M 30/13/22 4 6 55 65 

Northern Parula (Setophaga americana)* M 16/24/19 33 23 3 59 
Eastern Tufted Titmouse (Baeolophus 
bicolor)* R 9/0/36 15 29 1 45 

“Moderate Abundance”       
Carolina Chickadee (Poecile carolinensis) R 4/0/19 7 15 1 23 
Blue-gray Gnatcatcher (Polioptila caerulea)* M 3/0/19 3 16 3 22 
Eastern Wood-Pewee (Contopus virens)* M 6/2/14 11 10 1 22 
Downy Woodpecker (Picoides pubescens) R 7/2/12 7 13 1 21 
Acadian Flycatcher (Empidonax virescens)* M 2/1/12 8 7 - 15 
Yellow-billed Cuckoo (Coccyzus americanus) M 1/0/12 13 - - 13 
Summer Tanager (Piranga rubra)* M 4/6/1 8 3 - 11 
Wood Thrush (Hylocichla mustelina)* M 3/1/5 5 5 - 10 
“Low Abundance”       
Pine Warbler (Setophaga pinus) M 2/0/3 2 3 - 5 
Yellow-throated Vireo (Vireo flavifrons) M 1/0/4 2 3 - 5 
Chipping Sparrow (Spizella passerine) M 3/1/0 4 - - 4 
Yellow-throated Warbler (Setophaga 
dominica) M 2/1/1 3 1 - 4 

Hairy Woodpecker (Picoides villosus) R 1/0/2 1 - 2 3 
Red-bellied Woodpecker (Melanerpes 
carolinus) R 0/0/3 - 3 - 3 

Cerulean Warbler (Setophaga cerulean) M 1/1/0 2 - - 2 
Great Crested Flycatcher (Myiarchus crinitus)* M 1/0/1 2 - - 2 
White-breasted Nuthatch (Sitta carolinensis) R 1/0/1 2 - - 2 
Blue Jay (Cyanocitta cristata) R 0/0/1 - 1 - 1 
Black-throated Green Warbler (Setophaga 
virens) 

M 0/1/0 1 - - 1 

Eastern Phoebe (Sayornis phoebe) M 0/0/1 - 1 - 1 
Louisiana Waterthrush (Parkesia motacilla) M 0/0/1 1 - - 1 
Eastern Whip-poor-will (Antrostomus 
vociferous) 

M 1/0/0 1 - - 1 

 Totals  631 437 91 1159 
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Table 10. Table 3. Comparison of percent total captures of mature forest species in regeneration 

cuts during the breeding and post breeding season (2010-2012, N=1159) against MOFEP percent 

total captures of mature forest species in regeneration cuts during the post-breeding season 

(Porneluzi et al. in review, 1998-2011, N=2714), mean detections/10-min point counts in mature 

forest during the breeding season(Annand and Thompson 1997), mean breeding bird abundances 

in mature forest  during the breeding season (Thompson et al. 1992), and stand densities in 

mature forest during the breeding season (Kendrick et al. in review, 2010 only). (CC=Clearcut, 

MF=Mature Forest). 

  

Species 
Burke 
et al. 
2013 

MOFEP 
Porneluzi 
et al. in 
review 

Annand & 
Thompson 

1997 

Thompson 
et al. 
1992 

MOFEP 
Kendrick 
et al. in 
review 

 % % Species 
Density 

Species 
Density 

Stand 
Density 

Habitat RC RC MF MF MF 
Red-eyed Vireo (Vireo olivaceus) 31.06 25.20 1.84 11.33 - 
Worm-eating Warbler  
(Helmitheros vermivorum) 

12.08 14.11 0.51 1.29 14.80 

Black-and-White Warbler (Mniotilta varia) 8.89 15.84 0.13 0.47 3.89 
Ovenbird (Seiurus aurocapilla) 6.56 7.22 1.03 2.43 16.08 
Scarlet Tanager (Piranga olivacea) 6.13 3.98 0.27 1.71 4.61 
Carolina Wren (Thryothorus ludovicianus) 5.87 5.64 0.11 - - 
Ruby-throated Hummingbird  
(Archilochus colubris) 

5.61 - - - - 

Northern Parula (Setophaga Americana) 5.09 3.91 0.17 - 9.28 
Eastern Tufted Titmouse (Baeolophus bicolor) 3.88 3.91 0.27 - - 
Carolina Chickadee (Poecile carolinensis) 1.98 2.25 0.08 - - 
Blue-gray Gnatcatcher (Polioptila caerulea) 1.9 3.02 0.35 - - 
Eastern Wood-Pewee (Contopus virens) 1.9 .96 0.36 - 7.19 
Downy Woodpecker (Picoides pubescens) 1.81 1.84 - - - 
Acadian Flycatcher (Empidonax virescens) 1.29 7.22 0.70 1.43 22.89 
Yellow-billed Cuckoo (coccyzus americanus) 1.12 - 0.41 - - 
Summer Tanager (Piranga rubra) .95 .81 0.18 - - 
Wood Thrush (Hylocichla mustelina) .86 1.33 0.26 0.36 - 
Pine Warbler (Setophaga pinus) .43 .29 0.45 1.24 - 
Yellow-throated Vireo (Vireo flavifrons) .43 .74 0.12 - - 
Chipping Sparrow (Spizella passerine) .35 - - - - 
Yellow-throated Warbler 
(Setophaga dominica) 

.35 .7 0.10 - - 

Hairy Woodpecker (Picoides villosus) .26 .33 0.07 - - 
Red-bellied Woodpecker  
(Melanerpes carolinus) 

.26 - 0.12 - - 

Cerulean Warbler (Setophaga cerulean) .17 .15 - - - 
Great Crested Flycatcher (Myiarchus crinitus) .17 .07 0.13 - - 
White-breasted Nuthatch (Sitta carolinensis) .17 .18 0.11 - - 
Blue Jay (Cyanocitta cristata) .09 .11 0.14 0.47 - 
Black-throated Green Warbler 
(Setophaga virens) 

.09 - - - - 

Eastern Phoebe (Sayornis phoebe) .09 .04 - - - 
Louisiana Waterthrush (Parkesia motacilla) .09 .15 - - - 
Eastern Whip-poor-will 
(Antrostomus vociferous) 

.09 - - - - 
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Table 11. Table 4. Reported use of early-successional habitat by mature forest-breeding birds 

adapted from Rappole 2013, Table 3.3. Totals from each reported study are listed successively. 

  

Species 
Burke 
et al. 
2013 

Rappole 2013 

Red-eyed Vireo (Vireo olivaceus)* 360 210 & 75 (4 studies, 2 no #’s given) 
Worm-eating Warbler (Helmitheros 
vermivorum)* 

140 104 & 222 (3 studies, 1 no #’s 
given) 

Black-and-White Warbler (Mniotilta varia)* 103 57, 2, & 42 (3 studies) 
Ovenbird (Seiurus aurocapilla)* 76 272, 49, & 1 (5 studies, 2 no #’s 

given) 
Scarlet Tanager (Piranga olivacea)* 71 118 & 8 (2 studies) 
Carolina Wren (Thryothorus ludovicianus)* 68 - 
Ruby-throated Hummingbird (Archilochus 
colubris) 

65 3, 8, & 80 (3 studies) 

Northern Parula (Setophaga Americana)* 59 5 (2 studies, 1 no #’s given) 
Eastern Tufted Titmouse (Baeolophus bicolor)* 45 - 
Carolina Chickadee (Poecile carolinensis)* 23 - 
Blue-gray Gnatcatcher (Polioptila caerulea)* 22 ? (1 study, no #’s given) 
Eastern Wood-Pewee (Contopus virens)* 22 15 (2 studies, 1 no #’s given) 
Downy Woodpecker (Picoides pubescens) 21 - 
Acadian Flycatcher (Empidonax virescens)* 15 5 & 36 (4 studies, 2 no #’s given) 
Yellow-billed Cuckoo (Coccyzus americanus) 13 - 
Summer Tanager (Piranga rubra)* 11 ? (1 study no #’s given) 
Wood Thrush (Hylocichla musteline) 10 37, 92%, 9, & 29(4 studies, 1 

reported % of individuals that used) 
Pine Warbler (Setophaga pinus) 5 1 (2 studies, 1 no #’s given) 
Yellow-throated Vireo (Vireo flavifrons) 5 10 (1 study) 
Chipping Sparrow (Spizella passerine) 4 - 
Yellow-throated Warbler (Setophaga dominica) 4 ? (1 study, no #’s given) 
Hairy Woodpecker (Picoides villosus) 3 - 
Red-bellied Woodpecker (Melanerpes 
carolinus) 

3 - 

Cerulean Warbler (Setophaga cerulean) 2 ? (1 study, no #’s given) 
Great Crested Flycatcher (Myiarchus crinitus)* 2 ? (1 study, no #’s given) 
White-breasted Nuthatch (Sitta carolinensis) 2 - 
Blue Jay (Cyanocitta cristata) 1 - 
Black-throated Green Warbler (Setophaga 
virens) 

1 ? (3 studies, no #’s given) 

Eastern Phoebe (Sayornis phoebe) 1 - 
Louisiana Waterthrush (Parkesia motacilla) 1 13 (1 study) 
Eastern Whip-poor-will (Antrostomus 
vociferous) 

1 ? (2 studies, no data reported) 
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FIGURES 

	  
 

Figure 15. Figure 1. Map of the state of Missouri with an enlargement of the southwest section of 

Reynolds County and the northeast corner of Shannon County.  The six regeneration cut sites are 

shown in red and are Trail 34, Trail 106, Trail 11, Trail 5, Trail 15, and Trail 24 (from top to 

bottom). Green areas are forested.  
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Figure 16.Figure 2. Mean daily captures (2010-2012) with upper and lower limits.  Species are 

sorted by abundance and then classified as, High (>0.53), Moderate (0.27 – 0.12), and Low 

(<0.06). Number of captures is along the y-axis and species codes are listed along the x-axis.  
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a)  b)  
 

c)  d)  
 

e)  f)  
 

g)  h) 	  
 

Figure 17. Figure 3. Predicted captures, using a Poisson regression, of mature forest-breeding 

birds with predicted captures on the y-axis, breeding and post-breeding season along the x-axis, 

error bars are upper and lower limits. Species represented are select species from our “High 

Abundance” classification. a) Red-eyed Vireo interactive effects for age+season (P=<0.01), b) 

Worm-eating Warbler interactive effects for age+season (P=0.04), c) Black-and-White Warbler 
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interactive effects for age+season (P=0.03), d) Ovenbird interactive effects for age+season 

(P=0.01), e) Scarlet Tanager interactive effects for age+season (0.58), f) Carolina Wren 

interactive effects for age+season (P=1.0), g) Northern Parula interactive effects for age+season 

(P=0.73), h) Eastern Tufted Titmouse interactive effects for age+season (P=0.46).  
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a)  b)  
 

c)  d) 	  
 

Figure 18. Figure 4. Predicted captures, using a Poisson regression, of mature forest-breeding 

birds with predicted captures on the y-axis, breeding and post-breeding season along the x-axis, 

error bars are upper and lower limits. Species represented are select species from our “Moderate 

Abundance ” classification. a) Blue-gray Gnatcatcher interactive effects for age+season (P=0.04), 

b) Eastern Wood-pewee interactive effects for age+season (P=0.99), c) Acadian Flycatcher 

interactive effects for age + season (P=0.93), d) Summer Tanager interactive effects for age + 

season (P=<0.01) 
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