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The importance of understanding how biological communities perceive and 

respond to multiple scales of environmental factors is now widely recognized.  Very little 

information exists, however, on how ecological disturbance may affect the scales at 

which communities or functional groups of animals perceive their environment.  

Knowledge of how disturbance may cause temporal variation in the relative influences of 

multiple scales of habitat factors on organisms is critical given that the conservation of 

biodiversity often depends on effective anthropogenic replication of natural disturbance 

regimes.  

I studied the relationships between birds and three habitat scales across a 

chronosequence of thinned pine forests at Fort Benning, Georgia, during winter (Jan – 

Mar) and spring (Apr – May), 2004.  Forest management at Fort Benning is generally 

aimed at improving habitat quality for the endangered Red-cockaded Woodpecker 



 

xi 

(Picoides borealis).  Densities of birds during the breeding and non-breeding season were 

determined with distance-sampling (line transect) methods, and the effects of covariates 

describing study site and organismal characteristics on estimates of bird detectability 

were examined.  Variation partitioning (RDA) analyses were used to identify the joint 

and independent effects of plot-, stand- and landscape-scales of environmental factors on 

bird communities and functional (resident or migrant) groups of birds.   

In general, there was not a strong gradient in the environmental data following 

thinning.  With time after thinning, shrub cover increased and woody litter decreased at 

sites studied in winter; at sites studied in spring, the grass density and canopy cover both 

increased with time after thinning.  The amount of military and altered lands within the 

landscape context was greatest at sites thinned 10–17 years before study.  Bird densities 

and species composition were similar across the chronosequence.  Shrub cover, basal 

area, and the size of bird flocks were important covariates in models of bird detection.  

Despite the low amount of turnover in habitat characteristics and bird composition and 

density, temporal variation occurred in the relative influence of habitat scales on both 

bird communities and functional groups of birds.  Environmental factors explained up to 

9.6% of the variation in bird community composition/density, and up to 44.2% of the 

variation in the composition/density of functional groups within a chronosequence group.  

Breeding season residents were correlated with stand- and landscape-scale characteristics 

across the chronosequence.  Neotropical migrants only responded to landscape 

characteristics at sites of older disturbance.  Because community-level analyses obscured 

important insights, landscape- and functional group-based approaches to conservation 

management and monitoring were recommended. 
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CHAPTER 1 
INTRODUCTION 

Biological communities are shaped by how species perceive and respond to 

ecological processes and patterns.  Communities reflect the diversity (Rotenberry 1985) 

and structure (MacArthur and MacArthur 1961, Hilden 1965) of habitat patterns in the 

environment.  Among processes, disturbance plays a major role in the trajectory of 

community structuring (Sousa 1984).  Because pattern and process are often inextricably 

linked in a synergistic relationship (Turner et al. 2001, Gustafson and Diaz 2002), the 

persistence of some communities depends on natural disturbances that create and 

maintain landscape mosaic patterns (Askins 2000, Brawn et al. 2001) and on landscape 

patterns to maintain the adequate frequency and intensity of natural disturbances. 

The influence of ecological processes and patterns on avian community structure 

varies across spatial scales (Wiens et al. 1987, Kotliar et al. 2002).  For example, the 

distribution and abundance of birds may be differentially associated with fine-scale 

habitat characteristics (i.e., microhabitat), meso-scale attributes of the habitat patch or 

stand, or broad-scale composition and configuration of the surrounding landscape 

(Pearson 1993, McGarigal and McComb 1995, Flather and Sauer 1996, Saab 1999, 

Mitchell et al. 2001, Lichstein et al. 2002).  These findings support calls for studying 

species-environment relationships across multiple spatial scales (Levin 1992). 

The relative influences of habitat characteristics across spatial scales are not 

consistent among bird communities (Mazerolle and Villard 1999).  Overall, bird 

communities may be more sensitive to either landscape (Pearson 1993, Saab 1999, Grand 
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and Cushman 2003) or microhabitat attributes (Hagan and Meehan 2002, Lichstein et al. 

2002, MacFaden and Capen 2002, Miller et al. 2003, Cushman and McGarigal 2004a).  

However, because species-specific responses to spatial scale (Peterson et al. 1998) may 

be due to avian life histories (Whitcomb et al. 1981, Hansen and Urban 1992), these 

general trends may not hold when the multi-scale habitat relationships of functional 

groups of birds with shared life histories are considered (Flather and Sauer 1996, 

Jokimäki and Huhta 1996, Graham and Blake 2001, Mitchell et al. 2001, Tworek 2002, 

Cleary et al. 2005).  Using functional groups to infer general species-environment 

relationships depends on the assumption that environmental fluctuations similarly affect 

all species within that group (Severinghaus 1981).  Among avian life histories, migration 

strategy is a good predictor of interspecific variation in bird-environment relationships 

(Schmiegelow et al. 1997), perhaps because it is correlated with other avian life histories 

(Whitcomb et al. 1981).  For example, in some multi-scale studies, landscape 

characteristics have been shown to be more important for neotropical migrants than for 

permanent residents (Flather and Sauer 1996, Lichstein et al. 2002, Mitchell et al. 2006), 

and these patterns may have been obscured when the bird community was considered as a 

whole.   

While the study of species-environment relationships across multiple scales is a 

relatively new area of research, considerable knowledge exists about the temporal 

response of species across successional and disturbance gradients (summarized in Sousa 

1984, Shugart 1998, Brawn et al. 2001).  For example, Emlen (1970) studied the post-fire 

succession of bird communities in south Florida slash pine forests, and speculated that the 

low rate of bird community species turnover was due to site fidelity.  Perhaps due to site 
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fidelity, time lags may exist in the response of birds to ecological disturbance (Wiens and 

Rotenberry 1985).  Wiens et al. (1987), therefore, advocated long-term studies in order to 

understand “the temporal consistency of bird-habitat associations.”  To offset the 

practical difficulties imposed by conducting long-term studies, a chronosequence 

methodology that substitutes space for time can be used to address questions about long-

term ecological patterns (Pickett 1989).   

The importance of ecological phenomena, then, varies across scales in both time 

and space (Shugart 1998).  Explicit consideration of the effects of time has revealed 

important patterns of variation in ecological relationships within scales.  Studying a 

successional gradient of sites, Bersier and Meyer (1994) found variation in avian 

relationships to fine-scale habitat structure and floristic diversity.  Community 

relationships to broad-scale landscape features were found to vary annually (Fuller et al. 

1997), and may be better explained by former, rather than existing, landscape patterns 

(Burel 1992, Ernoult et al. 2006).  Mitchell et al. (2001) concluded that relationships 

between birds and multiple landscape scales were invariant among species typically 

associated with stages of habitat succession; however, their study assigned successional 

stages to species based on the literature.  Because bird-environment relationships vary 

across both spatial scales and temporal gradients, and because disturbances operate at 

different rates across spatial scales (Baker 1993), study of the effects of disturbance on 

multi-scale bird-environment relationships is warranted.  Understanding the relationship 

between life histories and spatio-temporal variation in species-environment relationships 

may further our understanding of community structuring processes (Bazazz 1996, 

Richards et al. 1999) and may have important implications for community- or landscape-
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based conservation and management (Flather and Sauer 1996), particularly where human 

management now attempts to replicate natural disturbance regimes.  

As human activities continue to alter habitats and disrupt natural ecological 

processes, the long-term persistence of communities and ecosystems becomes 

increasingly dependent upon intensive management.  In the southeastern U. S., the extent, 

composition, age, and functioning of native longleaf, loblolly and shortleaf pine forests in 

have been greatly altered since European settlement (USFWS 2003).  Little of the 

remaining southern pine forests can be considered true “old growth” (Jackson 1988), and 

hardwood intrusion into pine forests reduces their suitability for the endangered Red-

cockaded Woodpecker (Picoides borealis; RCW).  As a result, the open pine forests 

preferred by the RCW are now maintained and created with mechanical removal (i.e., 

thinning) of pines and midstory hardwoods in conjunction with prescribed fire (Wilson et 

al. 1995).  Forest thinning in this context aims to alter the structural complexity and 

floristic diversity of the forest.  Additionally, the process of thinning impacts the 

understory vegetation and leaves behind legacies such as slash and exposed soil.  

Thinning, therefore, may affect avian species composition by altering the availability of 

suitable microclimate, food, and substrates used for nesting and cover (Palik and 

Engstrom 1999). 

Avian diversity and density in open pine forests in the southeast are low relative to 

more mature forests with a greater hardwood component (Johnston and Odum 1956, 

Meyers and Johnson 1978).  Additionally, endemism is low; only four landbirds are 

nearly endemic, and just three others primarily use these forests (Jackson 1988).  

However, according to the Partners in Flight Species Assessment Database 
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(www.rmbo.org), populations of at least five of these seven species have declined by at 

least 15% over the past 30 yr, four are of species of continental concern, and at least five 

warrant immediate management action (Carter et al. 2000).  Thus, understanding the 

potential impacts of RCW-focused management on other bird species inhabiting these 

forests is a high priority (Block et al. 1995, Askins 2000, Hunter et al. 2001).   

The effect of southeastern pine forest management has been studied for breeding 

birds (Wilson et al. 1995, Krementz and Christie 1999, White et al. 1999, Provencher et 

al. 2002b, Tucker et al. 2003, Wood et al. 2004), nonbreeding (winter) birds (White et al. 

1996, King et al. 1998, Provencher et al. 2002a), bird communities of both seasons 

(Brennan et al. 1995, Conner et al. 2002), and for individual species of particular 

management concern (Bachman’s Sparrow; Plentovich et al. 1998).  In general, these 

studies neither examined community dynamics over long-term temporal gradients (but 

see Repenning and Labisky 1985, White et al. 1999) nor across multiple spatial scales, 

thus limiting their usefulness for making predictions about avian community response to 

forest management (Marzluff et al. 2000).  Integration of RCW-focused management 

with community-based (Hunter et al. 2001) and landscape-scale management strategies 

(Hunter et al. 1994) may resolve the potential conflicts between single- and multiple-

species habitat management.  The managed pine forests of the southeastern U. S. 

represent an ideal system to study the effects of disturbance on bird-environment 

relationships at multiple scales.  

In this study, I conducted a comparative study (K. Sieving, pers. comm.) of 

breeding and nonbreeding season bird densities and environmental (habitat) measures at 

plot, stand, and landscape scales across a chronosequence of mechanically thinned pine 

http://www.rmbo.org/
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forests.  I hypothesized that ecological disturbance causes temporal variation in the 

relative influence of spatial scales on communities and migratory functional groups of 

birds.  In addition to examining this hypothesis, I addressed the following two predictions 

based on previous multi-scale studies:  in general, microhabitat (plot-level) factors will 

explain more of the variation in the densities of the entire community of birds than will 

stand- or landscape-level factors; landscape factors will explain a greater proportion of 

the variation in densities of neotropical migrants than of short-distance migrants and 

permanent residents (Mitchell et al. 2006). 
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CHAPTER 2 
STUDY AREA AND METHODS 

Study Area 

The Fort Benning U.S. Army Infantry Center was established in 1918 and currently 

occupies 73,533 ha (182,000 ac) in southwestern Georgia and southeastern Alabama 

(Figure 1).  As the primary training facility for the U.S. Army Infantry, military training 

at Fort Benning causes erosion and loss of topsoil (DeBusk et al. 2005), alters the 

structure of vegetation and invertebrate communities (Graham et al. 2004), and leads to 

fine- and large-scale conversion of land cover types (Dale et al. 2005).  Understanding 

and amelioration of ecological impacts are considered integral to the success of the 

military mission at Fort Benning (USAIC 2001). 

Fort Benning is in the Fall-Line Sandhills region at the transition of the Coastal 

Plain and the Piedmont (Collins et al. 2006).  Upland soil types are typically sands and 

loamy sands (Garten and Ashwood 2004).  Ridgetops with gentle to steep slopes are 

interspersed with nearly level valleys and stream channels (DeBusk et al. 2005).  Normal 

monthly temperatures range from 7.6o C in January to 27.7o C in July (pub. comm., 2 

June, 2006, http://www.nrcc.cornell.edu/ccd/nrmavg.html).  More precipitation falls 

during March and April than in other months, mean annual precipitation is 127 cm 

(Magilligan and Stamp 1997), and the mean annual number of days with thunderstorms is 

between 60 and 70 (Jackson 1988). 

Agriculture was the primary land use by the regional Native Americans (Dale et al. 

2005), and was prevalent from the time of European settlement until the 1940s (Graham 
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et al. 2004).  Currently, the installation includes nearly 56,656 ha of manageable forest 

(USAIC 2001).  Both even- and uneven-aged silvicultural systems are prescribed across 

the Fort Benning landscape.  Loblolly (Pinus taeda) is the dominant pine (Graham et al. 

2004).  Mature longleaf pine (P. palustris) covers only four percent of the installation 

(Dilustro et al. 2002) and wiregrass (Aristida beyrichiana), an important component of 

longleaf pine communities elsewhere, is absent.   

Fort Benning is one of fifteen designated recovery populations (USAIC 2001) for 

the federally endangered Red-cockaded Woodpecker (RCW; scientific names given in 

Appendix A).  Mature pine stands with existing RCW clusters are intensively managed, 

and other suitable stands are managed for future RCW occupancy.  Pineland habitat 

management for the RCW at Fort Benning includes mechanical or, less often, chemical 

thinning on an approximate 10-yr rotation and prescribed burning on a 3-yr rotation.  

Thinning prescriptions change in response to new guidelines and objectives; currently, 

the approximate residual basal area is 11.5–16.1 m2/ha at loblolly and shortleaf stands 

and 18.4-20.7 m2/ha or greater at longleaf stands (D. Odom, pers. comm.). 

Study Design and Site Selection 

The approach of this comparative observational study (James and McCulloch 1995, 

K. Sieving, pers. comm.) is a direct space-for-time substitution of sites across an 

anthropogenic gradient (Pickett 1989, Fukami and Wardle 2005) of time since forest 

thinning.  This type of chronosequence approach assumes that the long-term temporal 

dynamics of a biological community may be inferred from the simultaneous study of 

multiple sites (Pickett 1989).  As recommended by Fukami and Wardle (2005), I 

addressed the potentially confounding effects of unknown site history by studying 

multiple species.  
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From thinning availability and stand inventory records provided by the Fort 

Benning Natural Resource Management Branch (FBNR), I identified mechanically 

thinned pine stands > 4 ha with loamy sand or, occasionally, sandy loam surface soils.  

Study sites were then randomly selected, provided that each site was approximately 1 km 

from a previously selected site.  Site selection was thus constrained by the size of the 

study area and by the geographic proximity to previously selected sites.  Both reduced 

adherence to strict randomization, and increased study site interspersion, may be 

considered in order to maintain statistical independence among study sites (Hurlbert 

1984).  In most sites, the dominant tree species was loblolly, shortleaf (P. echinata), or 

longleaf pine.  Four sites were classified as pine plantations that ranged in age from 41 to 

46 yr.  

I classified stands into a three-group chronosequence according to the number of 

growing seasons since thinning (hereafter, gst).  As in other studies (e.g., Bersier and 

Meyer 1994, Hobson and Schieck 1999, Purtauf et al. 2004), the temporal extent of 

chronosequence groups (<2 gst, T1; 4-7 gst, T2; 10-17 gst, T3) increased with greater 

time since thinning.  In this study, categories varied in temporal extent in order to address 

sample size requirements (see below) and because of relatively low availability of sites of 

greater time after thinning.  I re-classified sites (n = 2) that were thinned between winter 

and spring sampling dates.   

An initial power analysis for a univariate ANOVA design 

(http://euclid.psych.yorku.ca/cgi/power.pl) suggested a minimum of nine samples in each 

of six treatment groups (N=54) in order to detect a change of 0.75 standard deviation with 

α  = 0.05 and power (β ) = 0.808.  However, I desired greater sample size in order to 

http://euclid.psych/
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record at least 60 observations of the species of interest on line transects (see below) and 

to obtain a sample to variable ratio (e.g., 5:1) recommended for multivariate statistical 

procedures.  I therefore attempted to study 30 sites within each of the three post-thinning 

groups.  Logistical constraints precipitated unequal sampling among seasons; 86 stands 

were sampled during winter (22 January to 13 March) and 94 were sampled during spring 

(19 April to 29 May), 2004 (Figure 1).  

Avian Data  

I used line-transect distance sampling methodology (Buckland et al. 2001) to 

census the bird community.  Point-transect methods are generally recommended for 

studying woodland birds (Buckland et al. 2001).  However, the habitats studied here were 

open, and using line transects improved the detection of cryptic birds during the cold 

nonbreeding season.  Birds such as sparrows and juncos are known to congregate and 

wander over large areas during winter (Pearson 1993).  Accurate detection and estimation 

of flock size was assumed to be critical to reduce the variance in density estimates for 

these birds.  Distance sampling requires the assumptions that all objects on the transect 

line are detected, objects do not move prior to detection, and distances and angles to 

objects are measured accurately (Buckland et al. 2001).  Provided that transect lines are 

located randomly, distance sampling does not require the assumptions that objects are 

located randomly and are independently distributed (Buckland et al. 2001).  Transect 

location and bearing were randomly determined with digital aerial photography provided 

courtesy of FBNR.  Minor adjustments were made in the field to ensure that transects 

were at least 30 m from the stand edge and were not parallel to major topographic or 

anthropogenic features.  Lichstein et al. (2002) studied the spatial autocorrelation of 

songbirds in the southern Appalachians and concluded that a distance of 500 m between 
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study sites was adequate to ensure the independence of the response variables.  In this 

study, the minimum distance between transects was 650 m; avian data among transects 

were assumed to be independent.  

Reliable estimation of density when using distance sampling methods requires 

adequate sample size (Buckland et al. 2001).  To estimate the total transect length 

required to obtain an adequate number (~ 60) of observations for the median species, I 

conducted a pilot study in the summer of 2003 at 25 strip transects of 50-m half-width.  

After excluding species observed at fewer than 10 percent of sites, the mean encounter 

rate among 21 species was 7.7 individuals over 2.5 km.  The total transect length (L) was 

estimated as 24.3 km using the following formula (Buckland et al. 2001): 

L =      (b)     . (L0) 
 cvt( D̂ )   (n0) 

where b = 3, the estimated coefficient of variation of density cvt( D̂ ) = 0.2, the transect 

length L0 = 2.5 km, and the number of observations n0 = 7.7.  A 0.3-km unlimited-width 

transect was randomly located as described above within each stand.  The total transect 

length sampled was 25.8 km (86 x 0.3 km) and 28.2 km (94 x 0.3 km) in winter and 

spring, respectively.   

Transects were walked once per season at a nearly constant pace for 36 min, and 

were walked in the reverse direction if sampled in both seasons.  All observations were 

made by one observer (JEA); data were recorded by a field assistant who did not assist 

with bird detection.  Birds were detected visually and aurally.  To improve the accuracy 

of detection angles and distances, I visually confirmed the location of birds that were 

initially detected aurally.  The distance to individual birds or to the approximate center of 

clusters (flocks) of birds was estimated with a Bushnell Yardage Pro 500 laser 



 

 

12

rangefinder.  I recorded the species composition and number of birds in single- and 

mixed-species flocks, the sex and age class (juvenile or adult) of each bird when known, 

and the height of detected birds in the vegetative strata (ground, shrub, midstory or 

canopy).  Flyovers were not recorded.   

Distance sampling aims to account for variation in the detection of objects as a 

function of distance from the observer (Buckland et al. 2001).  However, detectability is 

not only a function of observer-to-object distances (Ramsey and Harrison 2004).  Recent 

advances in distance sampling allow the inclusion of covariates that may reduce the 

variance of density estimates by accounting for variation in detectability as a function of, 

for example, biotic and abiotic characteristics of the sampling units or behavioral 

differences among animals (Marques and Buckland 2003).  Transect- or observation-

level covariates can be used in program DISTANCE to estimate animal density at each 

transect based on a detection function estimated at the global or stratum level (Thomas et 

al. 2005).  Using the multiple covariate (MCDS) engine in program DISTANCE v. 5.0 

(Thomas et al. 2005), I incorporated covariates describing habitat features of transects, 

time since thinning, time since fire, the size and type of flocks (clusters), and the 

occurrence of males or females in an observation (Table 1).  Because parid vocalizations 

may attract non-parid birds to mixed-species flocks (Gaddis 1980) and, thus, may 

influence flock detectability, and because preliminary results revealed that Tufted 

Titmouse was the most frequently detected parid in this study, I also used the 

presence/absence of Tufted Titmouse in mixed-species flocks as a covariate in detection 

function models.  Cluster type and the presence of Tufted Titmouse were used to model 

detection functions for only winter birds because mixed-species flocks were rare in 
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spring.  Covariates were selected for each model using a forward selection approach 

(Marques and Buckland 2003).  

I estimated transect-level estimates of avian density ( D̂ ) for each species.  Half-

normal and hazard-rate key series with cosine, simple polynomial, or hermite polynomial 

series adjustment terms were considered.  To facilitate model convergence (Thomas et al. 

2005), the selection of up to four series adjustment terms was automated.  The required 

assumption that object detection is independent from the detection of other objects 

(Buckland et al. 2001) may not hold when objects occur in clusters.  Because objects 

(birds), especially in winter, were detected in clusters (flocks), I truncated the outer five 

percent of observations for all species and used size-biased regression methods.  Left 

truncation of observations within 5 m of transects improved model fit for Pine Warbler 

and Blue-gray Gnatcatcher in spring.  Infrequently observed species were pooled with 

other species assumed to have similar detection probabilities based on size, behavior, or 

taxonomy (Table 2).  Pooling of species allows estimation of a global detection function 

f(0) for infrequently observed species.  Transect-level density estimates for each pooled 

species were then obtained by post-stratification at the species level.   

I selected models with low second-order (small-sample) Akaike’s Information 

Criterion (AICc), with p–value > 0.5 of the Cramér-von Mises (C-vM) with cosine 

weighting (C2) goodness of fit test (Buckland et al. 2004), and with a realistic effective 

strip width.  Using AICc as a model selection criteria is preferable to AIC when n/K, the 

ratio of observations (n) to estimable parameters (K), is less than 40, and the consistent 

use of either AIC or AICc is recommended when multiple models are considered 

(Burnham and Anderson 1998).   
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Density was estimated for species observed at more than five percent of all sites 

(McCune and Grace 2002).  I assigned species to resident and migrant categories 

(Appendix A) based on their pattern of seasonal occurrence in the study area and on their 

documented behavior in the region (Peterjohn and Sauer 1993).  Four-letter codes for 

common names of birds (Appendix A) follow Pyle and DeSante (2003). 

Plot Data  

Two vegetation sampling plots were randomly located within 25 m of each line 

transect (Figure 2).  Vegetation structure and tree diversity (i.e., microhabitat) were 

sampled once per season at both plots, and data from both plots were averaged (Table 3).  

At plot centers I estimated canopy cover and basal area of pines and hardwoods.  I used a 

laser rangefinder to estimate the number of standing dead trees (snags) > 2 m tall within a 

50 m radius.   

The majority of birds in Eastern North American forests nest up to 3 m (Preston 

and Norris 1947) and prescribed burning can have significant effects on breeding bird 

density in this stratum (Meyers and Johnson 1978).  Consequently, and following Wilson 

et al. (1995), I defined woody vegetation < 3-m ht as a shrub, and > 3-m ht as a tree.  

Within 11.3 m of the plot center I identified all trees and estimated their diameter at 

breast height (dbh), crown height, and height of lowest foliage.  Following the USFWS 

(2003), I employed stand-specific definitions for canopy and midstory trees.  Conner et 

al. (1991) used the lowest large living limb to estimate crown depth.  Similarly, I 

considered the lowest large living limb to represent the low terminus of the live crown of 

each tree.  I then used the mean low crown height, calculated from the five tallest trees in 

each stand, as the criteria to distinguish canopy from midstory trees.  Thus, canopy trees 

were those that were taller, and midstory trees were those that were shorter, than the 
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mean height of the lowest living limb of the five tallest trees in each stand.  The 

identification of deciduous tree species that were problematic to identify in winter was 

verified during the growing season.  Simpson’s index of diversity (Magurran 1988) was 

calculated for trees at each stand.   

I used the line intercept method (Canfield 1941) to measure ground cover and shrub 

characteristics.  At each plot I estimated the percent cover of grasses, forbs, fallen leaves, 

woody litter, and bare ground within the inner and outer 10-m sections of a 30-m line 

intercept (Figure 2).  When using line intercept methods, little accuracy is gained when 

more than 30 m are sampled per site (Floyd and Anderson 1987); I sampled 20 m per plot 

and, thus, 40 m per stand.  I measured the line intercept of shrubs < 1-m, from 1- to 2-m, 

and from 2- to 3-m in height.  I defined shrub clumps as woody vegetation with an 

unbroken canopy (Floyd and Anderson 1987) < 3-m tall.  I measured the intercept of 

shrub clumps > 0.20-m in length along each 30-m line (60 m per stand).  The coefficient 

of variation (CV) based on line intercepts has been used to estimate the interspersion 

between shrub clumps (Peterson and Best 1985, Bersier and Meyer 1994).  I used the CV 

of shrub intercepts to estimate the variation in shrub clump width.   

Two measures of vegetation structure, total basal area and understory profile, were 

used as covariates in bird density estimation and were not used in species-environment 

analyses.  Total basal area was the sum of the mean pine and hardwood basal area from 

both plots within a stand; high basal area was expected to reduce bird detectability.  

Understory density was estimated using a 2-m tall profile board (Guthery et al. 1981) at 

the 10- and 30-m mark of each line intercept (Figure 2).  From the understory density 

data, and following Wiens and Rotenberry (1985), I then calculated a diversity index for 
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the understory profile; a higher profile diversity score indicated a greater amount of 

vegetation in the upper strata, which would be expected to reduce bird detectability.   

Stand Data 

I derived a total of four metrics to describe the physical characteristics and 

management history of each stand (Table 3).  The age and area (ha) of each stand were 

obtained from forest inventory data provided by FBNR.  I used Patch Analyst in 

ArcView 3.2 (ESRI Inc. 1999) to estimate stand perimeter/area ratio and core area.  The 

perimeter/area ratio describes stand shape; a low ratio indicates a small amount of edge 

relative to stand area as in a large stand with a smooth boundary, whereas a high ratio 

indicates that the area of the stand is small or that the stand has a tortuous boundary and a 

high amount of edge.  Core area estimates the stand area (ha) further than 50 m from the 

stand edge.  Stand edge was not included because it is often confounded with the effects 

of stand area and generally shows weak effects in studies of songbirds in forested 

landscapes (Parker et al. 2005). 

Landscape Data 

Digitized land cover type, prescribed fire history, and road data were provided by 

FBNR, and data on the location and type of military training areas were provided by the 

Integrated Training Area Management (ITAM) program.  Using Xtools in ArcView 3.2 

(ESRI Inc.1999), I created a buffer of 1-km radius around each transect (~367 ha).  

Within each buffer I derived 12 metrics to describe landscape composition and 

disturbance history (Table 3).  Included were the extent of roads and trails, six variables 

describing the proportions of vegetated and military land covers, Simpson’s indices of 

diversity (1-D) and evenness of the cover types (e.g., Saab 1999), and the proportion of 
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land within the landscape that burned either < 1 or > 1 growing season prior to study 

(Table 3). 

Examination of the relationships between avian communities and the composition 

of habitat features within the surrounding landscape introduces several matters that 

require discussion; here, I address five that are especially relevant to this study.  First, a 

buffer of 1 km around transects may represent an area that is smaller than the perceived 

landscape of some species (Bennett et al. 2004).  The importance of habitat features 

within 1 km and smaller distances for describing avian community composition or 

abundances has been demonstrated [500 m: Pearson (1993), Graham and Blake (2001); < 

800 m: Ribic and Sample (2001); 1 km: Knick and Rotenberry (1995), Drapeau et al. 

(2000), Kluza et al. (2000), Rodewald and Yahner (2001a), Hagan and Meehan (2002), 

Mitchell et al. (2006)].  Rodewald and Yahner (2001a) justified the approach by stating 

that neotropical migrant breeding territories may be < 2 ha in size, suggesting that 

territories of these birds are small relative to the area encompassed by a 1-km buffer.  

Second, setting a uniform area of extent (1 km) as the landscape for all species of interest 

was arbitrary and increased the risk of missing important patterns (Wiens 1989, Addicott 

et al. 1987).  Given the multivariate structure of the analyses used in this study, it was not 

practical to determine the species-specific scale of response for each landscape variable.  

Next, collinearity among subsets of variables and confounding effects of non-

independence of habitat structures at multiple scales can be problematic (Cushman and 

McGarigal 2004a).  However, these limitations were minimized by using variation 

partitioning methods that explicitly identify the joint and independent influences of 

variable subsets.  Fourth, in this study there were 63 areas of buffer overlap.  Buffer 
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overlap may introduce pseudoreplication and autocorrelation.  However, non-

independence and autocorrelation were assumed to have little influence on the analyses 

given that landscape characteristics were independent variables (see Bennett et al. 2004, 

M. Christman pers. comm.).  Therefore, and following McMaster et al. (2005), 

overlapping buffers were treated as separate sampling units.  Finally, land cover type and 

management history within the buffers but outside the Fort Benning boundary were not 

described in the digitized forest inventory data.  As in similar research (Mitchell et al. 

2006), cover type was interpreted using aerial photography, and thinning and prescribed 

fire at these areas were assumed to have not occurred within 17 and 3 growing seasons 

before study, respectively. 

Analysis 

The goals of the analysis were to partition the variation in the breeding and 

nonbreeding bird community data among the plot-, stand-, and landscape-level subsets of 

environmental data, and to examine if the variation explained by the environmental data 

was influenced by time since disturbance and by migratory strategy (Figure 3).  In order 

to determine the appropriate ordination method, I used Detrended Canonical 

Correspondence Analysis (DCCA) in CANOCO (ter Braak and Šmilauer 1998) to 

examine the gradient lengths of the bird community density data (Lepš and Šmilauer 

2003).  The gradient lengths of the bird data constrained by the plot-level data were 1.77 

and 1.56 for winter and spring, respectively.  Because both gradient lengths were < 3, a 

linear method, Redundancy Analysis (RDA), was appropriate (Lepš and Šmilauer 2003).  

Results from Euclidean-based ordination methods, such as RDA, are more 

interpretable and can be compared more easily with environmental factors when the 

species data are first transformed into a dissimilarity matrix, especially when the data 
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contain many zeros (Legendre and Legendre 1998).  I applied the Hellinger 

transformation, using the program Transformations 

(http://www.bio.montreal.ca/legendre), in order to preserve the distances between species 

and to downweight the importance of rare species (Legendre and Gallagher 2001).  

Species data were then centered in CANOCO, and results were symmetrically scaled.  

Though linear ordination methods require multivariate normality of independent 

variables, data transformations are not required prior to using RDA because the statistical 

significance of independent variables is tested with randomization procedures.  The raw 

environmental variables were automatically standardized by CANOCO to have mean of 

zero and unit variance.   

Borcard et al. (1992) developed a method for partialling the variation in species 

data among two subsets of explanatory variables.  Subsequently, the method was 

extended to three subsets by Anderson and Gribble (1998), to n subsets by Økland 

(2003), and Cushman and McGarigal (2004b) applied the method to partialling the 

variation in bird data among subsets of variables representing plot, patch, and landscape 

scales.  In this study, variation partitioning procedures were carried out in three levels 

(Figure 3).  First, the bird community density data from all sites were partitioned among 

the three subsets of environmental variables.  Species that occurred in at least five percent 

of the sites were included.  Second, the variation in the bird density data for each of the 

three post-thinning chronosequence groups was partitioned among the subsets of 

environmental data.  In this second level, species were standardized across the three 

chronosequence groups (Appendix B).  Preliminary variation partitioning analyses of raw 

and reduced sets of response variables (species data) demonstrated that the proportion of 

http://www.bio.montreal.ca/legendre
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variation explained decreased as the number of species included increased.  Thus, 

defining homogeneous species groups across the chronosequence isolated the effects of 

time since thinning and removed the potentially confounding effects of analyzing 

different numbers of species.  In the third level of analysis, variation partitioning was 

performed separately on the densities of migratory and resident species in each of the 

three post-thinning groups.  Standardization of species within each functional group 

resulted in homogeneous migrant and resident bird communities across each 

chronosequential analysis (Appendix B).  Between seasons, the number of species in 

communities differed.  Likewise, the number of species in functional groups within and 

among seasons differed.  Therefore, I compared the temporal trends in fractions of 

variation explained by environment data; because of differences in the number of species, 

the magnitudes of the fractions of variation explained could not be compared between 

communities of different seasons or between functional groups.  

At each step of the analysis, subsets of environmental variables were subjected to 

an automated forward selection process in RDA.  Variables with variance inflation factor 

(VIF) greater than 20 were excluded (Lepš and Šmilauer 2003), one at a time, and the 

forward selection procedure was run again.  In this manner, variables of low importance 

or variables that were collinear with others in the same subset were excluded (see 

Cushman and McGarigal 2004a) from the final RDA models.  Preliminary examination 

of Spearman rank correlation coefficients (SPSS Inc. 2003) demonstrated that two pairs 

of variables, Simpson’s indices of diversity (SIDI) and evenness (SIEV) of cover types, 

and stand area (AREA) and core area (CORE), were very highly correlated.  The VIFs of 
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SIEV and CORE were found to be higher than the correlate of each, and these two 

variables were excluded from subsequent analyses. 

The significance of variables was tested with 999 Monte Carlo unrestricted 

permutations.  Significant variables (p < 0.10) were retained and a final RDA model was 

performed using only these significant variables.  The significance of the canonical axes 

(trace statistic) of the final RDA model was tested using a Monte Carlo randomization 

procedure with 999 unrestricted permutations.   

To assess the fraction of variation explained by each RDA model, I used the 

adjusted coefficient of determination, R2
adj, because it facilitates comparison among 

models that contain unequal numbers of predictor variables and samples (Legendre et al. 

2005) and produces reliable estimates in analyses of Hellinger transformed data (Peres-

Neto et al. in revision).  The conditional effects of a variable subset indicate the 

proportion of variation explained by that subset after the effects of other variables have 

been removed, and the marginal effects indicate the proportion of variation explained in 

total by a variable subset (Cushman and McGarigal 2004b).  The R2
adj of the marginal and 

conditional effects of each subset of environmental data were determined by subtraction 

of fractions (Legendre and Legendre 1998).  I extended the methods developed to 

subtract fractions of variation among two sets of explanatory variables (Legendre and 

Legendre 1998) to three sets of explanatory variables (Figure 4).  I then compared the 

conditional effects of plot, stand, and landscape variables across the post-thinning 

chronosequence for entire bird assemblages (analysis level 2, Figure 3) and between 

migratory and resident functional groups (analysis level 3). 
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Positive values of overlapping fractions of variation (fractions [D] through [G]; 

Figure 4) indicated non-orthogonal correlations (confounding) between environmental 

variables from different spatial scales (Legendre and Legendre 1998).  Negative values of 

these fractions indicated that variables of different scales were correlated and had 

opposite effects on the species data; this may also be viewed as one set of explanatory 

variables acting to suppress the effect of another set on the species data (Legendre and 

Legendre 1998).   

Because of high skew and non-normality of the bird density and environmental 

data, I used Mann-Whitney U tests in SPSS (SPSS Inc. 2003) to compare means of bird 

densities and environmental variables among the three post-thinning chronosequence 

groups.  Setting α = 0.05, the Bonferroni-corrected significance level for each pair-wise 

test was p < 0.017 (0.05/3).  
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Table 1.  Description of covariates used in the estimation of detection functions and bird 

density using the Multiple Covariates engine (MCDS) in program DISTANCE. 
 

Covariate Description 
Area Area of stand; continuous variable 
Basal area Total basal area; continuous and 3 categorical variables were used 
Cluster size The number of individuals observed in a single-species flock; equal to 

1 for an individual bird; continuous variable 
Cluster type I = individual bird, S = single-species flock, M = mixed-species flock; 

used only in winter analyses; categorical variable 
Fire Time since fire; 1 for < 1 growing season, 2 for 2-3 growing seasons; 

categorical variable 
Height Vegetation stratum of the observed bird(s); G = ground, S = shrub, M 

= midstory, C = canopy; categorical variable 
M_F 0_0 if sex was not determined, 0_1 if only females were observed, 1_0 

if only males were observed, 1_1 if both sexes were observed; 
categorical variable 

Profile The diversity index of the shrub cover; continuous and 3 categorical 
variables were used 

Thinning Time since thinning; 1 for < 2 years, 2 for 4-7 years, 3 for 10-17 
years; categorical variable 

Total cluster The total number of birds in a flock; equal to 1 for an individual bird, 
equal to Cluster size for a single-species flock; continuous variable 

TUTI The presence of Tufted Titmouse in a mixed-species flock; used only 
in winter analyses; binomial variable 
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Table 2.  Pools of species, the number of observations in each pool, and the number of 
observations of bird species that were detected infrequently at line transects 
during winter (Jan-Mar) and spring (Apr-May) 2004, at Fort Benning U. S. 
Army Infantry Center, Georgia.  The untruncated (raw) number of observations 
are reported here; the outer 5% of observations were truncated in models 
analyzed using the Multiple Covariates engine (MCDS) in program 
DISTANCE. 

 
 
Season 

 
Pool Name 

Observations in 
pool 

Species 
Codea 

Observations of 
species 

Winter Small Ground/Shrub Passerine 69 BACS 10 
   CHSP 20 
   COYE 6 
   DEJU 10 
   HOWR 6 
   WTSP 17 
 Large Woodpecker & Crow 101 AMCR 9 
   HAWO 10 
   NOFL 13 
   PIWO 15 
   RBWO 54 
 Small Woodpecker 105 DOWO 23 
   RCWO 19 
   WBNU 40 
   YBSA 23 
 Medium Finch 76 EATO 39 
   NOCA 37 
 Medium Passerine & Dove 58 EABL 18 
   EAPH 33 
   MODO 7 
 Small Arboreal Passerine 91 AMGO  8 
   BHVI 7 
   BRCR 6 
   RCKI 39 
   YRWA 31 
     
Spring Small Ground/Shrub Passerine 74 BACS 35 
   CHSP 22 
   COYE  10 
   WEVI 7 
 Large Woodpecker 88 HAWO 7 
   NOFL 11 
   PIWO 19 
   RBWO 51 
 Small Woodpecker 83 DOWO 23 
   RCWO 24 
   WBNU 36 
 Medium Passerine & Dove 90 BHCO 23 
   EABL 12 
   MODO 15 
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Table 2.  Continued.  
 
 
Season 

 
Pool Name 

Observations in 
pool 

Species 
Codea 

Observations of 
species 

Spring Medium Passerine & Dove, 
continued 

 YBCH 40 

 Small Arboreal Passerine 77 AMGO 10 
   BLGR 10 
   REVI 21 
   RTHU 11 
   YTVI 17 
   YTWA 8 
 Corvids 49 AMCR 6 
   BLJA 43 
a Species codes follow Pyle and DeSante (2003) and are described in Appendix A. 
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Table 3.  Descriptions and sources of plot-, stand-, and landscape-level environmental 
variables describing managed pine stands studied at Fort Benning U. S. Army 
Infantry Center, Georgia, during 2004.  

 
Variable 

code 
 
Description 

 
Method / data source 

Plot   
BARE Percent cover of bare ground Line intercept, 2 x 10 m 
FORB Percent cover of herbaceous vegetation Line intercept, 2 x 10 m 
GRAS Percent cover of grass-like vegetation Line intercept, 2 x 10 m 
LVS Percent cover of down leaves Line intercept, 2 x 10 m 
WDLT Percent cover of down woody litter Line intercept, 2 x 10 m 
WDY1 Percent cover of woody vegetation < 1m Line intercept, 2 x 10 m 
WDY2 Percent cover of woody vegetation 1-2 m Line intercept, 2 x 10 m 
WDY3 Percent cover of woody vegetation 2-3 m Line intercept, 2 x 10 m 
SHMN Mean shrub clump length Line intercept, 30 m 
SHCV Coefficient of variation of shrub clumps Line intercept, 30 m 
SNAG Density of snags 50 m radius circle 
CC Canopy cover Densiometer 
BAHW Basal area of hardwoods (deciduous trees) 10-factor prism 
BAPI Basal area of pines 10-factor prism 
HC Density of hardwood canopy trees 11.3 m radius circle 
HCHT Mean height of hardwood canopy trees 11.3 m radius circle 
HM Density of hardwood midstory trees 11.3 m radius circle 
HMHT Mean height of hardwood midstory trees 11.3 m radius circle 
PC Density of pine canopy trees 11.3 m radius circle 
PCHT Mean height of pine canopy trees 11.3 m radius circle 
PM Density of pine midstory trees 11.3 m radius circle 
PMHT Mean height of pine midstory trees 11.3 m radius circle 
SIMP Tree diversity, Simpson's index Magurran (1988) 

Stand   
AREA Stand area Digitized forest inventory data a 
PARA Stand perimeter to area ratio Digitized forest inventory data a 
CORE Stand core area  Digitized forest inventory data a 
AGE Stand age Stand inventory data a 

Landscape (1-km radius buffer surrounding each 300 m transect) 
FY43 Percent cover burned < 1 growing season Digitized prescribed fire data a 
FY2B Percent cover burned > 1 growing season Digitized prescribed fire data a 
HWFO Percent cover of hardwood-dominated 

forest 
Digitized land cover data a 

MIL Percent cover of military training and 
altered areas 

Digitized land cover data a , b 

PINE Percent cover of pine-dominated forest Digitized land cover data a 
PPLA Percent cover of pine plantation Digitized land cover data a 
SHRB Percent cover of early successional 

shrublands 
Digitized land cover data a 

WETL Percent cover of open and forested wetlands Digitized land cover data a 
SIDI Cover type diversity, Simpson's index Magurran (1988) 
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Table 3.  Continued. 
 
Variable 

code 
 
Description 

 
Method / data source 

SIEV Cover type evenness, Simpson's index Magurran (1988) 
TRAL Length of vehicle trails Digitized land cover data a 
ROAD Length of paved and unpaved roads Digitized land cover data a 

a Obtained from FBNR, Fort Benning Natural Resource Management Branch 
b Obtained from ITAM, Integrated Training Area Management program 
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Figure 1.  Location of Fort Benning U.S. Army Infantry Center, Georgia (inset), and the 

locations of transects where bird communities and vegetation structure were 
studied during winter (Jan-Mar) and spring (Apr-May), 2004. 

 



 

29

Vegetation sampling plot

Line transect

p

Ground, herbaceous, 
and shrub cover (2 x 10 m)

Understory profile

Shrub clump widths 
(30 m)

Canopy cover, basal 
area (plot center)

C

Stand

50 m
(snags)

11.3 m
(trees) 10 m segments

p pC

Vegetation sampling plot

Line transect

p

Ground, herbaceous, 
and shrub cover (2 x 10 m)

Understory profile

Shrub clump widths 
(30 m)

Canopy cover, basal 
area (plot center)

C

Vegetation sampling plot

Line transect

Vegetation sampling plotVegetation sampling plotVegetation sampling plot

Line transectLine transect

p

Ground, herbaceous, 
and shrub cover (2 x 10 m)

Understory profile

Shrub clump widths 
(30 m)

Canopy cover, basal 
area (plot center)

C

p

Ground, herbaceous, 
and shrub cover (2 x 10 m)

Understory profile

Shrub clump widths 
(30 m)

Canopy cover, basal 
area (plot center)

C

Stand

50 m
(snags)

11.3 m
(trees) 10 m segments

p pC

Stand

50 m
(snags)

11.3 m
(trees) 10 m segments

p pC

Stand

50 m
(snags)

11.3 m
(trees) 10 m segments

p pC

Stand

50 m
(snags)

11.3 m
(trees) 10 m segments

p pC

 

Figure 2.  Plot-level vegetation sampling scheme.  The centers of two plots were randomly located within 25 m of each line transect.  
Canopy cover and basal area were recorded at the plot center.  Attributes of ground and shrub cover were measured along 
line intercepts.  Tree and snag data were recorded within 11.3 and 50 m, respectively, of the plot center. 
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Figure 3.  Schematic diagram of the variation partitioning analyses performed separately 
for winter and spring bird communities.  At the first level, the variation of all 
species at all sites is partitioned into three environmental components 
representing the plot (P), stand (S), and landscape (L) scales.  In the second 
step, the variation of species within three post-thinning subsets of sites (T1, 
T2, and T3) is partitioned by three scales of environmental variables.  In the 
final step, the variation of migratory and resident bird communities of each 
post-thinning category is partitioned by three scales of environmental 
variables.  
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Plot conditional = [A] = ([A] + [B] + [C] + [D] + [E] + [F] + [G]) – ([B] + [C] + [D] + [E] + [F] + [G]) 
Stand conditional = [B] = ([A] + [B] + [C] + [D] + [E] + [F] + [G]) – ([A] + [C] + [D] + [E] + [F] + [G]) 
Landscape conditional = [C] = ([A] + [B] + [C] + [D] + [E] + [F] + [G]) - ([A] + [B] + [D] + [E] + [F] + [G]) 
[E] = ([B] + [C] + [D] + [E] + [F] + [G]) – ([C] + [D] + [F] + [G]) – [B] 
[F] = ([A] + [C] + [D] + [E] + [F] + [G]) – ([A] + [D] + [E] + [G]) – [C] 
[G] = ([A] + [B] + [D] + [E] + [F] + [G]) – ([B] + [D] + [E] + [F]) – [A] 
[D] = ([A] + [B] + [C] + [D] + [E] + [F] + [G]) – [A] – [B] – [C] – [E] – [F] – [G] 
 
Figure 4.  Schematic diagram and explanation of mathematical procedures for the calculation of conditional and marginal fractions of 

variance in bird community data explained by plot-, stand-, and landscape-level environmental variables.  
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CHAPTER 3 
RESULTS 

Microhabitat, Stand, and Landscape Composition 

Winter 

Data describing vegetation structure and tree diversity (microhabitat) were collected 

at two plots in each of 86 stands of thinned pine forest during Jan-Mar, 2004 (Table 4).  

Only two of the 23 measured and derived microhabitat variables were significantly 

different (p < 0.017) among the three post-thinning chronosequence groups.  The percent 

cover of shrubs and woody vegetation 1-2 m tall (WDY2) was lower at sites thinned < 2 

growing seasons prior to this study (gst) than at sites thinned 4-7 gst (P < 0.007) and sites 

thinned 10-17 gst (P < 0.002).  In contrast, the amount of down woody litter (WDLT) at 

the most recently thinned sites was higher than at sites thinned 4-7 gst (P < 0.001) and at 

10-17 gst sites (P < 0.001).  The amount of bare ground (BARE) was greatest at the most 

recently thinned sites but the difference was not significant.  With the exception of pine 

canopy height, all estimates of tree density and height were greatest at sites thinned 10-17 

gst; however, these trends were not significant.  

Characteristics of each pine stand and landscape composition within a 1-km buffer of 

each transect were derived from forest inventory and digitized land cover data.  No stand-

level characteristic differed significantly among the post-thinning groups.  Of the 12 

landscape composition variables, only one was significantly different across the 

chronosequence.  The proportion of area classified as military and altered land (MIL) was 

greatest around the sites thinned 10-17 gst (P < 0.008). 
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Spring 

Microhabitat data were collected at two plots in 94 stands of thinned pine forest 

during Apr-May, 2004 (Table 5).  Of the 23 measured and derived plot-level variables, 

three differed significantly (p < 0.017) among the three post-thinning chronosequence 

groups.  Mean height of hardwood canopy trees (HCHT) was significantly (P < 0.01) 

higher at sites thinned 4-7 gst than at the most recently thinned sites.  Both the percent 

cover of grasses and grass-like vegetation (GRAS, P < 0.006) and canopy cover (CC, P < 

0.007) were significantly higher at sites thinned 10-17 gst than at sites thinned < 2 gst.  As 

in winter, the amount of bare ground was greater at the most recently thinned sites, and 

most estimates of tree density and height tended to be highest at sites thinned 10-17 gst, but 

these differences were not significant. 

Stand- and landscape-level characteristics were mostly homogeneous across the 

chronosequence.  The amount of military and altered land was greatest (P < 0.004) around 

the sites thinned 10-17 gst.  No other landscape-level characteristics differed significantly 

across the chronosequence, nor did any stand-level factor.  

Avian Community Composition and Density 

Winter 

A total of 2,076 individuals belonging to 47 species was observed on 86 line 

transects during Jan-Mar, 2004.  I estimated the distance and angle to a total of 973 

observations; 501 observations were of solitary birds and 472 were of single- or mixed-

species flocks (clusters).  Composition of 66 mixed-species flocks ranged from 2 to 14 

species.  Sex was positively determined for 141 females and 361 males.   

Avian density was estimated using program DISTANCE for 21 permanent resident 

and 9 migratory species that occurred at more than five percent of winter transects (Table 
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6).  Of the 9 migrants, 8 were considered short-distance migrants and one, Blue-headed 

Vireo, was a neotropical migrant (Peterjohn and Sauer 1993).  Detection function models 

were fitted for five individual species and for six pools comprised of 25 infrequently 

observed species (Table 2).  Of the 11 models, optimal fit was obtained with the half-

normal key series with no adjustment terms in 8 (73%), the half-normal key series with 

second-order cosine adjustment terms in one, and the hazard-rate key series in two (18%; 

Table 7). 

Both basal area and total cluster size were covariates in 6 (55%) of the 11 selected 

models of bird density (Figure 5).  Stand area, shrub profile, and time since thinning were 

covariates in two (18%) models.  The occurrence of Tufted Titmouse was a covariate in the 

detection function model of the Small Ground/Shrub Passerine group (Figure 6), and the 

presence-absence ratio of males to females was a covariate in the Small Woodpecker group 

model (Table 7). 

Though Pine Warbler was observed most frequently (202 observations), Chipping 

Sparrow was the most abundant species (454 individuals) and, based on density estimation, 

was also the densest species (2.47 per ha) among all sites.  Density of all species combined 

was highest (0.39 ± 0.16 birds/ha) in sites thinned 4-7 gst, but there were no significant 

differences among post-thinning groups (Table 6).  Densities of individual species did not 

differ significantly (p < 0.017) across the post-thinning chronosequence.  Detection 

probability (P) ranged from 0.34 (Tufted Titmouse) to 0.64 (Pine Warbler).  Mean cluster 

size ranged from 1.09 (Large Woodpecker and Crow) to 8.89 (Small Ground / Shrub 

Passerine) birds per cluster, and the mean of the 11 cluster size estimates was 2.2 birds per 

cluster. 



35 

  

Spring 

In spring, I recorded 1,751 observations comprised of a total of 2,125 birds belonging 

to 58 species on 94 line transects during Apr-May, 2004.  I identified 229 and 705 females 

and males, respectively.  Most (1,462; 83%) observations were of individual birds.  

Composition of 10 mixed-species flocks ranged from two to five species.  Blue Jay was 

detected more frequently during spring (n = 43) than winter (n = 4), and was therefore 

included in analyses of spring data but not for winter.  

Density was estimated for 22 resident and 15 migratory species that occurred at more 

than five percent of spring transects (Table 8).  Two of the migratory species, Brown-

headed Cowbird and Red-headed Woodpecker, were short-distance migrants, and the other 

13 were neotropical migrants (Peterjohn and Sauer 1993).  As a result of data truncation, 

the density of American Crow was estimated for fewer than 5 % of all sites; American 

Crow was not used in variation partitioning analyses.  Detection function models were 

fitted for 14 individual species and for six pools of 23 infrequently observed species (Table 

7).  Of the 20 bird detection functions modeled in program DISTANCE, optimal fit was 

obtained with the half-normal key series with no adjustment terms in 11 (55%), the half-

normal key series with second-order cosine adjustment term in 3 (15%), and the hazard-

rate key series with no adjustment terms in 6 (30%).   

Habitat factors and total cluster size were the most frequent covariates in the 20 

selected models of breeding bird density (Figure 5).  Shrub profile and basal area were 

included as covariates in nine (45%) and eight (40%) models, respectively, and total cluster 

size was a covariate in seven (35%) models.  Stand area, bird height, and time since 

thinning were covariates in three (15%) models, and the presence-absence ratio of males to 

females was a covariate in the Large Woodpecker group model (Table 7). 
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Pine Warbler was observed most frequently (240 observations), was most numerous 

in terms of individuals detected (336), and was also the densest species (1.26 per ha) during 

the breeding season.  Overall bird density was highest (0.26 ± 0.05 birds /ha) at sites 

thinned within two growing seasons prior to study, but overall bird density did not 

significantly differ among post-thinning groups (Table 8).  Density of only two species 

differed significantly across the chronosequence.  Red-headed Woodpecker density was 

significantly (P < 0.005) higher at recently (< 2 gst) thinned sites than at sites thinned 10-

17 gst.  Yellow-breasted Chats density was greatest (P < 0.007) at sites thinned 4-7 gst.  

Detection probabilities ranged from 0.35 (Red-headed Woodpecker) to 0.87 (Carolina 

Wren).  Mean cluster size ranged from 1.02 (Eastern Wood-Pewee) to 1.85 (Brown-headed 

Nuthatch) birds per cluster, and the mean of the 20 cluster size estimates was 1.2 birds per 

cluster.   

Variation Partitioning 

The total amount of variation in the bird community density data explained by 

environmental variables and the relative influence of spatial scale varied with time after 

thinning for entire bird communities and for migratory and resident bird functional groups 

(Figure 7).  Microhabitat variables consistently explained more of the variation in bird 

communities than did stand- and landscape-level variables (Table 9).  Breeding birds, as a 

whole, responded more strongly to landscape composition than did nonbreeding birds; the 

relative importance of landscape composition to breeding birds increased with time after 

disturbance, mostly due to a marked increase in the association between breeding season 

migratory birds and landscape composition with time after thinning.  Stand-level variables 

were important predictors of community variation for breeding resident species, but were 
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mostly unimportant for residents in the nonbreeding season and for migratory species in 

both seasons.   

Within spatial scales, significant variables in the RDA sub-models varied among 

analysis levels, across the gradient of time since disturbance, and among resident and 

migratory bird functional groups (Table 10).  Between the two seasons, environmental 

variables between scales were more likely to be correlated and to suppress the effects of 

other environmental variables in spring. 

Analysis Level 1 

At the broadest level of analysis, where all sites and species were combined, 

environmental variables explained 6.28% and 9.66% of the variation in winter 

(nonbreeding) and spring (breeding) bird communities, respectively.  A total of 30 and 36 

bird species were included in winter and spring analyses, respectively (Appendix B).  In 

both seasons, plot-level variables explained at least twice as much of the bird community 

variation than did landscape variables.  In neither season were stand-level variables 

significantly related to bird communities. 

In the winter analysis, the negative value (-0.31 %) of fraction [D], where all three 

subsets of environmental variables overlap, combined with a value of zero of fraction [G], 

where plot and landscape variables overlap (Table 9), suggested that the subset of stand 

variables, which did not have a significant marginal or conditional effect, suppressed the 

influence of plot, landscape, or both of these sets of variables.  In the spring analysis, a 

positive value (0.42 %) of fraction [G] indicated that microhabitat and landscape 

composition variables were confounded. 

Among the level 1 analyses, the significant microhabitat variables differed between 

seasons, whereas the sets of significant landscape variables were relatively similar (Table 
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10).  In the level 1 submodels of winter data, significant microhabitat variables included 

shrub cover, snag density, mean shrub clump width, and hardwood midstory height.  In 

contrast, the significant microhabitat variables in the spring level 1 analysis included the 

cover of bare ground, grasses, and tall (2-3 m) shrubs, the density of hardwood and pine 

canopy trees, and the diversity of tree species.  The extent of trails and the diversity of 

cover types within the 1-km landscape were significant landscape variables in winter level 

1 sub-models.  These same two variables, in addition to the proportional area of hardwood 

forest, pine plantation, and land burned > 1 growing season before study, were also 

important predictors of spring bird community variation. 

Analysis Level 2 

Environmental variables explained up to 12.9% and 17.6% of the variation in winter 

and spring bird communities, respectively (Table 9).  The greatest amount of variation was 

explained for the winter bird community at recently (< 2 gst) thinned sites, and for the 

breeding bird community at the least recently thinned (10–17 gst) sites.  Level 2 analyses 

for winter and spring included 17 and 24 bird species, respectively (Appendix B).  In all 

models, the conditional effects of microhabitat accounted for more of the explained 

variation than did stand characteristics or landscape composition.  Stand-level variables 

were not important in winter models, and were only slightly (up to 0.70% of the total 

variation) important in spring models.  Landscape composition was important in 2 of the 3 

nonbreeding bird community models (up to 2.39%) and in all breeding bird models (up to 

6.69%). 

The total amount of variation explained varied with time after disturbance (Figure 7a, 

b).  In winter, the highest amount of variation explained was for the bird communities of 

the most recently thinned (< 2 gst) sites.  The opposite temporal trend was true in spring; 
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the total amount of bird community variation explained at sites thinned 10-17 gst was 43% 

greater than at the most recently thinned sites.  Considering only the conditional 

(independent) effects of plot, stand, and landscape factors from the spring data, total 

variation explained increased by 126% with time after thinning.  Whereas the relative 

influence of stand-level factors decreased with time after disturbance, the relative 

influences of plot-level factors increased from 60% to 62%, and the relative influence of 

landscape factors increased from 31% to 38%. 

Confounding and suppression among variables of different spatial scales was 

minimal in winter models, but occurred frequently in spring models (Table 9).  The greatest 

fraction of confounding (5.19%) occurred between plot and landscape variables in the 

spring T1 (< 2 gst) sub-model.  The comparatively stronger relationships between breeding 

birds and stand-level factors likely caused the confounding of stand-level factors with the 

scales below and above. 

The plot- and landscape-level variables entered into the final RDA models of winter 

data were different for each post-thinning group of sites.  In contrast, plot- (e.g. BARE, 

BAHW) and landscape-level (WETL) variables were used in final models of spring data 

for at least two of the chronosequence groups.  Overall, however, breeding birds responded 

to mostly disparate sets of variables across the chronosequence. 

Analysis Level 3 

The level 3 analyses of winter (nonbreeding season) bird functional groups included 

5 short-distance migrants and 13 permanent residents (Appendix B).  A total of 18 resident 

and 13 migratory species were included in the analysis of breeding birds.  Of the migratory 

breeding birds, Brown-headed Cowbird and Red-headed Woodpecker are short-distance 

migrants, and the other 11 are considered neotropical migrants (Peterjohn and Sauer 1993).   
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The total and relative influence of habitat scales varied with time after disturbance 

for migrant and resident functional groups.  When full models that included plot-, stand-, 

and landscape variables were considered, the total variation explained decreased for two 

functional groups and increased for the other two.  The total amount of variation explained 

in the nonbreeding migrants decreased by 18% from the most recently thinned sites to the 

sites thinned 10-17 gst; total variation explained in the breeding residents decreased by 

34.9% in the same temporal interval.  Total variation explained in nonbreeding residents 

increased by 127% and increased in the breeding migrants by 0.04%.  These results 

contrast with the temporal variation in the amount of explained variation when only the 

conditional effects of the environmental variables are examined.  Considering again the 

breeding migrants, the sum of the conditional effects of microhabitat and landscape 

composition increased by 60% between recently thinned sites to sites thinned 10-17 gst. 

Nonbreeding birds showed weak relationships to stand-level variables.  Among 

breeding birds, only the residents showed associations with stand-scale habitat factors.  The 

relationships between breeding residents and stand-level factors caused the previously 

discussed relationship between the breeding bird community as a whole with stand-level 

factors.  The lack of response of breeding migrants to stand factors was masked in the 

overall community level of analysis. 

Landscape composition was more important in spring than in winter for both 

functional groups, and was especially important for breeding residents.  The combined 

conditional (independent) effects of stand and landscape factors were greater than the 

conditional effects of plot factors for breeding residents at pine forests thinned < 2 and 4-7 
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gst.  In fact, microhabitat factors were the least important among the three scales of factors 

for resident breeding birds at sites thinned 4-7 gst.   

Examination of temporal variation in the conditional effects of habitat scales revealed 

contrasting patterns among the two functional groups of breeding birds.  The relative 

influence of microhabitat increased with time after disturbance for breeding residents, 

whereas the opposite was true for breeding migrants (Figure 7).  Similarly, the relative 

influence of landscape composition increased sharply over time for breeding migrants but 

decreased for breeding residents. 

Significant variables changed over time for each functional group within each season 

(Table 10).  Breeding migrants were more likely than other groups to respond to the same 

plot-level variables over time.  Considering the plot-level RDA models for nonbreeding 

migrants, only the cover of woody litter (WDLT) was entered into more than one model.  

In the plot-level RDA models for breeding migrants, the cover of bare ground (BARE) and 

herbaceous plants (FORB) and the height of hardwood canopy trees (HCHT) were entered 

into more than one model.  No plot-level variable was entered into more than one model 

for nonbreeding residents, and BARE was the only variable entered into more than one 

model for breeding residents.  Both FORB and HCHT were important variables for 

nonbreeding and breeding migrants at recently thinned (< 2 gst) sites, and both WDLT and 

SIMP were entered into models of nonbreeding and breeding migrants at sites thinned 4-7 

gst.  Because of the total turnover in the migrant functional groups between seasons, this 

finding suggests that these variables are important indicators of habitat suitability for sites 

of a similar disturbance history for migratory birds in either season.  Surprisingly, between 

the nonbreeding and breeding seasons, resident species responded to disparate sets of plot-
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level factors.  Only BARE was included in models (3 of 6) of nonbreeding and breeding 

season resident birds.   

Compared with the RDA models of spring data, little confounding and suppression of 

variables among scales occurred in winter RDA models.  Confounding (up to 3.97% of the 

total variation) occurred where all three scales overlapped in their influence.  For winter 

migrants at recently (< 2 gst) disturbed sites, the marginal effect of landscape variables was 

zero.  Examination of the winter migrant T1 (< 2 gst) sub-models showed that landscape 

variables were significant only in models with plot factors (Table 10). 
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Table 4.  Summary statistics of environmental variables for 86 pine stands at Fort Benning, 
Georgia, during winter (Jan-Mar), 2004.  Means in the same row with different 
letters were significantly different (P < 0.017) in post-hoc Mann-Whitney U-tests 
between three post-thinning chronosequence groups. 

 
Variable       Mean ± SE 

Code Units Min. Max. < 2 GSa 4-7 GS 10-17 GS 
Plot             

BARE % 0.83 61.25 18.34 ± 2.50 16.43 ± 2.82 14.46 ± 2.78
FORB % 0 27.00 8.11 ± 0.93 8.55 ± 1.16 9.37 ± 1.23
GRAS % 0.75 51.95 16.35 ± 2.46 17.87 ± 2.29 18.57 ± 2.30
LVS % 12.38 79.35 48.57 ± 2.29 47.95 ± 3.29 52.08 ± 2.58
WDLT % 2.98 39.58 21.7 ± 1.46A 14.48 ± 0.92B 13.77 ± 0.92B
WDY1 % 0.98 44.18 13.15 ± 1.61 15.15 ± 1.81 14.84 ± 1.84
WDY2 % 0 13.75 1.47 ± 0.45A 3.57 ± 0.69B 3.47 ± 0.61B
WDY3 % 0 16.68 0.78 ± 0.56 0.85 ± 0.33 1.04 ± 0.34
SHMN m 0.22 6.83 1.16 ± 0.23 1.62 ± 0.23 1.41 ± 0.24
SHCV - 0 2.30 0.82 ± 0.08 0.98 ± 0.08 0.99 ± 0.10
SNAG no./ha 1.27 23.56 8.34 ± 0.92 7.55 ± 0.93 8.48 ± 0.86
CC % 0.14 0.57 0.30 ± 0.02 0.33 ± 0.02 0.35 ± 0.02
BAHW m2/ha 0 16.26 2.17 ± 0.48 1.97 ± 0.49 2.90 ± 0.63
BAPI m2/ha 2.32 26.71 11.01 ± 0.66 10.29 ± 0.66 12.86 ± 1.02
HC no./ha 0 199.50 22.44 ± 6.69 23.16 ± 8.38 27.61 ± 7.24
HCHT m 0 23.32 5.84 ± 1.49 8.66 ± 1.72 10.50 ± 1.60
HM no./ha 0 486.28 117.62 ± 22.12 97.08 ± 19.49 149.63 ± 22.23
HMHT m 0 15.24 5.49 ± 0.50 5.43 ± 0.63 5.84 ± 0.46
PC no./ha 24.94 436.41 120.12 ± 9.27 147.84 ± 17.73 156.31 ± 13.24
PCHT m 10.76 30.71 20.93 ± 0.76 20.08 ± 0.85 19.50 ± 0.75
PM no./ha 0 610.97 55.28 ± 11.18 56.56 ± 13.7 140.72 ± 32.00
PMHT m 0 19.61 6.70 ± 0.77 6.88 ± 0.95 7.28 ± 0.75
SIMP 0-1 0 0.92 0.63 ± 0.04 0.58 ± 0.05 0.62 ± 0.04

Stand           
AREA ha 4.36 67.60 20.99 ± 2.25 20.35 ± 2.18 19.06 ± 2.44
PARA m/ha 63.90 240.30 140.69 ± 8.33 143.85 ± 8.16 146.51 ± 8.48
CORE ha 0.59 47.10 9.98 ± 1.66 9.17 ± 1.41 8.92 ± 1.82
AGE yrs 35.00 94.00 63.57 ± 2.81 65.07 ± 3.21 58.89 ± 3.46

Landscape           
FY43 % 0 100.00 42.20 ± 5.12 44.68 ± 5.87 44.93 ± 5.51
FY2B % 0 100.00 57.80 ± 5.12 55.32 ± 5.87 55.07 ± 5.51
HWFO % 0 39.09 6.99 ± 0.96 6.99 ± 1.25 9.54 ± 1.95
MIL % 0 20.31 4.25 ± 0.86 2.29 ± 0.44A 5.41 ± 1.03B
PINE % 15.60 85.15 58.23 ± 2.64 59.47 ± 2.76 52.35 ± 2.90
PPLA % 0 52.10 10.58 ± 1.81 10.58 ± 2.07 11.63 ± 1.42
SHRB % 0 16.66 4.30 ± 0.77 3.23 ± 0.65 5.09 ± 0.72
WETL % 0.66 40.64 15.66 ± 1.22 17.45 ± 2.25 15.97 ± 1.79
SIDI 0-1 0.26 0.85 0.61 ± 0.03 0.61 ± 0.02 0.68 ± 0.02
SIEV 0-1 0.32 0.97 0.70 ± 0.03 0.70 ± 0.03 0.78 ± 0.02
TRAL m/ha 6.85 48.53 21.94 ± 1.49 22.00 ± 1.45 20.87 ± 1.41
ROAD m/ha 0 20.79 9.43 ± 0.71 7.64 ± 1.20 7.08 ± 0.54

a GS, growing seasons 
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Table 5.  Summary statistics of environmental variables for 94 pine stands at Fort Benning, 
Georgia, during spring (Apr-May), 2004.  Means in the same row with different 
letters were significantly different (P < 0.017) in post-hoc Mann-Whitney U-
tests between three post-thinning chronosequence groups. 

a GS, growing seasons 

Variable      Mean ± SE 
Code Units Min. Max. < 2 GSa 4-7 GS 10-17 GS 

Plot    
BARE % 0.18 57.98 26.37 ± 2.96 23.08 ± 2.58 22.84 ± 3.59
FORB % 2.43 39.43 13.58 ± 1.03 14.83 ± 1.43 14.87 ± 1.96
GRAS % 0.65 44.00 13.54 ± 1.44A 17.30 ± 1.60 17.54 ± 1.28B
LVS % 7.00 71.45 26.30 ± 2.5 32.82 ± 3.23 35.03 ± 3.20
WDLT % 2.53 34.60 15.49 ± 1.13 12.35 ± 0.93 12.14 ± 0.89
WDY1 % 1.35 62.63 26.14 ± 2.08 28.39 ± 2.50 28.08 ± 3.05
WDY2 % 0 38.20 2.87 ± 0.70 5.52 ± 1.21 5.57 ± 1.51
WDY3 % 0 12.90 0.44 ± 0.21 0.89 ± 0.25 1.61 ± 0.56
SHMN m 0.10 3.85 0.48 ± 0.05 0.67 ± 0.08 0.75 ± 0.16
SHCV - 0 1.72 0.84 ± 0.05 0.89 ± 0.07 0.91 ± 0.08
SNAG no./ha 0 33.10 6.98 ± 1.05 7.45 ± 0.92 8.00 ± 0.89
CC % 17.58 87.89 41.65 ± 2.49A 44.52 ± 2.49 51.73 ± 2.77B
BAHW m2/ha 0 19.74 1.84 ± 0.42 2.04 ± 0.45 3.26 ± 0.72
BAPI m2/ha 2.32 27.87 10.97 ± 0.64 10.47 ± 0.64 13.56 ± 1.16
HC no./ha 0 211.97 20.31 ± 5.87 22.93 ± 6.72 32.51 ± 8.78
HCHT m 0 25.91 14.89 ± 1.07A 17.49 ± 0.49B 16.30 ± 1.06
HM no./ha 0 523.69 104.74 ± 16.72 121.07 ± 20.17 136.27 ± 15.43
HMHT m 0 10.36 6.39 ± 0.32 5.68 ± 0.27 6.06 ± 0.27
PC no./ha 24.94 486.28 122.91 ± 10.8 142.79 ± 14.93 166.99 ± 15.96
PCHT m 10.65 30.71 20.82 ± 0.69 20.58 ± 0.72 19.55 ± 0.85
PM no./ha 0 536.16 54.51 ± 9.52 54.70 ± 12.74 148.74 ± 29.87
PMHT m 0 19.61 8.76 ± 0.45 9.09 ± 0.81 8.48 ± 0.65
SIMP 0-1 0 0.94 0.62 ± 0.04 0.62 ± 0.04 0.63 ± 0.04

Stand    
AREA ha 4.36 67.60 21.03 ± 1.99 21.41 ± 2.13 20.34 ± 2.55
PARA m/ha 63.90 240.30 137.49 ± 7.43 143.17 ± 7.84 143.79 ± 8.91
CORE ha 0.59 47.10 10.13 ± 1.47 9.76 ± 1.39 9.87 ± 1.95
AGE yr 35.00 94.00 63.57 ± 2.56 64.19 ± 2.97 57.29 ± 3.35

Landscape    
FY43 % 0 100.00 70.00 ± 4.35 71.45 ± 5.04 80.89 ± 5.08
FY2B % 0 100.00 30.00 ± 4.35 27.58 ± 5.13 19.11 ± 5.08
HWFO % 0 39.09 7.05 ± 0.85 8.03 ± 1.49 9.64 ± 1.95
MIL % 0 20.32 3.93 ± 0.75 2.15 ± 0.41A 5.42 ± 1.03B
PINE % 15.60 85.23 58.86 ± 2.36 56.24 ± 3.10 51.75 ± 2.85
PPLA % 0 52.10 10.35 ± 1.58 11.62 ± 1.99 11.55 ± 1.42
SHRB % 0 21.96 4.40 ± 0.69 4.13 ± 0.91 4.84 ± 0.71
WETL % 0.66 45.97 15.41 ± 1.25 17.83 ± 2.28 16.80 ± 1.75
SIDI 0-1 0.26 0.85 0.61 ± 0.02 0.63 ± 0.02 0.68 ± 0.02
SIEV 0-1 0.32 0.97 0.70 ± 0.03 0.72 ± 0.03 0.78 ± 0.02
TRAL m/ha 6.85 49.14 22.45 ± 1.39 21.88 ± 1.41 21.07 ± 1.62
ROAD m/ha 0 20.79 9.52 ± 0.65 7.26 ± 1.15 7.09 ± 0.54
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Table 6.  Densities (no./ha) of 30 bird species observed at line transects at Fort Benning, 
Georgia, during winter (Jan-Mar), 2004.  Densities are presented for three post-
thinning chronosequence categories.  GS stands for growing seasons. 

 
  Bird density (mean ± SE) 
Common name (Scientific name) < 2 GS 4-7 GS 10-17 GS 
Resident    

American Crow (Corvus brachyrhynchos) 0.04 ± 0.04 0.05 ± 0.04 0.04 ± 0.03 
American Goldfinch (Carduelis tristis) 0.11 ± 0.05 0.05 ± 0.03 0.11 ± 0.11 
Bachman’s Sparrow (Aimophila aestiva) 0.10 ± 0.05 0 ± 0 0.05 ± 0.03 
Brown-headed Nuthatch (Sitta pusilla) 0.41 ± 0.09 0.39 ± 0.09 0.18 ± 0.06 
Carolina Chickadee (Poecile carolinensis) 0.25 ± 0.07 0.33 ± 0.14 0.48 ± 0.18 
Carolina Wren (Thryothorus ludovicianus) 0.30 ± 0.12 0.45 ± 0.16 0.27 ± 0.05 
Chipping Sparrow (Spizella passerina) 1.11 ± 0.71 4.61 ± 2.14 1.79 ± 0.99 
Common Yellowthroat (Geothlypis trichas) 0.02 ± 0.02 0.07 ± 0.05 0.04 ± 0.03 
Downy Woodpecker (Picoides pubescens) 0.16 ± 0.06 0.08 ± 0.03 0.17 ± 0.09 
Eastern Bluebird (Sialia sialis) 0.14 ± 0.06 0.18 ± 0.11 0.04 ± 0.03 
Eastern Towhee (Pipilo erythrophthalmus) 0.54 ± 0.34 0.82 ± 0.41 0.57 ± 0.24 
Hairy Woodpecker (Picoides villosus) 0.04 ± 0.02 0.02 ± 0.01 0.02 ± 0.01 
Mourning Dove (Zenaida macroura) 0.08 ± 0.07 0.02 ± 0.01 0.02 ± 0.02 
Northern Cardinal (Cardinalis cardinalis) 0.19 ± 0.08 0.54 ± 0.18 0.26 ± 0.10 
Northern Flicker (Colaptes auratus) 0.07 ± 0.03 0.02 ± 0.01 0.04 ± 0.02 
Pileated Woodpecker (Dryocopus pileatus) 0.06 ± 0.02 0.03 ± 0.01 0.03 ± 0.02 
Pine Warbler (Dendroica pinus) 1.07 ± 0.15 1.68 ± 0.78 1.32 ± 0.15 
Red-bellied Woodpecker (Melanerpes 

carolinus) 
0.19 ± 0.04 0.23 ± 0.09 0.18 ± 0.05 

Red-cockaded Woodpecker (Picoides 
borealis) 

0.12 ± 0.05 0.06 ± 0.03 0.07 ± 0.05 

Tufted Titmouse (Baeolophus bicolor) 0.52 ± 0.12 0.76 ± 0.42 0.55 ± 0.12 
White-breasted Nuthatch (Sitta carolinensis) 0.23 ± 0.07 0.15 ± 0.05 0.38 ± 0.17 

Migrant   
Blue-headed Vireo (Vireo solitarius) 0.05 ± 0.04 0.01 ± 0.01 0.06 ± 0.03 
Brown Creeper (Certhia americana) 0.02 ± 0.02 0.01 ± 0.01 0.09 ± 0.04 
Dark-eyed Junco (Junco hyemalis) 0.52 ± 0.26 0.15 ± 0.09 0.10 ± 0.08 
Eastern Phoebe (Sayornis phoebe) 0.13 ± 0.06 0.08 ± 0.02 0.12 ± 0.04 
House Wren (Troglodytes aedon) 0.02 ± 0.02 0.04 ± 0.03 0.04 ± 0.03 
Ruby-crowned Kinglet (Regulus calendula) 0.31 ± 0.11 0.14 ± 0.03 0.30 ± 0.08 
White-throated Sparrow (Zonotrichia 

albicollis) 
0.53 ± 0.29 0.53 ± 0.39 0.46 ± 0.19 

Yellow-bellied Sapsucker (Sphyrapicus 
varius) 

0.08 ± 0.03 0.12 ± 0.05 0.11 ± 0.05 

Yellow-rumped Warbler (Dendroica 
coronata) 

0.29 ± 0.11 0.20 ± 0.10 0.24 ± 0.07 

Overall density 0.26 ± 0.05 0.39 ± 0.16 0.27 ± 0.07 
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Table 7.  Analyses and results of models generated in program DISTANCE for individual species and pools of infrequently detected 
species of birds.  Observations were made on line transects during winter (n = 86) and spring (n = 94), 2004, at Fort 
Benning, Georgia.  Covariates are presented in the order of (forward) selection. 

 
 
 

Analysis 

 
Para-

meters 

 
 

Obsa 

 
 

AICc 

 
 

Pb 

 
ESWc 
(m) 

 
Key 

series 

Adjustment 
terms and 

order 

Mean 
cluster 

size 

Cluster 
size 
CV 

 
 

C2 d 

 
 
Covariates 

Winter, individual species           
Brown-headed 

Nuthatch 
4 53 474.75 0.52 52.97 H-Ne 0 1.74 0.08 0.5 Basal area, profile 

Carolina Chickadee 4 44 386.20 0.55 49.30 H-N 0 1.84 0.06 0.8 Total cluster, basal area 
Carolina Wren 2 60 521.37 0.59 49.24 H-N 0 1.37 0.05 0.6 Total cluster 
Pine Warbler 4 192 1671.88 0.64 55.64 H-R 0 1.57 0.07 0.7 Total cluster, fire 
Tufted Titmouse 5 63 545.73 0.34 29.53 H-N 0 1.92 0.08 0.8 Height, basal area 

Winter, pooled species           
Large Woodpecker 

and Crow 
4 96 895.43 0.56 67.16 H-N 0 1.09 0.03 0.6 Profile, total cluster, area 

Medium Finch 5 72 591.97 0.52 42.34 H-R 0 2.79 0.15 0.6 Cluster type, total cluster 
Medium Passerine 

and Dove 
4 55 479.78 0.63 52.03 H-N 0 1.23 0.08 0.9 Thinning, total cluster 

Small Arboreal 
Passerine 

6 87 737.09 0.39 34.36 H-N Cosine, 2 1.49 0.08 0.5 Thinning, basal area 

Small Ground/Shrub 
Passerine 

3 66 531.26 0.43 31.85 H-N 0 8.89 0.24 0.7 Basal area, TUTI 

Small Woodpecker 6 100 873.67 0.46 44.85 H-N 0 1.30 0.04 0.9 Basal area, area, M_F 
Spring, individual species          

Blue-gray 
Gnatcatcher  

4 96 739.27 0.44 26.99 H-N 0 1.20 0.04 0.7 Total cluster, basal area 

Brown-headed 
Nuthatch 

5 55 455.70 0.45 29.99 H-R 0 1.85 0.07 0.9 Profile, thinning 

Carolina Chickadee 4 42 324.99 0.51 30.88 H-R 0 1.40 0.08 0.8 Total cluster, profile 
Carolina Wren 3 57 467.33 0.87 54.02 H-N Cosine, 2 1.21 0.07 0.6 Area 
Eastern Towhee 2 63 501.35 0.75 40.54 H-N 0 1.06 0.03 0.7 Profile 
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Table 7.  Continued. 
 

 
 

Analysis 

 
Para-

meters 

 
 

Obsa 

 
 

AICc 

 
 

Pb 

 
ESWc 
(m) 

 
Key 

series 

Adjustment 
terms and 

order 

Mean 
cluster 

size 

Cluster 
size 
CV 

 
 

C2 d 

 
 
Covariates 

Eastern Wood-
Pewee 

6 81 660.84 0.43 38.61 H-R 0 1.02 0.02 0.8 Height, thinning 

Great Crested 
Flycatcher 

4 62 505.64 0.66 39.97 H-N 0 1.11 0.04 0.7 Profile, basal area, total 
cluster 

Indigo Bunting 3 138 1099.38 0.66 37.78 H-N 0 1.09 0.02 0.9 Total cluster, basal area 
Northern Cardinal 4 68 550.63 0.54 33.06 H-R 0 1.18 0.05 0.9 Fire, basal area 
Pine Warbler 4 188 1452.51 0.67 36.54 H-N 0 1.37 0.04 0.7 Total cluster, area, fire 
Prairie Warbler 2 59 455.44 0.60 31.86 H-N 0 1.02 0.02 0.6 Area 
Red-headed 

Woodpecker 
5 78 678.21 0.35 32.97 H-R 0 1.19 0.04 0.9 Profile, thinning 

Summer Tanager 4 73 590.76 0.75 43.21 H-N 0 1.11 0.03 0.6 Profile, basal area 
Tufted Titmouse 4 61 507.59 0.60 43.39 H-N 0 1.20 0.05 0.5 Total cluster, profile, 

basal area 
Spring, pooled species           

Corvids 2 47 396.95 0.47 41.29 H-N 0 1.19 0.05 0.6 Total cluster 
Large Woodpecker 4 84 732.35 0.67 55.59 H-N 0 1.06 0.02 0.6 M_F 
Medium Passerine 

and Dove 
5 85 707.69 0.83 58.44 H-N Cosine, 2 1.16 0.05 0.6 Basal area, profile 

Small Arboreal 
Passerine 

4 73 608.66 0.75 58.40 H-N Cosine, 2 1.12 0.03 0.9 Profile 

Small Ground/Shrub 
Passerine 

4 70 531.60 0.43 26.36 H-N 0 1.21 0.05 0.9 Height 

Small Woodpecker 4 79 658.05 0.63 46.08 H-R 0 1.24 0.05 0.6 Height, basal area 
a  Obs, number of untruncated (raw) observation of species or pool 
b  P, detection probability 
c  ESW, effective strip width 
d  C2, lower limit of the range of p-values for the Cramér-von Mises goodness of fit test 
e  Key series abbreviations are as follows:  H-N, half-normal key series; H-R, hazard rate key series 
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Table 8.  Densities (no./ha) of 37 birds observed at line transects at Fort Benning, Georgia, 
during spring (Apr-May), 2004.  Densities in the same row with different letters 
were significantly different (P < 0.017) in Mann-Whitney U-tests between three 
post-thinning chronosequence categories.  GS stands for growing seasons. 

 
  Bird density (mean ± SE) 
Common name (scientific name)  < 2 GS 4-7 GS 10-17 GS 
Resident  

American Crow (Corvus brachyrhynchos) 0 ± 0 0.03 ± 0.02 0.05 ± 0.04
American Goldfinch (Carduelis tristis) 0.07 ± 0.04 0.07 ± 0.04 0.05 ± 0.03
Bachman's Sparrow (Aimophila aestivalis) 0.33 ± 0.10 0.14 ± 0.05 0.26 ± 0.11
Blue Jay (Cyanocitta cristata) 0.20 ± 0.08 0.33 ± 0.08 0.08 ± 0.03
Brown-headed Nuthatch (Sitta pusilla) 0.76 ± 0.21 0.61 ± 0.14 0.33 ± 0.12
Carolina Chickadee (Poecile carolinensis) 0.26 ± 0.08 0.26 ± 0.09 0.36 ± 0.09
Carolina Wren (Thryothorus ludovicianus) 0.21 ± 0.08 0.23 ± 0.06 0.16 ± 0.04
Chipping Sparrow (Spizella passerina) 0.18 ± 0.08 0.13 ± 0.08 0.29 ± 0.16
Common Yellowthroat (Geothlypis trichas) 0.08 ± 0.05 0.11 ± 0.05 0 ± 0
Downy Woodpecker (Picoides pubescens) 0.10 ± 0.04 0.15 ± 0.06 0.11 ± 0.05
Eastern Bluebird (Sialia sialis) 0.08 ± 0.03 0.01 ± 0.01 0.01 ± 0.01
Eastern Towhee (Pipilo erythrophthalmus) 0.21 ± 0.07 0.43 ± 0.10 0.25 ± 0.05
Hairy Woodpecker (Picoides villosus) 0.02 ± 0.01 0.02 ± 0.02 0.03 ± 0.02
Mourning Dove (Zenaida macroura) 0.02 ± 0.01 0.03 ± 0.01 0.10 ± 0.05
Northern Cardinal (Cardinalis cardinalis) 0.56 ± 0.16 0.49 ± 0.13 0.27 ± 0.07
Northern Flicker (Colaptes auratus) 0.06 ± 0.02 0.02 ± 0.01 0.01 ± 0.01
Pileated Woodpecker (Dryocopus pileatus) 0.07 ± 0.02 0.05 ± 0.02 0.03 ± 0.01
Pine Warbler (Dendroica pinus) 1.45 ± 0.32 1.29 ± 0.22 0.99 ± 0.16
Red-bellied Woodpecker (Melanerpes carolinus) 0.17 ± 0.04 0.18 ± 0.04 0.16 ± 0.05
Red-cockaded Woodpecker (Picoides borealis) 0.18 ± 0.06 0.04 ± 0.02 0.06 ± 0.04
Tufted Titmouse (Baeolophus bicolor) 0.36 ± 0.06 0.31 ± 0.09 0.36 ± 0.10
White-breasted Nuthatch (Sitta carolinensis) 0.21 ± 0.06 0.18 ± 0.05 0.09 ± 0.03

Migrant   
Blue Grosbeak (Guiraca caerulea) 0.03 ± 0.02 0.04 ± 0.02 0.03 ± 0.02
Blue-gray Gnatcatcher (Polioptila caerulea) 0.78 ± 0.14 0.78 ± 0.14 0.61 ± 0.12
Brown-headed Cowbird (Molothrus ater) 0.11 ± 0.05 0.12 ± 0.06 0.06 ± 0.04
Eastern Wood-pewee (Contopus virens) 0.38 ± 0.06 0.45 ± 0.08 0.30 ± 0.08
Great Crested Flycatcher (Myiarchus crinitus) 0.49 ± 0.20 0.19 ± 0.05 0.27 ± 0.10
Indigo Bunting (Passerina cyanea) 0.57 ± 0.09 0.79 ± 0.11 0.71 ± 0.14
Prairie Warbler (Dendroica discolor) 0.26 ± 0.10 0.47 ± 0.17 0.27 ± 0.08
Red-eyed Vireo (Vireo olivaceus) 0.09 ± 0.03 0.09 ± 0.04 0.11 ± 0.05
Red-headed Woodpecker (Melanerpes 

erythrocephalus) 
0.81 ± 0.17A 0.39 ± 0.09 0.22 ± 0.07B

Ruby-throated Hummingbird (Archilochus 
colubris) 

0.04 ± 0.02 0.09 ± 0.04 0.06 ± 0.04

Summer Tanager (Piranga rubra) 0.33 ± 0.05 0.29 ± 0.07 0.43 ± 0.11
White-eyed Vireo (Vireo griseus) 0.09 ± 0.05 0.06 ± 0.05 0 ± 0
Yellow-breasted Chat (Icteria virens) 0.08 ± 0.03 0.20 ± 0.06A 0.09 ± 0.07B
Yellow-throated Vireo (Vireo flavifrons) 0.10 ± 0.03 0.06 ± 0.03 0.06 ± 0.03
Yellow-throated Warbler (Dendroica dominica) 0.02 ± 0.02 0.06 ± 0.04 0.03 ± 0.03

Overall density 0.26 ± 0.05 0.25 ± 0.04 0.20 ± 0.04
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Table 9.  Adjusted coefficients of determination (R2
adj) from the partitioning of variation of 

winter (nonbreeding) and spring (breeding) bird communities among plot-, stand-, 
and landscape-level environmental variables using RDA in CANOCO.  Results 
were converted to percentages by multiplying by 100. 

 
 [A]a [B] [C] [D] [E] [F] [G] Unexplained

Winter         
Analysis level 1 4.39 0 2.20 -0.31 0 0 0 93.72 
   
Analysis level 2  

T1 (< 2 GS)b 12.88 0 0 0 0 0 0 87.12 
T2 (4-7 GS) 3.10 0 1.96 0.01 0 0 0 94.93 
T3 (10-17 GS) 6.04 0 2.39 0 0 0 0 91.58 

   
Analysis level 3  

T1, Migrants 34.17 0 8.93 -8.93 0 0 0 65.83 
T1, Residents 4.40 0 0 0 0 0 0 95.60 
T2, Migrants 29.83 6.90 0 0 0 -6.90 0 70.17 
T2, Residents 3.66 0 2.52 0.07 0 0 0 93.74 
T3, Migrants 23.67 0 0.27 3.97 0 0 0 72.08 
T3, Residents 7.10 0 0 2.90 0 0 0 90.00 

         
Spring         

Analysis level 1 6.79 0 2.44 0 0 0 0.42 90.34 
   
Analysis level 2  

T1 (< 2 GS) 4.65 0.70 2.46 -1.72 1.72 -0.70 5.19 87.70 
T2 (4-7 GS) 8.75 0.37 5.01 -2.08 2.04 1.49 -0.22 84.63 
T3 (10-17 GS) 10.96 0 6.69 2.51 -2.51 0 -0.06 82.41 

   
Analysis level 3  

T1, Migrants 21.19 0 0 -1.92 0 1.92 5.35 73.46 
T1, Residents 10.20 6.36 8.82 6.30 -6.36 -6.30 -4.02 85.00 
T2, Migrants 16.60 0 1.25 0 0 0 2.03 80.13 
T2, Residents 2.99 5.09 3.91 0.50 -0.99 -2.36 6.61 84.24 
T3, Migrants 18.72 0 15.22 0 0 0 -6.33 72.39 
T3, Residents 5.79 2.01 2.22 5.21 -5.21 -2.01 1.76 90.23 

a Column headings represent conditional and shared effects of plot, stand, and landscape 
environmental variables as described in ‘Methods’ and in Figure 4.  
b GS, growing seasons since thinning.   
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Table 10.  Significant (p < 0.10) environmental variables used in final RDA models 

and the significance level of trace statistics determined by 999 random 
unrestricted permutations.  The number of sites included in RDA models are 
given in parentheses. 

 
 
Analysis Sub-model and significant variables 

Trace significance 
(p-value) 

Winter 
Analysis level 1 (n = 86) 
 Plot:  WDY2, SNAG, HMHT, SHMN 0.001 
 Stand:  - - 
 Landscape:  TRAL, SIDI 0.013 
 Plot-Stand:  WDY2, SNAG, SHMN, HMHT 0.001 
 Plot-Landscape:  WDY2, TRAL, SNAG, SHMN, HMHT, SIDI  0.001 
 Stand-Landscape:  TRAL, SIDI  0.006 
 All:  WDY2, SNAG, TRAL, SHMN, HMHT, SIDI 0.001 
  
Analysis level 2 

Group T1, < 2 growing seasons since thinning (n = 30) 
 Plot:  SNAG, WDY2, BARE, HM, PMHT  0.001 
 Stand: - - 
 Landscape: - - 
 Plot-Stand:  SNAG, WDY2, BARE, HM, PMHT  0.001 
 Plot-Landscape:  SNAG, WDY2, BARE, HM, PMHT  0.001 
 Stand-Landscape: - - 
 All:  SNAG, WDY2, BARE, HM, PMHT  0.001 

Group T2, 4-7 growing seasons since thinning (n = 28) 
 Plot:  GRAS  0.058 
 Stand: - - 
 Landscape: SIDI 0.106 
 Plot-Stand:  GRAS  0.058 
 Plot-Landscape:  GRAS, SIDI  0.035 
 Stand-Landscape:  SIDI  0.106 
 All:  GRAS, SIDI 0.035 

Group T3, 10-17 growing seasons since thinning (n = 28) 
 Plot:  CC, WDY3  0.017 
 Stand: - - 
 Landscape:  PPLA 0.088 
 Plot-Stand:  CC, WDY3  0.017 
 Plot-Landscape:  CC, WDY3, TRAL  0.007 
 Stand-Landscape:  PPLA  0.088 
 All:  CC, WDY3, TRAL  0.007 
  
Analysis level 3 

Group T1, migrants only (n = 19) 
 Plot:  FORB, SNAG, HCHT  0.002 
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Table 10.  Continued. 
 

Analysis Sub-model and significant variables 
Trace significance 

(p-value) 
 Stand: - - 
 Landscape: - - 
 Plot-Stand:  FORB, SNAG, HCHT  0.002 
 Plot-Landscape:  FORB, SNAG, HCHT, HWFO  0.001 
 Stand-Landscape: - - 
 All:  FORB, SNAG, HCHT, HWFO  0.001 

Group T1, residents only (n = 30) 
 Plot:  BARE  0.011 
 Stand: - - 
 Landscape: - - 
 Plot-Stand:  BARE  0.011 
 Plot-Landscape:  BARE  0.011 
 Stand-Landscape: - - 
 All:  BARE  0.011 

Group T2, migrants only (n = 20) 
 Plot:  WDLT, SIMP, BAHW  0.001 
 Stand: - - 
 Landscape: - - 
 Plot-Stand:  WDLT, SIMP, BAHW, AGE  0.001 
 Plot-Landscape:  WDLT, SIMP, BAHW  0.001 
 Stand-Landscape: - - 
 All:  WDLT, SIMP, BAHW, AGE  0.001 

Group T2, residents only (n = 28) 
 Plot:  GRAS 0.048 
 Stand: - - 
 Landscape:  SIDI 0.094 
 Plot-Stand:  GRAS  0.048 
 Plot-Landscape:  GRAS, SIDI  0.024 
 Stand-Landscape: SIDI 0.094 
 All:  GRAS, SIDI  0.024 

Group T3, migrants only (n = 23) 
 Plot:  SHMN, WDY2, PM, WDLT  0.001 
 Stand: - - 
 Landscape:  HWFO  0.094 
 Plot-Stand:  SHMN, WDY2, PM, WDLT, HWFO  0.001 
 Plot-Landscape:  SHMN, WDY2, PM, WDLT  0.001 
 Stand-Landscape:  HWFO  0.094 
 All:  SHMN, WDY2, PM, WDLT, HWFO  0.001 

Group T3, residents only (n = 28) 
 Plot:  CC, WDY3, BAPI  0.008 
 Stand: - - 
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Table 10.  Continued. 
 

Analysis Sub-model and significant variables 
Trace significance 

(p-value) 
 Landscape:  SHRB  0.068 
 Plot-Stand:  CC, WDY3, BAP;  0.008 
 Plot-Landscape:  CC, WDY3, BAPI  0.008 
 Stand-Landscape:  SHRB  0.068 
 All:  CC, WDY3, BAPI  0.008 

 
Spring 
Analysis level 1 (n = 94) 
 Plot:  BARE, HC, PC, GRAS, WDY3, SIMP  0.001 
 Stand: - - 
 Landscape:  SIDI, FY2B, HWFO  0.001 
 Plot-Stand:  BARE, HC, PC, GRAS, WDY3, SIMP  0.001 

 
Plot-Landscape:  BARE, HC, SIDI, PC, GRAS, WDY3, HWFO, 

PPLA, TRAL  0.001 
 Stand-Landscape:  SIDI, FY2B, HWFO  0.001 

 
All:  BARE, HC, SIDI, PC, GRAS, WDY3, HWFO, PPLA, 
TRAL  0.001 

  
Analysis level 2 

Group T1, < 2 growing seasons since thinning (n = 35) 
 Plot:  HC, BARE, PC  0.001 
 Stand: - - 
 Landscape:  SIDI, HWFO  0.001 
 Plot-Stand:  HC, BARE, PC  0.001 
 Plot-Landscape:  HC, BARE, PC, HWFO  0.001 
 Stand-Landscape:  SIDI, HWFO, AGE  0.001 
 All:  HC, BARE, PC, HWFO, AGE  0.001 

Group T2, 4-7 growing seasons since thinning (n = 31) 
 Plot:  BARE, WDY2, FORB, BAHW  0.001 
 Stand:  AREA  0.069 
 Landscape:  WETL  0.005 
 Plot-Stand:  BARE, WDY2, AREA, FORB, BAHW  0.001 
 Plot-Landscape:  WETL, BARE, BAHW, PCHT, FORB, MIL  0.001 
 Stand-Landscape:  WETL, AREA  0.001 
 All:  WETL, BARE, BAHW, PCHT, AREA, FORB  0.001 

Group T3, 10-17 growing seasons since thinning (n = 28) 
 Plot:  WDY1, BARE, BAHW  0.001 
 Stand: - - 
 Landscape:  SHRB, WETL, TRAL, ROAD  0.001 
 Plot-Stand:  WDY1, BARE, BAHW  0.001 
 Plot-Landscape:  WDY1, BARE, BAHW, SIDI, PPLA, ROAD  0.001 
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Table 10.  Continued. 
 

Analysis Sub-model and significant variables 
Trace significance 

(p-value) 
 Stand-Landscape:  SHRB, WETL, ROAD  0.004 
 All:  WDY1, BARE, BAHW, SIDI, PPLA, ROAD  0.001 
  
Analysis level 3 

Group T1, migrants only (n = 35) 
 Plot:  HCHT, PC, BARE, FORB, WDY1  0.001 
 Stand: - - 
 Landscape:  PPLA, ROAD, PINE  0.034 
 Plot-Stand:  HCHT, PC, BARE, FORB, WDY1, AGE  0.001 
 Plot-Landscape:  HCHT, PC, BARE, FORB, WDY1, HWFO  0.001 
 Stand-Landscape:  PPLA, ROAD, PINE  0.034 
 All:  HCHT, PC, BARE, FORB, WDY1 , AGE  0.001 

Group T1, residents only (n = 35) 
 Plot:  SIMP, HC, PCHT  0.006 
 Stand: - - 
 Landscape:  SIDI, HWFO  0.003 
 Plot-Stand:  SIMP, AREA  0.004 
 Plot-Landscape:  SIMP, SIDI, HC  0.001 
 Stand-Landscape:  SIDI, HWFO  0.003 
 All:  SIMP, SIDI, AGE, HC, AREA, PCHT  0.001 

Group T2, migrants only (n = 31) 
 Plot:  BAHW, FORB , SIMP, LVS, SHCV, PCHT  0.002 
 Stand: - - 
 Landscape:  WETL  0.031 
 Plot-Stand:  BAHW, FORB , SIMP, LVS, SHCV, PCHT  0.002 
 Plot-Landscape:  BAHW, WETL, PCHT, LVS, SIMP, FORB  0.001 
 Stand-Landscape:  WETL  0.031 
 All:  BAHW, WETL, PCHT, LVS, SIMP, FORB  0.001 

Group T2, residents only (n = 31) 
 Plot:  BARE, WDY2, FORB  0.003 
 Stand:  AREA  0.064 
 Landscape:  WETL, HWFO, MIL  0.002 
 Plot-Stand:  BARE, WDY2, FORB, AREA  0.001 
 Plot-Landscape:  WETL, BARE, HWFO  0.001 
 Stand-Landscape:  WETL, AREA, HWFO, MIL  0.001 
 All:  WETL, BARE, AREA, HWFO, MIL  0.001 

Group T3, migrants only (n = 27) 
 Plot:  HC, SHCV, HCHT  0.004 
 Stand: - - 
 Landscape:  PINE, WETL  0.005 
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Table 10.  Continued. 
 

Analysis Sub-model and significant variables 
Trace significance 

(p-value) 
 Plot-Stand:  HC, SHCV, HCHT  0.004 

 
Plot-Landscape:  PINE, HC, WETL, SNAG, FORB, BAHW, 

ROAD  0.001 
 Stand-Landscape:  PINE, WETL  0.005 
 All:  PINE, HC, WETL, SNAG, FORB, BAHW, ROAD  0.001 

Group T3, residents only (n = 28) 
 Plot:  BARE, SNAG  0.004 
 Stand: - - 
 Landscape:  WETL, FY2B, TRAL  0.005 
 Plot-Stand:  BARE, SNAG  0.004 
 Plot-Landscape:  BARE, WETL  0.001 
 Stand-Landscape:  WETL, TRAL  0.039 
 All:  BARE, WETL, TRAL  0.001 
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Figure 5.  Relative frequencies of selected covariates in analyses of bird density performed 

in the multiple covariates engine (MCDS) of program DISTANCE.  In winter, 5 
models of individual species and 6 of pooled species were analyzed.  In spring, 
14 models of individual species and 6 of pooled species were analyzed.  
Covariates TUTI and cluster type were used only in winter. 
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B 

 
Figure 6.  Detection functions calculated in program DISTANCE for birds in the Small 

Ground/Shrub Passerine pool, based on the occurrence of Tufted Titmouse 
(TUTI) in mixed-species flocks.  A) Detection function when TUTI was absent.  
B)  Detection function of mixed-species flocks when TUTI was present. 
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Figure 7.  Conditional effects of plot, stand and landscape characteristics on bird communities across a post-thinning chronosequence.  

GS = number of growing seasons since thinning occurred.  A) Analysis level 2; 17 wintering birds.  B) Analysis level 2; 24 
breeding birds.  C) Analysis level 3; 5 short-distance migratory and 13 resident wintering birds.  D) Analysis level 3; 13 
migratory (2 short-distance and 11 neotropical) and 18 resident breeding birds.
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CHAPTER 4 
DISCUSSION 

The goal of this study was to determine if the forest management practice of 

thinning caused temporal variation in the relationships between communities and 

functional groups of birds with multiple habitat scales.  First I will discuss the 

hypothesized influences of disturbance on spatial scales of habitat use.  Then, I discuss 

aspects of the appropriateness and merits of the field and analytical approaches used, with 

emphasis on distance sampling and variation partitioning methods.  Last, I describe some 

of the assumptions and limitations of this study, and conclude with brief comments about 

the relevance of this study to conservation and future research. 

Relative Importance of Spatial Scale 

Adjacent scales are more likely to be correlated than are noncontiguous scales.  

However, and in agreement with other empirical studies (Grand and Cushman 2003, 

Cushman and McGarigal 2004a, b), I found correlation between variables at the 

theoretically disjunct plot and landscape scales.  This may have resulted from the 

arbitrary selection of spatial scales that were not disjunct with respect to the scales of 

perception by the species studied.  I focus attention on the conditional (independent) 

effects of each scale of habitat characteristics throughout this discussion.  The results 

discussed in this section should be noted with caution; the relative importance of each of 

the spatial scales considered here varies with time after disturbance, and temporal trends 

in this variation differ for functional groups among and within seasons.  As a result, 
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general trends for communities do not hold when time since disturbance and life history 

are considered. 

Based on previous studies (Hagan and Meehan 2002, Lichstein et al. 2002, 

MacFaden and Capen 2002, Miller et al. 2003, Cushman and McGarigal 2004a), I 

predicted that plot-level (microhabitat) factors would account for most of the variation 

explained by the environmental data.  Microhabitat accounted for most of the explained 

variation when all sites were considered simultaneously, and when bird communities 

were examined across a post-thinning chronosequence of sites.  In general, birds 

interacted most closely with the scale within their immediate perception (Cushman and 

McGarigal 2004a).  Landscape composition explained up to half of the bird community 

variation explained by the environmental data, and was important to bird communities of 

both seasons.   

Relative to microhabitat and landscape composition, stand-level factors such as 

stand area and stand age were mostly unimportant to bird communities in this study.  

Stand characteristics were more often significant for breeding than nonbreeding birds.  

Both stand area and stand age were significant variables in two submodels of spring 

birds.  Stand age was significant in one submodel of winter birds.  This suggests that the 

territorial behavior of breeding birds is linked with stand-level properties, and that stand 

properties are less important during the nonbreeding season when birds are more 

nomadic.  Forest management practices, especially prescribed fire, blur the boundaries of 

adjacent stands at Fort Benning (D. Odom pers. comm.), resulting in increased 

homogeneity among stands and increased permeability of the intervening habitat matrix.  



60 

 

Because of these factors, and because much of the Fort Benning landscape is forested, 

stand area and core area may not be as meaningful in this system as in others.  

Variation in the Relative Influence of Spatial Scales 

As predicted, temporal variation was observed in the relative importance of spatial 

scales with time after thinning.  Mitchell et al. (2001) implied that bird-landscape 

relationships are insensitive to habitat succession.  Rather, it appears that the ecological 

neighborhoods (Addicott et al. 1987) of birds are affected by disturbance and habitat 

succession, and the direction of the effects varies among avian life histories.  The effects 

of selective logging on avian community structure may persist for up to 30 years 

(Flaspohler et al. 2002), and may also affect the spatial relationships between functional 

groups and the environment for over a decade.   

Given that a time lag is based on a temporary post-disturbance decoupling between 

a scale (e.g., microhabitat) and a species or community, then a time lag may be 

manifested as a temporal increase in the overall or relative importance of the scale.  In 

this study, several time lags may have occurred.  The relative influence of both 

microhabitat and landscape increased for the breeding bird community.  Considering the 

two breeding-season functional groups, the relative importance of microhabitat increased 

for residents, and the relative importance of landscape composition increased for 

neotropical migrants.  The latter time lag may have been caused by the succession of 

forest age classes more suitable for neotropical migrants within the landscape; the data 

required to explore this speculation in greater detail are not available.  Likewise, the 

relative importance of landscape composition increased over time for the winter bird 

community.  Unfortunately, the data for the functional groups of nonbreeding birds do 

not shed light on this pattern. 
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Seasonal differences in the relative influence of spatial scale were observed 

between communities and between functional groups.  The species-environment 

relationships of permanent residents differed strongly between the nonbreeding and 

breeding seasons, and this pattern was mostly obscured at the higher level of analysis.  As 

sites aged after thinning, the relative importance of landscape increased and the relative 

importance of microhabitat decreased for both breeding and nonbreeding resident 

assemblages.  Because pineland birds are more wide-ranging in winter than in the 

breeding season (White et al. 1996), it is surprising that nonbreeding residents did not 

respond more strongly to landscape composition.  The effects of landscape on winter 

birds may be masked by high variation in species-specific responses to landscape 

structure (Mitchell et al. 2006) or by confounding among microhabitat and landscape 

composition variables (Pearson 1993).  The latter explanation seems less likely given that 

microhabitat and landscape variables were also confounded in the spring, yet the 

conditional effects of landscape on breeding birds were quite strong.  Regarding 

migratory species, the overall influence of environmental variables increased with time 

after thinning during the breeding season, but decreased over time for short-distance 

migrants in the winter.  The overall influence of microhabitat decreased over time for 

short-distance migrants, and the relative influence of microhabitat decreased for 

neotropical migrants.  Migrant abundances may track the availability of post-disturbance 

legacies.  Periodic prescribed burning removes the structural legacies of thinning.  As a 

result, the forest mosaic becomes homogenized and the overall and relative importance of 

microhabitat decreases.   



62 

 

Importance of Landscape to Neotropical Migrants 

Whether or not a species migrates appears to be related to how the species 

perceives and responds to habitat at multiple scales (Jokimäki and Huhta 1996, Bennett et 

al. 2004).  Based on previous studies (Flather and Sauer 1996, Lichstein et al. 2002, 

Mitchell et al. 2006), I predicted that neotropical migrants would be more strongly 

associated with landscape structure than short-distance migrants and resident species.  

Among the functional groups studied, only breeding-season residents showed strong 

relationships to landscape-level characteristics throughout the post-disturbance 

chronosequence.  During the breeding season, permanent residents were more strongly 

associated with landscape-level factors at moderately disturbed sites, and microhabitat 

accounted for less than half of the explained variation at recently disturbed sites.  

Because of the relatively high importance of landscape- and stand-level characteristics to 

resident birds at recently and moderately disturbed sites, breeding site fidelity may be 

stronger in residents than in migrants.  If fidelity to breeding sites is driven by processes 

operating at spatial scales broader than that which the individual organism perceives, then 

post-disturbance community restructuring among resident species may be impeded either 

by year-round habitat saturation or limited dispersal opportunities.   

In contrast, neotropical migrants did not respond to landscape composition at 

recently thinned sites, but were almost equally associated with landscape and 

microhabitat at sites thinned 10-17 years before study.  Whitcomb et al. (1981) suggested 

that neotropical migrants, based on their sensitivity to patchy and disturbed habitats, are 

“behaviorally rigid” relative to short-distance migrants and permanent residents.  If 

behavioral plasticity may be inferred from the strong temporal change in the relative 

importance of microhabitat and landscape composition to neotropical migrants, then it is 
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not clear whether neotropical migrants are necessarily more rigid than their avian 

counterparts in this system.  Perhaps more importantly, because the relationships of 

neotropical migrants and resident species to spatial scale vary after disturbance, the 

results of previous multi-scale studies of breeding bird communities may have been 

confounded by disturbance history.   

Robust Methodologies 

As a result of using distance-sampling methods that rigorously accounted for 

differences in bird detectability, I used estimates of bird density in lieu of problematical 

presence/absence data (Freemark et al. 1995).  The variance of density estimates can be 

reduced by including covariates in detection function models in program DISTANCE 

(Marques and Buckland 2003).  I incorporated 11 covariates that described study site and 

organismal characteristics.  Two covariates, total basal area and shrub profile, were 

coarse descriptions of the habitat at each transect.  Together, these two simple and easily 

obtained habitat measures were selected as covariates in 72.7% and 85% of all models of 

winter and spring bird density, respectively, thus indicating the important effects of 

vegetation structure on avian detection.  The relative importance of each was reversed 

between seasons; shrub profile had a stronger influence on bird detection in spring, when 

foliage cover is greater, than in winter. 

Total cluster size was selected as a covariate in 54.6% and 35% of the detection 

function models of winter and spring birds, respectively.  Because of the larger number 

and size of mixed-species flocks in winter, total cluster size was typically greater than the 

cluster size of single-species flocks.  Total cluster size, therefore, provided important 

information regarding the detection of birds within mixed-species flocks.  In contrast, 

cluster size and total cluster size were nearly equivalent in spring; total cluster size likely 
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contributed little additional information in this season.  It should be noted that cluster size 

cannot be a continuous covariate when density models are post-stratified by species.  Due 

to the large number of models of species pools that required post-stratification, the 

biological importance of cluster size as a covariate may be underestimated in this study. 

The occurrence of Tufted Titmouse was selected as a covariate in the detection 

function for the Small Ground/Shrub Passerine pool.  The probability of detection of 

these birds decreased more rapidly with distance from the transect when titmice were 

present than when titmice were absent (Figure 6).  This surprising result likely was an 

artifact of a difference in sample size.  The detection of mixed-species flocks with titmice 

was compared against the detection of individual birds, single-species flocks, and mixed-

species flocks without titmice.  Additional study would be required to elucidate the effect 

of the presence of Tufted Titmice on the detection of mixed-species flocks. 

When line transects are parallel to vegetative, topographic, or anthropogenic 

features, histograms of observations are likely to show heaping, and fitting a detection 

curve becomes problematic (Buckland et al. 2001).  Random transect placement 

facilitates estimation of the detection function and relaxes the assumption of random 

object distribution required in some sampling schemes (Buckland et al. 2001).  Inspection 

of detection profiles for two of the most numerous spring species, Pine Warbler and 

Blue-gray Gnatcatcher, revealed a heaped distribution roughly 10 to 30 m from the line 

transect.  Heaping at this distance suggests evasive movement from the observer by these 

species (Buckland et al. 2001).  Exclusion (left truncation) of observations within 5 m of 

the transect line greatly improved the fit of the detection functions for both species.  

Detection profiles of other species (winter:  TUTI, small arboreal passerines; spring:  
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CARW, GCFL, small arboreal passerines) revealed heaped distributions roughly 30 to 50 

m from the line.  The histograms for these species could indicate evasive movement, but 

more likely were the result of an edge effect caused by the interdigitation of hardwood 

riparian woodlands between the higher ridges of narrow pinelands.  Overall, few 

detection histograms showed signs of evasive movement or edge effects, and because 

stand area had low influence as a covariate, edge effects were minimized as a result of 

proper transect placement throughout the study area. 

Next, variation partitioning is a comprehensive approach that assesses the 

independent and confounded effects among subsets of environmental data (Grand and 

Cushman 2003), and is currently performed with either canonical correspondence 

analysis (CCA) for unimodal relationships or RDA for linear relationships (Lepš and 

Šmilauer 2003).  I expected that avian community turnover would occur in response to 

habitat succession caused by forest thinning, and that unimodal models would be 

appropriate.  The microhabitat variables I studied indicated the expected response of the 

forest structure to thinning.  The amount of bare ground and woody litter decreased over 

time, and tree height and density generally increased.  However, these expected trends in 

microhabitat succession were mostly non-significant.  Stand characteristics and landscape 

composition were not expected to vary with time since thinning.  Only one variable from 

the stand and landscape subsets, the amount of military and altered land in the landscape, 

was significantly different across the chronosequence.  Thus, when partitioned by time 

since thinning, there was not a strong gradient in the environmental data.  Moreover, time 

since thinning had little effect on bird species turnover.  Densities of only two species 

that occurred frequently enough to be included in the analyses were significantly different 
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among sites of different time since thinning.  Preliminary DCCA ordinations revealed 

that species turnover was low in response to the microhabitat gradients.  Because species 

turnover was low, RDA was an acceptable ordination method.  In turn, this allowed the 

use of the adjusted coefficient of determination, R2
adj, in order to determine the amount of 

species variation explained by each model while controlling for differences in sample 

size and the number of explanatory variables (Legendre and Legendre 1998).  Because 

R2
adj typically yields more conservative estimates than the un-adjusted R2, the amount of 

variation explained by the environment in this study was conservatively estimated.  

However, the results presented in this study are especially robust. 

Low species turnover also facilitated the comparison of temporal trends within 

homogeneous species assemblages.  This isolated the effects of disturbance on the 

relative effects of spatial scale on bird communities and migratory functional groups.  I 

did not compare magnitudes of explained variation between species groups or between 

seasons simply because the number and types of species differed.   

Limitations and Assumptions 

Several potential limitations of this study should be addressed.  First, initial 

conditions strongly influence how a community responds to disturbance (Bazazz 1996).  

The temporal variations I have described cannot be placed in the context of the pre-

thinning conditions as a product of the rarity of un-thinned sites in the study area and an 

inability to sample a sufficient number of sites prior to thinning.  Moreover, the resilience 

of the avian community to the process of thinning could not be measured.  Second, while 

it was possible to collect data on habitat characteristics at multiple spatial scales, it was 

not possible to study each spatial scale at multiple temporal scales.  In other words, it was 

infeasible to study the past and existing conditions at the plot-, stand-, and landscape-
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scales in order to conduct a complete multi-scale spatiotemporal study (Freemark et al. 

2002).  This study considered bird-environment relationships across multiple spatial 

scales at the single temporal scale of existing conditions.  Next, I designated an arbitrary 

1-km buffer as the landscape for all species considered.  This uniform scale may not be 

appropriate for all species studied (Wiens 1989, Addicott et al. 1987, Mitchell et al. 2001, 

Bennett et al. 2004).  Fourth, extrapolation of general patterns observed for communities 

or functional groups to individual species should be made cautiously.  Each species is 

unique in its ecological requirements and in its response to environmental change (Block 

et al. 1995).  Not all species within species assemblages are the same with respect to 

other life histories and patterns of habitat selection (Flather and Sauer 1996).  Our 

knowledge of the degree to which populations of individual species depend on and 

respond to dynamic habitat mosaics remains limited (Freemark et al. 1995).  Lastly, bird 

density alone neither directly measures reproductive success and survival, nor the quality 

of the habitats under study (Van Horne 1983).  While I partially addressed the problem of 

the decoupling of bird density from habitat quality by studying avian habitat use during 

the breeding and nonbreeding seasons, and by direct consideration of the effects of time 

lags on avian habitat use, this study does not directly relate avian fitness and demography 

with habitat quality. 

The complexity of ecological research requires assumptions that are built into the 

theory or hypotheses being tested or are related to processes occurring in the study 

system that cannot be controlled.  The results and interpretation of this study depend on 

the following assumptions.  First, results of this study were assumed to be robust to 

regional patterns (Norton and Hannon 1997) and annual fluctuations (Fuller et al. 1997) 
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that would reduce the generality of the results.  Second, I also assumed that the observed 

results would not have occurred in a similar manner in the absence of forest thinning.  

Next, distance-sampling theory is built upon a number of statistical and biological 

assumptions.  The results indicated that these assumptions were not seriously violated.  

Finally, studies of post-disturbance bird community dynamics typically focus on patterns 

within a short period following the disturbance (Norton and Hannon 1997, Askins 2000).  

Longer-term or landscape-level approaches are needed to fully understand population 

trends in relation to forestry management practices (Annand and Thompson 1997, Askins 

2000).  To address these concerns, I used a space-for time substitution methodology built 

on the assumption that long-term temporal dynamics can be inferred from patterns 

observed at spatial replicates (Pickett 1989, Fukami and Wardle 2005). 

Conclusions  

Breeding and nonbreeding bird communities were similar across a chronosequence 

of thinned pine forests at Fort Benning, Georgia.  Time since thinning, however, affected 

the spatial scale of avian habitat selection.  Detailed patterns of temporal variation in the 

response of functional groups of birds to multiple habitat scales were not apparent when 

all species or all sites were analyzed together.  Though bird community turnover among 

thinned sites was low, thinning had long-term impacts on avian habitat selection that 

operated differently on separate functional groups within seasons and on the same 

functional groups between seasons.   

Disturbance, including forest management, may cause fluctuations in resource 

availability at local and landscape scales.  These resource fluctuations may lead to 

variation in the ecological neighborhoods (Addicott et al. 1987) of birds.  The regional 

dynamics of bird populations may track these changes via species-specific responses 
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(Sousa 1984) at multiple scales.  Peterson et al. (1998) proposed that community 

resilience to disturbance could be strengthened if individual species within functional 

groups operate at different scales.  Based on this study, community resilience may result 

not only from the degree to which individual species operate at different scales, but also 

from how functional groups respond at different scales at different rates.  

That functional groups of birds respond to silvicultural disturbance at different 

scales and at different rates supports arguments that forest management should be a 

hierarchical, multi-scale approach (Thompson et al. 1995) that considers the importance 

of ecosystem functioning (Block et al. 1995) and is community- and landscape-based 

(Hunter et al. 1994, 2001).  In this study, silvicultural disturbance affected the overall and 

relative influences of multiple scales of habitat use by permanent residents, and short-

distance and neotropical migrants.  This finding has three implications regarding forest 

bird conservation and monitoring.  First, because of the high overall and relative 

importance of microhabitat for migratory birds at recently disturbed sites, we need 

additional information on the fine-scale autoecological requirements of each species in 

order to predict population-level dynamics across dynamic landscapes.  Second, because 

of time lags in the response of neotropical migrants to landscape composition and in the 

responses of short-distance migrants and breeding-season residents to microhabitat 

succession, the results of silvicultural prescriptions in an integrated landscape-based 

management and monitoring system may not become apparent for several years.  This 

may be most likely to occur when silvicultural legacies remain in situ for an extended 

period due to the absence of a potentially homogenizing process such as fire.  The 

findings of this study agree with the conclusions by Nagelkerke et al. (2002) that the 
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results of population monitoring programs may be misleading because lags will differ 

among species and taxonomic groups.  Finally, because breeding season residents were 

associated with landscape composition across the chronosequence, an approach that 

considers the benefits of landscape composition and diversity to neotropical migrants 

could be expected to also benefit permanent residents.  A landscape-oriented strategy that 

aims to benefit both neotropical migrants and residents should not overlook the 

importance of stand area to residents, and microhabitat structure and diversity to 

neotropical and short-distance migrants. 

Results of this study suggest that novel insights may be gained from the 

simultaneous examination of the effects of both time and space on avian habitat selection.  

Future research using this approach should aim to elucidate causal mechanisms involved 

in the structuring of bird communities following disturbance.  Temporal trends in bird 

communities may occur as bird nesting success or foraging behavior track changes in 

habitat and food availability (Duguay et al. 2000, Duguay et al. 2001, Rodewald and 

Yahner 2001a, b, Van Wilgenburg et al. 2001, Easton and Martin 2002) or predation 

(Robinson and Robinson 2001).  Although numerous pathways have been proposed 

(Marzluff et al. 2000), the underlying causal relationships between disturbance, habitat 

change, bird fitness and community structure remain poorly understood.  Further study of 

post-disturbance temporal variation in the spatial scales of habitat selection could provide 

the links between population demography, community structure, and resource dynamics 

ranging across the scales that are most relevant to the species under study.   
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APPENDIX A 
BIRDS OBSERVED AT FORT BENNING 

Appendix A.  Names, occurrence, and migratory status of birds observed on line transects in 
managed pine forests during Jan-Mar and Apr-May, 2004, at Fort Benning U. S. 
Army Infantry Center, Georgia.  Species in bold were included in the analyses in 
this study. 

 
 

 
Common name 

 
 

Scientific name 

 
Species 
codea 

Occurrence 
at study 

areab 

 
Migratory 

statusc 
American Crow Corvus brachyrhynchos AMCR R SDM 
American Goldfinch Carduelis tristis AMGO R SDM 
American Kestrel Falco sparverius AMKE R SDM 
American Redstart Setophaga ruticilla AMRE B NM 
American Robin Turdus migratorius AMRO R SDM 
Bachman's Sparrow Aimophila aestivalis BACS R SDM 
Blue Grosbeak Guiraca caerulea BLGR B NM 
Blue Jay Cyanocitta cristata BLJA R RES 
Blue-gray Gnatcatcher Polioptila caerulea BGGN B NM 
Blue-headed Vireo Vireo solitarius BHVI N NM 
Broad-winged Hawk Buteo platypterus BWHA B NM 
Brown Creeper Certhia americana BRCR N SDM 
Brown Thrasher Toxostoma rufum BRTH R SDM 
Brown-headed Cowbird Molothrus ater BHCO B SDM 
Brown-headed Nuthatch Sitta pusilla BHNU R RES 
Cape May Warbler Dendroica tigrina CMWA T NM 
Carolina Chickadee Poecile carolinensis CACH R RES 
Carolina Wren Thryothorus 

ludovicianus 
CARW R RES 

Chipping Sparrow Spizella passerina CHSP R NM 
Common Grackle Quiscalus quiscula COGR R SDM 
Common Yellowthroat Geothlypis trichas COYE R NM 
Cooper's Hawk Accipiter cooperii COHA R SDM 
Dark-eyed Junco Junco hyemalis DEJU N SDM 
Downy Woodpecker Picoides pubescens DOWO R RES 
Eastern Bluebird Sialia sialis EABL R SDM 
Eastern Kingbird Tyrannus tyrannus EAKI B NM 
Eastern Phoebe Sayornis phoebe EAPH N SDM 
Eastern Screech-Owl Otus asio EASO R RES 
Eastern Towhee Pipilo 

erythrophthalmus 
EATO R RES 
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Common name 

 
 

Scientific name 

 
Species 
codea 

Occurrence 
at study 

areab 

 
Migratory 

statusc 
Eastern Wood-Pewee 
Field Sparrow 
Fox Sparrow 
Golden-crowned Kinglet 
Gray Catbird 
Great Crested Flycatcher 
Hairy Woodpecker 
Hermit Thrush 

Contopus virens 
Spizella pusilla 
Passarella iliaca 
Regulus satrapa 
Dumetella carolinensis 
Myiarchus crinitus 
Picoides villosus 
Catharus guttatus 

EAWP 
FISP 
FOSP 
GCKI 
GRCA 
GCFL 

HAWO 
HETH 

B 
R 
N 
N 
B 
B 
R 
N 

NM 
SDM 
SDM 
SDM 
NM 
NM 
RES 
SDM 

Hooded Warbler Wilsonia citrina HOWA B NM 
House Wren Troglodytes aedon HOWR N NM 
Indigo Bunting Passerina cyanea INBU B NM 
Kentucky Warbler Oporornis fomosus KEWA B NM 
Mourning Dove Zenaida macroura MODO R SDM 
Northern Bobwhite Colinus virginianus NOBO R RES 
Northern Cardinal Cardinalis cardinalis NOCA R RES 
Northern Flicker Colaptes auratus NOFL R SDM 
Northern Parula Parula americana  NOPA B NM 
Orchard Oriole Icterus spurius OROR B NM 
Palm Warbler Dendroica palmarum PALW T NM 
Pileated Woodpecker Dryocopus pileatus PIWO R RES 
Pine Warbler Dendroica pinus PIWA R SDM 
Prairie Warbler Dendroica discolor PRAW B NM 
Red-bellied Woodpecker Melanerpes carolinus RBWO R RES 
Red-breasted Nuthatch Sitta canadensis RBNU N SDM 
Red-cockaded 

Woodpecker 
Picoides borealis RCWO R RES 

Red-eyed Vireo Vireo olivaceus REVI B NM 
Red-headed Woodpecker Melanerpes 

erythrocephalus 
RHWO B SDM 

Red-shouldered Hawk Buteo lineatus RSHA R SDM 
Red-tailed Hawk Buteo jamaicensis RTHA R SDM 
Ruby-crowned Kinglet Regulus calendula RCKI N SDM 
Ruby-throated 

Hummingbird 
Archilochus colubris RTHU B NM 

Sharp-shinned Hawk Accipiter striatus SSHA R SDM 
Song Sparrow Melospiza melodia SOSP N SDM 
Summer Tanager Piranga rubra SUTA B NM 
Swamp Sparrow Melospiza georgiana SWSP N SDM 
(Eastern) Tufted 

Titmouse 
Baeolophus bicolor TUTI R RES 

White-breasted Nuthatch Sitta carolinensis WBNU R RES 
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Common name 

 
 

Scientific name 

 
Species 
codea 

Occurrence 
at study 

areab 

 
Migratory 

statusc 
White-eyed Vireo Vireo griseus WEVI R NM 
White-throated Sparrow Zonotrichia albicollis WTSP N SDM 
Wild Turkey Meleagris gallopavo WITU R RES 
Winter Wren Troglodytes troglodytes WIWR N SDM 
Wood Thrush Hylocichla mustelina WOTH B NM 
Yellow-bellied Sapsucker Sphyrapicus varius YBSA N SDM 
Yellow-billed Cuckoo Coccyzus americanus YBCU B NM 
Yellow-breasted Chat Icteria virens YBCH B NM 
Yellow-rumped Warbler Dendroica coronata YRWA N SDM 
Yellow-throated Vireo Vireo flavifrons YTVI B NM 
Yellow-throated Warbler Dendroica dominica YTWA B NM 

a Species codes follow Pyle and DeSante (2003).   
b Species occurrence at the study area was as follows: B = breeding season, N = nonbreeding 

season, R = resident, T = transient. 
c Migratory status follows Peterjohn and Sauer (1993) as follows:  NM = neotropical migrant, 

SDM = short-distance migrant, RES = resident. 
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APPENDIX B 
BIRDS INCLUDED IN VARIATION PARTITIONING ANALYSES 

Appendix B.  Birds (number of species in parentheses) included in multiple levels of 
variation partitioning analyses for winter and spring. 

Winter 
Analysis level 1, all sites (n = 30) 

 

AMCR, AMGO, BACS, BHNU, BHVI, BRCR, CACH, CARW, CHSP, COYE, DEJU, 
DOWO, EABL, EAPH, EATO, HAWO, HOWR, MODO, NOCA, NOFL, PIWA, PIWO, 
RBWO, RCKI, RCWO, TUTI, WBNU, WTSP, YBSA, YRWA 

  
Analysis level 2, three chronosequence groups of sites (n = 17) 

 
BHNU, CACH, CARW, CHSP, DOWO, EAPH, EATO, NOCA, PIWA, PIWO, RBWO, 
RCKI, RCWO, TUTI, WBNU, YBSA, YRWA 

  
Analysis level 3, three chronosequence groups of sites, migratory and resident birds analyzed 

separately 
Migrants (n = 5) 

 DEJU, EAPH, WTSP, YBSA, YRWA 
Residents (n = 13) 

 
BHNU, CACH, CARW, CHSP, DOWO, EATO, NOCA, PIWA, PIWO, RBWO, RCWO, 
TUTI, WBNU 

Spring 
Analysis level 1, all sites (n = 36; AMCR was excluded) 

 

AMGO, BACS, BGGN, BHCO, BHNU, BLJA, BLGR, CACH, CARW, CHSP, COYE, 
DOWO, EABL, EATO, EAWP, GCFL, HAWO, INBU, MODO, NOCA, NOFL, PIWA, 
PIWO, PRAW, RBWO, RCWO, REVI, RHWO, RTHU, SUTA, TUTI, WBNU, YBCH, 
WEVI, YTVI, YTWA 

  
Analysis level 2, three chronosequence groups of sites (n = 24) 

 

BACS, BGGN, BHCO, BHNU, BLJA, CACH, CARW, CHSP, DOWO, EATO, EAWP, 
GCFL, INBU, NOCA, PIWA, PIWO, PRAW, RBWO, REVI, RHWO, SUTA, TUTI, 
WBNU, YTVI 

  
Analysis level 3, three chronosequence groups of sites, migratory and resident birds analyzed 

separately 
Migrants (n = 13) 

 
BGGN, BHCO, BLGR, EAWP, GCFL, INBU, PRAW, REVI, RHWO, RTHU, SUTA, 
YBCH, YTVI 

Residents (n = 18) 

 
AMGO, BACS, BHNU, BLJA, CACH, CARW, CHSP, DOWO, EATO, MODO, NOCA, 
NOFL, PIWA, PIWO, RBWO, RCWO, TUTI, WBNU 
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BIOGRAPHICAL SKETCH 

John E. Arnett Jr. is very glad that his thesis is complete.  He is old (born 

November 1971) and needs to get a job to finance his highfalutin lifestyle.  Speaking of 

jobs, here are some of the things John has done.  As an undergraduate at UF, he helped a 

zoology Ph.D. student with her research on a species of spider (Masoncus pogonophilus) 

that, as its epithet implies, lives with the Florida harvester ant.  After he received his BS 

in 1994, he worked on scrub lizards at Avon Park Air Force Range, swallow-tailed kites 

throughout Florida and Brazil, a cadre of critters on Isla de Chiloe, Chile, and reddish 

egrets and white-crowned pigeons in the Florida Keys.  John thinks his experiences as a 

young field biologist were the best experiences he will ever have.  “How many people get 

paid to travel all over Brasil or to explore the Florida Keys while looking for birds?” he 

asks.  “It is all downhill after that,” he says. 

Many of his good friends are married and have children.  John has avoided such 

responsibilities.  He had a dwarf hamster named Trotsky for about five months, and has 

successfully grown some vegetables and herbs in a community organic garden. 

John learned it is easy to get fat as one ages and becomes sedentary.  Responding to 

a friendly challenge from fellow aging and increasingly corpulent friends, in 2005 he 

trained for and finished (despite bonking) the First Coast Off-Road Sprint Triathlon.  

Thereafter he took up distance running, which culminated in a successful running of the 

X-Country Half-Marathon in Lithia, Florida, in November 2005.  John is proud of his 

two 2nd place age-group medals, especially from Crystal River’s Rock Crusher 10K. 
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John wanted to get a Master of Science for a few reasons.  He knew people with or 

in the pursuit of their M.S. who were not as clever or dedicated as he.  He assumed he 

could do it.  Now that his thesis is complete, he was right.  He also thought he would 

learn a lot, and he did.  Unfortunately, he has already forgotten much of what he learned 

since August 2002.  He hoped that grad school would stretch his mind and expose him to 

new ideas and ways of thinking, and it did.   

John thinks that ecologists are smart, hard-working folk who care deeply about 

what they do and about the welfare of all life on this planet but garner far too little of the 

respect they deserve.  History will attest to their veracity and to the necessity of their 

convictions. 
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