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Recent evidence suggests that population declines of some avian species may 

be driven primarily by reduced quantity and diversity of early-successional habitat on 

the breeding grounds. Increasing intensity of forest management on private lands and 

decreased harvest rates on federal lands has resulted in a loss of the diverse early-

successional stage of forest succession, typically called early seral forest. Previous 

studies suggest that the amount of early seral broadleaf cover within conifer forests is 

important to foliage-gleaning bird communities. However, information regarding bird 

abundance, diversity, productivity and juvenile post-breeding habitat use in highly 

modified plantation habitat is scant. I investigated the association between 

broadleaved hardwood cover and avian abundance and diversity in intensively 

managed early seral Douglas-fir (Pseudotsuga menziesii) stands of the Pacific 

Northwest. I examined this relationship at the community-level, within the 

insectivorous foliage-gleaning guild, and for five leaf gleaning Neotropical migrant 

species: orange-crowned warbler (Oreothlypis celata), Wilson’s warbler (Wilsonia 

pusilla), MacGillivray’s warbler (Oporornis tolmiei), Swainson’s thrush (Catharus 

ustulatus), and black-headed grosbeak (Pheucticus melanocephalus).  

Bird species richness decreased across an elevational gradient, but did not 

appear to vary as a function of either local vegetation composition or structure. In 

contrast, bird abundance was strongly associated with hardwood cover at local and 

landscape scales, especially for foliage-gleaning species. We found strong support for 

the existence of a threshold in relative bird abundance as a function of hardwood at the 



 
 

stand scale; abundance doubled with an increase from 1% to ~6% hardwood and then 

reached a plateau. Though abundance of leaf gleaners increased even more strongly 

across a gradient in hardwood, evidence for a distinct threshold was less clear.  

Though in some cases unexplained variation was quite large, all species except 

MacGillivray’s warbler were strongly positively associated with early seral hardwood 

cover as fledglings, breeding adults, or both. Management practices aimed at retaining 

increased amounts of early seral hardwood cover at the stand level is thus likely to 

accommodate a greater number of breeding pairs and young. If adopted at landscape 

and regional scales, such practices may positively influence population trends of many 

declining bird species. 

We conclude that when early seral hardwood forest is scarce, even small 

increases in hardwood may provide substantial conservation benefits. However, for 

some species (i.e., foliage gleaners), there may be more direct trade-offs in abundance 

and juvenile recruitment with management intensity. 
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Analyses of global wood supply emphasize the critical role of plantation 

forestry in meeting future timber demands (Sedjo, 1999; Nilsson and Bull, 2005). 

Forest plantations produced 35% of the global industrial wood supply in 2000, and 

production is estimated to increase to 45% by 2020 (Nilsson and Bull, 2005) or 2030 

(Whiteman and Brown, 1999). Commercial forest managers have increasingly 

emphasized intensive management techniques to remain globally competitive. 

Intensive management practices effectively increase timber production by enhancing 

crop tree growth and shortening the time required to reach the desired harvest 

diameter. This enhanced growth is attained through methods typically including 

clearcutting, prompt planting of genetically improved seedlings, and management of 

competing vegetation with herbicide application (Fenning and Gershenzon, 2002; 

Thompson and Pitt, 2003; Wagner et al., 2006).   

  Effective control of competing vegetation contributes heavily to the objectives 

of rapid conifer crop tree establishment in the Pacific Northwest. Studies employing 

intensive vegetation management within Douglas-fir plantations have reported wood 

volume yield increases from 119 to 454% over traditional unmanaged forests (Wagner 

et al., 2006). Large-scale application of silvicultural herbicides by aerial spraying 

began around 1950 (House et al., 1967), and has become an integral management tool 

for suppressing competing vegetative growth in clearcuts. Following a clearcut 

harvest, herbicides are typically applied first as pre-emergents, and are again applied 

within the first few years after the stand is replanted with conifer seedlings. Herbicides 

are an efficient means to suppress fast-growing broadleaf species that otherwise would 

temporarily outgrow and overtop young conifer seedlings, and depress growth rates of 

crop trees (Howard and Newton, 1984; Harrington et al., 1995).  

The early seral forest stage naturally occurs between a stand-replacing 

disturbance and re-establishment of a closed-canopy forest, and differs substantially in 

structure and composition from all older forest stages (Hansen et al., 1991). 

Characteristic vegetation includes fast-growing grass, herb, broadleaved shrub, and 

hardwood species that quickly colonize the open forest floor. Early seral forest 
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resulting from natural disturbance is structurally complex and diverse in species and 

processes (Hansen et al., 1991; Swanson et al., 2010). The natural duration of the 

early-seral ecosystem is highly variable, depending on the rapidity of conifer 

regeneration and growth, though generally may persist for decades (Tappeiner et al., 

2007). The chemical suppression of grasses, herbs, and broadleaf shrubs tends to 

truncate the complexity and longevity of the early-successional stage of forest 

succession, typically called early seral forest (Franklin et al., 1986). These practices 

maximize wood fiber production, but potentially simplify the forest ecosystem on 

many levels: genetically, structurally, spatially and temporally (Franklin et al., 1986). 

Suppression of early seral vegetation in commercially managed forests is not 

only economically efficient, but is also mandated by law. The Oregon Forest Practices 

Act was enacted in 1971 with a vision to sustain continuous growth and harvest of 

trees, and ensure the perpetuity of forestlands (Logan, 2002). These protection laws 

regulate forest operations on all non-federal lands, where the majority of timber has 

been harvested for decades. Reforestation is required any time stocking drops below 

minimum standards following harvest. Landowners have 12 months to begin 

reforestation and 24 months to complete replanting. Within six years the young 

conifers must be “free-to-grow,” meaning healthy and taller than the competing 

vegetation, or likely of becoming so. To achieve this requirement, competing 

vegetation must be actively controlled. While these practices encourage timely 

replacement of conifer cover and discourage deforestation and “cut-and-run” logging, 

the widespread suppression of early seral vegetation in the landscape may have long-

term effects on biodiversity compared to natural regeneration following logging, or 

especially stand development following natural disturbances (Thompson et al., 2003). 

Loss of early seral habitat has also occurred indirectly as a result of changes in 

management focus on federal land (Thomas et al., 2006; Spies et al., 2007a). The 

1994 adoption of the Northwest Forest Plan resulted in a management shift from 

sustained yield of timber to conservation of biodiversity, with an emphasis on 

protection of old growth forest and endangered species such as the Northern Spotted 
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Owl (Strix occidentalis caurina). Federal harvest rates decreased dramatically, largely 

limiting the creation of early seral ecosystems to natural disturbances such as wildfire 

or windstorms (Thomas et al., 2006). Between such relatively recent changes on 

federal lands and the increasing intensity of management occurring on private lands 

(Guynn et al., 2004), early seral forest declined in the landscape over the past century, 

and this trend is expected to continue (Kennedy and Spies, 2004; Spies et al., 2007b). 

Structurally diverse early seral forests are now rare on all Oregon ownerships and 

receive little policy attention (Ohmann and Gregory, 2002; Spies et al., 2007a). This 

phenomenon is not limited to the Pacific Northwest; structurally and compositionally 

diverse early seral forest is becoming increasingly scarce in many forests of the world 

(Hansen et al., 1991; Angelstam, 1998; Brooks, 2003; Najera and Simonetti, 2010; 

Swanson et al., 2010). 

Why should we be concerned about the maintenance of diverse early seral 

habitat within forests? Intensive forest management may have clear impacts on the 

structure and composition of vegetative communities, though little is known about 

long-term and indirect effects on associated faunal communities. The ‘habitat 

heterogeneity hypothesis’ is a cornerstone of ecology (e.g., MacArthur and 

MacArthur, 1961; MacArthur and Wilson, 1967), proposing that structurally complex 

habitats provide more niches and diverse ways to exploit resources, allowing increased 

species diversity. Biodiversity can be influenced by both the physical structure of a 

plant community, i.e. how the foliage is distributed (MacArthur and MacArthur, 

1961), as well as floristic composition (Lee and Rotenberry, 2005). Intensive 

management generally strives for high uniformity in crop tree composition, structure, 

and spacing (Franklin et al., 1986). Clearcuts retain few, if any, mature trees, snags or 

large downed logs (Hansen et al., 1991). Existing data suggests that forests managed 

intensively for wood production are lower in structural and biological diversity when 

compared to naturally disturbed forests (Hansen et al., 1991). Plantations have been 

found to support modified assemblages and fewer species than natural forest habitat 

(Hansen et al., 1995; Lindenmayer et al., 2002; Harvey and Villalobos, 2007; Najera 
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and Simonetti, 2010), probably due to a lack of key nesting and foraging resources 

(Lindenmayer and Hobbs, 2004). Bird richness and abundance have also been found 

significantly higher in structurally complex plantations compared to structurally 

simple ones (Najera and Simonetti, 2010). Positive relationships between measures of 

habitat complexity and bird diversity have been observed within several other 

biogeographic regions (MacArthur and MacArthur, 1961; MacArthur et al., 1966; 

Recher, 1969; Karr and Roth, 1971; Kissling et al., 2008). 

In the Pacific Northwest, Hagar (2007) hypothesized that broadleaf plant 

diversity provides the foundation for food webs at multiple trophic levels in Oregon’s 

conifer forests. Indeed, broadleaf vegetation supports a high abundance of arthropods, 

which are important prey for fauna in forest communities (Hammond and Miller, 

1998; Hagar et al., 2007). In turn, the maintenance of a diverse broadleaf understory 

may be fundamental for the conservation of shrub-associated insectivorous songbirds 

(Hagar et al., 2007). Several broadleaved hardwood species have been identified as 

important contributors to early seral forest food webs: red alder (Alnus rubra), bigleaf 

maple (Acer macrophyllum), vine maple (Acer circinatum), red elderberry (Sambucus 

racemosa), cherry (Prunus) and California hazel (Corylus cornuta) (Hagar, 2007). The 

presence of these species in coniferous forest stands has been associated with bird 

species richness and abundance (Hagar et al., 1996; Willson and Comet, 1996a, b).  

  Breeding Bird Survey data indicate that abundances of many migratory 

songbird species have declined over recent decades (Robbins et al., 1989; Robbins et 

al., 1992). Breeding Bird Survey results from 1966 to 2007 in the S. Pacific Rainforest 

region show yearly declining trends for several Neotropical migrant bird species that 

breed in early seral habitat, such as Orange-crowned Warbler (Oreothlypis celata; -

3.2%; 95% CI: -4.5 to -1.8; p < 0.005), MacGillivray’s Warbler (Oporornis tolmiei; -

2.8%; 95% CI: -4.6 to -1.0; p < 0.005), Wilson’s Warbler (Wilsonia pusilla; -1.1%; 

95% CI: -1.7 to -0.4; p < 0.005), Willow Flycatcher (Empidonax traillii; -2.4%; 95% 

CI: -4.8 to -0.1; p = 0.05), and Swainson’s Thrush (Catharus ustulatus; -0.9%; 95% 

CI: -1.8 to 0; p = 0.07) (Robbins et al., 1992; Sauer et al., 2008). The local decline of 
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broadleaf shrub-associated insectivorous songbirds may be related to the loss of early 

seral habitat on the breeding grounds (Betts et al., In press). The degree of dependence 

on early seral hardwood vegetation is not well understood for most songbird species, 

though important indirect links through their invertebrate prey has been documented 

(Hagar, 2003; Hagar et al., 2007). A widespread suppression of broadleaf cover could 

negatively affect avian distribution or reproductive success. 

My research also provides opportunities to examine current widespread 

methods of evaluating wildlife habitat for management purposes. Previous studies on 

avian species in intensively managed early seral forests employed audio-visual census 

techniques (Morrison, 1981; Morrison and Meslow, 1983; Hansen et al., 1995; 

Chambers et al., 1999). These methods are primarily informative of male 

abundance— particularly of conspicuous singing males, but provide little or no 

information regarding abundances of females or juveniles, which are typically cryptic 

and challenging to observe (Ralph et al., 1993; Rappole et al., 1998). Our mist netting 

methods allowed us to examine abundances of males, females and juveniles, and 

investigate whether these intensively managed stands could be ecological traps. Adults 

must rely on environmental cues to help them identify high quality habitat, and 

ecological traps may occur when low quality habitat is selected (Schlaepfer et al., 

2002). If sudden anthropogenic alterations change the cue or habitat quality so that 

one does not reliably indicate the other, poor quality habitat may lure birds into 

nesting where survival or reproductive success is low (Battin, 2004). Prior studies 

have monitored abundances of adult males, though have not examined potential 

mismatches between density and productivity (Hansen et al., 1995; McGarigal and 

McComb, 1995). Under certain conditions, density and productivity may not be 

correlated (Vanhorne, 1983).  Hypotheses relating to the productivity of intensively 

managed stands have not been previously tested. 

  The objective of this research was to investigate the magnitude and direction of 

potential impacts of intensive forest management on early seral-associated breeding 

bird communities and individual species of interest in the Coast Range of Oregon. I 
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evaluated associations between intensively managed vegetation communities with the 

abundance, diversity and reproductive success of songbirds at the stand scale. On state 

and private industrial forestland, stands were selected as a randomized stratified 

sample to represent a gradient in hardwood canopy cover (0-33%). In Chapter 2, I test 

the prediction that hardwood cover within a forest stand is positively associated with 

avian community structure (measured as abundance, richness, and evenness). Due to 

hypothesized greater availability of food resources (Hammond and Miller 1998), 

stands with more hardwood should support a greater abundance of adults, especially of 

insectivorous leaf-gleaning species. Further, an absence of community level effects 

does not imply that individual species are unresponsive to changes in habitat. There is 

thus a need to consider individual species responses to the vegetation structures and 

compositions associated with intensive forest management. Therefore, in Chapter 3, I 

test the influence of stand and landscape composition on the adult and juvenile 

abundances of individual species – predicting that these variables should also be 

strongly positively associated with hardwood cover. Overall, my results advance the 

understanding of functional relationships between birds and habitat in managed 

forests, and provide new insight into potential tradeoffs between bird conservation and 

modern forest management practices.
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Abstract 

 

 Observed population declines of several Neotropical migrant bird species are 

hypothesized to be linked to the loss of diverse early seral habitat on the breeding 

grounds. Due partly to the extensive removal of competing broadleaved shrubs, 

current silvicultural practices in forest plantations typically result in structural and 

compositional simplification of early seral habitat.  However, information on the 

tradeoffs between intensive forestry and biodiversity is scant. Here we quantify the 

magnitude and direction of potential impacts of intensive forest management on 

populations of early seral-associated breeding birds. We investigated the association 

between broadleaved hardwood cover and avian abundance and diversity in 

intensively managed early seral Douglas-fir (Pseudotsuga menziesii) stands of the 

Pacific Northwest. Bird species richness decreased across an elevational gradient, but 

did not vary as a function of either local vegetation composition or structure. In 

contrast, bird abundance was strongly associated with hardwood cover at local and 

landscape scales, especially for foliage-gleaning species. We found strong support for 

the existence of a threshold in relative bird abundance as a function of hardwood at the 

stand scale; abundance doubled with an increase from 1% to ~6% hardwood and then 

reached a plateau. Though abundance of leaf-gleaners increased even more strongly 

across a gradient in hardwood cover, evidence for a distinct threshold was less clear. 

We conclude that when early seral hardwood forest is scarce, even small increases in 

hardwood may provide substantial conservation benefits. However, for some species 

(i.e., foliage gleaners), there may be more direct trade-offs in abundance and juvenile 

recruitment with hardwood management intensity. 

  

Keywords: bird diversity; clearcut; early seral forest; ecological thresholds; hardwood; 

intensive forest management 
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1. Introduction 

 

 Structurally and compositionally diverse early seral forest is becoming 

increasingly scarce in many forests of the world (Hansen et al., 1991; Angelstam, 

1998; Brooks, 2003; Kennedy and Spies, 2004; Thomas et al., 2006; Najera and 

Simonetti, 2010; Swanson et al., 2010). This is of conservation concern, as many 

species seem linked to this forest condition for critical parts of their life histories 

(Litvaitis, 1993; Hagar, 2007). Previous research has linked the loss of early seral 

habitat with population declines of several avian species (Litvaitis, 1993; Hunt, 1998; 

Hunter et al., 2001; Keller et al., 2003). Many forest bird species depend on early seral 

habitat for nesting and foraging (Hagar, 2007); some early seral bird specialists are 

rarely found in closed-canopy forests (Gashwiler, 1970; Long, 1977). Breeding Bird 

Surveys in the Pacific Northwest show yearly declining trends for several Neotropical 

migrant bird species that breed in early seral habitat (Sauer et al., 2008). Indeed, 

recent evidence suggests that such population declines may be driven primarily by the 

loss of quantity and quality of early seral broadleaf forest on the breeding grounds 

(Betts et al., In press). It is currently unknown whether such declines in breeding 

habitat are due to reduced harvest rates and promotion of late seral forest on federal 

land (Thomas et al., 2006; Spies et al., 2007a) and/or the increasing intensity of 

management occurring on private lands (Guynn et al., 2004). 

  In the Pacific Northwest, a primary method for maintaining the flow of high 

quality, low cost wood on industrial forestland is the rapid establishment of fully 

stocked, closed-canopy conifer stands. Intensive forest management typically includes 

clearcutting, replanting with conifers (often a single species), and control of competing 

vegetation with herbicides (Adams et al., 2005). These practices maximize wood fiber 

production, but potentially simplify the forest ecosystem on many levels: genetically, 

structurally, spatially and temporally (Franklin et al., 1986). In particular, intensive 

forest management substantially reduces the naturally regenerated broadleaf 
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component of early seral stands (Howard and Newton, 1984; Harrington et al., 1995). 

Over the past 50 years, this has resulted in a decline in shrub and hardwood cover in 

the Oregon Coast Range (Kennedy and Spies, 2005). Intensive management is an 

economically practical option for meeting growing global demands for wood products; 

however, the ecological implications are largely unknown. The tendency toward 

simplification of forests is a potential ecological concern. There may be tradeoffs 

between such economic benefits and the maintenance of biological and functional 

diversity in intensively managed forests (Hagar, 2003; Kennedy and Spies, 2005; 

Thomas et al., 2006; Spies et al., 2007b).  

 It has long been asserted that there are strong relationships between the 

structural complexity of forests and bird species diversity (MacArthur and MacArthur, 

1961; Karr and Roth, 1971; Willson, 1974; Hansen et al., 1995; Lindenmayer and 

Franklin, 2002; Keller et al., 2003; Tews et al., 2004). Plantations have been found to 

support modified bird assemblages and fewer species than natural forest habitat 

(Hansen et al., 1995; Lindenmayer et al., 2002; Harvey and Villalobos, 2007; Najera 

and Simonetti, 2010). Bird richness and abundance also appear to be higher in 

structurally complex plantations compared to structurally simple ones (Najera and 

Simonetti, 2010). 

  Evidence suggests that broadleaved vegetation within coniferous forest 

influences the abundance and diversity of insectivorous avian species (Morrison and 

Meslow, 1983; Willson and Comet, 1996a, b; Easton and Martin, 1998; Hagar, 2007). 

This may be due to the benefits of broadleaf structure for cover and nesting, and/or 

indirectly through the availability of insect prey (Lautenschlager, 1993; Easton and 

Martin, 2002; Miller and Miller, 2004). Hardwood plants, which are broadleaved 

species with the potential to grow into trees, may be particularly important as avian 

habitat. Several hardwood species identified as important contributors to early seral 

forest food webs include  red alder (Alnus rubra), bigleaf maple (Acer macrophyllum), 

vine maple (Acer circinatum), red elderberry (Sambucus racemosa), cherry (Prunus) 
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and California hazel (Corylus cornuta) (Hagar, 2007). Compared to conifers, the 

leaves of these hardwood species may support more abundant arthropods, which are 

important prey food sources for insectivorous birds (Hammond and Miller, 1998; 

Hagar, 2003; Hagar, 2007; Hagar et al., 2007). Decreased cover of these key 

hardwood species could result in simplified forest food webs, and potentially limit the 

abundance and diversity of birds within early seral plantations. 

  We investigated the association of hardwood species with avian community 

structure in intensively managed early seral stands of the Pacific Northwest. 

Evaluating the importance of hardwood cover is an essential step towards advancing 

plantation management practices to conserve biodiversity (Tews et al., 2004; Najera 

and Simonetti, 2010). Information available to managers quantifying the tradeoffs of 

intensive forestry and biodiversity is currently lacking. Here we report the magnitude 

and direction of potential impacts of intensive forest management on early seral-

associated breeding bird communities. 

 We expected hardwood cover within a forest stand to be positively associated 

with avian community structure (measured as abundance, richness, and evenness). 

Due to hypothesized greater availability of food resources (Hammond and Miller 

1998), stands with more hardwood should support a greater abundance of individuals. 

Second, according to theory, increased structural complexity and resource availability 

should also be associated with increased species richness (Macarthur et al., 1962). 

Third, we expected evenness (an equitability measure of the proportional abundance 

of each species) to increase with hardwood as ‘rarer’ species are supported in greater 

abundances, and dominance by one or a few species is diminished. We further 

expected that diet and habitat preferences render some guilds, sexes, or age groups 

more responsive to structural variation in vegetation cover. The guild of insectivorous 

leaf gleaning species (hereafter, leaf gleaners) should be more sensitive to the amount 

of hardwood cover than non-leaf gleaners. Finally, if hardwood cover is an important 



23 
 

 

factor in reproductive success and juvenile survival, the abundance of females and 

juveniles should be strongly positively associated with hardwood cover. 

 The relationship between bird occurrence and hardwood cover may be non-

linear. Ecological thresholds may occur as points or zones at which relatively rapid 

change occurs from one ecological condition to another (Huggett, 2005; Radford et 

al., 2005; Swift and Hannon, 2010). Several empirical studies have identified 

thresholds in habitat cover for woodland birds, below which bird prevalence declines 

abruptly (Andren, 1994; Hansen et al., 1995; Guenette and Villard, 2005; Radford et 

al., 2005; Betts et al., 2007; Zuckerberg and Porter, 2010). Identifying such 

thresholds, should they occur, is potentially useful for management because these 

points represent potential targets that are the most efficient; a small increase in 

conservation effort may result in a disproportionately large biodiversity benefit 

(Villard and Jonsson, 2009).  

 Our specific objectives were to 1) evaluate the association between stand-level 

hardwood cover and breeding bird diversity (abundance, richness, and evenness) for 

the entire community and the leaf gleaning guild, 2) compare the associations by age 

and sex of the leaf gleaning guild to changes in hardwood cover, and 3) test for the 

existence of thresholds in hardwood cover for maintaining abundant breeding bird 

populations. 

 

2. Methods   

 

2.1 Study area 

 

 We conducted our study in the temperate coniferous forest of the Oregon Coast 

Range in western Oregon, USA. The climate is mild with wet winters and dry 

summers. Topography consists of relatively low peaks (1248 m maximum elevation), 

steep slopes, and high stream densities. Forests are dominated by Douglas-fir 
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(Pseudotsuga menziesii), western red cedar (Thuja plicata) Sitka spruce (Picea 

sitchensis), red alder (Alnus rubra), and bigleaf maple (Acer macrophyllum) (Franklin 

and Dyrness, 1988). Logging and wildfires over the past two centuries have resulted in 

a forest matrix of young and mature conifer forests, interspersed with hardwood and 

old growth patches (Spies et al., 2007b). Our study area ranged between Mary’s Peak 

and Dallas, Oregon, on the eastern flank of the Coast Range (Lat 44° 5′ 20″ to 44° 49′ 

6″/ Lon -123° 24′ 34″ to -123° 14′ 34″). 

 

2.2 Stand selection 

 

 We conducted our surveys from 2008-09 on state and private industrial forest 

lands. We selected 28 early seral plantations with trees between 5-9 years of age, with 

tree heights typically ranging from 2-4 m. We sampled 12 Douglas-fir plantations in 

2008, and 16 different plantations in 2009 (15 Douglas-fir and one alder). Stands were 

selected as a randomized stratified sample to represent a gradient in hardwood canopy 

cover using the following sampling strategy. First, we identified 102 candidate stands 

in the field that represented the maximum available gradient in hardwood cover (< 5% 

- 35%). Second, prior to randomization, we limited the degree to which stand-level 

hardwood was confounded with the proportion of hardwood at the landscape scale 

(2000 m; see Landscape and Spatial Data below) by a priori exclusion of stands 

highly correlated in stand and landscape hardwood cover (correlation coefficient > 

0.7). To further control potential confounding factors, stands were excluded from 

consideration if they contained marshy patches or streams, unusually high or low 

stocking densities, atypical retention characteristics (e.g., more than ten retained 

mature trees or snags), occurred on very steep slopes (> 70%), or were in adjacent 

proximity to ongoing management operations. This process resulted in 52 remaining 

stands. From this set we randomly selected stands from 5% stratifications across this 

gradient. Due to the scarcity of stands close to the low and high end of this gradient 
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(i.e., <10%, >20%), complete random selection in all hardwood cover strata was not 

possible (i.e., we sampled all available stands at ends of this gradient). Selected stands 

ranged in size from 4-41 ha, and ranged in elevation from 150-688 m.  

 

2.3 Bird mist net sampling 

 

 We erected eight mist nets (12 m long, 2.6 m tall, 30 mm mesh, starting 0.5 m 

from ground height) in each stand to passively capture birds. We uniformly arranged 

nets in two parallel rows of four, with 50 m spacing between adjacent nets. Placement 

began 50 m from the stand edge and proceeded into the stand. Prior to visiting field 

sites, we determined net locations using ArcGIS v9.3 (ESRI, 2008) with aerial 

imagery. At the fine scale (< 10 m), the exact position and orientation of each net was 

designed to conceal and shade the net as much as possible. We sampled stands three 

times in 2008, and five times in 2009, during the breeding season (May 15-July 31) at 

two-week intervals. All nets were opened at sunrise and operated for five hours. Nets 

were temporarily closed or not operated in rain or wind. All birds captured (except 

hummingbirds) were fitted with a uniquely numbered United States Geological Survey 

aluminum leg band. We determined species, age and sex (by skull pneumatization, 

plumage and molt), breeding status (by development of cloacal protuberance or brood 

patch), and measured the body weight of each individual (Pyle, 2001). 

 

2.4 Stand vegetation data 

 

 An apparent effect of stand-level hardwood cover on avian abundance, 

richness, and evenness could be confounded with other stand-level vegetation 

parameters, such as broadleaf shrub cover, total vegetation cover, and net cover. For 

instance, bird abundance might be higher in stands with high hardwood cover simply 

because there is greater overall cover. Further, stands with high hardwood cover could 
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positively bias capture rates if nets are more concealed in these stands. Thus, we 

statistically controlled for each of these parameters separately in our analysis. The 

parameter of hardwood cover included all hardwood species; the parameter of 

broadleaf cover included all broadleaved species, i.e., hardwoods, deciduous and non-

deciduous shrubs; the parameter of total cover included all live foliage, i.e., all grass, 

forb, fern, broadleaf and conifer species (Appendix 2A). Net cover included all live 

foliage (regardless of species) above 0.5 m, which demarcated the lowest sampling 

height of the net.  

To measure vegetation at net and stand scales, we established 3 m-radius circle 

vegetation plots adjacent to each net. For the stands sampled in 2008, we sampled one 

vegetation plot per net, totaling 8 plots per stand: we randomly assigned plots to either 

side of the net, 10 m perpendicular from the net center. For the new stands sampled in 

2009, we sampled three plots per net, totaling 24 plots per stand; we patterned plots in 

a triangle, 120 degrees apart, and 10 m from the net center, beginning the first plot in a 

random direction. We estimated percent canopy cover of all species at two height 

classes (below and above 0.5 m) to allow separate analysis of total cover and net 

cover. We calculated the mean cover of four parameters across all plots at the stand 

scale: 1) hardwood cover, 2) broadleaf cover, 3) net cover, and 4) total cover. Because 

we assessed vegetative cover within different height classes, it was possible for the 

mean total cover to exceed 100% when multiple plant layers existed (i.e., shrub cover 

beneath tree cover). 

 

2.5 Landscape and spatial data 

 

 In addition to stand-level vegetation, we considered three parameters at larger 

spatial scales: landscape hardwood cover (percent cover of hardwood canopy within a 

2 km radius of stand center), elevation, and stand size. We quantified landscape 

hardwood cover using a predictive vegetation map of western Oregon generated with 
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the Gradient Nearest Neighbor imputation method (Ohmann and Gregory, 2002) and 

ArcGIS v.9.3 (ESRI, 2008). These vegetation maps summarized at the 2 km spatial 

extent have previously been found to predict distributions of early seral-associated 

forest birds (Betts et al., In press). We calculated stand elevation as the average 

elevation of the vegetation plots within each stand, collected on-site with a Garmin 

Rino 110 or 120 GPS unit. We measured stand size with aerial imagery (Oregon 2005 

half-meter orthoimagery DOQs; data available from the Oregon Imagery Explorer).  

 

2.6 Community diversity measures  

 

  Standard diversity indices, such as Shannon's or Simpson's diversity, confound 

species richness and evenness into a single metric that is problematic to interpret 

biologically (Pielou, 1977). If communities differ in index values, it is impossible to 

be sure whether this reflects differences in species richness, species evenness, or 

simply sampling differences (Hurlbert, 1971; Pielou, 1977). Although a single 

summary statistic of community diversity is highly appealing to most ecologists, 

evenness and richness reflect categorically different aspects of community structure 

and should be analyzed separately (Gotelli and Graves 1996). Thus, we did not 

analyze any composite diversity indices, but rather the responses of three different 

diversity parameters: (a) bird abundance, standardized by capture rate of new birds per 

net hour; (b) expected species richness, rarefied to control for sample size differences 

across stands; and (c) species evenness, calculated from Hurlburt’s probability of 

interspecific encounter (PIE), and visually evaluated in rank abundance curves. We 

calculated community diversity measures for each stand for 1) all species in the 

community, and 2) leaf gleaning species only. Leaf gleaners were classified based on 

Ehrlich et. al., (1988), and limited to species that are primarily insectivorous leaf 

gleaners during the breeding season. We calculated captured bird biomass within each 

stand as the total weight of new individuals, standardized by net hour.  
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  Lastly, we compared abundance as a function of hardwood cover for leaf 

gleaning species by age and sex; only adults in breeding condition (i.e., exhibiting a 

clearly developed brood patch or cloacal protuberance) were included in sex analyses, 

to reduce the inclusion of floaters or non-breeders that could obscure results. It is 

becoming increasingly clear that abundance or density (particularly of males) does not 

necessarily correspond to habitat quality (Vanhorne, 1983; Skagen and Yackel Adams, 

2010). In adult birds, skewed sex ratios typically favor males (Donald, 2007) which 

perhaps allows females greater discrimination in mate and habitat choice. It is possible 

that females and ‘productivity’ could respond more strongly, or at least differently, to 

broadleaf cover than males (Morales et al., 2008). For instance, males establish and 

defend territories, so that breeding site selection may be highly based on conspicuous 

interactions with neighbors; females spend more time on the nest caring for young, 

and site choice may be determined more strictly by the intrinsic quality (e.g., food 

availability), cover and concealment of the nest site (Schjorring et al., 2000; Citta and 

Lindberg, 2007; Morales et al., 2008). Therefore, we predicted that the abundance of 

breeding females should be more strongly influenced by hardwood cover than males.  

 Observed species richness is strongly biased by sample size (i.e., the number of 

individuals captured) as well as the relative abundances of the component taxa (Gotelli 

and Colwell, 2001). To address such bias, we computed measures of species richness 

using rarefaction, a resampling method that estimates the expected species richness for 

a given number of sampled individuals, drawn at random from the total sample 

(Hurlbert, 1971; Heck et al., 1975; Gotelli and Colwell, 2001). This approach allows 

comparisons of richness at a standardized sample size, and avoids confounding 

genuine differences in species richness with differences in sampling effort or mist net 

efficiency (Willott, 2001). We computed rarefaction curves using EcoSim700 

software, with 1000 iterations and no replacement (Gotelli and Entsminger, 2004). 

Rarefaction curves display expected species richness as sample size increases, and so 

initially rise quickly before gradually reaching a plateau as species in a community are 
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exhaustively sampled. We used these curves to evaluate an appropriate standardized 

value at which to compare richness across communities. Ideally, the chosen 

standardized value is the sample value at which all species accumulation curves have 

reached a clear plateau, indicating species saturation (Gotelli and Colwell, 2001) 

which is a difficult task in speciose communities. We based our choice of standardized 

value on two considerations. First, because all rarefaction curves tend to converge at 

low abundances, rarefaction may not distinguish between differences in richness at 

small sample sizes (Gotelli and Colwell, 2001; Willott, 2001). Second, extrapolating 

expected richness for sample sizes beyond those observed may be misleading, so 

stands with observed sample sizes less than the chosen standardized value must be 

excluded from analysis. Thus, we chose standardized values (see 3.2 Results, Species 

richness and evenness) to maximize the power to detect differences in species richness 

among stands while still including most stands in the analysis. 

 Evenness measures describe the similarity in proportional abundance across 

species in a community. Maximum evenness occurs when all species abundances are 

equal; the greater the disparities in relative abundance, the lower the evenness (Pielou, 

1977). To determine evenness, we used Hurlbert’s probability of interspecific 

encounters (PIE), which calculates the probability that two randomly sampled 

individuals from a community will be of different species (Hurlbert, 1971). PIE is not 

subject to bias by sample size or species richness, although variance increases with 

small sample size (Olszewski, 2004). We used EcoSim700 (Gotelli and Entsminger, 

2004), with 1,000 iterations, to calculate PIE for each stand. As a further test for trends 

in evenness with hardwood cover across stands, we graphed rank abundance curves 

(James and Rathbun, 1981). These curves display the proportional abundance of each 

species in a community, ranked from most common to most rare. Evenness is 

indicated by the steepness of the curve. Uneven communities are dominated by one or 

a few species, and show sharp declines in slope. A shallow gradient indicates high 

evenness as the abundances of species are similar. 
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2.7 Statistical analysis 

 

We conducted all statistical analyses using R 2.10.1 (R Development Core Team, 

2009). We used Akaike’s Information Criterion with small sample correction (AICc) 

to compare the weight of evidence for alternate models of the influence of various 

vegetation or physical parameters on bird abundance, species richness and evenness 

(Burnham and Anderson, 2002). To limit the total number of models tested, we 

adopted a two-stage approach to model selection. First, we tested whether abundance, 

richness, and evenness were best explained by (1) the null, intercept-only model, or 

stand-scale parameters of (2) hardwood cover, (3) broadleaf cover, (4) total cover, or 

(5) net cover. Second, to determine whether the above results were influenced by 

potential confounds at other spatial scales, we selected the single best supported of the 

five of these parameters and tested the additional influence of (6) stand size, (7) 

elevation, and (8) landscape hardwood. This approach resulted in a set of eight 

models. No stand and landscape parameters were highly correlated (r < 0.25; 

summarized in Appendix 2B). 

 AICc is based on -2 x log-liklihood (L), the number of parameters in the model 

(K,), and sample size (n). We determined the best supported model by the lowest AICc 

value, indicating greatest model parsimony and weight of evidence (wi). We report the 

evidence ratio (ER) as a ratio of wi of the top model over wi of the less supported 

model. Prior to model selection, we examined residual plots for meeting regression 

assumptions of normality and constant variance. Regression assumptions were met 

when we log-transformed stand-level hardwood, capture rates, and expected richness. 

We tested for thresholds in stand-level hardwood cover (Betts et al., 2007) by 

comparing AICc values of the best supported linear model (all parameters 

untransformed) with a segmented linear regression model, using the R 2.10.1 

segmented package (Muggeo, 2009). A lower AICc value for the segmented model 

supported the presence of a hardwood threshold.  
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3. Results 

 

 We captured 3,963 individual birds of 51 species in 4,024 net hours (Appendix 

2C). Of these, 462 individuals were recaptured at least once (13%), for an overall total 

of 4,550 net captures. The five most abundant species were white-crowned sparrow 

(Zonotrichia leucophrys, n = 492), orange-crowned warbler (Oreothlypis celata, n = 

433), MacGillivray’s warbler (Oporornis tolmiei, n = 395), Swainson’s thrush 

(Catharus ustulatus, n = 382), and willow flycatcher (Empidonax traillii, n = 300). 

Within stands, sampling effort ranged from 56-201 net hours. The total number of 

birds captured within each stand ranged from 38-279 individuals (capture rate range: 

0.51-1.68 individuals per net hour). For the 21 leaf-gleaning species, captures of new 

individuals within a stand ranged from 13-192 (0.23 to 0.98 individuals per net hour; 

Appendix 2D). 

 

3.1 Abundance 

 

Hardwood cover at stand and landscape scales explained a high proportion of the 

variation in overall capture rates (r2 = 0.47). The top model included both stand and 

landscape hardwood cover, and had substantially greater support than all other models 

that did not include either hardwood parameter (ΔAICc > 10, ER > 500;  

Table 2.1). All models including stand-level hardwood cover were better supported 

than the null model (ΔAICc = 12.57, ER = 535.22). There was no support for an 

association between net cover and capture rates (ΔAICc = 14.82, ER = 1648.61). We 

found support for a hardwood threshold at 6.34% (SE = 1.69) cover, after accounting 

for landscape hardwood (Figure 2.1). The linear model received substantially less 
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support than the threshold model; the threshold model was 23 times more likely than 

the linear model, given the data (ΔAICc = 6.3; ER = 23.35; Table 2.2). 

 Leaf gleaners were more sensitive to changes in hardwood cover than non-leaf 

gleaners. For leaf gleaning species alone, hardwood cover at stand and landscape 

scales explained a substantial proportion of the variation in capture rates (r2 = 0.57; 

Figure 2.2a). Models not including a hardwood parameter had considerably less 

support (ΔAICc  > 34, ER > 3900; Table 2.3). Capture rates did not appear to be biased 

by net cover (ΔAICc =16.58, ER= 3985.57). Not only did the abundance of leaf 

gleaning individuals increase, but also overall bird biomass; a doubling of hardwood 

cover was associated with an 18% increase in median bird biomass (95% CI: 8.34 to 

28.9%; Figure 2.3). Quantification of a threshold at 15.89% (SE = 5.71) cover for all 

leaf gleaners was ambiguous, with slightly greater support for the linear model 

(threshold model ΔAICc = 0.97; ER = 1.63; Table 2.2). Hardwood cover explained 

little variation in capture rates of non-leaf gleaners (r2 = 0.07; β = 0.076, 95% CI: -

0.062 to 0.21). 

 We found little difference between capture rates of breeding females and males 

in the effect of stand and landscape-level hardwood, though the best-supported models 

were slightly different. The best-supported model for female capture rates included 

stand-level hardwood and landscape hardwood (r2 = 0.43). For females, a doubling of 

stand-level hardwood was associated with a 13.4% increase in median capture rate 

(95% CI: 4.14 to 23.5; Figure 2.2b; Table 2.4). Models that did not include stand-level 

hardwood had substantially less support (ΔAICc > 6, ER >29; Appendix 2E). For 

males, stand-level hardwood and elevation together explained 31% of the variation in 

capture rates (95% CI: 0.06 to 0.56), and was supported as the top model (Appendix 

2F). With this model, a doubling of stand-level hardwood was associated with an 

11.5% increase in median capture rate (95% CI: 3.5 to 20.1; Table 2.4). We found 

little evidence for a bias in capture rates caused by net cover (ΔAICc = 6.2, ER= 

22.21). There was substantially less support for the remaining models without the 
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hardwood parameter (ΔAICc > 11, ER > 276.29). No threshold models were better 

supported than linear models for leaf gleaning females or males. 

 The abundance of leaf gleaning juveniles appeared strongly influenced by 

stand-level hardwood cover. The best supported model included only stand-level 

hardwood (r2 = 26%); there was substantially less support for models not including the 

stand-level hardwood parameter (ΔAICc > 5, ER > 18; Appendix 2G). A doubling of 

hardwood was associated with a 29.7% increase in median capture rate (95% CI: 8.5 

to 55.0; Table 2.4; Figure 2.2c). There was very little evidence of bias by net cover 

(ΔAICc = 8.32, ER = 64.17). No threshold models were better supported than linear 

models for leaf gleaning juveniles. We report a summary of estimated effect size for 

all top models of abundance in Table 2.4. 

 

3.2 Species richness and evenness 

 

 Rarefaction curves for the whole community (Figure 2.4a) and leaf gleaners 

(Figure 2.4b) did not attain clear plateaus, indicating that species saturation did not 

occur at these sample sizes. Expected species richness converged at low sample sizes 

of captured individuals. We chose the standard values of 75 and 40 individuals to 

compare richness across stands for the entire community (n = 23), and leaf gleaners (n 

= 21), respectively (see 2.6 Methods, Community diversity measures). Stands with 

total captures below the standardized value were excluded from richness analyses. 

 We found strong evidence for elevation as a predictor of overall species 

richness. Elevation explained a greater proportion of variation in expected species 

richness than any other parameter (r2 = 0.30). At the rarefied standard value of 75 

captures, a 100 m increase in elevation was associated with a decrease in median 

expected richness by 4.0% (95% CI: 1.0 to 6.0; Appendix 2H; Figure 2.5a). Contrary 

to our predictions, the proportion of hardwood at neither stand nor landscape scales 
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influenced bird species richness; all remaining models had considerably less support 

(ΔAICc > 5, ER > 16; Appendix 2I). For leaf gleaners rarefied at 40 individuals, no 

models fit considerably better than the null model of intercept-only. Elevation was the 

second best model (ΔAICc = 1.39, ER= 2.01; Figure 2.5b), and there was little 

difference in support for remaining models (ΔAICc > 2, ER > 2.7; Appendix 2J). 

 Rank abundance curves show differences in evenness across stands, though no 

clear trend was apparent across a gradient in hardwood cover (Appendix 2K). High 

variation in evenness could not be explained by any of the parameters considered; no 

models fit considerably better than the null model (ΔAICc > 1.35, ER > 1.96; 

Appendix 2L). Similarly, no models fit considerably better than the null model for leaf 

gleaning species (ΔAICc > 0.67, ER > 1.40; Appendix 2M). A summary of estimated 

effect size for all top models of richness and evenness is shown in Appendix 2H. See 

Appendix 2N for a summary of effect size for all model results. 

 

4. Discussion 

 

4.1 Abundance and thresholds 

 

 We provide strong evidence that bird abundance is linked to the amount and 

composition of hardwood cover in intensively managed stands of the Oregon Coast 

Range. This result appears to hold at both local and landscape scales. Bird abundance 

was more strongly associated with stand-level hardwood cover than all other 

parameters considered. If bird abundance is a measure of habitat quality, these results 

evidence that hardwood vegetation is an important resource for breeding birds in early 

seral forest. 

 Birds that forage for insects by gleaning from the surfaces of leaves (i.e., leaf 

gleaners) were more strongly influenced by hardwood cover than non-leaf gleaners, 

suggesting that a key mechanism limiting breeding bird abundance within early seral 
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stands may be food availability. Food availability is a well known limiting factor in 

avian survival and reproductive success (Martin, 1987; Rodenhouse and Holmes, 

1992; Newton, 1998; Nagy and Holmes, 2005), and hardwoods provide key sources of 

food and cover that may not be sufficiently provided by conifers alone (Morrison and 

Meslow, 1983; Hammond and Miller, 1998; Hagar, 2003). If increased hardwood 

cover results in more densely distributed prey items, foraging efficiency may increase 

for birds. As resources increase, so should bird density (the food-value theory of 

territoriality; Stenger, 1958). This mechanism alone could explain the higher breeding 

bird densities we observed.  Indeed, Marshall and Cooper (2004) found that foliage 

density of hardwoods was a good predictor of arthropod availability and the territory 

size necessary to raise offspring; territories in areas of higher foliage density were 

smaller and included more food. Increased foliage volume from hardwoods may also 

accommodate a greater number of nesting sites than hardwood-impoverished stands 

(Morrison and Meslow, 1984; Holmes et al., 1996). 

 High densities of adults do not necessarily indicate habitat quality or 

reproductive success (Vanhorne, 1983; Skagen and Yackel Adams, 2010). To draw 

conclusions about ‘habitat quality’ of hardwoods within conifer plantations it is 

necessary to assume that the proximate cue of hardwood cover is coupled with 

ultimate habitat quality (Jones, 2001). It is possible that formerly reliable 

environmental cues for fitness in natural forest habitat might become ecological traps 

in highly human-altered conditions such as plantation forests (Schlaepfer et al., 2002). 

Our methods allowed us some insight into whether or not it is likely that these stands 

could be ecological traps for breeding adults. Mist netting differs from other methods 

of sampling bird populations in that it allows sampling of dependent and independent 

juveniles which are typically cryptic and challenging to observe (Ralph et al., 1993; 

Rappole et al., 1998). Our results show that stands with higher hardwood cover 

contain far greater numbers of fledglings. We would not expect such evidence of 

productivity (albeit indirect) if these stands were ecological traps. Mist net captures 
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may also provide a better estimate of fledging success and recruitment than intensive 

nest searching and monitoring, as juvenile mortality is likely greatest in the first few 

days after fledging (du Feu and Mcmeeking, 2004; Rodewald and Vitz, 2005).  

 Unfortunately, a weakness of the mist netting approach is that it is impossible 

to determine with certainty whether higher juvenile abundance is due to higher local 

productivity, or post-fledging movement (Desante, 1995; Desante et al., 1995; 

DeSante et al., 1999; Dunn and Ralph, 2004); at independence, juveniles have the 

necessary vagility to move from stands with low to stands with high hardwood cover 

(Anders et al., 1998; Rivera et al., 1998; King et al., 2006). However, we restricted 

our mist netting period to the end of the breeding season in July, so as to minimize the 

possibility of capturing juvenile immigrants. We rarely observed post-fledging 

dispersal among stands during our study. Out of 19 juvenile recaptures, the only 

individuals recaptured at a different nearby site were a flock of four bushtits 

(Psaltriparus minimus), traveling together. The remaining juveniles were recaptured at 

their original stands, even one month after initial captures. A concurrent radio-tracking 

study revealed that Swainson’s thrush juveniles remained within natal stands for up to 

four weeks post-fledging (Rivers unpubl. data). 

 We found strong support for a threshold in overall bird abundance as a 

function of hardwood cover in intensively managed stands. When hardwood cover 

was scarce (i.e., below the ~6% threshold), bird abundance increased sharply with 

small additions of hardwood; relatively high bird abundances were maintained with 

hardwood above the threshold amount. As hardwood decreases below the threshold 

level, available resources may become insufficient to sustain breeding pairs (Dunning 

et al., 1992) or warrant territorial defense.  

 Acknowledgement and identification of critical thresholds is of high 

conservation importance, as small additional losses of habitat below threshold levels 

result in abrupt ecological changes (Swift and Hannon, 2010). Likewise, according to 

our findings, adding small amounts of hardwood could substantially elevate bird 
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abundance. When hardwood is scarce, changes in management practices to increase 

hardwood cover by a small amount could cause disproportionately large increases in 

bird abundance. 

 It is important to note that ecological threshold values are likely context-

dependent; i.e., species, landscape type, and spatial scale (Betts and Villard, 2009). 

Betts et al. (In press) found that though the direction of landscape-scale vegetation 

associations were consistent across space and time, threshold values in bird occurrence 

varied substantially even within the same geographic region (Oregon). Nevertheless, 

generalizations are still useful when cautiously applied and may stimulate further 

research into effective local management targets. Importantly, the threshold we 

detected for leaf gleaners occurred at a higher proportion of hardwood (~16%) but 

evidence for this relationship was relatively weak; indeed it is possible that leaf 

gleaner abundance increased linearly across the gradient in hardwood cover we 

observed (0-33%). In such instances, thresholds are clearly not useful in setting 

management targets (Lindenmayer and Hunter, 2010); rather, there may be direct 

trade-offs between bird abundance and management intensity. 

 The pervasive association between bird abundance, regardless of age class or 

sex, and hardwood cover raises the question of whether such a relationship may have 

broader, ecosystem consequences. Top-down effects of migrant birds may be strong 

(Van Bael et al., 2008). Bird abundance in intensively managed stands doubled with a 

change from 1% to > 6% hardwood. A growing number of multi-trophic studies 

indicate that insectivorous birds reduce arthropod density and associated plant damage 

in forests and agroforestry systems (Holmes et al., 1979; Marquis and Whelan, 1994; 

Sipura, 1999; Van Bael et al., 2003; Van Bael et al., 2008), but see Strong et al., 

(2000). Previous work indicates that in the spring, warblers may eat 1.2-1.7 times their 

weight in lepidopteran larvae per day (Graber and Graber, 1983). Though early seral 

leaf gleaners nest and forage primarily in association with hardwood cover, they 

opportunistically forage on young conifers as well (Hagar et al., 2007; Ellis, pers. 
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obs.), possibly reducing insect herbivory. The steep gradient in bird abundance we 

observed with a relatively small increase in hardwood cover could theoretically affect 

the strength of top-down control on hardwoods, and potentially Douglas-fir crop trees. 

Future research should experimentally exclude birds (sensu Bridgeland et al., 2010) 

across a gradient in management intensity to test such hypotheses. 

 

4.2 Species richness and evenness 

 

 Bird species richness showed the strongest association with elevation gradient, 

regardless of local vegetation composition. This result is consistent with previous 

findings— a decline in species richness with elevation is a widely reported trend, 

though the shape and underlying mechanisms of this trend are unclear (Terborgh, 

1977; Currie, 1991; Stevens, 1992; Rahbek, 1995, 1997; Kattan and Franco, 2004; 

Verschuyl et al., 2008). Elevation does not determine richness per se, but rather acts 

as a surrogate for various physical features that may be linked with elevation (i.e., 

climate, primary productivity and available energy). Declines in richness are probably 

related to the challenges organisms face in coping with more extreme conditions as 

elevation increases (Stevens, 1992). 

 In contrast to some previous local studies (Hagar et al., 1996; Cushman and 

McGarigal, 2003) we found no clear effect of local or landscape vegetative 

composition on species richness. Relationships between local vegetation and 

community richness may be hard to detect (Willson, 1974; Pearman, 2002) because 

local processes are often overshadowed by regional influence on community 

composition (Ricklefs, 1987). The species richness of local communities is strongly 

limited by richness of the surrounding region (Caley and Schluter, 1997). While many 

correlations between local vegetation structure and bird richness have been reported 

(MacArthur and MacArthur, 1961; Askins et al., 1987; Willson and Comet, 1996b; 

Easton and Martin, 1998) numerous authors have also found local vegetation 



39 
 

 

characteristics inadequate in explaining forest bird richness (Willson, 1974; Terborgh 

and Weske, 1975; van Dorp and Opdam, 1987; Pearman, 2002).  

 Though hardwood cover did not appear influential to species richness or trends 

in evenness in our results, it is possible that processes at the landscape-scale associated 

with elevation overshadowed the influence of local hardwood on community 

composition at our sample sizes. It is important to consider that our species 

accumulation curves clearly show that species saturation had not occurred during 

sampling. Our rarefied comparisons are estimates rather than absolute measures of 

richness, and are based on incomplete sampling of true community richness. Given the 

strong effect of hardwood cover on abundance, it is possible that more complete 

sampling of communities may have led to results showing stronger effects of 

hardwood cover on species richness. Importantly, finding no effect of hardwood on 

overall community richness and evenness does not mean individual species are 

unaffected (Lindenmayer and Hunter, 2010). For example, diversity studies in 

agroforestry systems found bird assemblages that were equally abundant, species-rich 

and diverse as those in natural forests; however the species composition of these 

assemblages was highly modified, with fewer forest dependent species, more open 

area species and different dominant species (Harvey and Villalobos, 2007). 

Furthermore, managing for higher species diversity per se may be a hollow goal 

(Hansen et al., 1995), as a better measure for wildlife conservation will often be the 

composition of particular faunal assemblages (Lindenmayer and Hobbs, 2004) or 

perhaps functional diversity (Diaz and Cabido, 2001). Clearly, our data indicate that 

many leaf gleaning species are strongly associated with hardwood cover, and that 

management of early seral vegetation can potentially influence densities of breeding 

populations and juveniles for at-risk species. 
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4.3 Detectability bias 

 

 There are four distinct advantages of mist netting over point counts or nest 

monitoring: 1) less susceptibility to observer bias; 2) enabling the identification of 

individuals, recaptures, and movement among sites; 3) allowing far greater certainty in 

identification; and 4) higher detectability of rare or furtive species (Ralph et al., 1993; 

Rappole et al., 1998). However, as with most approaches to sampling animals, mist 

net sampling is prone to a number of detectability biases (Rappole et al., 1998; Silkey 

et al., 1999). For example, indices of abundance could be biased by net visibility, or 

differences in behaviors between species, ages, and sexes may cause differences in 

capture probabilities (Desante, 1995; DeSante et al., 1999). We attempted to address 

these biases in our research design and analysis. First, although increasing hardwood 

cover sometimes also increases net cover, we found essentially no evidence that our 

results are biased by net visibility. We tested statistically for effects of net cover, and 

found it to be a consistently poor predictor of bird abundance, richness and evenness. 

Second, we applied rarefaction to richness comparisons to control for unequal 

sampling effort and varying capture rates across stands. Finally, though it is possible 

that detection probability was inconsistent across stands, the variation in detectability 

was likely substantially less than the true variation among populations (Johnson, 

2008). 

 

5. Conclusions and Management Implications 

 

 Our results provide evidence that even relatively small amounts of hardwood 

cover in intensively managed plantations can potentially have large conservation 

benefits for early seral forest-associated birds. When hardwood is scarce, change in 

management practice to increase hardwood cover by small amounts is likely to 

disproportionately increase bird abundance at the stand scale. If adopted at landscape 
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and regional scales, such practices may positively influence population trends (Betts et 

al., In press).  

 Retaining competing hardwood vegetation in plantations has been shown to 

have substantial negative consequences for Douglas-fir growth (Harrington, 2006; 

Tappeiner et al., 2007; Maguire et al., 2009). Plantation management practices that 

support biodiversity while maintaining similar levels of production have not yet been 

developed (Najera and Simonetti, 2010), however, providing hardwood at the 

threshold levels we report may have relatively minor impacts to stand-level timber 

yield. Future studies are required to explicitly test for trade-offs between biodiversity 

and timber production. Confirmatory experimental studies testing the patterns 

uncovered here will be particularly important. 
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Tables 
 
Table 2.1. Generalized linear regression models used in modeling abundance of the entire bird 
community from 2008 to 2009, Oregon Coast Range, OR. Models are ranked in ascending order by 
Akaike’s Information Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood 
value (L) multiplied by (-2), the number of parameters (k), the difference between the best model and all 
other models (ΔAICc), the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) 
are given for each model. 
 
 Model* -2(L) k AICc ΔAICc wi ER 
1 Hwd + Lhwd -3.86 4 5.88 0.00 0.45 1.00 
2 Hwd  0.06 3 7.06 1.17 0.25 1.80 
3 Hwd + Elev -2.44 4 7.30 1.42 0.22 2.03 
4 Hwd + Size -0.09 4 9.64 3.76 0.07 6.56 
5 Null 13.97 2 18.45 12.57 0.00 535.22 
6 Net Cover 13.70 3 20.70 14.82 0.00 1648.61 
7 Broadleaf 13.73 3 20.73 14.85 0.00 1673.52 
8 Total Cover 13.82 3 20.82 14.93 0.00 1748.80 
*Hwd: cover of hardwood species, Lhwd: hardwood cover within 2000 m radius, Elev: elevation, Size: 
stand size, Net Cover: cover of all foliage at net height, Broadleaf: cover of broadleaf species, Total 
Cover: cover of all foliage species. 
 
 
Table 2.2. Results of generalized linear model testing for threshold relationships of top models of 
abundance for the entire bird community and leaf gleaning guild from 2008 to 2009, Oregon Coast 
Range, OR. Coefficients (β ), standard errors (SE), and 95% confidence intervals are given for each 
model. 
 
Group Model Parameters† β SE L (95% CI) U (95% CI) 
Community 1 Threshold Hwd (seg1) +  0.0966 0.0360 0.0222 0.1710 
   Lhwd + 0.0211 0.0102 0.0001 0.0421 
   Hwd (seg2) -0.1032 0.0367 -0.1792 -0.0271 
 2 Linear Hwd + 0.0083 0.0056 -0.0032 0.0198 
   Lhwd 0.0274 0.0115 0.0037 0.0511 
Leaf gleaners 1 Linear Hwd 0.0089 0.0032 0.0022 0.0155 
   Lhwd 0.0207 0.0066 0.0070 0.0343 
 2 Threshold Hwd (seg1) + 0.0193 0.0084 0.0020 0.0366 
   Lhwd + 0.0182 0.0066 0.0046 0.0318 
   Hwd (seg2) -0.0227 0.0121 -0.0478 0.0023 
†seg1: first segment of the segmented model, seg2: second segment of the segmented model. Hwd: 
cover of hardwood species, Lhwd: hardwood cover within 2000 m radius. 
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Table 2.3. Linear regression models used in modeling abundance of the leaf gleaning guild from 2008 
to 2009, Oregon Coast Range, OR. Models are ranked in ascending order by Akaike’s Information 
Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood value (L) multiplied by 
(-2), the number of parameters (k), the difference between the best model and all other models (ΔAICc), 
the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) are given for each model. 
 
 Model* -2(L) K AICc ΔAICc wi ER 
1 Hwd + Lhwd 8.24 4 17.98 0.00 0.63 1.00 
2 Hwd + Size 10.16 4 19.90 1.92 0.24 2.61 
3 Hwd 14.81 3 21.81 3.83 0.09 6.79 
4 Hwd + Elev 14.38 4 24.12 6.14 0.03 21.54 
5 Net Cover 27.56 3 34.56 16.58 0.00 3985.57 
6 Broadleaf 29.33 3 36.33 18.35 0.00 9637.67 
7 Null 31.97 2 36.45 18.47 0.00 10264.38 
8 Total Cover 30.80 3 37.80 19.82 0.00 20169.66 
*See Table 2.1 for variable codes 
 
Table 2.4. Results of generalized linear model testing for top linear regression models of abundance 
with stand and landscape parameters for the entire bird community and leaf gleaning guild by sex and 
age class, from 2008 to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors (SE), and 95% 
confidence intervals are given for each model. 
 
Group Top Model* β SE L (95% CI) U (95% CI) 
Community Hwd +  

Lhwd 
 0.1389 
 0.0205 

0.0426 
0.0106 

 0.0512 
-0.0013 

 0.2266 
 0.0422 

All leaf gleaners Hwd +  
Lhwd 

 0.2024 
 0.0337 

0.0528 
0.0131 

 0.0936 
 0.0067 

 0.3112 
 0.0608 

Male leaf gleaners Hwd + 
Elev 

 0.1569 
-0.0013 

0.0522 
0.0004 

 0.0493 
-0.0022 

 0.2644 
-0.0004 

Female leaf gleaners Hwd + 
Lhwd 

 0.1813 
 0.0259 

0.0596 
0.0148 

 0.0585 
-0.0045 

 0.3040 
 0.0564 

Juvenile leaf gleaners Hwd 0.3749 0.1250  0.1179  0.6319 
*See Table 2.1 for variable codes 
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Figures 
 

 
Figure 2.1. Stand-level hardwood threshold for community bird abundance as a function of the amount 
of hardwood in plantation canopies in the Oregon Coast Range, 2008-2009. Below 6.34 ± 1.69 % 
hardwood cover, capture rates tend to drop sharply. 
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Figure 2.2. Changes in the abundance of leaf gleaners (a), females (b), and juveniles (c) as a function of 
the amount of hardwood in plantation canopies of the Oregon Coast Range, 2008-2009. 

(a) 

(b) 

(c) 
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Figure 2.3. Biomass of leaf gleaners as a function of stand-level hardwood cover in plantations of the 
Oregon Coast Range, 2008-2009. 

 

 

 

Figure 2.4. Rarefaction curves for the 28 stand comparisons of expected species richness for the entire 
community (a) and the leaf gleaning guild (b) from 2008 to 2009, Oregon Coast Range, OR. 
Standardized values at 75 and 40 individuals are depicted by dashed lines.

(a) 

(b) 
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Figure 2.5. Expected richness as a function of elevation for the entire bird community (a) and leaf 
gleaners (b) in the Oregon Coast Range, 2008-2009. 

 

   

(a) 

(b) 
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Appendices 
 
Appendix 2A. Common plant species within study plantations from 2008 to 2009 in the Oregon Coast 
Range, with classification as conifer (*), hardwood, broadleaf, and total cover. 

Common Name Latin Name Hardwood Broadleaf 
Douglas-fir* Pseudotsuga menziesii   
True fir* Abies spp.   
Hemlock* Tsuga heterophylla   
Pine*  Pinus spp.   
Alder Alnus rubra X X 
Bigleaf maple Acer macrophyllum X X 
Vine Maple Acer circinatum X X 
Elderberry Sambucus spp. X X 
Cherry Prunus spp. X X 
Dogwood Cornus nuttallii X X 
Cascara  Rhamnus purshiana X X 
Hazel Corylus cornuta X X 
Serviceberry Amelanchier alnifolia X X 
Indian Plum Oemleria cerasiformis X X 
Oak Quercus spp. X X 
Chinkapin Chrysolepis chrysophylla X X 
Madrone Arbutus menziesii X X 
Poison Oak Toxicodendron diversilobum  X 
Rose Rosa spp.  X 
Black/Rasp/Thimble-berry Rubus spp.  X 
Huckleberry Vaccinium spp.  X 
Snowberry Symphoricarpus albus  X 
Currant Ribes spp.  X 
Oceanspray Holodiscus discolor  X 
Scotch Broom Cytisus scoparius  X 
Salal Gaultheria shallon  X 
Oregon Grape Mahonia nervosa  X 
Manzanita Arctostaphylos spp.  X 
Ceanothus Ceanothus velutinus  X 
Rhododendron  Rhododendron macrophyllum  X 
Bracken Fern Pteridium aquilinum   
Sword Fern Polystichum munitum   
Grass / Forb -   
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Appendix 2B. Seven parameters included in analyses: percent canopy cover of stand-level vegetation 
(hardwood, broadleaf, net cover, total cover), landscape hardwood, elevation and stand size.  

Stand Hardwood Broadleaf 
Net 

Cover 
Total 
Cover 

Landscape 
Hardwood Elevation (m) 

Stand 
Size (ha) 

LUMP 0.38 20.29 60.13 108.38 11.29 419 30 
BLRO 0.75 36.25 82.42 116.83 10.51 529 18 
TECR 1.00 34.00 73.38 108.75 20.33 320 24 
WILD 1.46 6.83 23.33 84.25 23.85 166 26 
JOWI 1.88 56.13 56.50 111.88 16.77 465 23 
ROMI 2.50 38.00 43.50 78.00 19.82 600 41 
CACR 2.58 24.67 61.04 117.38 21.83 500 30 
BECR 2.71 16.79 40.75 103.21 14.84 426 24 
APCR 3.83 21.67 49.92 105.46 14.26 688 15 
BEAR 4.25 20.88 28.46 61.96 18.57 322 34 
ELCR 4.25 22.00 74.13 97.25 22.81 367 32 
MICR 4.50 20.63 48.75 113.63 12.80 250 32 
LION 4.63 37.00 70.88 123.67 16.96 598 22 
MERC 5.04 28.88 41.79 89.88 17.45 318 31 
LILU 5.79 47.17 52.25 93.96 14.90 254 15 
MACR 6.63 23.13 34.79 79.25 18.75 401 13 
WERI 8.38 24.75 82.88 104.50 20.14 460 20 
LUMA 9.50 49.13 82.75 120.00 26.46 380 12 
RICR 11.13 51.38 73.00 104.00 20.31 150 30 
BRRO 13.50 30.88 73.25 97.38 19.52 286 38 
SOVA 14.88 48.13 46.63 99.00 16.89 415 25 
MIRI 16.50 36.75 83.38 122.38 21.27 166 35 
CAHI 16.63 49.00 68.75 103.83 30.73 530 5 
DUCR 16.75 60.63 40.96 114.25 12.81 234 27 
BORI 27.58 100.88 125.75 172.83 23.18 389 4 
SHCR 28.25 38.25 70.88 137.63 21.82 462 8 
SALT 29.33 64.83 97.96 116.33 13.74 256 18 
GRCR 33.21 59.13 84.00 108.42 22.51 386 23 
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Appendix 2C. All species captured during mist netting, including leaf gleaning status, and numbers of 
individual birds captured and recaptured.  

Species Scientific Name 
Leaf- 

gleaner 
New 

captures 
Re- 

captures 
Sharp-shinned Hawk Accipiter striatus  1 0 
Anna's Hummingbird Calypte anna  3 0 
Calliope Hummingbird Stellula calliope  2 0 
Rufous Hummingbird Selasphorus rufus  234 0 
Red-breasted Sapsucker Sphyrapicus ruber  4 0 
Downy Woodpecker Picoides pubescens  3 0 
Hairy Woodpecker Picoides villosus  5 0 
Northern Flicker (Red-shafted) Colaptes auratus  8 0 
Olive-sided Flycatcher Contopus cooperi  2 0 
Willow Flycatcher Empidonax traillii  300 57 
Pacific-slope Flycatcher Empidonax difficilis  89 0 
Hutton's Vireo Vireo huttoni X 9 0 
Warbling Vireo Vireo gilvus X 79 3 
Gray Jay Perisoreus canadensis  1 0 
Steller's Jay Cyanocitta stelleri  10 0 
Black-capped Chickadee Poecile atricapillus X 3 0 
Chestnut-backed Chickadee Poecile rufescens X 52 5 
Bushtit Psaltriparus minimus X 13 4 
Red-breasted Nuthatch Sitta canadensis  3 0 
Brown Creeper Certhia americana  2 0 
House Wren Troglodytes aedon  50 4 
Golden-crowned Kinglet Regulus satrapa X 8 0 
Bewick's Wren Thryomanes bewickii  45 3 
Swainson's Thrush Catharus ustulatus X 382 79 
American Robin Turdus migratorius  24 0 
Wrentit Chamaea fasciata X 11 0 
Cedar Waxwing Bombycilla cedrorum  83 6 
Orange-crowned Warbler Oreothlypis celata X 433 43 
Nashville Warbler Oreothlypis ruficapilla X 1 0 
Yellow Warbler Dendroica petechia X 9 0 
Chestnut-sided Warbler Dendroica pensylvanica X 1 0 
Yellow-rumped Warbler Dendroica coronata X 1 0 
Black-throated Gray Warbler Dendroica nigrescens X 18 0 
Hermit Warbler Dendroica occidentalis X 28 0 
MacGillivray's Warbler Oporornis tolmiei X 395 79 
Common Yellowthroat Geothlypis trichas X 72 8 
Wilson's Warbler Wilsonia pusilla X 259 5 
Yellow-breasted Chat Icteria virens X 5 0 
Spotted Towhee Pipilo maculatus  123 23 
Chipping Sparrow Spizella passerina  2 0 
Song Sparrow Melospiza melodia  99 11 
White-crowned Sparrow Zonotrichia leucophrys  492 96 
Golden-crowned Sparrow Zonotrichia atricapilla  1 0 
Dark-eyed Junco Junco hyemalis  83 1 
Western Tanager Piranga ludoviciana X 26 1 
Black-headed Grosbeak Pheucticus melanocephalus X 102 3 
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Lazuli Bunting Passerina amoena  6 0 
Brown-headed Cowbird Molothrus ater  1 0 
Purple Finch Carpodacus purpureus  120 2 
Pine Siskin Spinus pinus  3 0 
American Goldfinch Spinus tristis  257 29 
Grand Total 51 species 21 species 3963 462 
 

Appendix 2D. Stand capture rates, expected species richness and evenness measures for the entire bird 
community and leaf gleaning guild. Expected richness is calculated at standardized values of 75 and 40 
individuals for the entire community and leaf gleaners, respectively. Richness was not estimated for 
stands where total captures were less than the standardized value. 

STAND 
Hard 
wood 

Community 
birds/net hr 

Leaf 
gleaners 

birds/net hr 

Community 
Richness 
SV=75 

Leaf gleaner 
Richness 
SV=40 

Community 
evenness 

Leaf 
gleaner 

evenness 
LUMP 0.38 0.63 0.23 18.678 7.719 0.910 0.745 
BLRO 0.75 0.51 0.27 16.645 7.465 0.916 0.796 
TECR 1.00 0.75 0.37 - - 0.909 0.791 
WILD 1.46 0.95 0.50 17.48 8.247 0.921 0.836 
JOWI 1.88 0.68 0.23 - - 0.916 0.782 
ROMI 2.50 0.67 0.23 - - 0.909 0.779 
CACR 2.58 0.77 0.32 17.072 7.761 0.871 0.755 
BECR 2.71 0.67 0.23 18.528 7.642 0.921 0.808 
APCR 3.83 0.85 0.48 15.691 7.471 0.898 0.789 
BEAR 4.25 1.11 0.39 19.253 8.139 0.905 0.776 
ELCR 4.25 1.68 0.39 16.073 - 0.870 0.696 
MICR 4.50 1.05 0.28 18.421 - 0.842 0.861 
LION 4.63 0.56 0.29 14.839 7.171 0.913 0.801 
MERC 5.04 1.29 0.52 18.666 8.044 0.925 0.837 
LILU 5.79 0.93 0.38 16.944 8.084 0.916 0.786 
MACR 6.63 1.31 0.61 18.837 9.093 0.918 0.854 
WERI 8.38 1.26 0.91 15.104 9.972 0.894 0.857 
LUMA 9.50 1.16 0.66 16.956 7.831 0.909 0.806 
RICR 11.13 1.20 0.72 18.403 10.318 0.911 0.809 
BRRO 13.50 1.60 0.56 17.463 5.997 0.881 0.788 
SOVA 14.88 1.04 0.31 - - 0.824 0.810 
MIRI 16.50 0.88 0.52 - - 0.889 0.735 
CAHI 16.63 1.42 0.98 18.332 9.467 0.892 0.799 
DUCR 16.75 1.04 0.49 18.892 8.709 0.920 0.809 
BORI 27.58 1.17 0.72 16.804 7.622 0.902 0.792 
SHCR 28.25 1.41 0.75 16.271 7.275 0.902 0.780 
SALT 29.33 1.05 0.66 22.191 9.338 0.912 0.807 
GRCR 33.21 0.91 0.44 16.462 5.877 0.921 0.772 
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Appendix 2E. Generalized linear regression models used in modeling abundance of female leaf gleaners 
from 2008 to 2009, Oregon Coast Range. Models are ranked in ascending order by Akaike’s 
Information Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood value (L) 
multiplied by (-2), the number of parameters (k), the difference between the best model and all other 
models (ΔAICc), the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) are 
given for each model. 
 
 Model* -2(L) k AICc ΔAICc wi ER 
1 Hwd + Lhwd 14.97 4 24.71 0.00 0.38 1.00 
2 Hwd 18.22 3 25.22 0.51 0.30 1.29 
3 Hwd + Elev 16.25 4 25.99 1.28 0.20 1.90 
4 Hwd + Size 17.78 4 27.52 2.81 0.09 4.07 
5 Net Cover 24.50 3 31.50 6.79 0.01 29.78 
6 Broadleaf 27.06 3 34.06 9.35 0.00 107.01 
7 Null 30.80 2 35.28 10.57 0.00 197.14 
8 Total Cover 29.32 3 36.32 11.61 0.00 332.60 
*Hwd: cover of hardwood species, Size: stand size, Elev: elevation, Lhwd: hardwood cover within 2000 
m radius, Null: intercept-only, Broadleaf: cover of broadleaf species, Total Cover: cover of all foliage 
species, Net Cover: cover of all foliage at net height. 
 
Appendix 2F. Generalized linear regression models used in modeling abundance of male leaf gleaners, 
2008-2009 in the Oregon Coast Range. Models are ranked in ascending order by Akaike’s Information 
Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood value (L) multiplied by 
(-2), the number of parameters (k), the difference between the best model and all other models (ΔAICc), 
the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) are given for each model. 
 
 Model* -2(L) k AICc ΔAICc wi ER 
1 Hwd + Elev 10.37 4 20.11 0.00 0.67 1.00 
2 Hwd + Lhwd 12.34 4 22.08 1.97 0.25 2.68 
3 Hwd 18.97 3 25.97 5.86 0.04 18.74 
4 Net Cover 19.31 3 26.31 6.20 0.03 22.21 
5 Hwd + Size 18.94 4 28.68 8.57 0.01 72.71 
6 Broadleaf 24.35 3 31.35 11.24 0.00 276.29 
7 Total Cover 26.18 3 33.18 13.07 0.00 689.82 
8 Null 28.76 2 33.24 13.13 0.00 710.83 
*Variable codes are defined in Appendix 2E. 
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 Appendix 2G. Linear regression models used in modeling abundance of juvenile leaf gleaners from 
2008 to 2009, Oregon Coast Range. Models are ranked in ascending order by Akaike’s Information 
Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood value (L) multiplied by 
(-2), the number of parameters (k), the difference between the best model and all other models (ΔAICc), 
the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) are given for each model. 

 Model* -2(L) K AICc ΔAICc wi ER 
1 Hwd 61.78 3 68.78 0.00 0.35 1.00 
2 Hwd + Size 59.16 4 68.90 0.12 0.33 1.06 
3 Hwd + Elev 60.60 4 70.34 1.57 0.16 2.19 
4 Hwd + Lhwd 61.29 4 71.03 2.25 0.11 3.09 
5 Null 70.10 2 74.58 5.80 0.02 18.20 
6 Broadleaf 69.66 3 76.66 7.88 0.01 51.52 
7 Total Cover 70.08 3 77.08 8.30 0.01 63.59 
8 Net Cover 70.10 3 77.10 8.32 0.01 64.17 
*Variable codes are defined in Appendix 2E. 
 
 
Appendix 2H. Results of generalized linear model testing for top linear regression models of richness 
and evenness with stand and landscape parameters for the entire bird community and leaf gleaning 
guild, from 2008 to 2009, Oregon Coast Range. Coefficients/null intercepts (β), standard errors (SE), 
and 95% confidence intervals are given for each model. 

 Top Model β SE L (95% CI) U (95% CI) 
CommunityRichness Elevation -0.0004 0.0001 -0.0006 -0.0001 
Leaf-gleaners Richness Null  2.0773 0.0311  2.0124 2.1422 
Community Evenness Null  0.9006 0.0045  0.8912  0.9099 
Leaf-gleaners Evenness Null  0.7949 0.0069  0.7808  0.8089 
 
 
 
Appendix 2I. Generalized linear regression models used in modeling rarefied species richness (standard 
value = 75 individuals; n=23) of the entire bird community from 2008 to 2009, Oregon Coast Range. 
Models are ranked in ascending order by Akaike’s Information Criterion adjusted for small sample 
sizes (AICc). The maximized log-likelihood value (L) multiplied by (-2), the number of parameters (k), 
the difference between the best model and all other models (ΔAICc), the relative likelihood of a model, 
AICc weights (wi), and evidence ratio (ER) are given for each model. 
 
 Model* -2(L) K AICc ΔAICc wi ER 
1 Elev -54.56 3 -47.29 0.00 0.82 1.00 
2 Null -46.33 2 -41.73 5.56 0.05 16.14 
3 Total Cover -48.17 3 -40.91 6.39 0.03 24.35 
4 Net Cover -47.55 3 -40.29 7.01 0.02 33.21 
5 Lhwd -47.55 3 -40.28 7.01 0.02 33.25 
6 Size -47.19 3 -39.92 7.37 0.02 39.87 
7 Broadleaf -46.53 3 -39.27 8.02 0.01 55.20 
8 Hwd -46.44 3 -39.18 8.11 0.01 57.77 
*Variable codes are defined in Appendix 2E. 
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Appendix 2J. Generalized linear regression models used in modeling rarefied species richness (standard 
value = 40 individuals; n=21) for foliage gleaners from 2008 to 2009, Oregon Coast Range. Models are 
ranked in ascending order by Akaike’s Information Criterion adjusted for small sample sizes (AICc). 
The maximized log-likelihood value (L) multiplied by (-2), the number of parameters (k), the difference 
between the best model and all other models (ΔAICc), the relative likelihood of a model, AICc weights 
(wi), and evidence ratio (ER) are given for each model. 
 
 Model -2(L) K AICc ΔAICc wi ER 
1 Null -23.26 2 -18.60 0.00 0.31 1.00 
2 Elev -24.61 3 -17.20 1.39 0.15 2.01 
3 Total Cover -23.98 3 -16.56 2.03 0.11 2.76 
4 Size -23.90 3 -16.49 2.11 0.11 2.86 
5 Net Cover -23.53 3 -16.11 2.48 0.09 3.46 
6 Lhwd -23.35 3 -15.93 2.66 0.08 3.79 
7 Hwd -23.27 3 -15.86 2.74 0.08 3.93 
8 Broadleaf -23.27 3 -15.85 2.75 0.08 3.94 
*Variable codes are defined in Appendix 2E. 
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Appendix 2K. Rank abundance curves for each stand, from 2008 to 2009 in the Oregon Coast Range, OR. Each curve depicts the relative abundance of 
species within a stand, for visual comparison of evenness among stands. Species evenness is derived from the slope of the line that fits the graph. A 
steep gradient indicates low evenness as the high ranking (dominant) species have much higher abundances than the low ranking (rare) species. A 
shallow gradient indicates high evenness as the abundances of different species are similar. Curves are ordered by stand-level hardwood % cover (0-
33%) for the entire bird community (a) and leaf-gleaning guild (b). Lines alternate solid and dotted only to distinguish adjacent curves. There are no 
apparent trends in evenness or dominance with stand hardwood cover for either group. 

 
 

 

0% 33%
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Appendix 2L. Generalized linear regression models used in modeling evenness for the entire bird 
community from 2008 to 2009, Oregon Coast Range. Models are ranked in ascending order by 
Akaike’s Information Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood 
value (L) multiplied by (-2), the number of parameters (k), the difference between the best model and all 
other models (ΔAICc), the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) 
are given for each model. 
 
 Model* -2(L) k AICc ΔAICc wi ER 
1 Null -130.26 2 -125.78 0.00 0.29 1.00 
2 Size -131.43 3 -124.43 1.35 0.15 1.96 
3 Hwd -130.94 3 -123.94 1.84 0.12 2.51 
4 Broadleaf -130.59 3 -123.59 2.19 0.10 2.99 
5 Total Cover -130.39 3 -123.39 2.39 0.09 3.30 
6 Lhwd -130.35 3 -123.35 2.43 0.09 3.37 
7 Elev -130.28 3 -123.28 2.50 0.08 3.49 
8 Net Cover -130.28 3 -123.28 2.50 0.08 3.49 
*Variable codes are defined in Appendix 2E. 
 
Appendix 2M. A priori generalized linear regression models used in modeling evenness of foliage 
gleaners from 2008 to 2009, Oregon Coast Range. Models are ranked in ascending order by Akaike’s 
Information Criterion adjusted for small sample sizes (AICc). The maximized log-likelihood value (L) 
multiplied by (-2), the number of parameters (k), the difference between the best model and all other 
models (ΔAICc), the relative likelihood of a model, AICc weights (wi), and evidence ratio (ER) are 
given for each model. 
 
 Model* -2(L) k AICc ΔAICc wi ER 
1 Null -107.24 2 -102.76 0.00 0.25 1.00 
2 Net Cover -109.09 3 -102.09 0.67 0.18 1.40 
3 Size -108.84 3 -101.84 0.92 0.16 1.58 
4 Lhwd -107.74 3 -100.74 2.02 0.09 2.75 
5 Total Cover -107.66 3 -100.66 2.10 0.09 2.86 
6 Elev -107.57 3 -100.57 2.19 0.08 2.99 
7 Hwd -107.51 3 -100.51 2.25 0.08 3.08 
8 Broadleaf -107.32 3 -100.32 2.44 0.07 3.39 
*Variable codes are defined in Appendix 2E. 
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Appendix 2N. Results of generalized linear model testing for all linear regression models of abundance, 
richness, and evenness with stand and landscape parameters for the entire bird community and leaf 
gleaning guild by sex and age class, from 2008 to 2009, Oregon Coast Range. Coefficients (β), standard 
errors (SE), and 95% confidence intervals are given for each model. 
Group Models* β SE L (95% CI) U (95% CI) 
Community capture rates 1 Hwd +  

Lhwd 
 0.1389 
 0.0205 

0.0426 
0.0106 

 0.0512 
-0.0013 

 0.2266 
 0.0422 

 2 Hwd  0.1700 0.0415  0.0847  0.2553 
 3 Hwd + 

Elev 
 0.1556 
-0.0005 

0.0415 
0.0004 

 0.0701 
-0.0013 

 0.2411 
 0.0003 

 4 Hwd +  
Size 

 0.1749 
 0.0020 

0.0444 
0.0053 

 0.0834 
-0.0089 

 0.2664 
 0.0129 

 5 Null -0.0281 0.0598 -0.1510  0.0948 
 6 Net Cover  0.0014 0.0027 -0.0042  0.0070 
 7 Broadleaf  0.0015 0.0032 -0.0051  0.0081 
 8 Total Cover -0.0011 0.0030 -0.0073  0.0051 
All leaf gleaner capture rates 1 Hwd +  

Lhwd 
 0.2024 
 0.0337 

0.0528 
0.0131 

 0.0936 
 0.0067 

 0.3112 
 0.0608 

 2 Hwd + 
Size 

 0.2180 
-0.0136 

0.0533 
0.0064 

 0.1082 
-0.0268 

 0.3278 
-0.0004 

 3 Hwd  0.2533 0.0540  0.1423  0.3643 
 4 Hwd + 

Elev 
 0.2455 
-0.0003 

0.0561 
0.0005 

 0.1299 
-0.0013 

 0.3611 
 0.0007 

 5 Net Cover  0.0073 0.0035  0.0001  0.0145 
 6 Broadleaf  0.0068 0.0042 -0.0018  0.0154 
 7 Null -0.8280 0.0824 -0.9974 -0.6586 
 8 Total Cover  0.0043 0.0041 -0.0041  0.0127 
Male leaf gleaner capture rates 1 Hwd + 

Elev 
 0.1569 
-0.0013 

0.0522 
0.0004 

 0.0493 
-0.0022 

 0.2644 
-0.0004 

 2 Hwd + 
Lhwd 

 0.1369 
 0.0365 

0.0568 
0.0141 

 0.0199 
 0.0075 

 0.2539 
 0.0655 

 3 Hwd  0.1919 0.0582  0.0722  0.3116 
 4 Net Cover  0.0097 0.0030  0.0035  0.0159 
 5 Hwd + 

Size 
 0.1889 
-0.0012 

0.0624 
0.0075 

 0.0604 
-0.0167 

 0.3174 
 0.0143 

 6 Broadleaf  0.0081 0.0038  0.0003  0.0159 
 7 Total Cover  0.0060 0.0038 -0.0018  0.0138 
 8 Null -1.9688 0.0778 -2.1288 -1.8088 
Female leaf gleaner capture rates 1 Hwd + 

Lhwd 
 0.1813 
 0.0259 

0.0596 
0.0148 

 0.0585 
-0.0045 

 0.3040 
 0.0564 

 2 Hwd  0.2204 0.0574  0.1024  0.3384 
 3 Hwd + 

Elev 
 0.2029 
-0.0007 

0.0580 
0.0005 

 0.0834 
-0.0017 

 0.3224 
 0.0003 

 4 Hwd + 
Size 

 0.2084 
-0.0046 

0.0611 
0.0073 

 0.0825 
-0.0196 

 0.3343 
 0.0104 

 5 Net Cover  0.0084 0.0033  0.0016  0.0152 
 6 Broadleaf  0.0078 0.0040 -0.0004  0.0160 
 7 Null -2.2123 0.0807 -2.3782 -2.0464 
 8 Total Cover  0.0047 0.0040 -0.0035  0.0129 
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Appendix 2N, continued       
Group Models β SE L (95% CI) U (95% CI) 
Juvenile leaf gleaner capture rates 1 Hwd  0.3749 0.1250  0.1179  0.6319 
 2 Hwd + 

Size 
 0.3135 
-0.0241 

0.1280 
0.0154 

 0.0498 
-0.0558 

 0.5772 
 0.0076 

 3 Hwd + 
Elev 

 0.4045 
 0.0011 

0.1280 
0.0011 

 0.1408 
-0.0012 

 0.6682 
 0.0034 

 4 Hwd + 
Lhwd 

 0.3411 
 0.0224 

0.1363 
0.0338 

 0.0603 
-0.0472 

 0.6219 
 0.0920 

 5 Null -2.2588 0.1628 -2.5935 -1.9241 
 6 Broadleaf  0.0055 0.0086 -0.0122  0.0232 
 7 Total Cover -0.0011 0.0083 -0.0182  0.0160 
 8 Net Cover  0.0001 0.0074 -0.0151  0.0153 
Community richness 1 Elev -0.0004 0.0001 -0.0006 -0.0001 
 2 Null  2.8620 0.0188  2.8229  2.9011 
 3 Total Cover -0.0012 0.0009 -0.0031  0.0007 
 4 Net Cover -0.0009 0.0008 -0.0026  0.0008 
 5 Lhwd -0.0040 0.0037 -0.0117  0.0037 
 6 Size  0.0018 0.0020 -0.0024  0.0060 
 7 Broadleaf  0.0004 0.0009 -0.0015  0.0023 
 8 Hwd  0.0055 0.0170 -0.0299  0.0409 
Leaf gleaner richness 1 Null  2.0773 0.0311  2.0124  2.1422 
 2 Elev -0.0003 0.0002 -0.0007  0.0001 
 3 Total Cover -0.0012 0.0014 -0.0041  0.0017 
 4 Size -0.0026 0.0034 -0.0097  0.0045 
 5 Net Cover -0.0006 0.0013 -0.0033  0.0021 
 6 Lhwd  0.0018 0.0064 -0.0116  0.0152 
 7 Hwd  0.0025 0.0270 -0.0538  0.0588 
 8 Broadleaf  0.0001 0.0015 -0.0030  0.0032 
Community evenness 1 Null  0.9006 0.0045  0.8912  0.9099 
 2 Size -0.0005 0.0005 -0.0015  0.0005 
 3 Hwd -0.0032 0.0040 -0.0114  0.0050 
 4 Broadleaf  0.0001 0.0002 -0.0003  0.0005 
 5 Total Cover  0.0000 0.0002 -0.0004  0.0004 
 6 Lhwd -0.0003 0.0010 -0.0024  0.0018 
 7 Elev  0.0000 0.0000  0.0000  0.0000 
 8 Net Cover  0.0000 0.0002 -0.0004  0.0004 
Leaf gleaner evenness 1 Null 0.7949 0.0069  0.7808  0.8089 
 2 Net Cover -0.0004 0.0003 -0.0010  0.0002 
 3 Size -0.0009 0.0007 -0.0023  0.0005 
 4 Lhwd -0.0010 0.0015 -0.0041  0.0021 
 5 Total Cover -0.0002 0.0003 -0.0008  0.0004 
 6 Elev 0.0000 0.0000  0.0000  0.0000 
 7 Hwd 0.0031 0.0061 -0.0094  0.0156 
 8 Broadleaf -0.0001 0.0004 -0.0009  0.0007 
*Variable codes are defined in Appendix 2E. 
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Abstract 
 

Recent evidence suggests that population declines of some forest bird species 

may be driven primarily by reduced quantity and diversity of early-successional 

habitat on the breeding grounds. Increasing intensity of forest management on private 

lands and decreased harvest rates on federal lands has resulted in a loss of the diverse 

early-successional stage of forest succession, typically called early seral forest. 

Previous studies suggest that the amount of early seral broadleaf cover within conifer 

forests is linked to the composition of foliage-gleaning bird communities. However, 

information regarding productivity and juvenile use of post-breeding habitat in highly 

modified plantation habitat is lacking. We examined the relationship between 

vegetation structure associated with intensive forest management practices and the 

abundance of five species of leaf-gleaning, Neotropical migrants: orange-crowned 

warbler (Oreothlypis celata), Wilson’s warbler (Wilsonia pusilla), MacGillivray’s 

warbler (Oporornis tolmiei), Swainson’s thrush (Catharus ustulatus), and black-

headed grosbeak (Pheucticus melanocephalus). Though in some cases unexplained 

variation was quite large, all species except MacGillivray’s warbler were strongly 

positively associated with early seral hardwood cover as fledglings, breeding adults, or 

both. Management practices aimed at increasing amounts of early seral hardwood 

cover retained at the stand level are thus likely to accommodate a greater number of 

breeding pairs and young. If adopted at landscape and regional scales, such practices 

may positively influence population trends of many declining bird species. 

 

Keywords: clearcut, early seral forest, hardwood, intensive forest management, Pacific 

Northwest, bird conservation, plantation, post-fledging
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1. Introduction 
 

  Intensive forest management is economically practical for meeting growing 

global demands for wood products. However, many argue there may be tradeoffs 

between such economic efficiency and the maintenance of biological and functional 

diversity within these forests (Hagar, 2003; Kennedy and Spies, 2005; Thomas et al., 

2006; Spies et al., 2007b). Intensive forest management in the Oregon Coast Range of 

the Pacific Northwest typically includes clearcutting, replanting of a conifer 

monoculture, and control of competing vegetation with herbicides (Adams et al., 

2005). Herbicides efficiently suppress naturally regenerating vegetation that would 

otherwise overtop and depress growth rates of young conifer seedlings, often 

dramatically decreasing the amount and longevity of naturally regenerating 

broadleaves (Howard and Newton, 1984; Harrington et al., 1995). The increasing 

intensity of management occurring on private lands (Guynn et al., 2004) coupled with 

reduced harvest rates and the promotion of late seral forest on federal lands (Thomas 

et al., 2006; Spies et al., 2007a) has resulted in a loss of the diverse early-successional 

stage of forest succession, typically called early seral forest (Kennedy and Spies, 

2005). 

  The link between the loss of early seral habitat and population declines of 

several avian species is a conservation concern (Litvaitis, 1993; Hunt, 1998; Hunter et 

al., 2001; Keller et al., 2003). Recent evidence suggests that some population declines 

may be driven primarily by the loss of quantity and quality of early seral broadleaf 

forest on the breeding grounds (Betts et al., 2010). Breeding Bird Survey results from 

1966 to 2007 in the South Pacific Rainforest Bird Conservation Region (Rich et al., 

2004) show yearly declining trends for several Neotropical migrant bird species that 

breed in early seral habitat, such as Orange-crowned Warbler (Oreothlypis celata; -

3.2%; 95% CI: -4.5 to -1.8; p < 0.005), MacGillivray’s Warbler (Oporornis tolmiei; -
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2.8%; 95% CI: -4.6 to -1.0; p < 0.005), Wilson’s Warbler (Wilsonia pusilla; -1.1%; 

95% CI: -1.7 to -0.4; p < 0.005), Willow Flycatcher (Empidonax traillii; -2.4%; 95% 

CI: -4.8 to -0.1; p = 0.05), and Swainson’s Thrush (Catharus ustulatus; -0.9%; 95% 

CI: -1.8 to 0; p = 0.07) (Robbins et al., 1992; Sauer et al., 2008). 

  Hardwood species, which are broadleaved plants with the potential to grow 

into trees, may be particularly important as avian habitat either directly as structure for 

cover and nesting or indirectly through the availability of insect prey (Lautenschlager, 

1993; Easton and Martin, 2002; Miller and Miller, 2004). Several hardwood species 

have been identified as important contributors to early seral forest food webs: red alder 

(Alnus rubra), bigleaf maple (Acer macrophyllum), vine maple (Acer circinatum), red 

elderberry (Sambucus racemosa), cherry (Prunus) and California hazel (Corylus 

cornuta) (Hagar, 2007). Compared to conifers, the leaves of these hardwood species 

may support a higher abundance of arthropods, which are important prey food sources 

for insectivorous birds (Hammond and Miller, 1998; Hagar, 2003; Hagar, 2007; Hagar 

et al., 2007).  

  We previously found the canopy cover of these hardwood species within 

intensively managed early seral conifer plantations to be strongly associated with the 

abundance of insectivorous leaf gleaning bird communities (Ellis and Betts 2011). 

However, adult abundance does not necessarily indicate habitat quality or the degree 

of reproductive success (Vanhorne, 1983; Skagen and Yackel Adams, 2010). Habitat 

requirements for nesting may exceed requirements for mere presence (see Guenette 

and Villard, 2005; and Poulin et al., 2008). A formerly reliable environmental cue for 

adult fitness in natural forest habitat (i.e., hardwood cover) could become an 

ecological trap in highly human-altered conditions such as plantation forests 

(Schlaepfer et al., 2002). Unfortunately, independent juveniles, nests and other 

measures of habitat quality are notoriously cryptic and challenging to observe in early 

seral forest of the Pacific Northwest (Ralph et al., 1993; Rappole et al., 1998); few 

studies conducted in intensively managed forests have considered measures aside from 
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the abundance of adult males (Lampila et al., 2005). Our previous community-level 

investigation found little difference in species richness across a gradient in hardwood 

cover, even within the leaf gleaning guild. However, absence of community level 

effects does not imply that individual species are unresponsive to intensive forest 

management (Ellis and Betts, 2011). There is thus a need to consider individual 

species responses to the vegetation structures and compositions associated with 

intensive forest management. 

  The objectives of this research were to (1) test whether the abundance of 

individual foliage-gleaning bird species varied as a function of hardwood cover and 

(2) provide an initial assessment of whether adult abundance indicates productivity. 

We examined abundances of male, female and post-fledging juveniles across a 

gradient in vegetation structure which reflected a range in intensive forest 

management practices in early seral forest. This research provides new insight into 

potential tradeoffs between habitat for birds and modern forest management practices 

in plantations. 

2. Methods   
 

2.1 Study area 

 

We conducted our study in the temperate coniferous forest of the Oregon Coast 

Range in western Oregon, USA. The climate is mild with wet winters and dry 

summers. Topography consists of relatively low peaks (1248 m maximum elevation), 

steep slopes, and high stream densities. Forests are dominated by Douglas-fir 

(Pseudotsuga menziesii), western red cedar (Thuja plicata), red alder (Alnus rubra), 

and bigleaf maple (Acer macrophyllum) (Franklin and Dyrness, 1988). Logging and 

wildfires over the past two centuries have resulted in a forest matrix of young and 

mature conifer forests, interspersed with hardwood and old growth patches (Spies et 
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al., 2007b). Our study area ranged between Mary’s Peak and Dallas, Oregon, on the 

eastern flank of the Coast Range (Lat 44° 5′ 20″ to 44° 49′ 6″/ Lon -123° 24′ 34″ to -

123° 14′ 34″). 

 

2.2 Stand selection 

 

We conducted our surveys from 2008-09 on state and private industrial forest 

lands. We selected 28 early seral plantations with trees between 5-9 years of age, with 

tree heights typically ranging from 2-4 m. We sampled 12 Douglas-fir plantations in 

2008, and 16 different stands in 2009 (15 Douglas-fir and one alder plantation). Stands 

were selected as a randomized stratified sample to represent a gradient in hardwood 

canopy cover using the following sampling strategy. First, we identified 102 candidate 

stands in the field that represented the maximum available gradient in hardwood cover 

(< 5% - 35%). Second, prior to randomization, we limited the degree to which stand-

level hardwood was confounded with the proportion of hardwood at the landscape 

scale (2000 m; see Landscape and Spatial Data below) by a priori exclusion of stands 

highly correlated in stand and landscape hardwood cover (correlation coefficient > 

0.7). To further control potential confounding factors, stands were excluded from 

consideration if they contained marshy patches or streams, unusually high or low 

stocking densities, atypical retention characteristics (e.g., more than ten retained 

mature trees or snags), occurred on very steep slopes (> 70%), or were in adjacent 

proximity to ongoing management operations. This process resulted in 52 remaining 

stands. From this set we randomly selected stands from 5% stratifications across this 

gradient. Due to the scarcity of stands close to the low and high end of this gradient 

(i.e., <10%, >20%), complete random selection in all hardwood cover strata was not 

possible (i.e., we sampled all available stands at ends of this gradient). Selected stands 

ranged in size from 4-41 ha, and ranged in elevation from 150-688 m.  
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2.3 Bird mist net sampling 

 

We erected eight mist nets (12 m long, 2.6 m tall, 30 mm mesh, starting 0.5 m 

from ground height) in each stand to passively capture birds. We uniformly arranged 

nets in two parallel rows of four, with 50 m spacing between adjacent nets. Placement 

began 50 m from the stand edge and proceeded into the stand. Prior to visiting field 

sites, we determined net locations using ArcGIS v9.3 (ESRI, 2008) with aerial 

imagery. At the fine scale (< 10 m), the exact position and orientation of each net was 

designed to conceal and shade the net as much as possible. We sampled stands two 

times in 2008, and five times in 2009, during the breeding season (May 15-July 31) at 

two-week intervals. All nets were opened at sunrise and operated for five hours. Nets 

were temporarily closed or not operated in rain or wind. All birds captured (except 

hummingbirds) were fitted with a uniquely numbered United States Geological Survey 

aluminum leg band. We determined species, age and sex (by skull pneumatization, 

plumage and molt), and breeding status (by development of cloacal protuberance or 

brood patch) (Pyle, 2001). 

Mist net captures may provide a better estimate of fledging success and 

recruitment than intensive nest searching and monitoring, as juvenile mortality is 

likely greatest in the first few days after fledging (du Feu and Mcmeeking, 2004; 

Rodewald and Vitz, 2005). However, it is impossible to determine with certainty 

whether captured juveniles were fledged on-site or immigrated from nearby sites 

(Desante, 1995; Desante et al., 1995; DeSante et al., 1999; Dunn and Ralph, 2004). 

Shortly after fledging, juveniles may have the necessary vagility to move from low to 

high hardwood stands (Anders et al., 1998; Rivera et al., 1998; King et al., 2006). 

However, we restricted our mist netting period to the end of the breeding season in 

July, so as to minimize the possibility of capturing independent juvenile immigrants. 
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2.4 Stand vegetation data 

 

An apparent effect of stand-level hardwood cover on bird abundance could be 

confounded with other stand-level vegetation parameters, such as broadleaf cover, 

total vegetation cover, and net cover. For instance, bird abundance might be higher in 

stands with high hardwood cover simply because there is greater overall cover. 

Further, stands with high hardwood cover could positively bias capture rates if nets are 

more concealed in these stands. Thus, we statistically controlled for each of these 

parameters separately in our analysis. The parameter of hardwood cover included all 

hardwood species; the parameter of broadleaf cover included all broadleaved species, 

i.e., hardwoods, deciduous and non-deciduous shrubs; the parameter of total cover 

included all live foliage, i.e., all grass, forb, fern, broadleaf and conifer species 

(Appendix 2A). Net cover included all live foliage (regardless of species) above 0.5 m, 

which demarcated the lowest sampling height of the net.  

To measure vegetation at net and stand scales, we established 3 m-radius circle 

vegetation plots adjacent to each net. For the stands sampled in 2008, we sampled one 

vegetation plot per net, totaling 8 plots per stand: we randomly assigned plots to either 

side of the net, 10 m perpendicular from the net center. For the new stands sampled in 

2009, we sampled three plots per net, totaling 24 plots per stand: we patterned plots in 

a triangle, 120 degrees apart, and 10 m from the net center, beginning the first plot in a 

random direction. We estimated percent canopy cover of all species at two height 

classes (below and above 0.5 m) to allow separate analysis of total cover and net 

cover. We calculated the mean cover of four parameters across all plots at the stand 

scale: 1) hardwood cover, 2) broadleaf cover, 3) net cover, and 4) total cover. Because 

we assessed vegetative cover within different height classes, it was possible for the 

mean total cover to exceed 100% when multiple plant layers existed (i.e., shrub cover 

beneath tree cover). 



78 
 

 

2.5 Landscape and spatial data 

 

In addition to stand-level vegetation, we considered three parameters at larger 

spatial scales: landscape hardwood (percent cover of hardwood canopy within a 2 km 

radius of stand center), elevation, and stand size. We quantified landscape hardwood 

cover using a predictive vegetation map of western Oregon generated with the 

Gradient Nearest Neighbor imputation method (Ohmann and Gregory, 2002) and 

ArcGIS v.9.3 (ESRI, 2008). These vegetation maps summarized at the 2 km spatial 

extent have previously been found to predict distributions of early seral-associated 

forest birds (Betts et al. 2010). We calculated stand elevation as the average elevation 

of the vegetation plots within each stand, collected on-site with a Garmin Rino 110 or 

120 GPS unit. We measured stand size with aerial imagery (Oregon 2005 half-meter 

orthoimagery DOQs; data available from the Oregon Imagery Explorer).  

 

2.6 Bird abundance  

 

  We measured an index of bird abundance in each stand as the capture rates of 

new individuals, standardized by net hour. We restricted analysis to leaf-gleaning 

species with a minimum sample size of 100 individuals. Leaf gleaners were classified 

based on Ehrlich et al., (1988), including species that are primarily insectivorous leaf 

gleaners during the breeding season. We calculated abundance for each stand by age 

and sex; only adults in breeding condition (i.e., exhibiting a clearly developed brood 

patch or cloacal protuberance) were included in adult analyses, to reduce the inclusion 

of floaters or non-breeders that could obscure results.  
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2.7 Statistical analysis 

 

We conducted all statistical analyses using R 2.10.1 (R Development Core 

Team, 2009). We used Akaike’s Information Criterion with small sample correction 

(AICc) to assess the weight of evidence of alternate models for the association of 

various vegetation or physical parameters with bird abundance of males, females, and 

juveniles (Burnham and Anderson, 2002). Prior to model selection, we examined 

residual plots for meeting linear regression assumptions of normal distribution and 

constant variance. Regression assumptions were met when we log-transformed stand-

level hardwood cover and capture rates. To limit the total number of models tested, we 

adopted a two-stage approach to model selection. First, we tested whether abundance 

was best explained by (1) the null, intercept-only model, or stand-scale parameters of 

(2) hardwood cover, (3) broadleaf cover, (4) total cover, or (5) net cover. Second, to 

determine whether the above results were influenced by potential confounds at other 

spatial scales, we selected the single best supported of the five of these parameters and 

tested the additional influence of (6) stand size, (7) elevation, and (8) landscape 

hardwood. This approach resulted in a set of eight models. No stand and landscape 

parameters were highly correlated (r2 < 0.25; summarized in Appendix 2B). AICc is 

based on -2 x log-liklihood (L), the number of parameters in the model (K) and sample 

size (n). We determined the best-supported model by the lowest AICc value, indicating 

greatest model parsimony and weight of evidence (wi). We report the evidence ratio 

(ER) as a ratio comparison of wi with the top model. Finally, we used simple linear 

regression to examine whether abundances of females or juveniles were significantly 

explained by male abundance, reported with an r2 and p-value. 
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3. Results 

 

We captured 3,963 individual birds of 51 species in 4,024 net hours (Appendix 

2C). Leaf gleaning species with a minimum sample size of 100 individuals included 

five species: orange-crowned warbler (n = 433), MacGillivray’s warbler (n = 395), 

Swainson’s thrush (n = 382), Wilson’s warbler (n = 259), and black-headed grosbeak 

(Pheucticus melanocephalus, n = 102). A summary of top models for all species is 

shown in Table 3.1. 

 

3.1 Orange-crowned Warbler 

Stand-level hardwood was consistently the best predictor for capture rates of 

male, female, and juvenile orange-crowned warblers (ER ≥ 1.4 for all other models; 

Appendix 3D). Juvenile capture rates increased more sharply with increasing 

hardwood cover (β = 0.32, 95% CI: 0.05 to 0.59, r2 = 0.19) than capture rates of 

females (β = 0.17, 95% CI: -0.02 to 0.36, r2 = 0.11) or males (β = 0.12, 95% CI: -0.02 

to 0.25, r2 = 0.11; Appendix 3E; Fig. 3.1). Male abundance was positively correlated 

with, and explained a significant proportion of variation in, both female (r2 = 0.31, p = 

0.002) and juvenile (r2 = 0.17, p = 0.027) abundance. 

 

3.2 Wilson’s Warbler 

Stand-level hardwood was consistently included in the best models for capture 

rates of male, female, and juvenile Wilson’s warblers (ER > 220 for all models not 

including stand hardwood for males and juveniles, and ER = 2.45 for null model 

compared to best model for females; Appendix 3D; Figure 3.2). Female capture rates 

were best explained by stand-level hardwood (β = 0.17, 95% CI: 0.001 to 0.34) with 

elevation (β = 0.002, 95% CI: 0 to 0.003; full model r2 = 0.22; Appendix 3). Male 

capture rates were best explained by stand-level hardwood (β = 0.27, 95% CI: 0.08 to 
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0.47) with stand size (β = -0.03, 95% CI: -0.05 to -0.004; full model r2 = 0.45; 

Appendix 3). Juvenile capture rates were also best explained by stand-level hardwood 

(β = 0.20, 95% CI: -0.01 to 0.41) and stand size (β = -0.04, 95% CI: -0.07 to -0.02; 

full model r2 = 0.47; Appendix 3). Male abundance explained a significant proportion 

of variation in both female (r2 = 0.45, p < 0.0001) and juvenile (r2 = 0.59, p < 0.0001) 

abundance. 

 

3.3 MacGillivray’s Warbler 

Stand-level hardwood was not associated with capture rates of MacGillivray’s 

warblers. For adults, no stand or landscape variables were better supported than the 

null model; for juveniles, total cover was the best-supported model (β = -0.009, 95% 

CI: -0.02 to 0.002; r2 = 0.10), though net cover was almost equally supported (ER = 

1.02; r2 = 0.10; Appendix 3). Contrary to expectations of net cover bias, capture rates 

decreased with increasing net cover (Appendix 3G). Male abundance explained a 

significant proportion of variation in female abundance (r2 = 0.23, p = 0.009), but not 

juvenile abundance (r2 = 0.05, p = 0.27). 

 

3.4 Swainson’s Thrush 

Juvenile Swainson’s thrush were strongly associated with hardwood cover (β = 

0.20, 95% CI: 0.04 to 0.36, r2 = 0.19; Figure 3.3; Appendix 3H). The best-supported 

model included only stand-level hardwood, and models without this parameter were at 

least four times less likely (ER > 4.5; Appendix 3). However, net cover was the best 

supported model for both adult males (r2 = 0.29) and females (r2 = 0.23; Appendix 3), 

indicating that capture rates of adult Swainson’s thrush were positively biased by net 

cover (Appendix 3). Male abundance explained a significant proportion of variation in 
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female abundance (r2 = 0.30, p = 0.003), but not juvenile abundance (r2 = 0.04, p = 

0.32). 

 

3.5 Black-headed Grosbeak 

Adult male and female black-headed grosbeak abundances were associated 

with stand-level hardwood (Figure 3.4; Appendix 3). Female capture rates were best 

explained by stand-level hardwood (β = 0.17, 95% CI: -0.04 to 0.37) and stand size (β 

= -0.02, 95% CI: -0.05 to 0.003; full model r2 = 0.57; Appendix 3). Male capture rates 

were best explained by stand-level hardwood alone (β = 0.22, 95% CI: 0.08 to 0.37, r2 

= 0.29; Appendix 3). No models were better supported than the null model for juvenile 

capture rates (Appendix 3). Male abundance explained a significant proportion of 

variation in both female (r2 = 0.27, p = 0.005) and juvenile (r2 = 0.15, p = 0.04) 

abundance. 

 

4. Discussion 

 

4.1 Bird associations with hardwood species 

 

  Our results indicate that hardwood cover within managed plantations plays a 

consistent and relatively strong role in abundance patterns for leaf-gleaning bird 

species breeding in early seral forest. The abundances of adults and/or juveniles for 

four out of five leaf gleaning species were more strongly correlated with stand-level 

hardwood cover than any other vegetation parameter. For orange-crowned warbler and 

Wilson’s warbler, the abundances of males, females and juveniles were all best 

explained by local hardwood cover. Capture rate of Swainson’s thrush juveniles 
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increased significantly with hardwood, although results for adults remain ambiguous, 

as we found evidence for net cover bias for adults of this species. This bias could be 

due to increased net awareness from a concurrent target netting and radio-tracking 

study for adults of this species within our study sites using the same net locations. 

Regardless of the influence of net cover on adults, hardwood cover was strongly 

associated with juveniles of this species. Capture rate of Black-headed grosbeak adults 

increased with hardwood cover, while juveniles showed no relationship with any 

parameters. This could be due to small sample sizes of juveniles (n = 19) and resulting 

lack of power to detect a hardwood effect.  

We did not find a clear association with stand-level hardwood cover for one 

species, MacGillivray’s warbler. This could be due to unique foraging preferences of 

this species. Studies on similar coexisting species often identify ecological differences 

that presumably partition resources and allow coexistence (Schoener, 1974). Previous 

work in this area by Morrison (1981) assessed foraging behaviors of MacGillivray’s, 

Wilson’s, and orange-crowned warblers in clearcuts that were similar to our study 

sites. He proposed that this warbler assemblage segregated habitat along a gradient of 

increasing deciduous tree cover (primarily cover of red alder, a hardwood species). 

MacGillivray’s warblers were associated with the low end of this gradient, and more 

often utilized non-hardwood shrub cover, such as salal (Gaultheria shallon), 

salmonberry (Rubus spectabilis), thimbleberry (R. parviflorus), and sword fern 

(Polystichum munitum). Wilson’s warblers utilized the high end of the deciduous tree 

gradient, foraging primarily on red alder, and showed limited preference for foraging 

on shrubs. Orange-crowned warblers foraged in the intermediate position, utilizing 

both shrubs and deciduous trees. Our findings support these specialized foraging 

preferences among species, as Wilson’s warblers were indeed most strongly correlated 

with hardwood cover, orange-crowned warblers were also correlated, though with a 

smaller effect size, and MacGillivray’s warblers were not correlated specifically to 
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hardwood cover. Rather, juvenile MacGillivray’s warblers were more associated with 

total vegetative cover, which further supports this partitioned foraging hypothesis.   

Each hardwood species we examined has been proposed as a provider of key 

sources of food and cover to nesting forest birds (Morrison and Meslow, 1983; 

Hammond and Miller, 1998; Hagar, 2003). An individual species of hardwood may 

have a particularly high resource value; however, the range of cover of individual 

hardwood species within our study stands was too small to allow insight into 

associations between these species and bird abundance (Ellis, unpubl. data). While 

close associations between particular species may exist, managing only for species of 

interest would likely result in negative impacts to others. In post-hoc analyses, we 

found no evidence that overall richness of plant species or even hardwood species 

alone were associated with community or species-specific bird abundance (Ellis, 

unpubl. data), though it is important to note these analyses were based on unrarefied 

counts of plant richness, which could be biased by unequal sampling effort and 

varying plant density among stands (Gotelli and Colwell, 2001). Additional studies 

with a priori hypotheses regarding plant species richness are needed to address such 

biodiversity questions. 

We previously found the collective cover of hardwoods to be more closely 

associated with the abundance of insectivorous leaf gleaning bird species than non-leaf 

gleaning species. This suggests that the availability of insect prey is a limiting factor in 

abundance of leaf gleaning bird species. If increased hardwood cover results in more 

densely distributed prey items, the result could be increased foraging efficiency and 

reduced territory size, explaining the higher densities of adults and juveniles we 

observed (the food-value theory of territoriality; Stenger, 1958). Indeed, Marshall and 

Cooper (2004) proposed that hardwood foliage density is a good predictor of the 

territory size necessary to raise offspring; territories in areas of higher foliage density 

were smaller and included more food. Increased foliage volume from hardwoods may 
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also accommodate a greater number of nesting sites than hardwood-impoverished 

stands (Morrison and Meslow, 1984; Holmes et al., 1996).  

 

4.2 Ecological traps and evidence of productivity 

 

Previous studies on these avian species in intensively managed early seral 

forests employed audio-visual census techniques (Morrison, 1981; Morrison and 

Meslow, 1983; Hansen et al., 1995; Chambers et al., 1999). These methods are 

primarily informative of male abundance— particularly of conspicuous singing males, 

but provide little or no information regarding abundances of females or juveniles, 

which are typically cryptic and challenging to observe (Ralph et al., 1993; Rappole et 

al., 1998). Male abundance may not necessarily correspond with habitat quality, 

abundance of females, or productivity (Vanhorne, 1983; Skagen and Yackel Adams, 

2010). Sexes may differ in their abilities to identify quality nesting habitat. Males 

establish and defend territories, so that breeding site selection may be highly based on 

conspicuous interactions with neighbors; females spend more time on the nest caring 

for young, and site choice may be determined more strictly by the intrinsic quality 

(e.g., food availability), cover and concealment of the nest site (Schjorring et al., 2000; 

Citta and Lindberg, 2007; Morales et al., 2008). Adults must rely on environmental 

cues to help them identify high quality habitat, and ecological traps may occur when 

low quality habitat is selected (Schlaepfer et al., 2002). If sudden anthropogenic 

alterations change the cue or habitat quality so that one does not reliably indicate the 

other, poor quality habitat may lure birds into nesting where survival or reproductive 

success is low (Battin, 2004). 

Our mist netting methods allowed us to also examine abundances of males, 

females and juveniles, and investigate whether these intensively managed stands could 

be ecological traps; the presence of an ecological trap would be evidenced by no, or 
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negative correlations between adult abundance and indicators of productivity. Our 

results show that adult male and female abundances were significantly correlated in all 

five focal species, suggesting complimentary preferences in breeding habitat between 

sexes. We also observed significant positive correlations between male and juvenile 

abundance for three out of five species (orange-crowned and Wilson’s warblers, and 

black-headed grosbeak). As stand-level hardwood cover increased, so did the number 

of fledgling orange-crowned warblers, Wilson’s warblers, and Swainson’s thrushes. 

We would not expect such evidence of productivity (albeit indirect) if these stands 

were ecological traps. Our results indicate that stands with higher hardwood cover 

generally support greater densities of breeding pairs and post-fledging juveniles of 

these species, suggesting these stands are not ecological traps and can provide quality 

breeding habitat. Indeed, the abundance of orange-crowned warbler juveniles 

increased even more sharply than adults across the hardwood gradient, suggesting the 

possibility that productivity or juvenile survival may also increase with hardwood 

cover for some species. Similarly, productivity or juvenile survival may be lower for 

black-headed grosbeaks, although the lack of detecting a hardwood relationship for 

juveniles of this species may only be due to small sample size of juveniles. It is 

possible that other less-common leaf gleaning species we did not examine due to small 

sample sizes also increase in breeding pair and juvenile abundances with hardwood 

cover. Future studies of rarer species would benefit from a target species approach. 

 

4.3 Study limitations 

We do not know for certain whether captured juveniles were fledged on-site or 

immigrated from nearby sites (Desante, 1995; Desante et al., 1995; DeSante et al., 

1999; Dunn and Ralph, 2004). However, we restricted our mist netting period to the 

end of the breeding season in July, so as to minimize the possibility of capturing 

independent juvenile immigrants. Though recapture rates of juveniles were low, we 

observed no post-fledging dispersal among stands during our study, even between 
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stands only 1 km apart. A total of five juveniles were recaptured at their original 

stands between two weeks to one month after initial captures. The small size of these 

species limits the feasibility of alternate approaches to examining juvenile survival and 

movement, such as telemetry tracking. However, a concurrent radio-tracking study 

revealed that larger Swainson’s thrush juveniles remained within natal stands for up to 

four weeks post-fledging (Rivers, unpubl. data).  

As with most approaches to sampling animals, mist net sampling is prone to a 

number of detectability biases (Rappole et al., 1998; Silkey et al., 1999). We 

attempted to address these biases in our research design and analysis. For example, to 

avoid reporting results of apparent effects of hardwood that were actually artifacts of 

net cover, we differentiated between hardwood cover and net cover, and identified any 

results biased by net visibility. Secondly, differences in behaviors between species, 

ages, and sexes may cause differences in capture probabilities (Desante, 1995; 

DeSante et al., 1999), which is why this method should not be used for absolute 

measures of productivity.  However, if age-specific differences are consistent across 

stands, our indices of productivity should be informative in detecting trends. Though it 

is possible that detection probability was inconsistent across stands, the variation in 

detectability was likely substantially less than the true variation among populations 

(Johnson, 2008). 

Our results indicate that stand-level hardwood explained a biologically 

significant, yet small, portion of variance in abundance for four out of five avian 

species. Our information-theoretic approach tells only the relative value of a priori 

models, not their actual predictive ability, and the amount of variance explained by the 

strongest model was sometimes low (r2 ranging from 0.10 to 0.57). Therefore, we 

remain cautious in interpretation of management implications. Avian habitat selection 

and use is poorly understood, despite the considerable research devoted to it (Jones, 

2001). Unmeasured variation of the physical structure of a plant community, i.e. how 

the foliage is distributed (MacArthur and MacArthur, 1961), floristic composition of 
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individual species (Lee and Rotenberry, 2005), and social aspects of habitat selection 

(Ahlering and Faaborg, 2006; Betts et al., 2008) could all cause unexplained variation 

in abundance. Food availability, which we hypothesized to be linked to hardwood 

cover based on previous findings (Hammond and Miller, 1998; Hagar, 2003; Hagar, 

2007; Hagar et al., 2007), is an additional unmeasured component that could 

significantly influence bird distributions; food availability is a strong limiting factor in 

avian survival and reproductive success (Martin, 1987; Rodenhouse and Holmes, 

1992; Newton, 1998; Nagy and Holmes, 2005). Birds may also respond to habitat 

features at a variety of scales, so that occurrence may be determined by both local 

habitat characteristics and landscape features (Betts et al., 2006). Landscape-scale 

factors such as patch isolation, habitat heterogeneity, surrounding vegetation types 

(e.g., agriculture or silviculture) and forest seral stage could affect animal movement 

and influence the abundance of nesting birds and predators within a stand (van Dorp 

and Opdam, 1987; Rodewald and Yahner, 2001). Such landscape factors may be 

beyond direct control of individual landowners, but attention to both proximate and 

landscape-scale features may be useful in understanding local changes in populations 

(McGarigal and McComb, 1995). 

5. Conclusions and Management Implications 

 

  Four out of five leaf gleaning species we examined were strongly associated 

with early seral hardwood cover at some life stage, whether as fledglings, breeding 

adults, or both. This indicates that increasing the amount of hardwood in stands could 

positively influence densities of breeding populations and juveniles for at-risk species. 

Population declines have been observed in three of these species over the past 50 years 

(orange-crowned warbler: -3.2%, 95% CI: -4.5 to -1.8, p < 0.005; Wilson’s Warbler: -

1.1%, 95% CI: -1.7 to -0.4, p < 0.005; Swainson’s Thrush: -0.9%, 95% CI: -1.8 to 0, p 

= 0.07) (Robbins et al., 1992; Sauer et al., 2008). Though the ultimate causes of these 
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population declines remain unclear, our results provide evidence that even small 

amounts of hardwood cover in intensively managed plantations (1-33%) may provide 

good nesting habitat for breeding birds and juveniles. Our observations indicate that 

changes in management practice to increase hardwood cover will accommodate a 

greater number of breeding pairs and young, potentially leading to large conservation 

benefits for early seral-associated birds.  

Several empirical studies have identified thresholds in habitat cover for 

woodland birds, below which bird prevalence declines abruptly (Andren, 1994; 

Hansen et al., 1995; Guenette and Villard, 2005; Radford et al., 2005; Betts et al., 

2007; Betts et al., 2010; Zuckerberg and Porter, 2010). The relationships we observed 

between bird abundance and hardwood cover appeared linear for these species. This 

suggests that tradeoffs between habitat quality and management intensity may be more 

direct. However, because we observed only a limited gradient (0-33% hardwood) our 

ability to determine the effects at higher hardwood amounts is unknown. Hardwood 

thresholds for abundance of these species may exceed the maximum amount observed 

in our study. 

Forest plantations are efficiently managed to provide needed wood products, 

although little attention has been given to potential overlapping conservation 

opportunities (Najera and Simonetti, 2010). Retaining competing hardwood vegetation 

in plantations has been shown to negatively impact growth of young Douglas-fir 

(Harrington, 2006; Tappeiner et al., 2007; Maguire et al., 2009). However, providing 

small amounts of hardwood at the stand level may have relatively minor impacts to 

timber yield, and provide common ground for timber production and wildlife habitat. 

If adopted at landscape and regional scales, such practices may positively influence 

population trends of many declining bird species (Betts et al., 2010). Future 

experimental studies are required to explicitly test for trade-offs between maintaining 

forest diversity and timber production.  
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Tables 
 
Table 3.1. Results of generalized linear model testing for top a priori linear regression models of 
abundance with stand and landscape parameters by species for breeding adult females, breeding adult 
males, and juveniles, from 2008 to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors 
(SE), and 95% confidence intervals are given for each model. 

Species Group Top Model β SE 
L  
95% CI 

U  
95% CI 

Orange-crowned warbler Females Hwd   0.171 0.093 -0.021 0.362 
 Males Hwd 0.117 0.066 -0.018 0.251 
 Juveniles Hwd 0.320 0.130 0.052 0.588 
Wilson’s warbler Females Hwd + 0.172 0.083 0.001 0.343 
  Elev 0.002 0.001 0.000 0.003 
 Males Hwd + 0.273 0.095 0.077 0.469 
  Size -0.027 0.011 -0.051 -0.004 
 Juveniles Hwd + 0.196 0.102 -0.015 0.407 
  Size -0.043 0.012 -0.068 -0.018 
MacGillivray’s warbler Females Null   -3.446 0.087 -3.626 -3.267 
 Males Null -3.086 0.093 -3.277 -2.895 
 Juveniles Total Cover -0.009 0.005 -0.020 0.002 
Swainson’s thrush Females Net Cover 0.016 0.006 0.004 0.029 
 Males Net Cover 0.014 0.004 0.005 0.022 
 Juveniles Hwd 0.198 0.079 0.035 0.362 
Black-headed grosbeak Females Hwd + 0.167 0.100 -0.038 0.372 
  Size -0.021 0.012 -0.046 0.003 
 Males Hwd 0.224 0.071 0.079 0.370 
 Juveniles Null -4.351 0.081 -4.516 -4.186 
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Figure 3.1. Orange-crowned warbler capture rates (birds/net hour) increased with stand-level hardwood 
cover for females (a), males (b), and juveniles (c) from 2008 to 2009, Oregon Coast Range, OR. 
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Figure 3.2. Wilson’s warbler capture rates (birds/net hour) increased with stand-level hardwood cover 
for females (a), males (b), and juveniles (c) from 2008 to 2009, Oregon Coast Range, OR. 
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Figure 3.3. Juvenile Swainson’s thrush capture rates (birds/net hour) increased with stand-level 
hardwood cover from 2008 to 2009, Oregon Coast Range, OR. 
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Figure 3.4. Black-headed grosbeak capture rates (birds/net hour) from 2008 to 2009, Oregon Coast 
Range, increased with stand-level hardwood cover for females (a), and males (b). However, capture 
rates of juveniles (c) did not significantly increase with hardwood cover. 
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Appendices 
 
Appendix 3A. Common plant species within study plantations from 2008 to 2009, Oregon Coast Range, 
OR, with classification as conifer (*), hardwood, broadleaf, and total cover. 

Common Name Latin Name Hardwood Broadleaf 
Douglas-fir* Pseudotsuga menziesii   
True fir* Abies spp.   
Hemlock* Tsuga heterophylla   
Pine*  Pinus spp.   
Alder Alnus rubra X X 
Bigleaf maple Acer macrophyllum X X 
Vine Maple Acer circinatum X X 
Elderberry Sambucus spp. X X 
Cherry Prunus spp. X X 
Dogwood Cornus nuttallii X X 
Cascara  Rhamnus purshiana X X 
Hazel Corylus cornuta X X 
Serviceberry Amelanchier alnifolia X X 
Indian Plum Oemleria cerasiformis X X 
Oak Quercus spp. X X 
Chinkapin Chrysolepis chrysophylla X X 
Madrone Arbutus menziesii X X 
Poison Oak Toxicodendron diversilobum  X 
Rose Rosa spp.  X 
Black/Rasp/Thimble-berry Rubus spp.  X 
Huckleberry Vaccinium spp.  X 
Snowberry Symphoricarpus albus  X 
Currant Ribes spp.  X 
Oceanspray Holodiscus discolor  X 
Scotch Broom Cytisus scoparius  X 
Salal Gaultheria shallon  X 
Oregon Grape Mahonia nervosa  X 
Manzanita Arctostaphylos spp.  X 
Ceanothus Ceanothus velutinus  X 
Rhododendron  Rhododendron macrophyllum  X 
Bracken Fern Pteridium aquilinum   
Sword Fern Polystichum munitum   
Grass / Forb -   
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Appendix 3B. Seven parameters included in analyses: percent canopy cover of stand-level vegetation 
(hardwood, broadleaf, net cover, total cover), landscape hardwood, elevation and stand size.  

Stand Hardwood Broadleaf 
Net 

Cover 
Total 
Cover 

Landscape 
Hardwood Elevation (m) 

Stand 
Size (ha) 

LUMP 0.38 20.29 60.13 108.38 11.29 419 30 
BLRO 0.75 36.25 82.42 116.83 10.51 529 18 
TECR 1.00 34.00 73.38 108.75 20.33 320 24 
WILD 1.46 6.83 23.33 84.25 23.85 166 26 
JOWI 1.88 56.13 56.50 111.88 16.77 465 23 
ROMI 2.50 38.00 43.50 78.00 19.82 600 41 
CACR 2.58 24.67 61.04 117.38 21.83 500 30 
BECR 2.71 16.79 40.75 103.21 14.84 426 24 
APCR 3.83 21.67 49.92 105.46 14.26 688 15 
BEAR 4.25 20.88 28.46 61.96 18.57 322 34 
ELCR 4.25 22.00 74.13 97.25 22.81 367 32 
MICR 4.50 20.63 48.75 113.63 12.80 250 32 
LION 4.63 37.00 70.88 123.67 16.96 598 22 
MERC 5.04 28.88 41.79 89.88 17.45 318 31 
LILU 5.79 47.17 52.25 93.96 14.90 254 15 
MACR 6.63 23.13 34.79 79.25 18.75 401 13 
WERI 8.38 24.75 82.88 104.50 20.14 460 20 
LUMA 9.50 49.13 82.75 120.00 26.46 380 12 
RICR 11.13 51.38 73.00 104.00 20.31 150 30 
BRRO 13.50 30.88 73.25 97.38 19.52 286 38 
SOVA 14.88 48.13 46.63 99.00 16.89 415 25 
MIRI 16.50 36.75 83.38 122.38 21.27 166 35 
CAHI 16.63 49.00 68.75 103.83 30.73 530 5 
DUCR 16.75 60.63 40.96 114.25 12.81 234 27 
BORI 27.58 100.88 125.75 172.83 23.18 389 4 
SHCR 28.25 38.25 70.88 137.63 21.82 462 8 
SALT 29.33 64.83 97.96 116.33 13.74 256 18 
GRCR 33.21 59.13 84.00 108.42 22.51 386 23 
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Appendix 3C. All species captured during mist netting, including leaf gleaning status, and numbers of 
individual birds captured and recaptured.  

Species Scientific Name 
Leaf- 

gleaner 
New 

captures 
Re- 

captures 
Sharp-shinned Hawk Accipiter striatus  1 0 
Anna's Hummingbird Calypte anna  3 0 
Calliope Hummingbird Stellula calliope  2 0 
Rufous Hummingbird Selasphorus rufus  234 0 
Red-breasted Sapsucker Sphyrapicus ruber  4 0 
Downy Woodpecker Picoides pubescens  3 0 
Hairy Woodpecker Picoides villosus  5 0 
Northern Flicker (Red-shafted) Colaptes auratus  8 0 
Olive-sided Flycatcher Contopus cooperi  2 0 
Willow Flycatcher Empidonax traillii  300 57 
Pacific-slope Flycatcher Empidonax difficilis  89 0 
Hutton's Vireo Vireo huttoni X 9 0 
Warbling Vireo Vireo gilvus X 79 3 
Gray Jay Perisoreus canadensis  1 0 
Steller's Jay Cyanocitta stelleri  10 0 
Black-capped Chickadee Poecile atricapillus X 3 0 
Chestnut-backed Chickadee Poecile rufescens X 52 5 
Bushtit Psaltriparus minimus X 13 4 
Red-breasted Nuthatch Sitta canadensis  3 0 
Brown Creeper Certhia americana  2 0 
House Wren Troglodytes aedon  50 4 
Golden-crowned Kinglet Regulus satrapa X 8 0 
Bewick's Wren Thryomanes bewickii  45 3 
Swainson's Thrush Catharus ustulatus X 382 79 
American Robin Turdus migratorius  24 0 
Wrentit Chamaea fasciata X 11 0 
Cedar Waxwing Bombycilla cedrorum  83 6 
Orange-crowned Warbler Oreothlypis celata X 433 43 
Nashville Warbler Oreothlypis ruficapilla X 1 0 
Yellow Warbler Dendroica petechia X 9 0 
Chestnut-sided Warbler Dendroica pensylvanica X 1 0 
Yellow-rumped Warbler Dendroica coronata X 1 0 
Black-throated Gray Warbler Dendroica nigrescens X 18 0 
Hermit Warbler Dendroica occidentalis X 28 0 
MacGillivray's Warbler Oporornis tolmiei X 395 79 
Common Yellowthroat Geothlypis trichas X 72 8 
Wilson's Warbler Wilsonia pusilla X 259 5 
Yellow-breasted Chat Icteria virens X 5 0 
Spotted Towhee Pipilo maculatus  123 23 
Chipping Sparrow Spizella passerina  2 0 
Song Sparrow Melospiza melodia  99 11 
White-crowned Sparrow Zonotrichia leucophrys  492 96 
Golden-crowned Sparrow Zonotrichia atricapilla  1 0 
Dark-eyed Junco Junco hyemalis  83 1 
Western Tanager Piranga ludoviciana X 26 1 
Black-headed Grosbeak Pheucticus melanocephalus X 102 3 
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Lazuli Bunting Passerina amoena  6 0 
Brown-headed Cowbird Molothrus ater  1 0 
Purple Finch Carpodacus purpureus  120 2 
Pine Siskin Spinus pinus  3 0 
American Goldfinch Spinus tristis  257 29 
Grand Total 51 species 21 species 3963 462 
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Appendix 3D. A priori generalized linear regression models used in modeling abundance of focal leaf 
gleaning species from 2008 to 2009, Oregon Coast Range, OR. Models are ranked in ascending order 
by Akaike’s Information Criterion adjusted for small sample sizes (AICc). The maximized log-
likelihood value (L) multiplied by (-2), the number of parameters (k), the difference between the best 
model and all other models (ΔAICc), the relative likelihood of a model, AICc weights (wi), and 
evidence ratio (ER) are given for each model. 

Species Group  Model -2(L) k AICc ΔAICc wi ER 
Orange- Females 1 Hwd 45.22 3 52.22 0.00 0.27 1.00 
crowned  2 Hwd + Lhwd 43.15 4 52.89 0.67 0.20 1.40 
warbler  3 Null 48.63 2 53.11 0.89 0.18 1.56 
  4 Hwd + Elev 44.60 4 54.34 2.12 0.09 2.89 
  5 Broadleaf 47.77 3 54.77 2.55 0.08 3.58 
  6 Hwd + Size 45.04 4 54.78 2.56 0.08 3.60 
  7 Total Cover 48.48 3 55.48 3.26 0.05 5.12 
  8 Net Cover 48.53 3 55.53 3.32 0.05 5.25 
 Males 1 Hwd 25.57 3 32.57 0.00 0.27 1.00 
  2 Null 28.79 2 33.27 0.70 0.19 1.42 
  3 Hwd + Elev 24.08 4 33.82 1.26 0.15 1.87 
  4 Broadleaf 27.70 3 34.70 2.13 0.09 2.91 
  5 Hwd+ Size 25.04 4 34.78 2.22 0.09 3.03 
  6 Hwd + Lhwd 25.06 4 34.80 2.24 0.09 3.06 
  7 Total Cover 28.71 3 35.71 3.14 0.06 4.81 
  8 Net Cover 28.77 3 35.77 3.20 0.06 4.96 
 Juveniles 1 Hwd 64.19 3 71.19 0.00 0.39 1.00 
  2 Hwd + Size 62.84 4 72.58 1.40 0.19 2.01 
  3 Hwd + Lhwd 63.23 4 72.97 1.79 0.16 2.44 
  4 Hwd + Elev 63.77 4 73.51 2.32 0.12 3.19 
  5 Null 70.02 2 74.50 3.32 0.07 5.25 
  6 Net Cover 69.91 3 76.91 5.73 0.02 17.51 
  7 All Cover 69.96 3 76.96 5.77 0.02 17.95 
  8 Broadleaf 70.01 3 77.01 5.82 0.02 18.39 
Mac- Females 1 Null 35.21 2 39.69 0.00 0.25 1.00 
Gillivray’s  2 Net Cover 32.96 3 39.96 0.27 0.22 1.14 
Warbler  3 Hwd 34.34 3 41.34 1.64 0.11 2.28 
  4 Size 34.28 3 41.28 1.59 0.11 2.21 
  5 Total Cover 35.12 3 42.12 2.43 0.07 3.38 
  6 Broadleaf 35.17 3 42.17 2.48 0.07 3.45 
  7 Lhwd 35.08 3 42.08 2.39 0.08 3.31 
  8 Elev 35.10 3 42.10 2.41 0.08 3.34 
 Males 1 Null 38.68 2 43.16 0.00 0.27 1.00 
  2 Size 36.75 3 43.75 0.60 0.20 1.35 
  3 Net Cover 37.68 3 44.68 1.53 0.13 2.14 
  4 Broadleaf 38.33 3 45.33 2.18 0.09 2.97 
  5 Lhwd 38.59 3 45.59 2.44 0.08 3.39 
  6 Hwd 38.65 3 45.65 2.49 0.08 3.48 
  7 Elev 38.66 3 45.66 2.51 0.08 3.51 
  8 Total Cover 38.67 3 45.67 2.52 0.08 3.52 
 Juveniles 1 Total Cover 46.35 3 53.35 0.00 0.21 1.00 
  2 Net Cover 46.40 3 53.40 0.05 0.21 1.02 
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Species Group  Model -2(L) k AICc ΔAICc wi ER 
  3 Null 49.27 2 53.75 0.40 0.17 1.22 
  4 Total Cover + Size 44.61 4 54.35 1.00 0.13 1.65 
  5 Total Cover + Elev 45.40 4 55.14 1.79 0.09 2.45 
  6 Total Cover + Lhwd 45.80 4 55.54 2.19 0.07 2.99 
  7 Broadleaf 48.75 3 55.75 2.40 0.06 3.32 
  8 Hwd 49.23 3 56.23 2.88 0.05 4.22 
Swainson’s Females 1 Net Cover 56.88 3 63.88 0.00 0.33 1.00 
Thrush  2 Net Cover + Elev 54.78 4 64.52 0.64 0.24 1.38 
  3 Net Cover + Lhwd 55.41 4 65.15 1.27 0.17 1.89 
  4 Net Cover + Size 56.16 4 65.90 2.02 0.12 2.75 
  5 Hwd 59.58 3 66.58 2.70 0.08 3.86 
  6 Null 64.27 2 68.75 4.87 0.03 11.43 
  7 Total Cover 62.89 3 69.89 6.01 0.02 20.14 
  8 Broadleaf 63.12 3 70.12 6.24 0.01 22.62 
 Males 1 Net Cover 45.45 3 45.45 0.00 0.32 1.00 
  2 Net Cover + Elev 45.65 4 45.65 0.20 0.29 1.10 
  3 Net Cover + Lhwd 46.68 4 46.68 1.23 0.17 1.85 
  4 Net Cover + Size 47.83 4 47.83 2.38 0.10 3.28 
  5 Total Cover 48.14 3 48.14 2.69 0.08 3.84 
  6 Hwd 52.00 3 52.00 6.54 0.01 26.38 
  7 Null 52.52 2 52.52 7.07 0.01 34.23 
  8 Broadleaf 52.99 3 52.99 7.54 0.01 43.27 
 Juveniles 1 Hwd 43.32 3 36.32 0.00 0.38 1.00 
  2 Hwd + Size 44.94 4 35.21 1.63 0.17 2.25 
  3 Hwd + Elev 45.50 4 35.76 2.18 0.13 2.97 
  4 Hwd + Lhwd 45.88 4 36.14 2.56 0.11 3.60 
  5 Broadleaf 46.33 3 39.33 3.01 0.09 4.50 
  6 Null 46.84 2 42.36 3.52 0.07 5.82 
  7 Net Cover 47.75 3 40.75 4.43 0.04 9.16 
  8 Total Cover 49.36 3 42.36 6.04 0.02 20.48 
Wilson’s Females 1 Hwd + Elev 36.30 4 46.04 0.00 0.30 1.00 
Warbler  2 Hwd + Lhwd 36.85 4 46.59 0.54 0.23 1.31 
  3 Null 43.35 2 47.83 1.79 0.12 2.45 
  4 Hwd 40.91 3 47.91 1.87 0.12 2.54 
  5 Hwd + Size 38.40 4 48.14 2.10 0.11 2.85 
  6 Net Cover 42.69 3 49.69 3.65 0.05 6.20 
  7 Total Cover 43.08 3 50.08 4.04 0.04 7.53 
  8 Broadleaf 43.26 3 50.26 4.22 0.04 8.24 
 Males 1 Hwd + Size 42.53 4 52.27 0.00 0.64 1.00 
  2 Hwd + Lhwd 45.28 4 55.02 2.75 0.16 3.95 
  3 Hwd 48.23 3 55.23 2.96 0.15 4.39 
  4 Hwd + Elev 48.09 4 57.82 5.55 0.04 16.05 
  5 Net Cover 56.08 3 63.08 10.80 0.00 221.84 
  6 Null 59.04 2 63.52 11.25 0.00 276.70 
  7 Broadleaf 57.16 3 64.16 11.89 0.00 381.43 
  8 Total Cover 57.44 3 64.44 12.16 0.00 437.88 
 Juveniles 1 Hwd + Size 46.64 4 56.38 0.00 0.95 1.00 
  2 Hwd + Elev 54.30 4 64.04 7.66 0.02 46.09 
  3 Hwd 57.78 3 64.78 8.40 0.01 66.82 
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Species Group  Model -2(L) k AICc ΔAICc wi ER 
  4 Hwd + Lhwd 57.07 4 66.80 10.43 0.01 183.55 
  5 Broadleaf 60.62 3 67.62 11.24 0.00 275.60 
  6 Null 64.43 2 68.91 12.53 0.00 526.07 
  7 Total Cover 62.78 3 69.78 13.40 0.00 814.39 
  8 Net Cover 63.72 3 70.72 14.34 0.00 1302.36 
Black- Females 1 Hwd + Size 45.05 4 54.79 0.00 0.28 1.00 
headed  2 Hwd + Lhwd 45.58 4 55.32 0.53 0.21 1.31 
Grosbeak  3 Hwd 48.38 3 55.38 0.59 0.21 1.34 
  4 Broadleaf 50.23 3 57.23 2.44 0.08 3.39 
  5 Net Cover 50.63 3 57.63 2.84 0.07 4.14 
  6 Null 53.37 2 57.85 3.07 0.06 4.63 
  7 Hwd + Elev 48.37 4 58.11 3.32 0.05 5.25 
  8 Total Cover 51.36 3 58.36 3.57 0.05 5.96 
 Males 1 Hwd 29.92 3 36.92 0.00 0.51 1.00 
  2 Hwd + Elev 29.46 4 39.20 2.28 0.16 3.13 
  3 Hwd + Lhwd 29.66 4 39.40 2.48 0.15 3.46 
  4 Hwd + Size 29.85 4 39.59 2.67 0.13 3.79 
  5 Null 39.07 2 43.55 6.63 0.02 27.52 
  6 Net Cover 36.99 3 43.99 7.07 0.01 34.30 
  7 Broadleaf 37.69 3 44.69 7.77 0.01 48.59 
  8 Total Cover 38.67 3 45.67 8.75 0.01 79.48 
 Juveniles 1 Null 30.64 2 35.12 0.00 0.22 1.00 
  2 Lhwd 28.42 3 35.42 0.30 0.19 1.16 
  3 Size 28.64 3 35.64 0.52 0.17 1.30 
  4 Hwd 28.94 3 35.94 0.82 0.14 1.50 
  5 Net Cover 29.92 3 36.92 1.80 0.09 2.46 
  6 Elev 30.25 3 37.25 2.13 0.07 2.90 
  7 Total Cover 30.42 3 37.42 2.30 0.07 3.16 
  8 Broadleaf 30.64 3 37.64 2.52 0.06 3.53 
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Appendix 3E. Results of generalized linear model testing for all a priori linear regression models of 
abundance with stand and landscape parameters for orange-crowned warbler by sex and age class, from 
2008 to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors (SE), and 95% confidence 
intervals are given for each model. 
Group Models β SE L (95% CI) U (95% CI) 
Adult Females 1 Hwd   0.1706 0.0930 -0.0206 0.3617 
 2 Hwd + 0.2217 0.0985 0.0187 0.4247 
  Lhwd -0.0339 0.0245 -0.0843 0.0165 
 3 Null -3.5250 0.1110 -3.7532 -3.2968 
 4 Hwd + 0.1545 0.0962 -0.0437 0.3527 
  Elev -0.0006 0.0008 -0.0023 0.0011 
 5 Broadleaf 0.0053 0.0058 -0.0068 0.0173 
 6 Hwd + 0.1828 0.0994 -0.0220 0.3877 
  Size 0.0047 0.0120 -0.0199 0.0294 
 7 Total Cover -0.0021 0.0056 -0.0136 0.0095 
 8 Net cover -0.0015 0.0051 -0.0119 0.0089 
Adult Males 1 Hwd 0.1166 0.0655 -0.0180 0.2511 
 2 Null -3.3500 0.0779 -3.5101 -3.1899 
 3 Hwd + 0.0991 0.0667 -0.0383 0.2365 
  Elev -0.0007 0.0006 -0.0018 0.0005 
 4 Broadleaf 0.0041 0.0041 -0.0043 0.0126 
 5 Hwd + 0.1017 0.0696 -0.0416 0.2450 
  Size -0.0057 0.0084 -0.0230 0.0115 
 6 Hwd + 0.1345 0.0714 -0.0125 0.2815 
  Lhwd -0.0119 0.0177 -0.0484 0.0246 
 7 Total Cover -0.0011 0.0039 -0.0092 0.0070 
 8 Net Cover 0.0005 0.0036 -0.0068 0.0078 
Juveniles 1 Hwd 0.3202 0.1304 0.0521 0.5883 
 2 Hwd + 0.2731 0.1367 -0.0084 0.5546 
  Size -0.0182 0.0164 -0.0521 0.0156 
 3 Hwd + 0.2710 0.1411 -0.0195 0.5616 
  Lhwd 0.0326 0.0350 -0.0396 0.1047 
 4 Hwd + 0.3388 0.1355 0.0597 0.6179 
  Elev 0.0007 0.0012 -0.0017 0.0031 
 5 Null -3.2426 0.1626 -3.5769 -2.9083 
 6 Net Cover -0.0024 0.0074 -0.0176 0.0128 
 7 Total Cover -0.0020 0.0082 -0.0189 0.0150 
 8 Broadleaf 0.0009 0.0087 -0.0170 0.0188 
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Appendix 3F. Results of generalized linear model testing for all a priori linear regression models of 
abundance with stand and landscape parameters for Wilson’s warbler by sex and age class, from 2008 
to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors (SE), and 95% confidence intervals 
are given for each model. 

Group Models β SE L (95% CI) U (95% CI) 
Adult Females 1 Hwd + 0.1718 0.0830 0.0009 0.3427 
  Elev 0.0015 0.0007 0.0000 0.0029 
 2 Hwd + 0.0674 0.0881 -0.1140 0.2488 
  Lhwd 0.0432 0.0219 -0.0018 0.0882 
 3 Null -4.1010 0.1010 -4.3083 -3.8937 
 4 Hwd 0.1326 0.0861 -0.0448 0.3099 
 5 Hwd + 0.0905 0.0883 -0.0914 0.2724 
  Size -0.0163 0.0106 -0.0382 0.0056 
 6 Net Cover 0.0036 0.0046 -0.0058 0.0130 
 7 Total Cover 0.0026 0.0051 -0.0079 0.0131 
 8 Broadleaf 0.0016 0.0054 -0.0095 0.0127 
Adult Males 1 Hwd + 0.2731 0.0951 0.0772 0.4690 
  Size -0.0272 0.0114 -0.0507 -0.0036 
 2 Hwd + 0.2794 0.1024 0.0686 0.4903 
  Lhwd 0.0424 0.0254 -0.0100 0.0947 
 3 Hwd 0.3433 0.0981 0.1416 0.5450 
 4 Hwd + 0.3516 0.1024 0.1407 0.5625 
  Elev 0.0031 0.0009 0.0013 0.0049 
 5 Net Cover 0.0099 0.0058 -0.0020 0.0218 
 6 Null -3.8382 0.1336 -4.1123 -3.5641 
 7 Broadleaf 0.0093 0.0069 -0.0049 0.0235 
 8 Total Cover 0.0082 0.0066 -0.0054 0.0217 
Juveniles 1 Hwd + 0.1959 0.1023 -0.0149 0.4066 
  Size -0.0430 0.0123 -0.0684 -0.0177 
 2 Hwd + 0.3537 0.1144 0.1180 0.5894 
  Elev 0.0018 0.0010 -0.0002 0.0038 
 3 Hwd 0.3071 0.1164 0.0678 0.5464 
 4 Hwd + 0.2690 0.1263 0.0087 0.5292 
  Lhwd 0.0253 0.0314 -0.0394 0.0899 
 5 Broadleaf 0.0143 0.3136 -0.6305 0.6591 
 6 Null -3.5513 0.1471 -3.8531 -3.2495 
 7 Total Cover 0.0091 0.0073 -0.0058 0.0240 
 8 Net Cover 0.0054 0.0066 -0.0082 0.0190 
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Appendix 3G. Results of generalized linear model testing for all a priori linear regression models of 
abundance with stand and landscape parameters for MacGillivray’s warbler by sex and age class, from 
2008 to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors (SE), and 95% confidence 
intervals are given for each model. 

Group Models β SE L (95% CI) U (95% CI) 
Adult Females 1 Null   -3.4463 0.0873 -3.6259 -3.2668 
 2 Net Cover 0.0057 0.0038 -0.0022 0.0135 
 3 Hwd -0.0696 0.0766 -0.2270 0.0878 
 4 Size 0.0086 0.0092 -0.0103 0.0276 
 5 Total Cover 0.0013 0.0044 -0.0078 0.0104 
 6 Broadleaf -0.0010 0.0047 -0.0106 0.0086 
 7 Lhwd -0.0066 0.0193 -0.0462 0.0330 
 8 Elevation 0.0002 0.0007 -0.0216 0.3873 
Adult Males 1 Null -3.0861 0.0929 -3.2771 -2.8951 
 2 Size 0.0131 0.0096 -0.0067 0.0328 
 3 Net Cover 0.0040 0.0042 -0.0045 0.0126 
 4 Broadleaf 0.0028 0.0049 -0.0074 0.0130 
 5 Lhwd 0.0056 0.0205 -0.0365 0.0478 
 6 Hwd 0.0130 0.0827 -0.1570 0.1830 
 7 Elev 0.0001 0.0007 -0.0014 0.0015 
 8 Total Cover 0.0003 0.0047 -0.0094 0.0100 
Juveniles 1 Total Cover -0.0091 0.0054 -0.0203 0.0020 
 2 Net Cover -0.0082 0.0049 -0.0182 0.0018 
 3 Null -3.5590 0.1122 -3.7897 -3.3283 
 4 Total Cover + -0.0130 0.0062 -0.0257 -0.0003 
  Size -0.0164 0.0130 -0.0432 0.0103 
 5 Total Cover + -0.0096 0.0054 -0.0208 0.0016 
  Elev 0.0008 0.0008 -0.0009 0.0024 
 6 Total Cover + -0.0094 0.0055 -0.0207 0.0019 
  Lhwd 0.0168 0.0238 -0.0323 0.0659 
 7 Broadleaf -0.0042 0.0060 -0.0164 0.0081 
 8 Hwd  -0.0196 0.0999 -0.2249 0.1857 
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Appendix 3H. Results of generalized linear model testing for all a priori linear regression models of 
abundance with stand and landscape parameters for Swainson’s thrush by sex and age class, from 2008 
to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors (SE), and 95% confidence intervals 
are given for each model. 

Group Models β SE L (95% CI) U (95% CI) 
Adult Females 1 Net Cover 0.0165 0.0059 0.0044 0.0285 
 2 Net Cover + 0.0167 0.0058 0.0048 0.0286 
  Elev -0.0013 0.0010 -0.0033 0.0006 
 3 Net Cover + 0.0148 0.0060 0.0024 0.0272 
  Lhwd 0.0338 0.0291 -0.0262 0.0937 
 4 Net Cover + 0.0184 0.0064 0.0052 0.0315 
  Size 0.0121 0.0150 -0.0188 0.0429 
 5 Hwd 0.2617 0.1201 0.0148 0.5086 
 6 Null -3.5811 0.1467 -3.8827 -3.2795 
 7 Total Cover 0.0083 0.0073 -0.0066 0.0233 
 8 Broadleaf 0.0080 0.0077 -0.0078 0.0239 
Adult Males 1 Net Cover 0.0138 0.0042 0.0051 0.0224 
 2 Net Cover + 0.0139 0.0041 0.0055 0.0224 
  Elev -0.0011 0.0007 -0.0025 0.0004 
 3 Net Cover + 0.0125 0.0043 0.0036 0.0214 
  Lhwd 0.0246 0.0209 -0.0184 0.0677 
 4 Net Cover + 0.0128 0.0046 0.0032 0.0223 
  Size -0.0062 0.0109 -0.0286 0.0162 
 5 Total Cover 0.0133 0.0049 0.0031 0.0234 
 6 Hwd 0.1599 0.0926 -0.0305 0.3503 
 7 Null -3.1409 0.1098 -3.3666 -2.9152 
 8 Broadleaf 0.0080 0.0057 -0.0037 0.0196 
Juveniles 1 Hwd 0.1984 0.0793 0.0354 0.3615 
 2 Hwd + 0.1723 0.0834 0.0005 0.3442 
  Size -0.0101 0.0100 -0.0308 0.0106 
 3 Hwd + 0.1853 0.0822 0.0161 0.3546 
  Elev -0.0005 0.0007 -0.0019 0.0009 
 4 Hwd + 0.1854 0.0869 0.0063 0.3645 
  Lhwd 0.0086 0.0216 -0.0358 0.0531 
 5 Broadleaf 0.0087 0.0050 -0.0017 0.0190 
 6 Null -4.0881 0.0992 -4.2921 -3.8841 
 7 Net Cover 0.0055 0.0044 -0.0036 0.0145 
 8 Total Cover 0.0002 0.0050 -0.0101 0.0106 
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Appendix 3I. Results of generalized linear model testing for all a priori linear regression models of 
abundance with stand and landscape parameters for black-headed grosbeak by sex and age class, from 
2008 to 2009, Oregon Coast Range, OR. Coefficients (β), standard errors (SE), and 95% confidence 
intervals are given for each model. 

Group Models β SE L (95% CI) U (95% CI) 
Adult Females 1 Hwd + 0.1668 0.0995 -0.0381 0.3716 
  Size -0.0213 0.0120 -0.0459 0.0034 
 2 Hwd + 0.1593 0.1029 -0.0528 0.3713 
  Lhwd 0.0414 0.0256 -0.0112 0.0940 
 3 Hwd 0.2217 0.0984 0.0195 0.4239 
 4 Broadleaf 0.0107 0.0061 -0.0018 0.0233 
 5 Net Cover 0.0086 0.0053 -0.0022 0.0194 
 6 Null -4.0624 0.1208 -4.3103 -3.8145 
 7 Hwd + 0.2238 0.1029 0.0118 0.4358 
  Elev 0.0001 0.0009 -0.0017 0.0019 
 8 Total Cover 0.0082 0.0059 -0.0039 0.0204 
Adult Males 1 Hwd 0.2243 0.0707 0.0788 0.3697 
 2 Hwd + 0.2137 0.0734 0.0625 0.3650 
  Elev -0.0004 0.0006 -0.0017 0.0009 
 3 Hwd + 0.2104 0.0775 0.0508 0.3699 
  Lhwd 0.0092 0.0192 -0.0304 0.0488 
 4 Hwd + 0.2183 0.0758 0.0621 0.3744 
  Size -0.0023 0.0091 -0.0211 0.0165 
 5 Null -4.2071 0.0936 -4.3991 -4.0151 
 6 Net Cover 0.0058 0.0041 -0.0026 0.0143 
 7 Broadleaf 0.0056 0.0049 -0.0044 0.0156 
 8 Total Cover 0.0029 0.0047 -0.0068 0.0126 
Juveniles 1 Null -4.3509 0.0805 -4.5161 -4.1858 
 2 Lhwd 0.0251 0.0171 -0.0101 0.0602 
 3 Size -0.0115 0.0083 -0.0286 0.0056 
 4 Hwd 0.0888 0.0695 -0.0541 0.2317 
 5 Net Cover 0.0030 0.0036 -0.0045 0.0104 
 6 Elev -0.0004 0.0006 -0.0016 0.0009 
 7 Total Cover -0.0018 0.0041 -0.0102 0.0065 
 8 Broadleaf 0.0001 0.0043 -0.0088 0.0089 
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CHAPTER IV: CONCLUSIONS AND RECOMMENDATIONS
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The objective of this research was to investigate the magnitude and direction of 

potential impacts of intensive forest management on early seral-associated breeding 

bird communities and individual species of interest in the Coast Range of Oregon. I 

evaluated associations between intensively managed vegetation communities with the 

abundance, diversity and reproductive success of songbirds at the stand scale. In 

Chapter 2, I tested the prediction that hardwood cover within a forest stand would be 

positively associated with avian community structure (measured as abundance, 

richness, and evenness). In Chapter 3, I tested the influence of stand and landscape 

composition on the adult and juvenile abundances of individual species – predicting 

that these variables should also be strongly positively associated with hardwood cover. 

My results indicate that early seral hardwood cover is positively associated with the 

abundance of breeding birds, and may be particularly important for the persistence of 

numerous leaf gleaning species. Intensively managed stands harbored an abundance of 

fledgling juveniles; fledglings were positively correlated with hardwood habitat, 

indicating opportunities for bird conservation in stands where management resulted in 

higher hardwood composition. This suggests that if management actions favoring the 

creation early seral hardwood habitat were adopted at landscape and regional scales, 

such practices could positively influence population trends of many declining bird 

species.  

Overall bird abundance was strongly associated with hardwood cover at local 

and landscape scales. We found strong support for the existence of a threshold in 

hardwood cover for maintaining abundant breeding bird populations at the stand scale; 

community bird abundance doubled with an increase from 1% to ~6% hardwood. 

When early seral hardwood forest is scarce, small increases in hardwood may provide 

disproportionately large increases in community bird abundance. This pattern 

appeared to be primarily driven by the apparent sensitivity of insectivorous leaf 

gleaning species to hardwood cover. When examined at the species level, it appears 



115 
 

 

that trade-offs in abundance with management intensity are more direct for certain 

species.  

Adults of three out of five species I examined were strongly positively 

associated with early seral hardwood cover, including orange-crowned warbler 

(Oreothlypis celata), Wilson’s warbler (Wilsonia pusilla), and black-headed grosbeak 

(Pheucticus melanocephalus). Adult density increased with hardwood cover, which 

can be explained by mechanisms of food availability: the food-value theory of 

territoriality (the food-value theory of territoriality; Stenger, 1958). If increased 

hardwood cover results in more densely distributed prey items (Hammond and Miller, 

1998; Hagar et al., 2007), foraging efficiency and bird density should also increase. 

Additionally, greater hardwood cover may provide increased substrate for nest 

placement and concealment. We found no correlation between hardwood cover and 

adults of MacGillivray’s warbler (Oporornis tolmiei), which is consistent with a 

previously proposed hypothesis of niche partitioning between these three warbler 

species. Results were inconclusive for adult Swainson’s thrush (Catharus ustulatus), 

as we found evidence for net cover bias in capture rates for adults of this species.  

One of the strongest contributions of this research is that it provides new 

insight into potential tradeoffs between post-fledging bird abundance and modern 

forest management practices. Using mist netting methods, we were able to compare 

relative abundances of dependent and independent fledglings, which have not been 

previously studied in these habitats. Such information is critical from a conservation 

perspective because, as indicated in studies of source-sink dynamics, the density of 

adult populations is not necessarily a reliable indicator of quality habitat (Vanhorne, 

1983; Bock and Jones, 2004). A formerly reliable environmental cue for adult fitness 

in natural forest habitat (i.e., hardwood cover) could become an ecological trap in 

highly human-altered conditions such as plantation forests (Schlaepfer et al., 2002). 

Clearly, reproductive success is a critical component of species’ persistence and must 

be considered for conservation efforts to be effective. Although we could not directly 

measure nest and fledging success, we provided indices of relative abundance of 
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juveniles, post-fledging. It is possible that this measure may better reflect habitat 

quality for juveniles than traditional nest monitoring, as mortality is highest within the 

first few days after fledging (du Feu and Mcmeeking, 2004; Rodewald and Vitz, 

2005). Fledging habitat selection and survival is one of the least known periods in the 

annual cycle of migratory birds (Faaborg et al., 2010). Fledglings for three out of five 

species were positively correlated with hardwood cover, including orange-crowned 

warbler, Wilson’s warbler, and Swainson’s thrush. We would not expect such 

evidence of productivity, albeit indirect, if these stands were ecological traps or sinks. 

As with most approaches to sampling animals, mist net sampling is prone to a 

number of detectability biases (Rappole et al., 1998; Silkey et al., 1999). Net captures 

across sites could be biased by differences in surrounding habitat, particularly when 

habitat influences net visibility. Differences in capture probabilities could lead to 

biased results and misleading conclusions. I attempted to address these biases in my 

research design and analysis to reduce the likelihood of the main conclusions being 

biased by imperfect detection. First, to avoid reporting results of apparent effects of 

hardwood that were actually artifacts of net cover, we differentiated between 

hardwood cover and net cover, and identified results in capture rates potentially biased 

by net visibility. Secondly, differences in behaviors between species, ages, and sexes 

may cause differences in capture probabilities (Desante, 1995; DeSante et al., 1999), 

which is why this method should not be used for absolute measures of productivity.  

However, if age-specific differences are consistent across stands, our indices of 

productivity should be informative in detecting trends.  

Our overall results indicate that bird community structure is influenced by 

mechanisms working at multiple spatial scales. At the species level, bird abundance 

was most strongly correlated with stand-level hardwood. In contrast, community 

richness decreased across an elevation gradient, but did not appear to vary as a 

function of either local vegetation composition or structure. These findings are in 

accordance with the claim that diversity is influenced by a multitude of interacting 

environmental and biotic factors, so that local diversity cannot necessarily be 
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explained by local processes or by one or several competing hypotheses (Terborgh, 

1977). Community diversity is responsive to many types of influence beyond habitat 

structure, so that the landscape context of a patch can strongly influence the 

abundance and richness of species; in this way, a hierarchy of local, regional, and 

global processes determine the structure of ecological communities (Ricklefs, 1987). 

Failing to account for larger spatial influences may lead to false conclusions about 

local processes (Pulliam, 1988; Wiens, 1989; Dunning et al., 1992; Cushman and 

McGarigal, 2003). For these reasons, more research is needed to thoroughly address 

how intensive forest management influences bird diversity in these habitats. Failing to 

detect changes in richness across a local vegetative gradient does not necessarily 

indicate that a relationship does not exist. Species accumulation curves clearly show 

that sampling saturation (or “plateau”) was not attained during field sampling, and the 

steep rising curves indicate that more thorough sampling likely would have revealed 

greater discrepancies in richness among stands. Given the intensity of work involved 

in mistnetting efforts, this question would most likely be better addressed using audio-

visual survey methods. These data was collected, and will be addressed in upcoming 

reports. 

These findings provide a promising foundation for integrating bird 

conservation opportunities into forest management actions. However, it is important to 

note that my findings are correlative and should therefore be tested more rigorously 

through experimental manipulations. The next important step will be determining how 

and where it is best to implement these findings. The feasibility of actively integrating 

hardwood habitat into intensively managed plantations without compromising 

productivity is yet unclear. Further research is needed to assess such 

economic/ecological tradeoffs. Potentially, these findings could be largely applied to 

non-industrial forests, where timber productivity may be inherently lower or where 

conservation objectives take priority over, or at least may be balanced with timber 

growth. Whether in plantations or natural forest, these findings suggest that managing 
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for increased early seral hardwood cover may mitigate local declines in forest bird 

populations.



119 
 

 

Literature Cited 
 

Bock, C.E., Jones, Z.F., 2004. Avian habitat evaluation: Should counting birds count? 
Front. Ecol. Environ. 2, 403-410. 

Cushman, S.A., McGarigal, K., 2003. Landscape-level patterns of avian diversity in 
the oregon coast range. Ecological Monographs 73, 259-281. 

Desante, D.F., 1995. Suggestions for future directions for studies of marked migratory 
landbirds from the perspective of a practitioner in population management and 
conservation. Journal of Applied Statistics 22, 949-965. 

DeSante, D.F., O'Grady, D.R., Pyle, P., 1999. Measures of productivity and survival 
derived from standardized mist-netting are consistent with observed population 
changes. Bird Stud. 46, 178-188. 

du Feu, C.R., Mcmeeking, J., 2004. Relationship of juveniles captured in constant-
effort netting with local abundance. Studies in Avian Biology 29, 57. 

Dunning, J.B., Danielson, B.J., Pulliam, H.R., 1992. Ecological processes that affect 
populations in complex landscapes. Oikos 65, 169-175. 

Faaborg, J., Holmes, R.T., Anders, A.D., Bildstein, K.L., Dugger, K.M., Gauthreaux, 
S.A., Heglund, P., Hobson, K.A., Jahn, A.E., Johnson, D.H., Latta, S.C., Levey, 
D.J., Marra, P.P., Merkord, C.L., Nol, E., Rothstein, S.I., Sherry, T.W., Sillett, 
T.S., Thompson, F.R., Warnock, N., 2010. Recent advances in understanding 
migration systems of new world land birds. Ecological Monographs 80, 3-48. 

Hagar, J.C., Dugger, K.M., Starkey, E., 2007. Arthropod prey of wilson's warblers in 
the understory of douglas-fir forests. The Wilson Journal of Ornithology 119, 533-
546. 

Hammond, P.C., Miller, J.C., 1998. Comparison of the biodiversity of lepidoptera 
within three forested ecosystems. Ann. Entomol. Soc. Am. 91, 323-328. 

Pulliam, H.R., 1988. Sources, sinks, and population regulation. Am. Nat. 132, 652-
661. 

Rappole, J.H., Winker, K., Powell, G.V.N., 1998. Migratory bird habitat use in 
southern mexico: Mist nets versus point counts. J. Field Ornithol. 69, 635-643. 

Ricklefs, R.E., 1987. Community diversity - relative roles of local and regional 
processes. Science 235, 167-171. 

Rodewald, A.D., Vitz, A.C., 2005. Edge- and area-sensitivity of shrubland birds. J. 
Wildl. Manage. 69, 681-688. 

Schlaepfer, M.A., Runge, M.C., Sherman, P.W., 2002. Ecological and evolutionary 
traps. Trends in Ecology & Evolution 17, 474-480. 

Silkey, M., Nur, N., Geupel, G.R., 1999. The use of mist-net capture rates to monitor 
annual variation in abundance: A validation study. Condor 101, 288-298. 

Stenger, J., 1958. Food habits and available food to ovenbirds in relation to territory 
size. Auk 75, 335-346. 



120 
 

 

Terborgh, J., 1977. Bird species-diversity on an andean elevational gradient. Ecology 
58, 1007-1019. 

Vanhorne, B., 1983. Density as a misleading indicator of habitat quality. J. Wildl. 
Manage. 47, 893-901. 

Wiens, J.A., 1989. Spatial scaling in ecology. Functional Ecology 3, 385-397. 
 



121 
 

 

BIBLIOGRAPHY 
 

Adams, W.T., Hobbs, S., Johnson, N., 2005. Intensively managed forest plantations in 
the pacific northwest: Introduction. Journal of Forestry 103, 59-60. 

Ahlering, M.A., Faaborg, J., 2006. Avian habitat management meets conspecific 
attraction: If you build it, will they come? Auk 123, 301-312. 

Anders, A.D., Faaborg, J., Thompson, F.R., 1998. Postfledging dispersal, habitat use, 
and home-range size of juvenile wood thrushes. Auk 115, 349-358. 

Andren, H., 1994. Effects of habitat fragmentation on birds and mammals in 
landscapes with different proportions of suitable habitat - a review. Oikos 71, 355-
366. 

Angelstam, P.K., 1998. Maintaining and restoring biodiversity in european boreal 
forests by developing natural disturbance regimes. Journal of Vegetation Science 
9, 593-602. 

Askins, R.A., Philbrick, M.J., Sugeno, D.S., 1987. Relationship between the regional 
abundance of forest and the composition of forest bird communities. Biological 
Conservation 39, 129-152. 

Battin, J., 2004. When good animals love bad habitats: Ecological traps and the 
conservation of animal populations. Conserv. Biol. 18, 1482-1491. 

Betts, M.G., Diamond, A.W., Forbes, G.J., Villard, M.A., Gunn, J.S., 2006. The 
importance of spatial autocorrelation, extent and resolution in predicting forest 
bird occurrence. Ecological Modelling 191, 197-224. 

Betts, M.G., Forbes, G.J., Diamond, A.W., 2007. Thresholds in songbird occurrence in 
relation to landscape structure. Conserv. Biol. 21, 1046-1058. 

Betts, M.G., Hadley, A.S., Rodenhouse, N., Nocera, J.J., 2008. Social information 
trumps vegetation structure in breeding-site selection by a migrant songbird. 
Proceedings of the Royal Society B-Biological Sciences 275, 2257-2263. 

Betts, M.G., Hagar, J., Rivers, J.W., Alexander, J.D., McGarigal, K., McComb, B.C., 
2010. Thresholds in forest bird occurrence as a function of the amount of early-
seral broadleaf forest at landscape scales. Ecol. Appl. 00, 0000. 

Betts, M.G., Hagar, J., Rivers, J.W., Alexander, J.D., McGarigal, K., McComb, B.C., 
In press. Thresholds in forest bird occurrence as a function of the amount of early-
seral broadleaf forest at landscape scales. Ecol. Appl. 00, 0000. 

Betts, M.G., Villard, M.-A., 2009. Landscape thresholds in species occurrence as 
quantitative targets for forest management: Generality in space and time? In: 
Villard, M.-A. (Ed.), Setting conservation targets for managed forest landscapes. 
Cambridge University Press, Cambridge, UK, pp. 185-206. 

Bock, C.E., Jones, Z.F., 2004. Avian habitat evaluation: Should counting birds count? 
Front. Ecol. Environ. 2, 403-410. 



122 
 

 

Bridgeland, W.T., Beier, P., Kolb, T., Whitham, T.G., 2010. A conditional trophic 
cascade: Birds benefit faster growing trees with strong links between predators and 
plants. Ecology 91, 73-84. 

Brooks, R.T., 2003. Abundance, distribution, trends, and ownership patterns of early-
successional forests in the northeastern united states. For. Ecol. Manage. 185, 65-
74. 

Burnham, K.P., Anderson, D.R., 2002. Model selection and multimodel inference: A 
practical information-theoretic approach. Springer-Verlag New York, Inc., New 
York. 

Caley, M.J., Schluter, D., 1997. The relationship between local and regional diversity. 
Ecology 78, 70-80. 

Chambers, C.L., McComb, W.C., Tappeiner, J.C., 1999. Breeding bird responses to 
three silvicultural treatments in the oregon coast range. Ecol. Appl. 9, 171-185. 

Citta, J.J., Lindberg, M.S., 2007. Nest-site selection of passerines: Effects of 
geographic scale and public and personal information. Ecology 88, 2034-2046. 

Currie, D.J., 1991. Energy and large-scale patterns of animal-species and plant-species 
richness. Am. Nat. 137, 27-49. 

Cushman, S.A., McGarigal, K., 2003. Landscape-level patterns of avian diversity in 
the oregon coast range. Ecological Monographs 73, 259-281. 

Desante, D.F., 1995. Suggestions for future directions for studies of marked migratory 
landbirds from the perspective of a practitioner in population management and 
conservation. Journal of Applied Statistics 22, 949-965. 

Desante, D.F., Burton, K.M., Saracco, J.F., Walker, B.L. (Eds.), 1995. Productivity 
indices and survival rate estimates from maps, a continent-wide programme of 
constant-effort mist-netting in north america. Carfax Publ Co. 

DeSante, D.F., O'Grady, D.R., Pyle, P., 1999. Measures of productivity and survival 
derived from standardized mist-netting are consistent with observed population 
changes. Bird Stud. 46, 178-188. 

Diaz, S., Cabido, M., 2001. Vive la difference: Plant functional diversity matters to 
ecosystem processes. Trends in Ecology & Evolution 16, 646-655. 

Donald, P.F., 2007. Adult sex ratios in wild bird populations. Ibis 149, 671-692. 
du Feu, C.R., Mcmeeking, J., 2004. Relationship of juveniles captured in constant-

effort netting with local abundance. Studies in Avian Biology 29, 57. 
Dunn, E.H., Ralph, C.J., 2004. Use of mist nets as a tool for bird population 

monitoring. Studies in Avian Biology 29, 1-6. 
Dunning, J.B., Danielson, B.J., Pulliam, H.R., 1992. Ecological processes that affect 

populations in complex landscapes. Oikos 65, 169-175. 
Easton, W.E., Martin, K., 1998. The effect of vegetation management on breeding bird 

communities in british columbia. Ecol. Appl. 8, 1092-1103. 
Easton, W.E., Martin, K., 2002. Effects of thinning and herbicide treatments on 

nestsite selection by songbirds in young, managed forests. Auk 119, 685-694. 



123 
 

 

Ehrlich, P.R., Dobkin, D.S., Wheye, D., 1988. The birder's handbook: A field guide to 
the natural history of north american birds. Simon & Schuster Inc., New York, 
New York. 

ESRI, 2008. Arcgis version 9.3. Environmental systems research institute, inc., 
redlands, ca. 

Faaborg, J., Holmes, R.T., Anders, A.D., Bildstein, K.L., Dugger, K.M., Gauthreaux, 
S.A., Heglund, P., Hobson, K.A., Jahn, A.E., Johnson, D.H., Latta, S.C., Levey, 
D.J., Marra, P.P., Merkord, C.L., Nol, E., Rothstein, S.I., Sherry, T.W., Sillett, 
T.S., Thompson, F.R., Warnock, N., 2010. Recent advances in understanding 
migration systems of new world land birds. Ecological Monographs 80, 3-48. 

Fenning, T.M., Gershenzon, J., 2002. Where will the wood come from? Plantation 
forests and the role of biotechnology. Trends Biotechnol. 20, 291-296. 

Franklin, J.F., Dyrness, C.T., 1988. Natural vegetation of oregon and washington. 
Oregon State University Press, Corvallis, OR. 

Franklin, J.F., Spies, T.A., Perry, D., Harmon, M., McKee, A., 1986. Modifying 
douglas-fir management regimes for nontimber objectives. In: Oliver, C.D., 
Hanley, D.P., Johnson, J.A. (Eds.), Douglas-fir: Stand management for the future: 
Proceedings of a symposium; 1985 june 18-20. College of Forest Resources, 
University of Washington. Reproduced by USDA Forest Service, Seattle, WA, pp. 
373-379. 

Gashwiler, J.S., 1970. Plant and mannal changes on a clearcut in west-central oregon. 
Ecology 51, 1018-1026. 

Gotelli, N.J., Colwell, R.K., 2001. Quantifying biodiversity: Procedures and pitfalls in 
the measurement and comparison of species richness. Ecol. Lett. 4, 379-391. 

Gotelli, N.J., Entsminger, G.L., 2004. Ecosim: Null models software for ecology. 
Version 7. In. Acquired Intelligence Inc. & Kesey-Bear. 
http://garyentsminger.com/ecosim/index.htm, Jerico, VT. 

Graber, J.W., Graber, R.R., 1983. Feeding rates of warblers in spring. Condor 85, 139-
150. 

Guenette, J.S., Villard, M.A., 2005. Thresholds in forest bird response to habitat 
alteration as quantitative targets for conservation. Conserv. Biol. 19, 1168-1180. 

Guynn, D.C., Guynn, S.T., Wigley, T.B., Miller, D.A., 2004. Herbicides and forest 
biodiversity-- what do we know and where do we go from here? Wildlife Society 
Bulletin 32, 1085-1092. 

Hagar, J., 2003. Functional relationships among songbirds, arthropods, and understory 
vegetation in douglas-fir forests, western oregon. In. Oregon State University, 
Corvallis, OR. 

Hagar, J.C., 2007. Wildlife species associated with non-coniferous vegetation in 
pacific northwest conifer forests: A review. For. Ecol. Manage. 246, 108-122. 

Hagar, J.C., Dugger, K.M., Starkey, E., 2007. Arthropod prey of wilson's warblers in 
the understory of douglas-fir forests. The Wilson Journal of Ornithology 119, 533-
546. 



124 
 

 

Hagar, J.C., McComb, W.C., Emmingham, W.H., 1996. Bird communities in 
commercially thinned and unthinned douglas-fir stands of western oregon. 
Wildlife Society Bulletin 24, 353-366. 

Hammond, P.C., Miller, J.C., 1998. Comparison of the biodiversity of lepidoptera 
within three forested ecosystems. Ann. Entomol. Soc. Am. 91, 323-328. 

Hansen, A.J., McComb, W.C., Vega, R., Raphael, M.G., Hunter, M., 1995. Bird 
habitat relationships in natural and managed forests in the west cascades of oregon. 
Ecol. Appl. 5, 555-569. 

Hansen, A.J., Spies, T.A., Swanson, F.J., Ohmann, J.L., 1991. Conserving biodiversity 
in managed forests - lessons from natural forests. Bioscience 41, 382-392. 

Harrington, T.B., 2006. Five-year growth responses of douglas-fir, western hemlock, 
and western redcedar seedlings to manipulated levels of overstory and understory 
competition. Canadian Journal of Forest Research-Revue Canadienne De 
Recherche Forestiere 36, 2439-2453. 

Harrington, T.B., Wagner, R.G., Radosevich, S.R., Walstad, J.D., 1995. Interspecific 
competition and herbicide injury influence 10-year responses of coastal douglas-fir 
and associated vegetation to release treatments. For. Ecol. Manage. 76, 55-67. 

Harvey, C.A., Villalobos, J.A.G., 2007. Agroforestry systems conserve species-rich 
but modified assemblages of tropical birds and bats. Biodiversity and Conservation 
16, 2257-2292. 

Heck, K.L., Jr., Belle, G.v., Simberloff, D., 1975. Explicit calculation of the 
rarefaction diversity measurement and the determination of sufficient sample size. 
Ecology 56, 1459-1461. 

Holmes, R.T., Marra, P.P., Sherry, T.W., 1996. Habitat-specific demography of 
breeding black-throated blue warblers (dendroica caerulescens): Implications for 
population dynamics. J. Anim. Ecol. 65, 183-195. 

Holmes, R.T., Schultz, J.C., Nothnagle, P., 1979. Bird predation on forest insects - 
exclosure experiment. Science 206, 462-463. 

House, W.B., Goodson, L.H., Gadberry, H.M., Dockter, K.W., 1967. Assessment of 
ecological effects of extensive or repeated use of herbicides. Midwest Research 
Institute, Kansas, City, Mo. 

Howard, K.M., Newton, M., 1984. Overtopping by successional coast-range 
vegetation slows douglas-fir seedlings. Journal of Forestry 82, 178-180. 

Huggett, A.J., 2005. The concept and utility of 'ecological thresholds' in biodiversity 
conservation. Biological Conservation 124, 301-310. 

Hunt, P.D., 1998. Evidence from a landscape population model of the importance of 
early successional habitat to the american redstart. Conserv. Biol. 12, 1377-1389. 

Hunter, W.C., Buehler, D.A., Canterbury, R.A., Confer, J.L., Hamel, P.B., 2001. 
Conservation of disturbance-dependent birds in eastern north america. Wildlife 
Society Bulletin 29, 440-455. 

Hurlbert, S.H., 1971. The nonconcept of species diversity: A critique and alternative 
parameters. Ecology 52, 577-586. 



125 
 

 

James, F.C., Rathbun, S., 1981. Rarefaction, relative abundance, and diversity of avian 
communities. Auk 98, 785-800. 

Johnson, D.H., 2008. In defense of indices: The case of bird surveys. J. Wildl. 
Manage. 72, 857-868. 

Jones, J., 2001. Habitat selection studies in avian ecology: A critical review. Auk 118, 
557-562. 

Karr, J.R., Roth, R.R., 1971. Vegetation structure and avian diversity in several new 
world areas. The American Naturalist 105, 423-435. 

Kattan, G.H., Franco, P., 2004. Bird diversity along elevational gradients in the andes 
of colombia: Area and mass effects. Glob. Ecol. Biogeogr. 13, 451-458. 

Keller, J.K., Richmond, M.E., Smith, C.R., 2003. An explanation of patterns of 
breeding bird species richness and density following clearcutting in northeastern 
USA forests. For. Ecol. Manage. 174, 541-564. 

Kennedy, R.S.H., Spies, T.A., 2004. Forest cover changes in the oregon coast range 
from 1939 to 1993. For. Ecol. Manage. 200, 129-147. 

Kennedy, R.S.H., Spies, T.A., 2005. Dynamics of hardwood patches in a conifer 
matrix: 54 years of change in a forested landscape in coastal oregon, USA. 
Biological Conservation 122, 363-374. 

King, D.I., Degraaf, R.M., Smith, M.L., Buonaccorsi, J.P., 2006. Habitat selection and 
habitat-specific survival of fledgling ovenbirds (seiurus aurocapilla). J. Zool. 269, 
414-421. 

Kissling, W.D., Field, R., Bohning-Gaese, K., 2008. Spatial patterns of woody plant 
and bird diversity: Functional relationships or environmental effects? Glob. Ecol. 
Biogeogr. 17, 327-339. 

Lampila, P., Monkkonen, M., Desrochers, A., 2005. Demographic responses by birds 
to forest fragmentation. Conserv. Biol. 19, 1537-1546. 

Lautenschlager, R.A., 1993. Response of wildlife to forest herbicide applications in 
northern coniferous ecosystems. Canadian Journal of Forest Research-Revue 
Canadienne De Recherche Forestiere 23, 2286-2299. 

Lee, P.Y., Rotenberry, J.T., 2005. Relationships between bird species and tree species 
assemblages in forested habitats of eastern north america. Journal of Biogeography 
32, 1139-1150. 

Lindenmayer, D., Hunter, M., 2010. Essay: Some guiding concepts for conservation 
biology 

algunos conceptos orientadores para la biología de la conservación. Conserv. Biol., 
no-no. 

Lindenmayer, D.B., Cunningham, R.B., Donnelly, C.F., Nix, H., Lindenmayer, B.D., 
2002. Effects of forest fragmentation on bird assemblages in a novel landscape 
context. Ecological Monographs 72, 1-18. 

Lindenmayer, D.B., Franklin, J.F., 2002. Conserving forest biodiversity: A 
comprehensive multiscaled approach. Island Press, Washington DC. 

Lindenmayer, D.B., Hobbs, R.J., 2004. Fauna conservation in australian plantation 
forests - a review. Biological Conservation 119, 151-168. 



126 
 

 

Litvaitis, J.A., 1993. Response of early successional vertebrates to historic changes in 
land-use. Conserv. Biol. 7, 866-873. 

Logan, R., 2002. Oregon's forest protection laws. Oregon Forest Resources Institute, 
Portland, OR. 

Long, J.N., 1977. Trends in plant species diversity associated with development in a 
series of pseudotsuga menzeisii/gaultheria shallon stands. Northwest Science 51, 
119-130. 

MacArthur, R., MacArthur, J.W., 1961. On bird species-diversity. Ecology 42, 594-&. 
Macarthur, R., Preer, J., Macarthur, J.W., 1962. Bird species diversity .2. Prediction of 

bird census from habitat measurements. Am. Nat. 96, 167-&. 
MacArthur, R., Recher, H., Cody, M., 1966. On the relation between habitat selection 

and species diversity. The American Naturalist 100, 319-332. 
MacArthur, R.H., Wilson, E.O., 1967. The theory of island biogeography. Princeton 

University Press, Princeton. 
Maguire, D.A., Mainwaring, D.B., Rose, R., Garber, S.M., Dinger, E.J., 2009. 

Response of coastal douglas-fir and competing vegetation to repeated and delayed 
weed control treatments during early plantation development. Canadian Journal of 
Forest Research-Revue Canadienne De Recherche Forestiere 39, 1208-1219. 

Marquis, R.J., Whelan, C.J., 1994. Insectivorous birds increase growth of white oak 
through consumption of leaf-chewing insects. Ecology 75, 2007-2014. 

Marshall, M.R., Cooper, R.J., 2004. Territory size of a migratory songbird in response 
to caterpillar density and foliage structure. Ecology 85, 432-445. 

Martin, T.E., 1987. Food as a limit on breeding birds- a life-history perspective. 
Annual Review of Ecology and Systematics 18, 453-487. 

McGarigal, K., McComb, W.C., 1995. Relationships between landscape structure and 
breeding birds in the oregon coast range. Ecological Monographs 65, 235-260. 

Miller, K.V., Miller, J.H., 2004. Forestry herbicide influences on biodiversity and 
wildlife habitat in southern forests. In. Wildlife Soc, pp. 1049-1060. 

Morales, M.B., Traba, J., Carriles, E., Delgado, M.P., de la Morena, E.L.G., 2008. 
Sexual differences in microhabitat selection of breeding little bustards tetrax 
tetrax: Ecological segregation based on vegetation structure. Acta Oecol.-Int. J. 
Ecol. 34, 345-353. 

Morrison, M.L., 1981. The structure of western warbler assemblages - analysis of 
foraging behavior and habitat selection in oregon. Auk 98, 578-588. 

Morrison, M.L., Meslow, E.C., 1983. Bird community structure on early-growth 
clearcuts in western oregon. American Midland Naturalist 110, 129-137. 

Morrison, M.L., Meslow, E.C., 1984. Response of avian communities to herbicide-
induced vegetation changes. J. Wildl. Manage. 48, 14-22. 

Muggeo, V.M.R., 2009. Segmented: Segmented relationships in regression models. R 
package version 0.2-6. In. 

Nagy, L.R., Holmes, R.T., 2005. Food limits annual fecundity of a migratory 
songbird: An experimental study. Ecology 86, 675-681. 



127 
 

 

Najera, A., Simonetti, J.A., 2010. Enhancing avifauna in commercial plantations. 
Conserv. Biol. 24, 319-324. 

Newton, I., 1998. Population limitation in birds. Academic Press, San Diego. 
Nilsson, S., Bull, G., 2005. Global wood supply analysis.  Presentation at the 46th 

session of the food and agriculture organization of the united nations (fao) 
advisory committee, vancouver, canada. In. 

Ohmann, J.L., Gregory, M.J., 2002. Predictive mapping of forest composition and 
structure with direct gradient analysis and nearest-neighbor imputation in coastal 
oregon, USA. Canadian Journal of Forest Research-Revue Canadienne De 
Recherche Forestiere 32, 725-741. 

Olszewski, T.D., 2004. A unified mathematical framework for the measurement of 
richness and evenness within and among multiple communities. Oikos 104, 377-
387. 

Pearman, P.B., 2002. The scale of community structure: Habitat variation and avian 
guilds in tropical forest understory. Ecological Monographs 72, 19-39. 

Pielou, E.C., 1977. Mathematical ecology. John Wiley & Sons, Inc. 
Poulin, J.F., Villard, M.A., Edman, M., Goulet, P.J., Eriksson, A.M., 2008. Thresholds 

in nesting habitat requirements of an old forest specialist, the brown creeper 
(certhia americana), as conservation targets. Biological Conservation 141, 1129-
1137. 

Pulliam, H.R., 1988. Sources, sinks, and population regulation. Am. Nat. 132, 652-
661. 

Pyle, P., 2001. Identification guide to north american birds. Part i. Slate Creek Press, 
Bolinas, California. 

R Development Core Team, 2009. R: A language and environment for statistical 
computing. In, Vienna, Austria. 

Radford, J.Q., Bennett, A.F., Cheers, G.J., 2005. Landscape-level thresholds of habitat 
cover for woodland-dependent birds. Biological Conservation 124, 317-337. 

Rahbek, C., 1995. The elevational gradient of species richness - a uniform pattern. 
Ecography 18, 200-205. 

Rahbek, C., 1997. The relationship among area, elevation, and regional species 
richness in neotropical birds. Am. Nat. 149, 875-902. 

Ralph, C.J., Geupel, G.R., Pyle, P., Martin, T.E., deSante, D.F., 1993. Handbook of 
field methods for monitoring landbirds. In: Forest Service, U.S.D.o.A. (Ed.). 
Pacific Southwest Research Station, Albany, California. 

Rappole, J.H., Winker, K., Powell, G.V.N., 1998. Migratory bird habitat use in 
southern mexico: Mist nets versus point counts. J. Field Ornithol. 69, 635-643. 

Recher, H.F., 1969. Bird species diversity and habitat diversity in australia and north 
america. The American Naturalist 103, 75-80. 

Rich, T.D., Beardmore, C.J., Berlanga, H., Blancher, P.J., Bradstreet, M.S.W., 
Butcher, G.S., Demarest, D.W., Dunn, E.H., Hunter, W.C., Iñigo-Elias, E.E., 
Kennedy, J.A., Martell, A.M., Panjabi, A.O., Pashley, D.N., Rosenberg, K.V., 



128 
 

 

Rustay, C.M., Wendt, J.S., Will, T.C., 2004. Partners in flight north american 
landbird conservation plan. Cornell Lab of Ornithology, Ithaca, NY. 

Ricklefs, R.E., 1987. Community diversity - relative roles of local and regional 
processes. Science 235, 167-171. 

Rivera, J.H.V., Rappole, J.H., McShea, W.J., Haas, C.A., 1998. Wood thrush 
postfledging movements and habitat use in northern virginia. Condor 100, 69-78. 

Robbins, C.S., Sauer, J.R., Greenberg, R.S., Droege, S., 1989. Population declines in 
north american birds that migrate to the neotropics. Proc. Natl. Acad. Sci. U. S. A. 
86, 7658-7662. 

Robbins, C.S., Sauer, J.R., Peterjohn, B.G., 1992. Population trends and management 
opportunities for neotropical migrants. In: Finch, D., Stangel, P. (Eds.), Status and 
management of Neotropical migratory birds.  U.S. Forest Service General 
Technical Report RM-229, pp. 17-23. 

Rodenhouse, N.L., Holmes, R.T., 1992. Results of experimental and natural food 
reductions for breeding black-throated blue warblers. Ecology 73, 357-372. 

Rodewald, A.D., Vitz, A.C., 2005. Edge- and area-sensitivity of shrubland birds. J. 
Wildl. Manage. 69, 681-688. 

Rodewald, A.D., Yahner, R.H., 2001. Influence of landscape composition on avian 
community structure and associated mechanisms. Ecology 82, 3493-3504. 

Sauer, J.R., Hines, J.E., Fallon, J., 2008. The north american breeding bird survey, 
results and analysis 1966-2007. Version 5.15.2008. Usgs patuxent wildlife 
research center. Laurel, md. In. 

Schjorring, S., Gregersen, J., Bregnballe, T., 2000. Sex difference in criteria 
determining fidelity towards breeding sites in the great cormorant. J. Anim. Ecol. 
69, 214-223. 

Schlaepfer, M.A., Runge, M.C., Sherman, P.W., 2002. Ecological and evolutionary 
traps. Trends in Ecology & Evolution 17, 474-480. 

Schoener, T.W., 1974. Resource partitioning in ecological communities. Science 185, 
27-39. 

Sedjo, R.A., 1999. The potential of high-yield plantation forestry for meeting timber 
needs. New Forests 17, 339-359. 

Silkey, M., Nur, N., Geupel, G.R., 1999. The use of mist-net capture rates to monitor 
annual variation in abundance: A validation study. Condor 101, 288-298. 

Sipura, M., 1999. Tritrophic interactions: Willows, herbivorous insects and 
insectivorous birds. Oecologia 121, 537-545. 

Skagen, S.K., Yackel Adams, A.A., 2010. Essay: Potential misuse of avian density as 
a conservation metric. Conserv. Biol., xx-xx. 

Spies, T.A., Johnson, K.N., Burnett, K.M., Ohmann, J.L., McComb, B.C., Reeves, 
G.H., Bettinger, P., Kline, J.D., Garber-Yonts, B., 2007a. Cumulative ecological 
and socioeconomic effects of forest policies in coastal oregon. Ecol. Appl. 17, 5-
17. 



129 
 

 

Spies, T.A., McComb, B.C., Kennedy, R.S.H., McGrath, M.T., Olsen, K., Pabst, R.J., 
2007b. Potential effects of forest policies on terrestrial biodiversity in a multi-
ownership province. Ecol. Appl. 17, 48-65. 

Stenger, J., 1958. Food habits and available food to ovenbirds in relation to territory 
size. Auk 75, 335-346. 

Stevens, G.C., 1992. The elevational gradient in altitudinal range - an extension of 
rapoport latitudinal rule to altitude. Am. Nat. 140, 893-911. 

Strong, A.M., Sherry, T.W., Holmes, R.T., 2000. Bird predation on herbivorous 
insects: Indirect effects on sugar maple saplings. Oecologia 125, 370-379. 

Swanson, M.E., Franklin, J.F., Beschta, R.L., Crisafulli, C.M., DellaSala, D.A., Hutto, 
R.L., Lindenmayer, D.B., Swanson, F.J., 2010. The forgotten stage of forest 
succession: Early-successional ecosystems on forest sites. Front. Ecol. Environ. 

Swift, T.L., Hannon, S.J., 2010. Critical thresholds associated with habitat loss: A 
review of the concepts, evidence, and applications. Biol. Rev. 85, 35-53. 

Tappeiner, J.C., Maguire, D.A., Harrington, T.B., 2007. Silviculture and ecology of 
western u.S. Forests. Oregon State University Press, Corvallis, OR. 

Terborgh, J., 1977. Bird species-diversity on an andean elevational gradient. Ecology 
58, 1007-1019. 

Terborgh, J., Weske, J.S., 1975. Role of competition in distribution of andean birds. 
Ecology 56, 562-576. 

Tews, J., Brose, U., Grimm, V., Tielborger, K., Wichmann, M.C., Schwager, M., 
Jeltsch, F., 2004. Animal species diversity driven by habitat 
heterogeneity/diversity: The importance of keystone structures. Journal of 
Biogeography 31, 79-92. 

Thomas, J.W., Franklin, J.F., Gordon, J., Johnson, K.N., 2006. The northwest forest 
plan: Origins, components, implementation experience, and suggestions for 
change. Conserv. Biol. 20, 277-287. 

Thompson, D.G., Pitt, D.G., 2003. A review of canadian forest vegetation 
management research and practice. In. E D P Sciences, pp. 559-572. 

Thompson, I.D., Baker, J.A., Ter-Mikaelian, M., 2003. A review of the long-term 
effects of post-harvest silviculture on vertebrate wildlife, and predictive models, 
with an emphasis on boreal forests in ontario, canada. For. Ecol. Manage. 177, 
441-469. 

Van Bael, S.A., Brawn, J.D., Robinson, S.K., 2003. Birds defend trees from 
herbivores in a neotropical forest canopy. Proc. Natl. Acad. Sci. U. S. A. 100, 
8304-8307. 

Van Bael, S.A., Philpott, S.M., Greenberg, R., Bichier, P., Barber, N.A., Mooney, 
K.A., Gruner, D.S., 2008. Birds as predators in tropical agroforestry systems. 
Ecology 89, 928-934. 

van Dorp, D., Opdam, P.F.M., 1987. Effects of patch size, isolation and regional 
abundance on forest bird communities. Landscape Ecology 1, 59-73. 

Vanhorne, B., 1983. Density as a misleading indicator of habitat quality. J. Wildl. 
Manage. 47, 893-901. 



130 
 

 

Verschuyl, J.P., Hansen, A.J., McWethy, D.B., Sallabanks, R., Hutto, R.L., 2008. Is 
the effect of forest structure on bird diversity modified by forest productivity? 
Ecol. Appl. 18, 1155-1170. 

Villard, M.A., Jonsson, B.G., 2009. Tolerance of focal species to forest management 
intensity as a guide in the development of conservation targets. For. Ecol. Manage. 
258, S142-S145. 

Wagner, R.G., Little, K.M., Richardson, B., McNabb, K., 2006. The role of vegetation 
management for enhancing productivity of the world's forests. Forestry 79, 57-79. 

Whiteman, A., Brown, C., 1999. The potential role of forest plantations in meeting 
future demands for industrial wood products. International Forestry Review 1, 
143-152. 

Wiens, J.A., 1989. Spatial scaling in ecology. Functional Ecology 3, 385-397. 
Willott, S.J., 2001. Species accumulation curves and the measure of sampling effort. J. 

Appl. Ecol. 38, 484-486. 
Willson, M.F., 1974. Avian community organization and habitat structure. Ecology 

55, 1017-1029. 
Willson, M.F., Comet, T.A., 1996a. Bird communities of northern forests: Ecological 

correlates of diversity and abundance in the understory. Condor 98, 350-362. 
Willson, M.F., Comet, T.A., 1996b. Bird communities of northern forests: Patterns of 

diversity and abundance. Condor 98, 337-349. 
Zuckerberg, B., Porter, W.F., 2010. Thresholds in the long-term responses of breeding 

birds to forest cover and fragmentation. Biological Conservation 143, 952-962. 
 



 
 

 

 


	Literature Cited
	List of Figures
	Figure                                                                                                                         Page
	List of Appendices
	Appendix                                                                                                                   Page 
	List of Appendices (Continued)
	Appendix                                                                                                                   Page 
	Abstract
	1. Introduction
	2. Methods  
	2.1 Study area
	2.2 Stand selection
	2.3 Bird mist net sampling
	2.4 Stand vegetation data
	2.5 Landscape and spatial data
	2.6 Community diversity measures 
	2.7 Statistical analysis

	3. Results
	3.1 Abundance
	3.2 Species richness and evenness

	4. Discussion
	4.1 Abundance and thresholds
	4.2 Species richness and evenness
	4.3 Detectability bias

	5. Conclusions and Management Implications
	Literature
	Tables
	Figures
	Appendices
	List of Figures
	List of Appendices
	Abstract
	1. Introduction
	2. Methods  
	2.1 Study area
	2.2 Stand selection
	2.3 Bird mist net sampling
	2.4 Stand vegetation data
	2.5 Landscape and spatial data
	2.6 Bird abundance 
	2.7 Statistical analysis

	3. Results
	3.1 Orange-crowned Warbler
	3.2 Wilson’s Warbler
	3.3 MacGillivray’s Warbler
	3.4 Swainson’s Thrush
	3.5 Black-headed Grosbeak
	4.1 Bird associations with hardwood species
	4.2 Ecological traps and evidence of productivity
	4.3 Study limitations

	5. Conclusions and Management Implications
	Literature
	Tables
	Figures
	Appendices
	CHAPTER IV: CONCLUSIONS AND RECOMMENDATIONS
	Literature Cited
	BIBLIOGRAPHY

