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ABSTRACT

Red-headed Woodpecker Habitat Selection and Breeding Ecology
on Fort Drum Military Installation, New York

Jacob L. Berl

Red-headed woodpecker (Melanerpes erythrocephalus) populations have declined range-wide
over the past 40 years, although the causal mechanisms implicated in the observed declines
remain poorly understood. Population decline has been most severe at the periphery of their
range, particularly in the northeastern United States, coinciding with a region where there is little
information regarding red-headed woodpecker habitat use or demography. A detailed knowledge
of habitat requirements and population dynamics is prerequisite for the effective conservation
and management of imperiled wildlife populations, and this knowledge gap likely precludes
informed management decisions for red-headed woodpeckers in the northeastern portion of their
range. In response to the extreme paucity of information regarding red-headed woodpecker
habitat selection and breeding ecology in the northeastern United States, | conducted a field
study on Fort Drum Military Installation, New York where a small but regionally important
population of 10-15 adult red-headed woodpecker pairs regularly breeds. From May to August
2012-2013 | surveyed the installation for red-headed woodpecker breeding territories and
located 15 and 11 territorial pairs in 2012 and 2013, respectively. | subsequently located nest
cavities of breeding pairs to monitor reproductive success and conducted extensive habitat
sampling to assess nest-habitat selection.

| used boosted regression trees (BRT) to identify red-headed woodpecker nest-habitat
thresholds at multiple spatial scales. Red-headed woodpeckers exhibited nest-tree thresholds
related to tree (1) decay class, (2) dead-limb length, and (3) diameter at breast height (dbh),

while forest patch (i.e., surrounding vegetation) thresholds were related to (1) total dead-limb



length, (2) understory height, (3) average tree dbh, and (4) large tree (=30-cm dbh) density.
These results provide objective criteria for managing nesting habitat for red-headed
woodpeckers, and indicate the relative importance of nest-tree and forest-patch characteristics on
nest-site selection.

| modeled red-headed woodpecker daily nest survival rates (DSR) as a function of
temporal and habitat-specific covariates using logistic-exposure models to identify factors
influencing nest survival and better understand the underlying mechanisms affecting
reproductive success and productivity. A total of 30 red-headed woodpecker nesting attempts by
22 breeding pairs were monitored over the course of the study and | documented low rates of
reproductive success (overall nest success = 32%) and observed high rates (>80%) of nest
predation. DSR was most influenced by cavity concealment, such that nests with greater
vegetative structure surrounding (within 1 m?of) the nest cavity had higher survival rates—an
attribute that likely reduced nest predation.

| also sought to identify factors influencing large-scale selection of breeding habitats by
red-headed woodpeckers, and used BRTs to compare characteristics (structure and composition)
of forest stands occupied and unoccupied by breeding territories. Red-headed woodpeckers
selected forest stands with greater overall stand decadence (decay) and shorter woody understory
height. My results suggest that at coarse spatial scales (i.e., forest stands or habitat fragments)
red-headed woodpecker selection of breeding habitats can be influenced by overall stand
decadence and management strategies that recruit numerous decadent trees into forest stands will
increase available habitat for this species. This study provides resource managers with
meaningful estimates of red-headed woodpecker resource selection and reproductive success that

can be used as guidelines to conserve habitat for this species.
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CHAPTER 1

RED-HEADED WOODPECKER LITERATURE REVIEW



LITERATURE REVIEW
Biology and Taxonomy
The red-headed woodpecker (Melanerpes erythrocephalus) is a member of the family Picidae, a
large and diverse avian family that includes ~20 species of woodpeckers, sapsuckers, and their
allies in North America (Smith et al. 2000). Red-headed woodpeckers are closely related to other
members of the genus Melanerpes, comprised of 5 other species in the United States (acorn
woodpecker [Melanerpes formicivorus], gila woodpecker [Melanerpes uropygialis], golden-
fronted woodpecker [Melanerpes aurifrons], Lewis’s woodpecker [Melanerpes lewis], and red-
bellied woodpecker [Melanerpes carolinus]) (Smith et al. 2000).

Red-headed woodpeckers are medium-sized birds, weighing on average 70 g (Smith et al.
2000). Adults are conspicuously colored with a brilliant red head and nape, black across their
primary and covert feathers, and contrasting white on secondary feathers. The species is
considered gregarious in that they are social, extremely vocal, and easily identified (Rodewald et
al. 2005).
Distribution and Population Status
Red-headed woodpeckers are widely distributed, occurring across much of the eastern United
States (Smith et al. 2000, Rodewald et al. 2005, Vierling and Lentile 2006, King et al. 2007,
Vierling and Gentry 2008). Historically, the red-headed woodpecker was locally abundant
throughout its range, and has one of the largest breeding distributions of any woodpecker species
in North America (King et al. 2007) ranging from Montana and Colorado to the west, Texas and
Florida to the south, and north to New England and Canada (Smith et al. 2000, Rodewald 2005).

Its core breeding distribution (i.e., highest breeding densities) occurs across much of the eastern



tallgrass prairie and central hardwoods interphase, encompassing the states of Illinois,
Wisconsin, lowa, Missouri, Indiana, and Ohio (Smith et al. 2000, Sauer et al. 2011).

Although widely distributed, this species has experienced sharp population declines
across much of its range over the past 40 years (Smith et al. 2000, Rich et al. 2004, Rodewald et
al. 2005, Vierling and Gentry 2008, Sauer et al. 2011). Breeding Bird Survey (BBS) data reports
an annual range-wide population decline of nearly 3%, invoking its listing as a “Watch List
Species” by the National Audubon Society and Partners in Flight (Rich et al. 2004, Sauer et al.
2011). Although the cause of population decline is poorly understood, potential explanations
include removal of decadent trees and snags from timber harvesting and altered disturbance
regimes (e.g. fire suppression) that reduce available habitat (Smith et al. 2000, King et al. 2007,
Vierling and Gentry 2008). Red-headed woodpecker population declines have been greatest near
the periphery of its range (Sauer et al. 2011) resulting in range contraction (Wilcove and
Terborgh 1984, Rodriguez 2002). In New York State declines of 8.8% annually have been
reported, constituting the greatest rate of decline for any state within the red-headed
woodpeckers range (Sauer et al. 2011). This decline is corroborated by New York State Breeding
Bird Atlas data, which recorded twice as many red-headed woodpeckers during the 1980-1985
survey compared to 2000—2005 (McGowan and Corwin 2008). This drastic decline resulted in
the red-headed woodpeckers listing as a New York State “Species of Greatest Conservation
Need” (Levine 1998, McGowan and Corwin 2008, Spiering 2009). Red-headed woodpecker
populations are patchily distributed throughout the northeastern United States and remnant
populations are typically small in size (i.e., a few breeding pairs; Spiering 2009).

Habitat Selection and Associations



Knowledge of habitat selection, particularly during the breeding season, is crucial in order to
manage habitat for species of conservation concern (Anderson and Shugart 1974). Habitat
associations and selection can be related to a variety of biotic and abiotic factors (Cody 1981,
Stauffer and Best 1982, Doligez et al. 2002) and vary by spatial scale (Johnson 1980). This is
true for many cavity nesting birds, which are known to have rather specific habitat criteria
(Raphael and White 1984, Martin and Li 1992) relative to other avian guilds. Important nest-
habitat features for cavity nesting birds include the presence of adequate snags or decadent trees
for use as nesting substrate (Raphael and White 1984).

Red-headed woodpeckers have adapted to breed in a variety of open habitats including
oak (Quercus spp.) savanna (King et al. 2007), oak and hickory (Carya spp.) woodlots (Conner
1976, Adkins-Giese and Cuthbert 2003), burned ponderosa pine (Pinus ponderosa) stands
(Vierling and Lentile 2006), rural golf courses (Rodewald et al. 2005), urbanized landscapes
(Shackelford and Conner 1997), bottomland hardwoods (Williams 1975, Conner et al. 1994),
riparian corridors (Sedgwick and Knopf 1990), quaking aspen (Populus tremuloides) stands
(Kronland 2007) and oak scrub forests (McNair 1996). Dependence on, and selection for, open
habitats may be a factor leading to population decline in this species (Smith et al. 2000). Due to a
range of anthropogenic factors (e.g., fire suppression and altered disturbance regimes) abundance
of many disturbance-mediated habitat types in the eastern United States are declining—
ultimately leading to the population reductions of bird species dependent on these landscapes
(Davis et al. 2000). As a direct result of large-scale habitat loss, several bird species that inhabit
open landscapes (e.g., temperate grasslands, oak savanna, early successional forests) of the
eastern United States have experienced population decline in recent years (Askins 1993, Herkert

1994, Sauer et al. 2011).



Nest-site Selection

Nest-site selection is an integral component of avian breeding behavior (Dobkin et al. 1995,
Martin 1995, Martin 1996, Misenhelter and Rotenberry 2000), and can be influenced by a variety
of factors including competition (Svardson 1949), predation (Nilsson 1984), food abundance
(Nilsson 1984), and habitat alteration (Stauffer and Best 1980). Therefore, a thorough
understanding of habitat features that influence avian nest-site selection can better inform nest-
habitat management decisions for target species—particularly for species experiencing sharp
population declines (Jones 2001, Newlon and Saab 2011).

Although red-headed woodpeckers have historically been considered to be relatively
plastic in their selection of cavity (hereafter termed nest) sites (Smith et al. 2000), habitat
thresholds (i.e., limiting factors) do exist (King et al. 2007) and several studies have shown red-
headed woodpeckers to be highly selective with regards to nest-site selection. For example, in
Illinois, Reller (1972) observed red-headed woodpeckers breeding solely in the trunks of snags,
with cavity heights ranging from 7-20 m. Sedgwick and Knopf (1990) found red-headed
woodpeckers use of nest sites to be positively correlated with tree decadence and snag density in
riparian woodlands in Colorado at both the nest tree and forest patch (i.e., vegetation
immediately surrounding the nest tree) spatial scales. Vierling et al. (2009) found red-headed
woodpeckers nesting in the Black Hills of South Dakota to select nest trees that were larger
(37.8-cm dbh) and taller (10.7-m tree height) than randomly available trees. Furthermore,
compared with random locations, red-headed woodpeckers selected open habitats with fewer
large-diameter trees and lower shrub understory (i.e., more open habitats). In a similar study,
Vierling and Lentile (2006) recorded red-headed woodpecker nests in stands with higher shrub

density, distance to edge, higher burn severity, and greater nest tree diameter at breast height



(dbh) than random sites. In central Wisconsin, King et al. (2007) described red-headed
woodpecker nest-site selection indicating selection for large cavity trees (e.g., 44.2-cm dbh and
16.3-m tall) and a habitat threshold associated with the density of dead-limb bearing trees. Red-
headed woodpeckers also select nesting habitats with higher basal area, snag densities, cavity
densities, decadent tree densities, and total dead-limb length (King et al. 2007).

Although red-headed woodpeckers use a variety of tree species in which to nest (e.g. > 20
different tree species reported), several studies have noted that certain tree species are selected at
greater frequency than available. Red-headed woodpeckers have been shown to selectively nest
in mature quaking aspen (Vierling and Lentile 2006), bigtooth aspen (Populus grandidentata)
and northern pin oak (Quercus ellipsoidalis) (King et al. 2007, Adkins-Giese and Cuthbert
2005), American elm (Ulmus americana) (Jackson 1976), eastern cottonwood (Populus
deltoides) (Gutzwiller and Anderson 1987, Sedgwick and Knopf 1990), and eastern white oak
(Quercus alba) and hickory (Conner 1976). Woodpeckers often select, or excavate, nests at a
specific directional orientation. Red-headed woodpeckers appear to select nest cavities oriented
in a southwestern (Reller 1972) or southeastern (Conner 1975) direction. This selection behavior
may be in part a response to fungal/vegetation growth on northerly facing surfaces of cavity
trees, or for warmer thermal properties associated with southern cavity orientations (Conner
1975).

As with most North American woodpecker species (Kisiel 1972, Mannan et al. 1980,
Brawn et al. 1982, Raphael and White 1984, Morrison and With 1987), the red-headed
woodpecker is dependent on decadent trees or snags for both nesting and foraging habitats.
Gutzwiller and Anderson (1987) among others (e.g. Vierling and Lentile 2006, Williams 1975)

found red-headed woodpeckers nesting occurrence in Wyoming riparian woodlands to be



positively associated with large (>85-cm dbh) snags. However, red-headed woodpeckers are not
completely dependent on snags, and have been known to nest in live trees (Conner 1976),
decadent limbs of live trees (Rodewald et al. 2005), and even telephone poles (Spiering 2009).
Red-headed woodpeckers usually excavate their own nest cavities (King et al. 2007), but
will in some circumstances utilize existing natural cavities (e.g., knotholes) (King et al. 2007) or
usurp nest cavities from competitors (Kronland 2007). Nest cavity excavation by woodpeckers is
an important ecological process, as many other non-excavating cavity nesting birds (e.g., black-
capped chickadee [Poecile atricapillus], eastern bluebird [Sialia sialis], American kestrel [Falco
sparverius]) and other animals (e.g. flying squirrel [Glaucomys spp.], bats [Myotis spp.]) are
often reliant on woodpecker-excavated nest sites (Aitken and Martin 2007, Cockle et al. 2011).
Nest Success and Reproduction
There is a pressing need for further study to quantify red-headed woodpecker reproduction and
productivity (Smith et al. 2000) because these demographic parameters are well known to
influence population dynamics (Dinsmore et al. 2002). In South Dakota, Vierling and Gentry
(2008) studied red-headed woodpecker breeding ecology in two different burned habitats, and
found nest success rates (fledging > 1 young) of 92% in old burn sites and 47% in recently
burned sites. Furthermore, productivity (number of fledglings) was greater in old burn sites (2.8)
than recently burned sites (1.6), and nest failure resulted primarily from predation in both cases.
Rodewald et al. (2005) studied red-headed woodpecker habitat use and reproduction on golf
courses in Ohio and recorded nest success rates of 70% and 80% at golf course and non-golf
course nests, respectively. Vierling and Lentile (2006) found red-headed woodpecker average
clutch size to be 5.4, with a nest daily survival rate (DSR) of 0.98 in South Dakota. To date, only

one study has used the logistic-exposure method (Dinsmore et al. 2002, Bonnot et al. 2008) to



estimate red-headed woodpecker DSR in relation to temporal and habitat-specific covariates.
Using this method, Hudson and Bollinger (2013) recently found that red-headed woodpecker
nest survival increases with nest age and nest height in eastern Illinois. Additional estimates of
nest survival are necessary to better understand the underlying mechanisms affecting red-headed
woodpecker reproduction.

Red-headed woodpeckers appear to display high nest-site fidelity (Ingold 1991), yet this
behavior has not been evaluated extensively or at northern latitudes where the populations are
largely migratory. Red-headed woodpecker breeding phenology is dependent upon location and
latitude, and nest initiation has been reported to be as early as April in southern climes (Ingold
1989) and as late as mid-July in northern regions (Reller 1972, Jackson 1976, Vierling and
Lentile 2006). Double clutches have been recorded for red-headed woodpeckers on several
occasions (Ingold 1987, McNair 1996) but the extent to which this behavior occurs at northern
latitudes (where the breeding season is inherently shorter) is unknown.

Territoriality and Competition

Red-headed woodpeckers are extremely territorial, and display both intraspecific and
interspecific agonistic behavior towards potential competitors. This behavior occurs during the
non-breeding season when individuals will establish well defined territories around food caches
(Kilham 1958, Muskovits 1978) and during the breeding season when territories are centered
around nest tees (Atterberry-Jones and Peer 2010). Winter territory size range from 0.04 ha
(Doherty et al. 1994), 0.1-0.2 ha (Kilham 1958), 0.97 ha (Muskovits 1978), and 0.8-1.2 ha
(MacRoberts 1975). Territoriality during the breeding season is less studied, and documentation
of breeding territory size is limited (Atterberry-Jones and Peer 2010, Kilgo and Vukovich 2012).

However, territoriality is probable during the breeding season, as suitable nesting cavities are



likely to be a limiting resource and breeding pairs will defend resources surrounding nest
locations (Rodewald et al. 2005, Vierling et al. 2009).

Red-headed woodpeckers are known to be aggressive towards potential interspecific and
intraspecific competitors. Competition over nest sites (Jackson 1976, Ingold 1989) and foraging
opportunities (Vierling et al. 2009) have been well documented. Potential interspecific
competitors include the red-bellied woodpecker, Lewis’s woodpecker, downy woodpecker
(Picoides pubescens), pileated woodpecker (Dryocopus pileatus), American crow (Corvus
brachyrhynchos), blue jay (Cyanocitta cristata), and tufted titmouse (Baeolophus bicolor)
(Kilham 1958b, Bock et al. 1971, Reller 1972, Williams 1975, Pinkowski 1977, Moskovits 1978,
Ingold 1989). In particular competition and behavioral interactions between red-headed
woodpeckers and their ecological counterpart, red-bellied woodpeckers, have been well
documented (Reller 1972, Ingold 1989, Ingold 1990, Ingold 1991). Furthermore, as a result of
presumed competition, Vierling et al. (2009) documented niche partitioning between red-headed
woodpeckers and the closely related Lewis’ woodpecker co-occurring in recently burned forests
in South Dakota. Ingold (1989, 1994) described nest cavity usurpation and competitive
interaction over nest cavities between red-headed woodpeckers and the invasive European
starling (Sturnus vulgaris). Nest usurpation by European starlings has been hypothesized as a
factor leading to red-headed woodpecker population decline (Smith et al. 2000, Spiering 2009).
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CHAPTER 2

SCALE-DEPENDENT NEST-HABITAT THRESHOLDS FOR RED-HEADED

WOODPECKERS AT THE NORTHERN LIMIT OF THEIR RANGE
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APPENDIX A. Figures indicating representative trees of various decay stages used to assign
individual trees to pre-defined decay classes. Tree decay class system used in this study followed

Newell et al. (2009) and corresponds to % crown decadence.

Figure 1. Tree decay class 1; vigorous tree with live crown and no partial decadence.
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Figure 2. Tree decay class 2; vigorous tree with <33% crown dieback.
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Figure 3. Tree decay class 3; declining tree with 33-66% crown dieback.
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Figure 4. Tree decay class 4; declining tree with >66% crown dieback.
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Figure 5. Tree decay class 5; recently dead tree that retains primary and secondary limbs and

braches.
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Figure 6. Tree decay class 6; dead tree that retains only large primary limbs.
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Figure 7. Tree decay class 7; dead tree only bole remains >8 m.
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Figure 8. Tree decay class 8; dead tree only bole remains <8 m.
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APPENDIX B. Figures indicating various cavity concealment classes used in logistic-exposure
models of red-headed woodpecker nest daily survival rates (DSR). Cavity concealment was
assessed based on % vegetative structure (live or dead) surrounding (within 1 m? of) nest cavities

and categorized into 10% increments (e.g., cavity concealment category 2 corresponds to 20—

30% concealment).

Figure 1. Nest cavity with no cavity concealment and vegetative structure surrounding the cavity

(category 1; 0—10% concealment).
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Figure 2. Nest cavity with very minimal cavity concealment and vegetative structure

surrounding the cavity (category 1; 0-10% concealment).
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Figure 3. Nest cavity with marginal cavity concealment and vegetative structure surrounding the

cavity (category 3; 30—40% concealment).
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Figure 4. Nest cavity with marginal cavity concealment and vegetative structure surrounding the

cavity (category 4; 40-50% concealment).
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Figure 5. Nest cavity with considerable cavity concealment and vegetative structure surrounding

the cavity (category 6; 60—70% cavity concealment).
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Figure 6. Nest cavity with substantial cavity concealment and vegetative structure surrounding

the cavity (category 8; 80-90% cavity concealment).
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