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ABSTRACT.-- We review major issues in the conservation of neotropical migra-
tory landbirds (NTMB) in Central Hardwood landscapes, with special emphasis
on Illinois, Missouri, Indiana, and Ohio. The Central Hardwood Region is domi-
nated by oak forests, but some other forest types such as bottomland hardwoods

and oak-pine forests also occur within the region. Historically fire and logging
had a major effect on these forests. Of the 128 migratory landbirds that breed in
the Central Hardwood States, 70 depend upon forest. Based on the Breeding
Bird Survey, roughly equal numbers of species in each State are increasing and
decreasing in abundance. Species of high management concern include those
that depend upon mature forest and those that depend upon large-scale distur-
bances to create second-growth, shrub, and savanna habitats. Nest predation
and cowbird parasitism levels vary greatly and are related to tract size and forest
cover; the whole region may be characterized by "source-sink" population dy-
namics. The largest forest tracts in the region have the lowest levels of nest
predation and brood parasitism and may produce the surplus of young that
maintain populations in small tracts, which experience very high levels of para-
sitism and predation. Forest management practices affect both the abundance
and nesting success of NTMB's. The effects of even-aged and uneven-aged
silviculture on bird communities differ at the stand and landscape level. The
impact of burning on forest birds is not well known, although it may be crucial to
maintaining both oak-dominated forests and birds of open forests. Only a few
large, heavily forested landscapes remain in the Central Hardwood Region. We
believe that a prudent conservation strategy is to maintain a high percentage of
forest cover in the few remaining heavily forested landscapes in the Midwest, to
maintain the largest forest tracts in the region, and to take advantage of any
opportunities to restore and recreate larger forest tracts in more fragmented
landscapes. At a more local level land managers should provide appropriate
habitats and landscape patterns by planning forest management activities to
meet habitat goals, reducing internal edge and disturbances where appropriate,
and planning comprehensively across ownerships.

INTRODUCTION landscapes of the central Midwestern United
States. We begin by reviewing the composition,

Neotropical migratory landbirds represent a distribution, and ecology of the forests in this
large proportion of the bird community in region. We describe dominant land-use prac-
Midwestern forests. They have recently been rices and forest management practices in the
the focus of great conservation concern because region. We then describe the forest bird corn-

of declines in some species and concern about munities in the region in terms of their abun-
the impacts of land-use practices and habitat dance and population trends, and review
fragmentation. We review the status and species identified as species of high manage-
conservation of migrant birds in forested ment concern by the Partners in Flight pro-

gram. Next, we examine the impacts of land-
North Central Forest Experiment Station, 1-26 use practices and disturbances on birds in this

Agriculture Bldg., Columbia, MO 65211.
2 Illinois Natural History Survey, 607 East a Department of Biology, Indiana University,

Peabody Drive, Champaign, IL 61820. Bloomington, IN 47405.
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region, including regional patterns in forest Hardwood Region beech and birch are minor

fragmentation and likely source-sink popula- components. Principal species are yellow
tion dynamics. We conclude by synthesizing poplar, white oak, northern red oak, and sugar

this information into a conservation strategy for maple. Many other species are usually present
migrant songbirds in the Central Hardwood including white ash, black oak, chestnut oak,
region, red maple, black gum, basswood, buckeyes,

black walnut, black cherry, and hickories.

CENTRAL II_RDWOOD REGION Common understory species include flowering
dogwood, eastern redbud, serviceberries,

Our focus is predominately on the Central sourwood, and sassafras (Braun 1950, E_e
Hardwood Region. This region has been de- 1980, Sander and Fischer 1989).
freed as the general area included in the extent
of oak-hickory forest type (Sander and Fischer Forest History and Ecology
1989) and it largely corresponds to the Eastern
Broadleaf Forest (Continental) Province and Recent reviews leave little doubt that distur-

Prairie Parkland (Temperate) Province of the bance has been central to the ecology and
United States (McNab and Avers 1994). Be- evolutionary history of forest ecosystems (Nuzzo
cause many of the statistics we review here are 1986, Abrams 1992, Attiwill 1994) and the
available by State as opposed to ecological single most influential agent of periodic distur-
boundaries and because of the midwestern bance in forests worldwide has been fire

focus of this symposium, we concentrated on (Attiwill 1994, Williams et al. 1994). In the
the States of Illinois, Indiana, Missouri, and Central Hardwood Region there is evidence of
Ohio in this paper, repeated burning of oak forests in the moister

areas of the east and in the drier forest/prairie
Forest Types interface along the western boundary of the

region. The history of uncontrolled burning
Oak-hickory forest dominates this area but ended less than a century ago in the Missouri
gives way to mixed hardwoods in the east and Ozarks. Fires occurred there most frequently
oak-pine forest to the south. Bottomland between 1785 and 1810 during an influx of
hardwood forest also extends into the region Native Americans and early European settlers
(see Knutson et al. 1996). Oak-hickory forest who practiced slash-and-burn agriculture. Fire
covers approximately 50,166,000 ha or about frequency decreased with an exodus of Native
one-third of all forest in the Eastern United Americans around 1815 (Guyette and Cutter

States (Smith et al. 1994). The dominant tree 1991).
species are white, black, scarlet, and northern
red oak. Other overstory trees are southern There is some debate about the extent that fire
red, post, blackjack, chinkapin, bur, and affected oak forests (Beilmann and Brenner
northern pin oak; bitternut, mockernut, pignut, 1951, Steyermark 1959) but there is evidence
and shagbark hickories; black gum; yellow that fire-dependent communities, such as
poplar; red and sugar maples; white ash; elms; savannas, barrens, and glades, were more
American beech; black walnut;' and black pervasive historically than they are now. His-
cherry. The most common understory trees or torical and paleoecological evidence indicates
shrubs are flowering dogwood, sassafras, that these habitat types may have covered up to
redbud, serviceberries, eastern hophornbeam, 13 million ha at the time of European settle-
American hornbeam, witch-hazel, blueberries, ment (Nuzzo 1986). In Missouri, oak savannas
mountain-laurel, and beaked hazel (Braun may have covered as much as one-third of the

1950, Eyre 1980, Sander and Fischer 1989). State (Nelson 1985). Although definitions for
these habitats have proved elusive (see White

Oak-pine forests cover 12,932,000 ha in the 1994), it is clear that these open-canopy forests
Eastern United States. This forest type is very now are far less extensive. One estimate

similar to the oak-hickory type except shortleaf, indicates that less than 20 percent of the pre-
loblolly, pitch, and Virginia pine make up 25 to settlement acreage remains, but most of this

50 percent of the forest. Mixed hardwoods or has been degraded by over-grazing, Fire sup-
the maple-beech-birch forest type are found on pression, and agriculture (Botts et aL 1994).
moister, more productive sites primarily east of Less than 1 percent of the former acreage
the Mississippi River. Within the Central remains in a high-quality state (Nuzzo 1986).
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Figure 2.--Distribution of forest cover in a portion of the Central Hardwood Region and the location of

national forest boundaries.
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_v CENTRAL HARDWOOD BIRD COMMUNITIESe_
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There are 128 long- and short-distance migrant

e- 30 landbirds that breed in the Central Hardwood

_. States of Illinois, Indiana, Ohio, and Missouri

0 20 _-_ (Appendix 1). Approximately 70 of these spe-

e- t,t cies breed in the forest. We report trends and

10

o _-_ abundances of many of these species from the
I I _ _ _ _ ,U-] K-] ,c_ Breeding Bird Survey for Illinois, Indiana, Ohio,I_. 0

._ @ and Missouri (Appendix 2). Caution, however,
_ ¢"_ _'@ _'>_ _h_ ¢_'_ _'_ _"@ _" _"_ should be used when interpreting these data

Percent of landscape forested because the BBS is a roadside survey and does

not always sample forest-interior birds ad-
equately in these States. For instance, rela-

Figure 3._The percent forest cover in Central tively common forest species such as the
Hardwood landscapes, ovenbird are not detected in several States. Six

to 14 forest species in each of these States

show long-term population declines, and 5 to

16 species in each State show long-term popu-

lation increases (Appendix 2).
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We identified forest-breeding species of high regional or landscape features. An individual
management concern from the Partners In may select a nest site based on micro-habitat,

Flight Database for Illinois, Indiana, Ohio, and and the density of a species might be related to
Missouri (Carter and Barker 1993) (table 1). vegetation structure in a habitat patch (Martin
Species in the database are scored on 7 criteria 1992). Densities, however, also may be af-
reflecting abundance, distribution, population fected by biogeographic patterns in a species'
trend, and population threats (Hunter et al. distribution (Thompson eta/., in press), and
1993). Scores range from 7 to 35; we report reproductive success may be affected by
species with scores >21 as possible manage- landscape composition and structure
ment priorities within this region (a score of 21 (Robinson et al. 1995). Conservation plans,
usually is about the 75th percentile). Species therefore, must address multiple spatial
on these lists consistently use a variety of forest scales. In this section we discuss how re-
habitats. Some of the highest scored species gional- and landscape-scale patterns in land
(Bachman's, cerulean, prothonotary, and use affect forest birds. In the following section
Swainson's warblers) breed in lowland forest, we address the effects of forest management
Golden-winged, blue-winged, chestnut-sided, on local and landscape factors that affect
and prairie warblers breed in young forest or forest bird populations.
shrub habitats. Worm-eating, black-throated
blue, blackburnian, hooded, Northern parula, Landscape composition and pattern signifi-
and Canada warblers; Acadian and great- cantly affect the reproductive success and
crested flycatchers; wood thrushes; and scarlet status of forest bird "populations in the Central
tanagers breed in mid- to late-successional Hardwood Region. Productivity, source-sink
forest, status of populations, or levels of nest depre-

dation or brood parasitism are related to
We synthesized information on abundance of landscape patterns in forest cover (Donovan et
Midwestern NTMBs in forest habitats ranging a/. 1995a; Robinson et al. 1995; Thompson et
from glades to mature forest (fig. 4). This list a/., in press). These studies characterized
includes common species as well as species landscape patterns with measurements such
identified as a high management concern. We as percent forest cover and mean patch size, in
reviewed research and monitoring studies in areas defined by 1- to 10-km radii.
this region (Annand and Thompson 1997
; Chambers 1994; S. Robinson, unpubl, data; Strong regional patterns in the productivity of
J. Brawn, unpubl, data; D. Whitehead, unpubl. NTMB's in Central Hardwood forests occur
data) to make our own qualitative assessment because of the great variation in amount of
of the abundances of these species in a variety forest cover (Robinson et cd. 1995). Popula-
of Central Hardwood forest habitats during the tions of forest birds in the Central Hardwood
breeding season. Importantly, these abun- Region are likely structured as population
dances are only one indication of habitat sources and sinks (see Donovan et al. 1996).

quality. The quality of breeding habitat ulti- Reproductive rates of some forest birds are so
mately should be based on reproductive suc- low in some fragmented landscapes that these
cess; however, adequate information on the populations are likely "sinks" that cannot
reproductive success of most species across a sustain themselves without immigration from
range of habitats is not available. Considerable more productive "source" populations
differences in abundances of birds across this (Donovan et al. 1995a, Robinson et al. 1995,

region complicate interpretations of habitat use, Brawn and Robinson 1996). Reproductive
so land managers also must account for geo- rates appear high enough in heavily forested
graphic patterns in abundance. Habitat rela- landscapes in the Missouri Ozarks, south-
tionships of NTMBs within the region varied central Indiana, and northern Wisconsin for

greatly (fig. 4). Habitat relationships are dis- these areas to act as population sources
cussed in the following sections in relation to (Donovan et al. 1995a, Robinson et al. 1995).
management practices. Other heavily forested landscapes that poten-

tially could act as sources for species breeding
IMPORT&NCE OF REGIONAL AND in Central Hardwood forests include portions

LANDSCAPE PATTERNS of Tennessee, eastern Kentucky, and southern
Ohio (fig. 2). The small number of large,

Population size and viability are determined by heavily forested landscapes in the region may
interactions between local habitat factors and be sustaining populations throughout the
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Figure 4.--Habitat relationships of some breeding neotropical migratory birds in Central Hardwood

habitats. Glades and savannas are managed by controlled burning; clearcut, shelterwood, group

selection, and single-tree selection refer to forest stands treated within the last 10 years by these
regeneration methods; and mature refers to 60- to 100-year-old even-aged forest.
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region. While observed variation in reproduc- forested landscapes and by nesting habitat in
tive rates and population modeling corroborate mostly agricultural landscapes (Robinson et al.
source-sink population structure, there is no 1995; Thompson et al., in press). In the agri-
direct evidence of dispersal from sources to cultural landscapes of Illinois, cowbirds appear
sinks, to saturate the available landscape and their

abundance is determined by host abundance
Much of the forest habitat in the Central Hard- rather than by proximity to edge or pastures
wood Region could be sink habitat, and even (Robinson and Wilcove 1994; Thompson et al.,
though populations there essentially are non- in press).
viable and dependent on immigrants, they still

may be important. A large portion of a species' Because nest predators are so diverse, regional
global population may reside in population and landscape patterns of nest predation
sinks at any one time. Sink populations may generally are less pronounced than those for
be important holding areas for surplus breeders cowbird parasitism (Robinson et al. 1995).
(Howe et al. 1991). Individuals occupying sink Predators such as raccoons and opossums
habitat are involved in many ecological pro- that forage extensively in agricultural habitats
cesses (Marquis and Whelan 1994), and these may be a much greater problem in agricultural
interactions may be important despite indi- landscapes than in forested landscapes, as are
vidual reproductive success, some corvids (reviewed in Paton 1994, Marini

et al. 1995). Some snakes also appear to be
Such large-scale source-sink population dy- most abundant near agricultural openings
namics also could have major implications for (Durner and Gates 1993). Marini et al. (1995)
interpreting census data such as those of the and Heske (1995), however, found no differ-
BBS. A lack of long-term declines in ences in the abundance of mammalian nest
midwestern forest birds may not be an indicator predators between agricultural edges and
of healthy populations (Brawn and Robinson forest interiors in southern Illinois. It is
1996). Small, isolated woodlots in the Midwest therefore possible that some landscapes may
often show no consistent long-term declines be saturated with nest predators just as they
even though reproductive success may be far are with cowbirds. Nevertheless, reducing
below the levels necessary to maintain local agricultural, suburban, and urban inholdings
populations (Robinson 1992, Brawn and in forested landscapes likely would also reduce
Robinson 1996). Interpreting results of popula- certain kinds of nest predation.

tion trend analyses therefore requires additional
data on nesting success to be of most use in Edge Effects
making management decisions.

Although regional effects of forest fragmenta-
The primary hypothesis for the relationship tion and landscape composition on NTMB
between the reproductive success of forest nesting success have been well-defined, there is
breeding birds and landscape composition is also evidence that local features affect songbird
that predator and cowbird numbers are greater nesting success (reviewed in Robinson 1996).

in landscapes where the forest is fragmented by Sometimes edges are associated with higher
human activities such as agriculture and devel- predation and parasitism levels (Brittingham
opment. It appears that any human activities and Temple 1983, Temple and Cary 1988).
that create cowbird and predator feeding habitat Some species in some regions experience
within an otherwise forested landscape will variation in local reproductive success at least
reduce NTMB nesting success. Even a single as great as those seen among landscapes
cowbird feeding area in forested landscapes can across the region (Robinson et oi 1995; Trine et
reduce nesting success over large areas because a/., in press). One hypothesis is that edge
cowbirds can commute up to 7 km between effects are responsible for variation in repro-
feeding and breeding sites (Rothstein et al. 1984, ductive success among landscapes because
Thompson 1994). In practice, however, mostly more fragmented landscapes have more edge.
forested landscapes where there are few feeding While studies have demonstrated local edge-
opportunities for cowbirds have low numbers of effects, the consequences of edge effects to
cowbirds and parasitism levels (Thompson et al., NTMB populations are largely unknown and
in press). Our working hypothesis is that cow- depend on whether predators and cowbirds
birds are limited by feeding habitat in mostly respond numerically or functionally to edges,

125
}



and whether NTMB's are attracted to or avoid plays a fundamental role in managing forest
edges. If both predators or cowbirds and habitat and molding the structure of land-
NTMB's are attracted to these edges, they could scapes. For instance, small disturbances on
function as ecological traps (sensu Gates and the scale of a few trees create hooded warbler

Gysel 1978). habitat, whereas large disturbances (>3 ha)

may be required to create prairie warbler
Edges between forest habitats and non-forest habitat.
habitats (such as agricultural, suburban,
grassland habitats) may affect species abun- In this section, we focus on a few dominant
dances' as well as reproductive success (we forest management practices in the Central
discuss edge effects from forest management Hardwood Region. We review the effects of
practices in the following section). Some silvicultural practices on NTMB's, both mitigat-
mature forest species such as ovenbirds and ing their negative effects and in using them to
red-eyed vireos are less common near agricul- create NTMB habitat. We also present informa-
tural edges than the forest interior, and some tion on the role of fire in NTMB conservation.
early successional species such as blue jays Fire increasingly is being used to maintain or
and crows are more common near agricultural restore fire-dependent ecosystems.
edges (Frazer 1992).

Impacts of Silviculture
Research in southern Indiana compared repro-

ductive success between interior sites (heavily Perhaps the most important management
forested sites >5 km from agricultural habitats) issue in the Central Hardwood Region is
to exterior edge sites (forest adjacent to agricul- determining the best strategy for harvesting
tural habitats) (D. Whitehead, unpubl, data), timber while conserving NTMB's and other
Overall nest survival rates tended to be lower ecosystem attributes (Kurzejeski eta/. 1994).
near agricultural edges for 6 of the 7 species Central hardwood forests are managed by
monitored. Differences for one species (Acadian even-aged and uneven-aged silvicultural
flycatcher) approached significance (p=0.075), systems. These two systems have some
and across all species nest success was signifi- fundamental differences in their effects on

cantly lower near agricultural edges. Patterns forest habitats and wildlife (see Thompson et
of nest parasitism were similar; parasitism a/. 1995). In addition to these silvicultural
tended to be higher near edges for 6 of the 7 practices, high grading, a practice common on
species. Differences were significant for 2 private lands, may range from nearly complete

species (red-eyed vireo and worm-eating war- removal of the existing stand (resemblingbier), and across all species parasitism was clearcutting) to removal of a few marketable
significantly higher near exterior edges (fig. 5). trees (resembling selection methods). The

objective of high grading is to harvest market-
FORF_T MANAGEMENT PRACTICES able trees and not necessarily to regenerate a

forest stand that will provide for future corn-
Central Hardwood forests are disturbance- modity or non-commodity values. Forest
adapted ecosystems. Forest management management generally is implemented at the
activities, including timber harvest, wildlife stand level, resulting in a habitat patch. At
management, and fire suppression or prescrip- this scale we discuss the types of habitats
tion, have to some degree replaced natural created and the dominant species that breed
disturbance patterns. For nongame species, in them. We also evaluate practices at the
such as migratory birds, a predominant view landscape scale to assess cumulative impacts
has been that disturbance is not beneficial (e.g., (both spatial and temporal) and impacts
see Morrison et at 1992). Notwithstanding the resulting from the spatial arrangement of
clearly adverse effects of habitat loss and habitats.
fragmentation caused by urbanization or
agriculture (see Robinson et al. 1995), distur- Even-aged Methods
bance is often seen as "unnatural" and nega-
tive, especially for those species requiring old- These regeneration methods harvest an exist-
growth. The "non-disturbance" view of habitat ing stand and result in a young even-aged
management for nongame birds has some merit forest. Throughout most of the Central Hard-
for those species requiring large, old-growth wood Region rotation ages are 80 to 100 years,
forest stands, but we believe that disturbance although rotations sometimes are extended to
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provide stands with some old-growth charac- value for cavity-nesting wildlife, including
teristics. Even-aged regeneration methods NTMB's such as the great-crested flycatcher

differ primarily in the number of trees retained (Dickson et al. 1983).
from the previous stand. Under the clearcut
method, all trees are removed except for Sapling stands

designated den trees or snags. Under the
shelter-wood method, up to 60 percent of the Between 10 and 20 years after harvest, the

canopy may be retained to provide shelter for stand is dominated by tree saplings with a
developing tree reproduction. At some point closed canopy. At age 20 the number of stems
early in the rotation the shelter generally is has been reduced to 3,400 to 6,200/ha and
removed, but in some instances it may be the larger trees on good sites have reached 18
retained to meet scenic quality, wildlife, or cm d.b.h. (Gingrich 1971). Many birds typical

other objectives, of regeneration do not breed here or persist in
these stands at lower densities. Black-and-

Regenerating stands white, worm-eating, and Kentucky warblers
seem to prefer the high stem densities and

The first year after cutting, these stands have closed canopies this age class provides. Oven-
abundant herbaceous ground cover, but they birds, wood thrushes, and red-eyed vireos may
quickly become dominated by tree regeneration begin using stands at this age (Gremel 1988,
from sprouting and advance regeneration, Frazer 1992, Thompson et aL 1992).
resulting in as many as 25,000 stems/ha
(Gingrich 197 I). The first year after clear- Poletimber stands
cutting there is usually a drastic reduction in
total bird numbers and a nearly complete From age 20 to 60 years, 90 percent of the trees
turnover in species. American goldfinches and will die due to competition. The canopy re-
field sparrows often prefer cuts at this age mains closed and there is little understory
because of the abundant annual and perennial development. As a result common species tend
vegetation. As tree regeneration begins, nu- to be canopy nesters such as red-eyed vireos,
merous other species nest in this habitat, scarlet tanagers, eastern wood-pewees, and
NTMB species of high management concern wood thrushes, or ground nesters such as
that breed in these habitats include golden- ovenbirds and black-and-white warblers. Total

winged, blue-winged, hooded, chestnut-sided, densities of NTMB's may be lower than in
and prairie warblers. Other birds breeding in mature forest or regenerating stands (Gremel
these habitats are yellow-breasted chats, indigo 1989, Thompson et al. 1992)
buntings, Kentucky warblers, common yel-
lowthroats, white-eyed vireos, gray catbirds, Mature stands

i rufous-sided towhees and northern cardinals

(Gremel 1989, Frazer 1992, Thompson et al. The structure of mature forests differs widely
1992, Annand and Thompson 1997). In through the region. Depending on soils, geol-
shelterwood and seed tree cuts, and clearcuts ogy, climate, and geography, mature stands
with residual live trees and snags, some ma- may have sparse to dense groundcover and
ture-forest, canopy-dwelling species may understory. Death and decay of large trees
continue to use the stand. Species richness results in cavities, snags, and tree-fall gaps.
and total bird density are high during this stage After 80 years, dominant trees will range from
because of the mixture of foraging and nesting 30 to 46 cm d.b.h. If left undisturbed, these
substrates (bare ground, grasses and herbs, stands will slowly become uneven-aged as they
shrubs and young trees, mature-residual live age and individual trees die. However, because
and dead trees), of the widespread logging, burning, and graz-

ing in this region in the late 1800's and early
Some have speculated that residual trees left in 1900's, much of the mature forest here is even-
regeneration cuts provide perches for cowbirds aged ranging from 60 to 100 years old. The
and nest predators that might enable them to most abundant NTMB in mature forests
Fund nests within the openings. However, there throughout the region is the red-eyed vireo.
is no direct evidence supporting this hypoth- Other abundant or common species throughout
esis. Residual trees do have demonstrated the region are the eastern wood-pewee, wood
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thrush, Acadian flycatcher, blue-gray gnat- Edge effects
catcher, ovenbird, worm-eating warbler, scarlet

and summer tanager, and blue jay. In oak-pine Edges between regenerating stands and mature
stands pine warblers and yellow-throated stands may affect species abundance and
warblers are common, diversity. For instance, red-eyed vireos and

ovenbirds (Frazer 1992) are less abundant near

Community trends and succession some forest edges, while hooded warblers,
black-and-white warblers, (Frazer 1992) and

Avian density and diversity generally increase cowbirds (O'Coimer and Faaborg 1992) are
with plant succession in the Southeast US more abundant near some forest edges. Repro-
(Johnston and Odum 1956, Karr 1971, ductive success of some species is lower near
Shugart and James 1973, Shugart et aL even-aged regeneration cuts in some land-
1975). However, breeding bird densities in scapes, but results are highly variable. Re-
regenerating oak hickory or pine hardwood search in southern Indiana compared repro-
stands usually are similar to or much greater ductive success of Acadian flycatchers, wood
than those in mature stands, and densities are thrushes, red-eyed vireos, and worm-eating
often lowest in mid-successional sapling- and warblers between interior sites (heavily forested
pole-sized stands (Conner and Adkisson 1975, sites >5 km from agricultural habitats) and
Conner et aL 1979, Dixon and Selquist 1979, forest sites adjacent to clearcuts (D. Whitehead,
Probst 1979, Horn 1984, Yahner 1986, Gremel unpubl, data). Across all species, parasitism
1989, Thompson and Fritzell 1990, Frazer was significantly greater near 4 of 5 clearcuts
1992). Species richness and diversity gener- than in the interior site. Acadian flycatcher
ally increase with stand age but sometimes and red-eyed vireos were parasitized signifl-
also show an early peak in regenerating stands canfly more frequently near 4 of 5 clearcuts;
(Conner and Adkisson 1975, Conner et aL wood thrushes near 1 of 5 clearcuts (p<0.10).
1979, Dixon and Segelquist 1979, Probst Across all species, there were significantly
1979, Horn 1984, Yahner 1986, Thompson higher proportions of depredated nests at 2 of
and Fritzell 1990). the 5 clearcut sites; no significant differences

were detectable at 3 sites. Species-specific
Landscape composition and pattern comparisons indicate that the proportion of

depredated Acadian flycatcher nests was
Even-aged management creates a mosaic of significantly higher at 1 clearcut site (fig. 5).
different-aged forest stands in the landscape.
Assuming timber harvest is regulated to provide Uneven-aged Methods
sustained yield over time, rotation age will
determine the amount of forest in any given age Uneven-aged management creates a wide range
class. For instance, an oak-hickory forest of tree sizes or ages within a stand; by definition
managed by regulated clearcutting on an 80- stands should include a minimum of 3 age
year rotation would be comprised of approxi- classes (Smith 1962). Under the single-tree
mately 10 percent 1- to 8-year-old forest, 10 selection method, individual trees are selected

percent 9- to 16-year-old forest, etc. Forests for harvest and under the group-selection
managed by even-aged management could have method, small groups of trees from 0.04-0.2 ha
more or less early successional forest than are selected. The objective of selection cutting is
natural landscapes depending on rotation age to maintain a defined distribution of tree diam-
and frequency of natural disturbances. Man- eters. The diameter distribution is defmed by a
aged Central Hardwood forests, however, "q-value" that represents the ratio of the number
generally have more early successional forest of trees in consecutive diameter classes and
and bird species than forest reserved from essentially determines the steepness of the
harvest. In the Missouri Ozarks, for example, curve. Stands usually are harvested whenever
the amount of young forest and density of stocking exceeds 80 percent, which on good
early-successional NTMB's was greater, and the sites should be every 15 to 20 years (Roach
density of forest-interior NTMB's slightly lower, 1963, Law and Lorimer 1989, Marquis 1989).
in landscapes managed by clearcutting than Group selection can successfully regenerate
those with no recent timber harvest (Thompson oaks. Single-tree selection tends to favor shade-
et a/. 1992). tolerant species, although it has been used with
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some success in maintaining oak forests in thrushes, red-eyed vireos, and worm-eating
xeric ecosystems in the Missouri Ozarks warblers between the forest interior and 2 sites
(Johnson 1993 ). that contained several group selection openings

(D. Whitehead, unpubl, data) (fig. 5). Across all
Unlike even-aged methods, selection cutting species, there were no significant differences in
does not produce large changes in habitat parasitism levels. Parasitism levels were signifi-
structure or turnover in bird communities at a cantly higher for the worm-eating warbler at one
stand level, but neither does it provide for the of the managed sites. Across all species, the
range of species at the landscape scale. Selec- proportion of depredated nests was significantly
tively cut stands retain most mature forest higher at one of the managed sites, but there
species. Selection cutting creates gaps and were no significant differences for individual
high vegetation diversity, which benefits many species. Ongoing research in southern Illinois
species. However, the selective removal of trees suggests that species reproductive success is not
results in fewer large canopy trees and denser strongly affected by selective cutting, although
understories, which results in lower numbers of parasitism levels were higher for some species in
some species than in mature even-aged stands recent cuts. Potentially higher parasitism levels
(fig.4). could be the result of changes in forest structure

as opposed to edge effects or fragmentation
Canopy gaps resulting from the harvest of resulting from group openings. Reproductive
single trees or groups of trees provide habitat success of some gap-dependent species (e.g.,
for a variety of migrant birds. Uneven-aged hooded warbler and white-eyed vireo, but not
stands have a well-developed understory and indigo bunting) was very low (S. Robinson,

subcanopy because of frequent canopy gaps. unpubl, data).
The presence of several well-developed vegeta-

tion levels and more complex habitat structure Comparison of Landscape-I_vel Impacts
than even-aged stands could result in higher of EAM and UF_,AM
within-stand bird species diversity. Species

such as the hooded warbler and indigo bunting The effects of even-aged and uneven-aged
appear to be able to make use of small gaps regeneration methods must be considered at a
typical of single-tree selection, while other landscape level to assess their impact on bird
species such as yellow breasted chats, blue- populations. Thompson (1993) used simulation

winged warblers, and prairie warblers require modeling to compare the effects of group selec-
large openings more typical of clearcuts tion and clearcutting on a forest-interior bird
(Annand and Thompson, in press) (fig. 4). population. Simulated population size declined

up to 40 percent in a forest managed by
Landscape level impacts clearcutting on a lO0-year rotation, but pro-

jected populations differed only slightly in

Unlike even-aged management, selection models with and without edge effects (fig. 6). _i:

cutting maintains a mature tree component at This suggests that most of the decline was due i

all times and does not create a mosaic of to the conversion of older stands to younger
different-aged stands. This may beneft forest- stands (a reduction in habitat suitability or
interior warblers because large tracts of forest carrying capacity) because even-aged manage-
with mature trees can be maintained. However, ment did not create enough edge to greatly _
if edge effects occur around group selection affect production, and that forest interior bird _
openings, they could cause local populations to populations may persist at reduced levels in

become sinks, because while small, these managed forests even with deleterious edge
openings can be numerous and widely dis- effects (Thompson 1993). In simulations

persed throughout the forest (Thompson 1993). without edge effects, group selection cutting
Selection cutting will not provide habitat for had little impact on the modeled population

species that require larger openings or stands because the total area in group openings was
of early successional forest, or a diversity of small and it was assumed that carrying capac-
even-aged stands, ity of the surrounding forest was unaffected.

However, if edges around group selection

F_,dge effects openings function as ecological traps, they
could result in local extirpations or population

Research in southern Indiana compared repro- sinks, because while small, these openings
ductive success of Acadian flycatchers, wood could be much more numerous and widely
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dispersed than those created by clearcutting, for public and private lands in the Central

If openings created by selection cutting do not Hardwood Region. The mature even-aged
function as ecological traps, then selectively management scenario was a landscape com-
cut forests could maintain higher populations posed entirely of mature (>60-year-old) forest.
of a mature-forest species than forests man- The balanced even-aged management scenario
aged by clearcutting (fig. 6) (Thompson 1993). was a landscape managed by the clearcut

method with a 100-year rotation and balanced
age class distribution (i.e.. 10 percent 0- to 10-

1000 -]k. No Harvest--N,M,S year-old forest, 10 percent 11- to 20-year-old

oo 9004__ _._ _. __, forest, etc.). Even-aged management with 20

a_ ti Group Seiect_nl_'-- -'_--'- "- percent reserved was managed as the even-
"_ 800 aged landscape except 20 percent of the areaE
a_ 700-l_ was reserved from harvest and was always

]_ mature forest. The group selection method

c: 600 was based on recommendations for Central
"13
a_ Hardwood forests by Law and Lorimer (1989).

500 _/- ........... _ "" Clearcutting--S The group selection and EAM option consisted

co,.. 400- /\ of equal areas managed by the clearcut
O

300 method and the selection method. The model

x_ / \ Group Selection--M was based on density data from managedE 200 forests and the area of each forest habitat in

_._.___0 u p Selectio n--S the modeled landscape; it accounts for edge
z 100

effects on abundance and reproductive suc-
0 , _ , , , _ , , , , , _ , _ _ cess only to the extent these effects were

reflected in the original density estimates by
0 20 40 60 80 100 120 140 Thompson etal. (1992) andAnnand and

Simulation Year Thompson (1997).
!

[ N=No, M = Moderate,S =Strong edge effect [
!

! I Species abundances under different manage-
ment scenarios varied as a function of their

Figure 6.--SimuIated effects of clearcutting and habitat preferences (fig. 7). For instance.
selection cutting on a forest interior bird in a ovenbirds were most abundant in the Mature

Central Hardwood forest (adapted from EAM landscape because they are most abun-
Thompson 1993). dant in mature even-aged forest. Prairie

warblers were most abundant in the Balanced

EAM landscape because they prefer young
We used a simple model to compare the forest stands. More importantly the model
abundance of 4 species in Central Hardwood allows comparison of densities among species
landscapes under 4 different management and management options. From this perspec-
scenarios (fig. 7). We modeled abundance of a tlve, the only option that maintains moderate
species that prefers small gaps (hooded war- to high densities of all 4 species is a mix of
bier), a species that prefers large stands of EAM and group selection. While this model
young forest (prairie warbler), and two charac- represented a single landscape, it ls not
teristic forest interior species that breed in important (or necessarily always desirable)
mature forest (Acadian flycatcher and oven- that this mix be provided within one land-
bird). We used previously reported absolute scape; it could also occur among a group of
and relative density estimates for these species landscapes.
in stands managed by silvicultural practices in
the Missouri Ozarks (Thompson et aL 1992, Forest-Wildlife Openings
Annand and Thompson 1997) to assign den-
sity values to different aged even-aged forest Forest wildlife openings are small openings
and to forest managed by a combination of created in the forest for a variety of objectives,
group and single tree selection (fig. 7). We including habitat for some wildlife and plants
estimated the amount of each of these habitats as well as recreational opportunities including
in a lO,OO0-ha landscape to determine total hunting and wildlife observation. These
population size. We modeled 5 management openings are managed in various ways, lnclud-
scenarios that represent realistic alternatives ing planting them to cereal grains, grass and
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Bird abundances in landscapes under
different management scenarios

Males/10,000h_

OVEN

2000- ACFL
1500-

1000- PRWA

500- FE:M/A
0

o3_ w w

=- =E m _,_ (9(9 o_

Bird abundance in habitats created by
forest management _,,_

Territories I 10 ha
Species Forest age (even-aged) uneven-aged

O-10 10-20 20-40 >40 (group selection)
HOWA 0.3 0.3 0.1 0.1 1.5
PRWA 5.5 3.5 0.1 0.1 0.1 .:
ACFL 0.0 0.1 0.5 1.7 1.5
OVEN 0.3 1.5 2.0 2.5 1.5

Figure 7.wSimulated bird abundance in central hardwood landscapes under different
management scenarios.

forbs, or maintaining them in a grass or shrub are possible impacts of edge effects on mature-
stage of succession by disking, mowing, or frre. forest birds in adjacent forest stands. In
They provide habitat for some resident song- southern Indiana, Whitehead et ak (unpubl.
birds and NTMB's such as indigo buntings but data) found higher parasitism levels across all

often are too small for early successional species, and individually for the wood thrush,
NTMB's such as yellow-breasted chats, blue- red-eyed vireo, and indigo bunting, in sites

winged warblers, and prairie warblers, with forest openings compared to forest inte-
rior sites. Similarly the proportion of depre-

Because of their small size, these openings do dated nests was greater for all species corn-

not result in the loss of significant amounts of bined, and individually for the wood thrush, at
sites with openings (fig. 5).mature forest. Of greater potential concern
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Fire and Neotropical Migratory Birds not equally abundant in non-disturbed areas.
We don't know what effects fire will have on

Recognition of the need for periodic disturbance ecological factors that affect reproductive
has led to increased use of prescribed fire as a success; specifically, rates of cowbird parasit-

management and restoration practice in oak- ism and nest predation. Preliminary evidence
dominated ecosystems, but its effect of this from the fragmented landscapes of Illinois
trend in restoration on forest birds is not fully suggests that fire does not significantly affect

understood. Clearly, an effort as potentially productivity, but reproductive success is so low
influential as savanna restoration will strongly in these landscapes that effects would be

effect certain species. As with other forest difficult to demonstrate (J. Brawn, unpubl.
management practices, certain species of data). Savanna restoration in heavily forested
neotropical migrants likely will benefit from fire landscapes may yield more positive results
and savanna restoration and others will be because of the effects of forest fragmentation on

adversely affected (fig. 4). reproductive success (Donovan et al. 1995a,
Robinson et at 1995). The influence of changes

In addition to the forest birds associated with in habitat due to fire will depend on the land-

savannas that are identified in figure 4, the scape context of restoration efforts. A large

following species also have significant habitat burn unit surrounded by large holdings of
associations with savannas: black-billed prairie or closed-canopy forests likely will be

cuckoo, whip-poor-will, ruby-throated hum- more beneficial to most birds than a similar
mingbird, least flycatcher, purple martin, barn burn in a landscape dominated by agriculture.
swallow, northern rough-winged swallow, cliff
swallow, bank swallow, warbling vireo, dickcis- Other considerations for prescribed fire pertain
sel, and the orchard and northern oriole (J. to factors under the control of local managers.
Brawn, unpubl, data). Most of these species When and how often to burn are important
are declining in the region (Appendix 2). This questions and no single prescription will be
list reflects a broad definition of a savanna as valid for all areas. While restoration efforts are

an area with 20- to 70-percent-canopy closure underway, burning will be relatively frequent.
and a permanent herbaceous groundlayer (note Once savanna-like conditions are established
that def'mitions differ widely among states and with respect to canopy closure and a herba-
various agencies). Our criteria on inclusion on ceous groundlayer, burning may become less
the list was that a species have an important frequent. Importantly, burning is only one
habitat association with savannas and open element of savanna or oak woodland restora-

woodlands during the breeding season. Certain tion. Other techniques such as planting and
species also have important associations with mechanical manipulation of vegetation may
other habitats and ecosystems such as grass- also be required (see Botts et at 1994 for a full
lands, shrublands, or forest (fig. 4). Impor- discussion of restoration techniques and
tanfly, many other species of permanent resi- considerations).
dents and short-distance migrants also are

associated with midwestern savannas (Brawn Finally, although we view prescribed fire as an
1994). The list of long-distance migrants is important management option for the Central
diverse in taxonomy and ecology and includes Hardwoods, we do not believe that sound

_iji_i species as different as whip-poor-wills and conservation will be served by burning "every-
_'_ summer tanagers. One life history trait com- where." Species that nest in dense understory

mon to many of these species is that they or shrubs, such as the wood thrush and the
forage on the wing and catch insects in the air. hooded warbler, will not benefit from fire

Obviously, the ability of birds to forage this way (Brawn, unpubl, data). Close attention should
,_ is favored by an open canopy, be given to the types of areas that burned

naturally and those that did not burn. An
_: The majority of species associated with savan- effective approach to this problem is the con-
_ nas are significantly declining within the region cept of "landscape burns," whereby burns are

(Appendix 2). Very few have significantly allowed to proceed where they may, but are not
increased. Therefore, the conservation status forced into areas (e.g., ravines) that are too
of these birds as a group is worrisome. Fire mesic to have burned naturally.
and restoration will provide more habitat for

the subset (a majority) of these species that are
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Another use of prescribed fire is the manage- linked to landscape-scale fragmentation of

ment of edges. Historically, savannas often forest. The population status of forest-dwelling
were juxtaposed between prairies and wooded migratory birds is related to the amount of

habitats. Thus, there may have been a gradual source and sink habitat in the region. Given
transition between non-wooded and wooded the current concern for migratory birds and

habitat. In modern midwestern landscapes, observed declines in some species, the first step
sharp transitions between agriculture and should be to ensure that sufficient source

forest may create edges that are highly unfavor- populations exist in the region. Only a few
able for neotropical migrants (Suarez et al., in large, heavily forested landscapes remain in the
press). Fire may soften the transition and Central Hardwood Region (fig. 2). We believe a

create edges that are more hospitable as breed- prudent conservation strategy for the region is
ing habitat, to maintain a high percentage of forest cover in

these landscapes, to maintain the largest forest
CONSERVATION STRATEGIES tracts in the region, and to take advantage of

any opportunities to restore and recreate larger
Management Issues for the Conservation of forest tracts in more fragmented landscapes

Forest Birds In the Central Hardwood Region (the "macrosite" approach mentioned in
Robinson et al. 1995). Most land in the Central

We believe two dominant issues concern con- Hardwood Region is privately owned. Exten-
servation of migrant birds in the Central Hard- sively forested land, however, is disproportion-

wood Region: ately owned by Federal and State agencies (fig.
2). The relationship of public lands to the

1. Land use patterns have resulted in great distribution of forest cover greatly enhances the
variation in the amount of forest cover. We value of public land to forest bird conservation.

have strong evidence that NTMB popula- It is not coincidental that the core of nearly all
tions are structured as sources and sinks, the large tracts of forest in the Central Hard-
but we do not know how populations are wood Region are National and State Forests.

linked by dispersal. This question is impor- Federal and State agencies have long protected,
tant because land management actions in conserved, and in some cases reforested these

one population can affect other populations, lands; continued forest conservation by the
For example, fragmentation of source agencies is critical to forest breeding migratory
habitat could lead to extinction of sink birds. Maintaining a balance of birds in source

populations, or abundant sink habitat could and sink habitat may be crucial to the long-
drain source populations (Donovan et al. term survival of regional populations (Urban
1995b). Conservation planning must and Shugart 1986, Temple and Cary 1988,
recognize the spatial structure of popula- Donovan et a/. 1995b).
tions in the Midwest and emphasize en-

hancement and preservation of regional Provide Appropriate Habitats and
source populations. Landscape Pattern

2. Conservation of NTMB's is competing with In addition to protecting extensively forested
other land uses for a limited land base. landscapes, appropriate forest habitats must be
There may be conflicts with commodity provided within these landscapes. Within
production, recreation, wilderness manage- Central Hardwood landscapes migratory birds
ment, and wildlife management; among breed within a wide range of forested and semi-
NTMB species; or between species and forested habitats. Even when we reviewed

ecosystem management. Nevertheless, we habitat use by a reduced set of priority species,
have assessed costs and benefits of these those species still spanned a wide range of
practices for NTMBs but acknowledge habitats. Conservation planning is further
compromises will be required for multi- complicated when we acknowledge that many
resource planning, of these lands are managed for multiple use,

including recreation and forest products.
Address Landscape-Level Fragmentation

at a Regional Scale Plan forest management activities
to meet habitat needs

The Central Hardwood Region consists of a mix

of source and sink populations whose status is Priority species, and forest birds in general,
require a variety of forest habitats. Land
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management planning should provide these (Temple and Cary 1988, Thompson 1993), but
habitats across the region. Land managers and that potential edge effects from regulated forest
the public must recognize that this means that management are tolerable (Thompson 1993).
the management of any particular landscape We recommend reducing disturbance and edges
will benefit some species but will have negative from forest management practices where late-
effects on others, but that across landscapes successional, forest-interior species are a
the needs of all species will be met. We believe priority, while acknowledging that edge is a
a mix of even- and uneven-aged silvicultural necessary byproduct of desirable management
practices, designated reserve areas, and use of practices where early successional species or
prescribed fire will be required within the other forest management objectives require
Central Hardwood Region to meet bird conser- disturbance. Where possible, promote gradual,
vation objectives and other objectives tbr forest shrubby edges rather than abrupt edges, and
lands. We used a simple model based on keep intensive recreation development out of
landscape composition to demonstrate that the core of some large forest tracts. Depending
almost any mix of regulated, sustainable forest on forest ownership, legal mandates, historical
management practices likely will sustain most landscape composition, and management
species across a landscape; densities, however, objectives, practices that create early succes-

differed greatly among alternatives. Land sional habitats or produce forest products will
management objectives for other resources also be appropriate. The challenge in these circum-
will influence the balance of managed forest stances is to meet habitat or commodity objec-
lands and reserved areas. Ultimately, conser- tives while not creating unnecessary edge
vation planning for migratory birds should effects. Again, as mentioned in the previous
develop minimum habitat requirements and section, a mix of managed forest lands and
plan the distribution of these within a region, reserved areas within an adequate forest
This approach is currently being pursued by landbase will accommodate the needs of Cen-
the Partners in Flight program, tral Hardwood NTMBs.

Reduce internal edge and disturbance Plan comprehensively across ownerships
where appropriate

Land management planning for the conserva-
Reducing the amount of non-forest habitat in a tion of forest-dwelling NTMB's must occur
landscape, and the edges it creates, should across public and private lands. An example of
benefit forest breeding birds by creating more comprehensive planning across ownerships
breeding habitat and reducing nest depredation with voluntary participation by private land-
rates and brood parasitism. These habitats owners is the Coordinated Resource Manage-
include cropland, grassland, pasture, mowed ment Program in Missouri (Missouri Depart-
rights-of-way, and suburban, urban, or corn- ment of Conservation). Because conservation
mercial developments. These habitats likely agencies have more direct control over public
increase the number of predators and cowbirds lands, and within the Central Hardwood Region
in the landscape. Reforestation, or even less they form the core of most heavily forested
drastic modifications of land-use, on small non- landscapes, they have unique value. NTMB
forested inholdings in large forest tracts could populations should benefit if public lands are
have disproportionate benefits to forest breed- managed to complement private lands and to
hagbirds, provide disproportionate amounts of high-

quality, rare ecosystems such as savannas and
We had difficulty developing recommendations glades, old-growth forest, and large heavily
concerning disturbances and edges resulting forested landscapes. In landscapes in which
from forest management. Some priority species private lands provide abundant early-succes-
within the Central Hardwood Region require sional habitat, manage for disproportionate
disturbance-dependent communities, such as amounts of mature forest on public lands or
young forest, glades, barrens, or savannas. The the use of uneven-aged management instead of
significance of deleterious edge effects associ- even-aged management. Alternatively, where
ated with forest management differs among private land provides too little early-succes-
species and sites. The only evidence of popula- sional habitat, or unsuitable early-successional
tion impacts is from simulation modeling, habitat (such as from partial-cut methods as
which suggests edge effects can result in high-grading), public lands may need to provide
population declines and even extirpations shrublands and clearcuts in heavily forested
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landscapes where reproductive success is likely grants. Pages 120-144 in D. M. Finch and P.
to be high. Opportunities for restoration of W. Stangel, eds. Status and management of
natural communities, such as savannas, will neotropical migratory birds. U.S. For. Serv.,

most likely be greatest on public lands. Gen. Tech. Rep. RM-229. Rocky Mountain
For. and Range Exp. Sta., Ft. Collins, CO.
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Appendix 1.JMigrant landbirds that breed in Illinois, Indiana, Missouri, and Ohio. Species fillowed by 'A' are
long-distance migrants and winter south of the United States. Species followed by 'B' winter primarily in the
Unites States, but part of the population winters south of the United States. List developed by the Partners in

Flight program in cooperation with Colorado Bird Observatory and State conservation agencies.

Turkey vulture B Purple martin A Prothonotary warbler A
Osprey (supp.) B Treeswallow B Worm-eatingwarbler A
American swallow-tailed kite A Northern rough-winged swallow A Swainson's warbler A

Mississippikite A []ankswallow A Ovenbird A
Northern harrier B Cliff swallow A Northern waterthrush A

Sharp-shinned hawk B []arn swallow A Louisiana waterthrush A
Cooper's hawk B []rowncreeper B Kentuckywarbler A
Red-shoulderedhawk B House wren A Mourning warbler A
[]road-winged hawk A Sedge wren B Common yellowthroat A
Swainson'shawk A Marshwren B Hoodedwarbler A
Red-tailed hawk B Golden-crowned kinglet (supp.) B Canada warbler A
American kestrel B []lue-gray gnatcatcher A Yellow-breasted chat A
Peregrine falcon A Eastern bluebird [] Summer tanager A
Killdeer B Veery A Scarlettanager A
Upland sandpiper A Hermit thrush B Rose-breasted grosbeak A
Mourningdove [] Woodthrush A []lue grosbeak A
[]lack-billed cuckoo A American robin B Indigo bunting A
Yellow-billed cuckoo A Gray catbird A Painted bunting A
[]urrowing owl A Northern mockingbird [] Dickcissel A
Long-eared owl B Cedar waxwing [] Rufous-sided towhee B
Short-eared owl B Loggerhead shrike B Chipping sparrow A
Common nighthawk A White-eyed vireo A Clay-colored sparrow A
Chuck-will's-widow A []elrs vireo A Vesper sparrow []
Whip-poor-will A Solitaryvireo A Lark sparrow A
Chimney swift A Yellow-throatedvireo A Lark bunting A
Ruby-throated hummingbird A Warbling vireo A Savannah sparrow []
[]elted kingfisher B Red-eyed vireo A Grasshopper sparrow A
Yellow-bellied sapsucker B Bachman's warbler A Song sparrow B
Red-naped sapsucker B []lue-winged warbler A Swamp sparrow B
Northern flicker B Golden-winged warbler A []obolink A
Eastern wood-pewee A Northern parula A Red-winged blackbird []
Acadian flycatcher A Yellow warbler A Eastern meadowlark B
Alder flycatcher A Chestnut-sided warbler A Western meadowlark B
Willow flycatcher A Magnolia warbler A Yellow-headed blackbird A
Least flycatcher A []lack-throated blue warbler A []rewer's blackbird []
Eastern phoebe [] []lack-throated green warbler A []rown-headed cowbird []
Great crested flycatcher A Blackburnian warbler A Orchard oriole A
Western kingbird A Yellow-throated warbler A Northern oriole A

" Easternkingbird A Prairiewarbler A Purplefinch []
ii Graykingbird D Ceruleanwarbler A Pinesiskin []

i Scissor-tailed flycatcher A []lack-and-white warbler A American goldfinch []
Horned lark B Americanredstart A
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