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Abstract

This paper reports on a process used to identify land-
scape-scale focus areas for the conservation of priority 
grassland, grass-shrubland, wetland and forest-wood-
land birds in the Central Hardwoods Bird Conservation 
Region (CHBCR). The areas were delineated by biol-
ogists and other technical staff of partner agencies and 
organizations in the CHBCR with the use of geospatial 
data layers that included land cover, maps of areas with 
large percentages of grass and forest cover, public 
lands, roads, state and county lines, surface water feat-
ures, ecological land types, and The Nature Conser-
vancy’s ecoregional plan’s portfolio sites. There are 
other areas within the BCR that do or could provide 
high quality bird habitat. However, focus areas have 
the highest conservation, restoration and management 
potential at a landscape scale because they have (1) sig-
nificant blocks of public lands that can provide a core 
for conservation efforts, (2) good potential for public-
private partnerships, and/or (3) have been identified by 
The Nature Conservancy or state Natural Heritage Pro-
grams as areas with noteworthy levels of biodiversity. 
We believe the ability to concentrate relatively scant 
resources for conservation in discrete landscapes will 
accomplish greater habitat gains at scales relevant to 
bird populations than will more isolated efforts. The 
use of both current land use data and ecological class-
ification systems also allowed us to target specific 
areas for specific suites of priority birds based upon a 
landscape’s ecological and socio-economic potential. 

__________ 

1A version of this paper was presented at the Third Interna-
tional Partners in Flight Conference, March 20-24, 2002, 
Asilomar Conference Grounds, California. 
2Jane A. Fitzgerald, American Bird Conservancy, 8816 
Manchester, suite 135, Brentwood, MO 63144. E-mail: 
jfitzgerald@abcbirds.org. 
3Missouri Resource Assessment Partnership, 4200 New Haven 
Rd., Columbia, MO 65201. 
4Tennessee Wildlife Resources Agency, P.O. Box 40747, Nash-
ville, TN 37204. 
5Arkansas Game and Fish Commission, #2 Natural Resources 
Dr., Little Rock, AR 72205. 
6Missouri Department of Conservation, 116 Gentry Hall, 
University of Missouri, Columbia, MO 65211. 
7Kentucky Department of Fish and Wildlife Resources, No. 1 
Game Farm Rd, Frankfort, KY, 40601. 

Introduction

The Central Hardwoods (fig. 1) is one of 67 Bird 
Conservation Regions (BCRs) across North America 
identified by the four major bird initiatives and their 
conservation partners under the auspices of the North 
American Bird Conservation Initiative (U.S. NABCI 
Committee 2000). Support for the Central Hardwoods 
partnership to date has come from most of the overlapping 
state wildlife agencies, the U.S. Fish and Wildlife Service, 
the U.S. Forest Service, the National Wild Turkey 
Foundation, the Wildlife Management Institute, and 
American Bird Conservancy. The BCR’s priority bird 
species and their general conservation needs are derived 
from Partners in Flight (Pashley et al. 2000), the United 
States Shorebird Conservation Plan (Brown et al. 2001), 
The North American Waterbird Conservation Plan 
(Kushlan et al. 2002), the North American Waterfowl 
Management Plan (North American Waterfowl 
Management Plan Draft Update 2003), and the Northern 
Bobwhite Conservation Initiative (Dimmick et al. 2002). 
However, spatially explicit focus areas, where 
conservation actions for the various species and species 
suites are likely to have the greatest potential for success, 
had not been identified prior to the establishment of the 
BCR partnership. To fill that gap, biologists, managers 
and other technical staff from various conservation 
agencies and organizations across the BCR met in a series 
of three workshops held during 2002 to identify relatively 
large landscapes most able to support viable populations 
of priority wetland, grassland, grass-shrub, and woodland-
forest birds. This paper reports on the process and 
geospatial tools used to delineate those areas. 

Background and Conservation Issues 

The Central Hardwoods BCR (fig. 1) straddles the 
Mississippi River between Illinois and Missouri; the 
region to the west is also known as the Ozarks or Interior 
Highlands, and the region to the east, the Interior Low 
Plateaus. The BCR occupies a transition zone between 
what historically were tallgrass prairie, oak savanna, and 
woodlands to its north and west; pine forests and 
woodlands to the south; and oak and mixed mesophytic 
forests to the east. Components of each were interspersed 
throughout the BCR, with their juxtapositions dependent 
to a large degree on topography and soils. Glades and 
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barrens (grass-dominated ecosystems on shallow soils) 
also were prevalent historically.  

Figure 1—The Central Hardwoods Bird Conservation 
Region.

However, very little of the BCR’s native prairie, with its 
more fertile and deeper soils, has escaped the plow. The 
glades, barrens, and extensive pine woodlands have 
largely converted to oak or oak-pine forests primarily as a 
result of fire suppression. Yet restoration of those ecosys-
tems, which have been degraded but still persist over 
much of the region, is feasible. Restoration on public 
lands could help encourage private landowners in shared 
landscapes to undertake complementary efforts as well.  

Bottomland forests and emergent wetland habitats in the 
Central Hardwoods largely were associated with the re-
gion’s large rivers (e.g. the Missouri, Mississippi, Ohio, 
Tennessee, Cumberland) and their tributaries. All of those 
rivers are now impounded at least in some reaches, and 
much of the historical wetland habitat is submerged under 
large reservoirs or the floodplains drained and converted 
to agricultural uses. Restoration of wetland habitats has 
received the most attention where the BCR overlaps one 
of two Joint Ventures formed under the auspices of the 
North American Waterfowl Management Plan, and there 
is both opportunity and potential to do more. Wet mead-
ows, a much more poorly understood and inadequately 
mapped wetland type, are in great need of attention. 

The BCR’s priority birds can be grouped into four suites 
of species based on general habitat affinities: grasslands, 

grass-shrublands, woodland-forests, and wetlands (see 
Appendices 1-4 for a list of the BCR’s highest priority 
bird species). Grassland birds such as Greater Prairie-
Chicken (scientific names provided in Appendices 1-4),
Henslow’s Sparrow, and Grasshopper Sparrow typically 
require fairly large expanses of open grasslands with a 
minimum amount of woody vegetation before they are 
attracted to a given site and enjoy a level of reproductive 
success adequate to sustain local populations (see Fitzger-
ald and Pashley 2000, Fitzgerald et al. 2000a, Fitzgerald et 
al. 2000b). Species in the grassland suite were probably 
most abundant historically in the BCR’s prairie and shrub-
prairie dominated landscapes and in areas with large 
expanses of barrens.  

The grass-shrubland species suite includes species that 
occupy a continuum of habitats from more open grass-
lands with scattered shrubs (e.g. Bell’s Vireo and North-
ern Bobwhite) to those that inhabit a grassland matrix 
with shrubs in much greater densities (e.g. Prairie War-
bler, Yellow-breasted Chat; James 1992). Native habitats 
that support these species are disturbance-dependent 
ecosystems such as glades, barrens, savannas, and early-
successional forests (Thompson and DeGraaf 2001). 
There are opportunities for grassland and grass-shrubland 
bird conservation through private lands programs targeted 
toward the retirement of marginal agricultural lands. Im-
proving conditions for priority birds associated with the 
restoration of native habitats and ecosystems also is an 
important goal of the BCR conservation plan. 

The forest-woodland species suite is characterized by 
species such as Cerulean, Worm-eating and Kentucky 
Warblers, Acadian Flycatchers, Eastern Wood-Pewee, 
and Wood Thrush. However, most of the species in the 
suite are associated with the forests’ mid- and understory 
components (Hamel 1992), and the response of those and 
other bird species to woodland restoration, which would 
result in a more open canopy and sparser understory (Taft 
1997), has yet to be fully evaluated. Work in Illinois by 
Brawn (1998) indicated that several priority species we 
have grouped with the forest species suite are associated 
with restored woodlands (e.g. Yellow-billed Cuckoo, 
Whip-poor-will, Eastern Wood-Pewee and Great Crested 
Flycatcher). Others that were shown to benefit from 
woodland restoration included grass-shrubland species 
such as Northern Bobwhite, Brown Thrasher, and Field 
Sparrow. Several Central Hardwoods priority species that 
are associated with pine woodlands in the Ouachita 
Mountains of southern Arkansas (Wilson et al. 1995) 
either have been extirpated in the Central Hardwoods 
BCR (e.g. Red-cockaded Woodpecker) or now occur in 
small, isolated populations (e.g. Brown-headed Nuthatch 
and Bachman’s Sparrow). Because pine woodlands once 
were much more prevalent in the Ozarks prior to fire 
suppression (Nigh and Shroeder 2002), efforts to restore 
both the habitat and its associated avifauna seem 
appropriate. 
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__________ 

8J. Herkert, unpublished data 

Wetlands in the Central Hardwoods presently appear to be 
most valuable to shorebirds while moving through the 
area during spring and fall migrations, and to waterfowl 
during both migration and winter. Some priority water-
birds breed in the Central Hardwoods in relatively small 
numbers, though populations were presumably larger and 
more widespread prior to the loss of wetlands to drainage 
and impoundments. The status of habitat types important 
to the BCR’s priority species suites are summarized in 
Appendix 5.

Methods

Biologists, land managers and other technical staff from 
the region’s conservation agencies and organizations were 
invited to a series of three workshops held in different 
regions of the BCR. Each of the workshops began with a 
day-long series of presentations designed to familiarize 
participants with the various bird initiatives, key conserva-
tion programs, conservation issues, and the ecological 
requirements of the BCR’s priority species associated 
with four basic habitat types: wetland, grassland, grass-
shrub, and woodland-forest. The following day, partici-
pants met in breakouts by habitat type to identify focus 
areas for the various habitat types and species groups. 
Hard-copy maps of land cover and laptop computers 
loaded with geographic information system software were 
available to each breakout. Geospatial data used in 
delineating bird conservation areas was compiled from a 
variety of sources. All data were reprojected into Albers 
Equal Area, NAD83. 

Data layers 

National Land Cover Data 

Derived from the early to mid-1990s Landsat Thematic 
Mapper satellite data, the National Land Cover Data 
(NLCD) is a 21-class land cover classification scheme 
applied consistently over the United States. The spatial 
resolution of the data is 30 meters and mapped in the 
Albers Conic Equal Area projection, NAD 83. For more 
information, see: http://landcover.usgs.gov/natllandcover. 
html. Land cover derived from satellite imagery was used 
to assess basic land use patterns across the planning unit.  

Roads, state lines, county lines 

TIGER/Line® files (Topologically Integrated Geo-
graphic Encoding and Referencing system) from the U.S. 
Census Bureau contain data that were updated for the 
2000 census. For more information, see: http://www. 
census.gov/geo/www/tiger/index.html. These were pri-
marily used by the groups as a means of orientation. 

Surface Water Features 

The National Hydrography Dataset (NHD) is based 
upon USGS Digital Line Graph (DLG) hydrography 
data integrated with reach-related information from the 
EPA Reach File Version 3 (RF3). The NHD contains 
information about surface water features. For more 
information, see: http://nhd.usgs.gov/. The locations of 
rivers and steams were used as a means of orientation 
but also in the delineation of wetland focus areas. 

Grass- and forest-dominated landscapes 

Results of Donovan et al. 1995, and Robinson et al. 
1995 suggest that reproductive success of forest birds 
breeding in landscapes with less than 70 percent forest 
cover within a 10-km radius of the breeding sites often 
is too low to sustain local populations due to high 
levels of nest predation and brood parasitism. Because 
reproductive success in large forested landscapes tends 
to be greater than needed to sustain local populations, 
these landscapes are thought to be the “sources” of 
birds that disperse to breed in forest fragments in other 
parts of the Midwest region where reproductive success 
often is extremely low (Donovan et al. 1995). Main-
taining forest cover above the 70 percent threshold is 
therefore critical not only to breeding forest birds in the 
Central Hardwoods BCR, it may also be pivotal in 
maintaining forest bird communities and sustaining 
their ecological services in adjacent BCRs. Research 
also suggests that the amount of grass cover in land-
scapes surrounding grassland sites also can affect 
densities and reproductive success of local grassland-
breeding bird populations8 (Winter and Faaborg 1999; 
Winter et al. 2000) although the relationships appear to 
be more variable than those of forest-breeding birds 
with forest cover. However, as a precaution, Central 
Hardwoods BCR planners delineated conservation 
focus areas for open-grassland breeding birds in the 
Central Hardwoods in landscapes with greater than 30 
percent or greater grass cover within a 3-km radius. 
Maps of areas meeting these thresholds were generated 
by the Missouri Resource Assessment Partnership 
using a neighborhood function in ESRI ArcInfo 
software (version 8.2; ESRI, Redlands, California) to 
sum the amount of target land cover. Neighborhood 
functions produce an output in which the value at each 
location is dependent on the input value at a location 
and the values of the cells in a specified neighborhood. 

Public lands 

World Wildlife Fund has put together a database of 
protected areas (PAD) for the United States and 
Canada (DellaSala et al. 2001). We supplemented these 
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data with updates from individual state and federal 
agencies. Most of the public land in the Central 
Hardwoods BCR is administered by BCR partner agen-
cies with a desire to improve the condition of those 
lands for birds. The ability to overlay the locations of 
those lands on land cover and maps of grassland and 
forest-dominated landscapes (features associated with 
higher densities and enhanced reproductive success of 
birds in those species suites) was essential to providing 
those partner agencies with information regarding 
which species suites were most in need of conservation 
actions at each site.  

Ecological subregions 

Although much of the BCR’s prairies, wetlands and 
pine woodlands have been converted to other commu-
nity types and land uses, rather large expanses of bar-
rens, glades, savannas, oak woodlands and forests still 
exist, although often in degraded conditions. In order to 
identify the areas where those ecosystems occurred 
historically and are most likely to benefit from restora-
tion efforts, maps of ecological subregions identified 
by the U. S. Forest Service’s National Hierarchy of 
Ecological Units (McNab and Avers 1994) were em-
ployed. Section and subsection coverages of the hierar-
chy were available for the entire BCR and were 
classified primarily on the basis of lithology, topogra-
phy and geomorphology, regional soils, and regional 
potential vegetation. Landtype associations (LTAs), or 
ecological landscapes, are a finer scale of ecological 
delineation that further reflect local variation in topog-
raphy, parent material, soil type, and vegetation 
communities. Maps of those were developed through 
the Missouri Ecological Classification System Project 
but were available for the Ozarks only (Nigh and 
Schroeder 2002). Landtype associations were grouped 
for us by Nigh into three categories: prairie and shrub 
prairie, glades and savanna, and forests and woodlands, 
with each grouping targeted for grassland, grass-
shrubland and forest-woodland priority bird species 
suites, respectively. 

The Nature Conservancy’s (TNC)  
Ecoregional Planning Portfolio Sites 

TNC had completed draft ecoregional planning portfo-
lios for both the Ozarks and Interior Low Plateaus 
regions of the BCR. The portfolio sites typically 
identified large landscapes containing terrestrial and 
aquatic ecosystems with rare species and natural com-
munities in need of conservation attention. 

Overlay sequence 

Maps of landscapes that met the thresholds for forest 
and grass cover were the first layer planners considered 

during the process of identifying bird conservation 
focus areas within the Central Hardwoods BCR for the 
forest and grassland-grass-shrub species suites, respect-
ively. Discouraging loss and fragmentation of existing 
habitat in those areas will be important in maintaining 
adequate levels of nesting success for breeding birds. 
In the Ozarks, however, many areas that historically 
were glade-savanna or prairie-savanna complexes are 
now overgrown with densely stocked trees (Nigh and 
Schroeder 2002). Maps of landtype associations were 
used to delineate which areas now classified as forest 
should be considered for restoration of those habitat 
types.  

Public lands were then overlain upon the percent cover 
maps. Public lands falling within forested areas were 
encircled by a 10-km buffer, and those within grassland 
areas encircled with a 3-km radius buffer to identify the 
matrix around the public lands that needed to be 
considered with regards to maintaining reproductive 
success of forest or grassland birds breeding on those 
sites.

TNC’s portfolio sites were considered next. Biologists 
involved with the BCR planning effort believed that 
improving habitat for birds should be done in assoc-
iation with the restoration of the BCR’s native eco-
systems where possible so that other biodiversity 
components associated with those systems will benefit 
as well. TNC portfolio sites often overlaid public lands, 
but the planners felt that places where the TNC sites 
intersected largely forest or grass-dominated land-
scapes without public lands should be considered for 
future acquisition or easement projects. 

Map layers used to identify wetland focus areas inc-
luded large water bodies identified by the National 
Hydrography Data Set and lands classified as emergent 
or woody wetlands from the National Land Cover 
Dataset. Participants’ knowledge of local conditions 
and wetland habitats also were incorporated. 

Results

The workshops produced maps of species suite focus 
areas (fig. 2). Terrestrial habitat types are coded differ-
ently for the Ozarks than the Interior Low Plateaus due 
to differences in the spatial scale and arrangements of 
habitat types dominated by forests or woodlands versus 
those dominated by grasses and shrubs. The location 
and extent of savannas, glades, and prairies in the 
Ozarks are influenced by differences in soils, slope, 
and aspect and often are juxtaposed with woodland and 
forest systems at relatively small spatial scales (Nigh 
and Shroeder 2002). 
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Figure 2—Bird conservation focus areas in the Central 
Hardwoods Bird Conservation Region. 

Therefore, the focus area code for grassland bird sites 
in the Ozarks is prairie; glade-savanna-woodland com-
plexes are targeted for the grass-shrub species suite; 
prairie-savanna-woodland focus areas are targeted for 
grass-shrub and woodland-forest birds; and woodland-
forest for woodland-forest birds. Some large focus 
areas have components of each and are coded as “all” 
Although prairies, barrens and glades also can be found 
within forest-dominated landscapes in the Interior Low 
Plateaus, much larger expanses of glades and barrens 
occurred across relatively broad basins between the 
forest-dominated uplands that rim those landscapes 
(McNab and Avers 1994). The more distinct bound-
aries between habitat types in the Interior Low Plateaus 
allowed for simpler coding of landscape types there, 
and terrestrial focus area codes are simply grass-shrub 
for grassland and grass-shrubland birds, and forest for 
forest and woodland birds.  

Discussion 

Focus areas for bird conservation in the Central 
Hardwoods Bird Conservation Region were delineated 
by biologists and other technical staff of partner 
agencies and organizations in the CHBCR with the use 
of geospatial data layers. 

While there are other areas within the BCR that do or 
could provide high quality bird habitat, the focus areas 
have the highest conservation, restoration, and manage-
ment potential at a landscape scale because they have 
significant blocks of public lands that can provide a 
core for conservation efforts, good potential for public-
private partnerships, and/or have been identified by 
TNC or state Natural Heritage Programs as areas with 
noteworthy levels of biodiversity. We believe the abil-
ity to concentrate the relatively scant resources avail-
able for conservation in discrete landscapes will 
accomplish greater habitat gains at scales relevant to 
bird populations than will more isolated efforts. The 
use of both current land use data and ecological 
classification systems also allowed us to target specific 
areas for specific suites of priority birds based upon a 
landscape’s ecological and socio-economic potential. 

Conservation strategies for the focus areas in the 
Central Hardwoods Bird Conservation Region will 
need to vary depending upon its landscape context and 
the habitat conditions within. Restoration of native 
grasses and forbs is needed in what historically were 
grassland and grass-shrubland areas where woody 
vegetation fragments the grassland landscape and non-
native, cool-season grasses now predominate. While 
reforestation is needed in some forest focus areas to 
increase block size and reach the amounts of forest 
cover that have been associated with adequate levels of 
reproductive success for forest-breeding birds, in other 

focus areas the landscape context is adequate, but 
management is needed to improve the forest structure 
and perpetuate native oaks and pine as dominant 
species. Many wetland focus areas are in need of 
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restoration and especially in areas where the hydrology 
has been altered almost all will require some form of 
management. Finally, preventing the conversion of 
extant native vegetation to other, less “bird-friendly” 
land use is sure to pose a real and significant challenge 
as the public’s demand for land and its associated 
resources continues to grow.  
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Delineating Focus Areas — Fitzgerald et al. 

Appendix 3— Priority species from the Upper Mississippi Valley Great Lakes Shorebird Conservation Plan. 

Species Season Priority1

American Golden-Plover (Pluvialis dominica) migration 3 
Killdeer (Charadrius vociferous) migration and breeding 3 
Greater Yellowlegs (Tringa melanoleuca) migration 4 
Upland Sandpiper (Bartramia longicauda)  migration and breeding 4 
Semipalmated Sandpiper (Calidris pusilla)  migration 3 
Least Sandpiper (Calidris minutilla)  migration 3 
Solitary Sandpiper (Tringa solitaria)  migration 3 
Dunlin (Calidris alpina) migration 3 
Stilt Sandpiper (Calidris himantopus)  migration 3 
Buff-breasted Sandpiper (Tryngites subruficollus)  migration 4 
Short-billed Dowitcher (Limnodromus griseus)  migration 4 
Common Snipe (Gallinago gallinago) migration 3 
American Woodcock (Scolopax minor)  migration and breeding 4 

1 Scaled from 1-5, with 5 being the highest priority 

Appendix 4— Priority Waterbirds of the Upper Mississippi Great Lakes Regional Waterbird Plan (draft 2002). 

Species Season Priority1

Bonaparte’s Gull (Larus philidelphia)  winter and migration moderate 
Franklin’s Gull (Larus pipixcan)  migration moderate 
Common Tern (Sterna hirundo)  migration high 
Forster’s Tern (Sterna forsteri) migration moderate 
Least Tern (Sterna antillarum) breeding season and migration high 
Black Tern (Childonius niger)  breeding and migration moderate 
Little Blue Heron (Egretta caerulea) breeding and migration high 
Snowy Egret (Egretta thula) breeding high 
Yellow-crowned Night-Heron (Nyctanassa violacea)  breeding moderate 
Black-crowned Night-Heron (Nycticorax nycticorax)  breeding and winter moderate 
Least Bittern (Ixobrychus exilis) breeding and migration high 
King Rail (Rallus elegans) breeding high 
Black Rail (Laterallis jamaicensis)  breeding high 
Whooping Crane (Grus americana)  migration high 

1 Refers to the species need for conservation action 
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