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ABSTRACT

In the Triangle region of North Carolina, rapid transformation of forested areas to residential and

commercial real estate have caused many to wonder how this suburbanizion will affect our local

wildlife.  Many believe that a network of habitat that will support a broad range of wildlife

should be identified now so preservation can begin before many species are lost in the area.

Therefore, a wildlife conservation plan for the region based on a combination of landscape and

focal species approaches has been initiated.  Utilizing the concepts of keystone, umbrella and

focal species, a panel of wildlife experts selected nine species on which to focus.  As part of this

wildlife conservation plan, I have developed a habitat model for the Ovenbird (one of nine focal

species) to identify potential habitat patches in the seven county Triangle region.  The Ovenbird

was chosen as a focal species due to its large area requirement and is used to represent upland-

forested habitat. Using Environmental Systems Research Institutes (ESRI) ArcView and ArcInfo

GIS software, I developed a hierarchy of habitat maps that identified between 3,170 hectares

(7639.7 acres) and 36,600 hectares (88,206 acres) of potential Ovenbird habitat.  Utilizing two

existing databases acquired from the North Carolina Natural Heritage Program (NHP), I was also

able to assess the Ovenbird’s ability to provide protection for other species that typically occupy

upland forest habitat.
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THE OVEN BIRD

There is a singer everyone has heard,
Loud, a mid-summer and a mid-wood bird,

Who makes the solid tree trunks sound again.
He says that leaves are old and that for flowers

Mid-summer is to spring as one to ten.
He says the early petal-fall is past

When pear and cherry bloom went down in showers
On sunny days a moment overcast;

And comes that other fall we name the fall.
He says the highway dust is over all.

The bird would cease and be as other birds
But that he knows in singing not to sing.

The question that he frames in all but words
Is what to make of a diminished thing.

-Robert Frost-
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INTRODUCTION

As increasing human populations cause more and more lands to be transformed from forest and

fields to residential and commercial real estate, biologists and conservationists alike are

recognizing the need to identify and preserve areas of suitable wildlife habitat as quickly as

possible.  This is becoming increasingly evident in the Triangle region of North Carolina.  Since

1950, the population in the area has nearly tripled to approximately 1.1 million people in 1999.

To support this growing population, approximately 5,200 hectares (12,532 acres) of forest were

converted to developed land each year between 1987 and 1997; an additional 2,200 hectares

(5,302 acres) of crop and pasture land were converted annually (Hess et al. 2000).  The high rate

of land transformation and the subsequent habitat loss may ultimately cause a decline in many

species that require large blocks of contiguous forest habitat, and cause a shift in animal

populations to those species more tolerant of human populations.

With this in mind, a regional consortium including the Triangle Land Conservancy, Triangle J

Council of Governments and the North Carolina Department of Environment and Natural

Resources Division of Parks and Recreation is developing a plan to combat the negative effects

of suburbanization.  Part of this plan includes a regional "GreenPrint" to identify and protect

natural and cultural resources in the Triangle.  The GreenPrint will be a community-based plan

designed from the participation and contributions of local community members, including

government, industry, and non-profit organizations, large landowners and interested members of

the general public (Hess et al. 2000).  As part of this effort, Matt Rubino, Ray Bode and myself,

under the guidance of Dr. George Hess, have begun a research project with the goal of

identifying a network of wildlife habitat in the Triangle area suitable for a broad range of

species.  The work described in this paper is part of this ongoing project.

Conservation Approach

In our efforts to develop a regional network of wildlife habitat in the Triangle region, we decided

to use an approach that combines the theories of keystone, umbrella and focal species. A

keystone species, as originally defined, refers to a species that is high in the food chain and could

ultimately affect other species below it by its presence or absence in the ecosystem (Paine 1969).
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A keystone species effect is disproportionate to their abundance and removal of the species may

cause negative impacts on the ecosystem by triggering a loss of diversity (Miller 1998), species

abundance (Power et al. 1996) or overall ecosystem function (Callicott et al. 1999).  As an

example, Terborgh (1986) found that when palm nuts, figs and nectar were removed from a

tropical ecosystem, one half to three quarters of the total bird and mammalian biomass were lost.

In a planning context, keystone species are chosen for their unique and important connection to

the community. Power et al. (1996) suggest that being able to identify such keystone species

would allow conservation biologists to set aside critical areas and manage them to maintain these

keystones and the critical ecological processes they drive.  Conversely, in areas where habitat has

been destroyed and restoration projects are in progress, keystone species are necessary to re-

establish and sustain ecosystem structure and stability (Conway 1989).

An umbrella species is used in conservation based on its area and habitat requirements (Wilcox

1984) and is often used to define the size or type of area needed for a reserve system (Ryti 1992).

According to Simberloff (1999), “an umbrella species is one with such broad habitat

requirements and large area needs that saving it will automatically save the community of

interest.”  For example, recent studies of the Bay Checkerspot butterfly in the central California

coastal range have shown that preserving patches of habitat occupied by the butterfly would also

preserve over 90% of the diversity of native, spring-flowering, forb species also located in the

area (Launer and Murphy 1994).

The focal species approach to conservation, developed by Lambeck (1997), takes into

consideration the habitat needs of a few species and begins to identify landscape attributes

important for conservation.  The process begins by selecting a set of focal species from the total

pool of species for a defined area.  Each species is used to classify the optimal characteristics of

different landscape attributes based on the species sensitivity to four limitations: area, resource,

process and dispersal. The minimum requirements of the suite of species can then be used to

develop spatially explicit guidelines for a reserve or managed area.  This approach is the first to

try and bridge the gap between species- and landscape-based approaches to conservation that has

become hotly debated in the last decade (Franklin 1993, Tracy and Brussard 1994).  It was

designed for use in Western Australia where agricultural landscapes are being reconstructed and
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has not been well tested.  Carroll et al. (2000) however, are utilizing the concept in their regional

planning efforts for carnivores that are threatened by human development pressures in the Rocky

Mountains of the United States and Canada.

Utilizing a Delphi survey nine species were identified to form the basis or foundation of the

habitat network (Table 1) (Hess and King 2001, in review).  These nine species were identified

by a panel of experts as either keystones species or species believed to be most threatened by

development in each of four threat categories:

1. Area limited: species declining due to insufficient area of suitable habitat.  For example,

habitat loss through conversion of extensive areas of mature forest to suburban

development negatively affects populations of the hooded warbler.

2. Dispersal limited: species declining due to restricted movement among habitat patches.

For example, roads pose a significant threat to the Eastern box turtle during seasonal shifts

between different habitats.

3. Resource limited: species at risk as a result of a shortage of critical resources. For

example, the availability of temporary pools for breeding is critical to some amphibian

populations.

4. Process limited: species affected by disruption of critical processes.  For example, fire

suppression in long leaf pine ecosystems allows hardwoods to grow tall enough to

interfere with red-cockaded woodpecker nesting.

These focal species also represent specific landscape types that are considered threatened in the

area.  For example, the Ovenbird was chosen as a focal species because it is constrained by area

and process limitations.  It is a Neotropical migrant that requires large tracks of contiguous

upland forest habitat for successful breeding (Van Horn and Donovan 1994).  Due to

suburbanization, this type of habitat is vulnerable in the Triangle region.
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Table 1.  List of focal species and associated landscape types

Landscape Focal Species
(Category1)

Rationale

Extensive habitat with
low levels of human
activity

Bobcat (ADK) Requires large area of habitat undisturbed by
people, highest overall ranking in earlier
surveys (including all limit and keystone
categories).  Movement threatened by roads.

Eastern Box Turtle
(ADR)

Connectivity between breeding habitat and
other resources threatened by roads, but at a
smaller scale than for the bobcat.
(Space)

Riparian and bottomland
forest

Barred Owl (AR) Nests in mature, large trees; rarely forages
far from bottomland, occurs at lower
densities than the Red-Shouldered Hawk and
other species suggested.

Beaver (K) Keystone species that creates wetland
systems.

Upland forest Ovenbird (AP) Prefers mature uplands with well-developed
understory.  Occurs at lower density than
Wood Thrush and other species suggested.

Broad-winged Hawk (A) Requires extensive forested uplands.

Mature forest Pileated Woodpecker
(ARP)

Requires large area of mature forest and
large snags for breeding.

Pastures and grassy fields Loggerhead Shrike (ARP) Needs agrarian habitat, open fields, scattered
trees and hedgerows, woodland margins,
thickets.  Ranked higher in earlier surveys
than Eastern Meadow Lark and Grasshopper
Sparrow and occurs at lower densities than
those species.

Open and early
successional forest

Northern Bobwhite
(DRP)

Needs abandoned fields, thickets, and
woodland margins.  Sensitive to
development.

Categories:  A=Area limited; D=Dispersal limited; R=Resource limited; P=Process limited;
K=Keystone.

OBJECTIVES

The primary objective of my project, and the focus of this report were to identify and map high

quality habitat suitable for successful Ovenbird reproduction utilizing Geographic Information

Systems.   A secondary objective was to assess the Ovenbird’s role as an umbrella species.  This
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was accomplished by comparing the Ovenbird habitat maps with species occurrence data

provided by the North Carolina Natural Heritage Program.

Matt Rubino has developed habitat maps for the Barred Owl and is currently surveying patches

to verify his model.  Initial work has begun for Bobcat habitat maps by Ray Bode.  Their maps,

along with those developed for the Ovenbird, will ultimately be combined with habitat maps for

the remaining focal species to identify potential landscapes suitable for a broad range of wildlife.

METHODS

Study Area

The study area consisted of seven adjacent counties located in central North Carolina: Johnston,

Wake, Durham, Orange, Chatham, Franklin and Lee (Figure 1).  The region is considered a

transitional zone between the Piedmont uplands and the Coastal Plain.  The study area consists of

approximately 0.97 million hectares (2.4 million acres) of land that includes forests, row crops

and pastures, and residential/surbanbanized areas.  Forested areas consist of evergreen and

deciduous dominant canopies, as well as patches containing a mixture of the two. Agriculture

tends to be a mixture of abandoned fields, row crops and pasturelands, some having been tended

for more than 200 years (United States Department of Agriculture 1970).

Figure 1:  Study Region
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Ovenbird Habitat

I conducted a literature review to gather Ovenbird habitat information (Table 2).  I searched all

of the major scientific journal databases including Web of Science, CAB Abstracts, Biological

Abstracts, Cambridge Scientific Abstracts, Fish and Fisheries Worldwide and Fisheries Review;

and the search was not limited to any specific Journals. I found that the Ovenbird is poorly

studied in the Triangle region of North Carolina; I found no scientific articles that focused on the

Ovenbird locally.  To date, most of the research conducted on the Ovenbird has been carried out

in the Midwest and northeastern portions of the United States and Southern Canada (Maine,

Missouri, Minnesota, Vermont, Illinois, Indiana, and Pennsylvania) (Table 2). To fill in the gaps

on local Ovenbird ecology, interviews were conducted with wildlife experts from North Carolina

State University (Dr. Richard Lancia), North Carolina Natural Science Museum (John Gerwin)

and the North Carolina Wildlife Commission (Mark Johns).

Figure 2:  Ovenbird Summer Distribution (Relative abundance maps, estimated over the
interval 1982-1996).

Sauer, J. R., J. E. Hines, I. Thomas, J. Fallon, and G. Gough. 1999. The North American Breeding Bird Survey,
Results and Analysis 1966 - 1998. Version 98.1, USGS Patuxent Wildlife Research Center, Laurel, MD.



Table 2: Ovenbird Literature Review

Source Study Site Description
Objective Landscape type Patch Size (ha) Buffer Radius % Forest cover Recommendations/Comments

Proneluzi et al. 1993 Report direct measures of reproductive success of
individually marked Ovenbirds nesting in contiguous
forests and adjacent forest fragments

Forested Frags < 183
Cont > 10,000

100m 2 km Frags <50%
Cont >96%

Forests as large as 183 may not sustain breeding
populations

Hayden et al. 1985 Identify area-sensitive bird species and make initial
estimates of the minimum area required to maintain their
population.

Agricultural Frag <341
Cont > 1000

  Patches > 340 ha

Donavon et al. 1995 To test whether fragmentation affects the distribution,
reproduction, and viability of three forest nesting species
(Ovenbird, Red-eyed Vireo, Wood Thrush)

Agricultural Frag  (mean)
550 &  674
Cont (mean)
29,175 & 26,793

250m  10 km Frags <32%
Cont >92%

Daily nest mortality higher in fragments than in
contiguous forests; habitat patterns affect
reproduction more than differences in geographic
location

King et al. 1996 Evaluate the effects of clear-cut borders on habitat use
and reproductive success of the Ovenbird in an
extensively forested landscape

Forested  6 plots totaling 64
ha

200m   Did not find much of an edge effect

Ortega and Capen 1999 Examine influence of forest roads on Ovenbird habitat
quality in extensive forested landscapes

Forested 150m   Suggest forest roads are sources of fragmentation
that exert negative effects on habitat quality

Gibbs and Faaborg 1990 Test Ovenbird pairing success in small and large forest
tracks

Agricultural Frag <140
Cont >500

    Pairing success was less in smaller forest fragments

Sabine et al. 1996 Test Ovenbird pairing success on mature fragments
verses contiguous forests

Forested Frag <40
Cont >20,700

   Pairing success did not differ between fragments and
contiguous forests

Donavon et al. 1997 Examine the variation in edge effects in nest predation
patterns

Agricultural  250m   Suggest that first approximation to predicting impact
of agricultural or managed edges on forest songbird
reproductive success is to assess habitat
characteristics at the landscape scale

Robbins et al. 1989 Obtain estimates of the minimum area required for
breeding

Forested and
Agricultural

Ranged from
<2 to >1,500

  1, 2 and 3
km

Ranged from
30% to 75%

Relative abundance most often related to percent
forest cover within 2 km; recommended minimum
patch size of 450

Hanski et al. 1996 Assess nesting success of common forest interior birds
and determine the effect of forest fragmentaion and nest-
site location on nesting success

Forested  2.56 km2 50m   Edges were defined as contrasts between forest age
classes (forest, regenerating and open); found no
edge effect

Wenny et al. 1993 Compare population densities of three interior forest
species (Ovenbird, Kentucky Warbler, Worm-eating
Warbler) at isolated sites meeting minimum area
requirement to those in a large continuous forest

Agricultural Isolated <340
Larger forest >800

 5 km Frags <20%
Cont >80%

Densities lower in the 300 ha forests despite presence
of apparently abundant suitable habitat in all forests

Villard et al. 1993 Examine the potential effects of local abundance and
habitat fragmentation on Ovenbird pairing success

Agricultural Frag < 30
Cont >350 km2

 5 km Radius centered
on cluster of study
sites; 38% and
40%

Pairing success lower in fragmented than in
continuous tracts of habitat

Burke and Nol 1998 Examine density and pairing success of territorial male
Ovenbirds as function of woodlot size, core area and
local forest cover

Agricultural Woodlot cores
ranged 0.06-351 in
12-2,353 total
woodlot area

100m 2 km  Varied Recommended single large track of forest with core
area greater than 20 ha

Porneluzi  and Faaborg
1999

Study season-long fecundity, survival, and viability of
Ovenbirds in fragmented and unfragmented landscapes

Agricultural Frag < 4061
Cont > 1.8 million

 10 km Frags <25%
Cont >83%

Patches as large as 2000 ha suffered reduced
productivity

Van Horn and Donovan
1994

BNA Account    Minimum contiguous habitat of 100 to 885 ha

*Frag = Fragmented *Cont = Contiguous
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Ovenbirds breed in northern and northeastern North America (Figure 2) and winter in southern

Florida, Mexico, Central America and on Caribbean Islands and prefer large tracks of mature,

contiguous, upland forests (Van Horn and Donovan 1994) (Table 3).  Although the literature

suggested that deciduous or mixed deciduous/evergreen forests are favored, local experts assert

that Ovenbirds use forests dominated by evergreen trees in the Triangle area (Mark Johns and

John Gerwin, personal communication). Other variables considered important in characterizing

Ovenbird habitat include, basal area, tree diameter, canopy cover, shrub height, litter depth,

canopy height, stem density, and ground cover.  Because of the large geographic extent and

coarse scale of this project however, several of the features used to characterize Ovenbird habitat

were of landscape scale.  Recent studies have shown that landscape level variables can be an

adequate predictor of avian abundance (Howell et al. 2000; Bolger et al. 1997; Donovan et al.

1997).   For example, Howell et al. (2000) studied the local habitat and landscape variables that

affected avian abundances in large contiguous forests and smaller forest fragments in Missouri.

They found that landscape variables explained the greatest amount of variation in species

abundance for 67% of the species analyzed, including nine neotropical migrants.

Table 3:  Ovenbird Habitat Characteristics

Characteristic Preferred Habitat Source

Forest Type Mature deciduous or
mixed
deciduous/evergreen.
Mature evergreen.

Van Horn and Donovan 1994
Ortega and Capen 1999

Mark Johns (Personal
communication)

High Percent Forest Cover >70% John Gerwin (Personal
communication)

Canopy Height 16-22 meters Van Horn and Donovan 1994
Ortega and Capen 1999

Canopy Cover 60-90% closure Van Horn and Donovan 1994
Ortega and Capen 1999

Landscape Type Uplands Van Horn and Donovan 1994
Ortega and Capen 1999

Distance from edge 50-250 meters Literature Review (Appendix 1)
Area of patch 100-885 hectares Literature Review (Appendix 1)
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The literature also revealed a great deal of variation in the minimum patch area requirement and

at what distance edge effects become significant.  Minimum patch sizes ranged from 40 hectares

to greater than 2000 hectares and distances at which species were negatively impacted by edge

effects ranged from 0 to 250 meters.  It became apparent that this disparity was, in part, a

function of regional landscape patterns.  Many studies have shown that the negative effects of

fragmentation (e.g. predation, parasitism) can occur at larger patch sizes in landscapes dominated

by agriculture than in those dominated by forests (Burke and Nol 1998, King et al. 1996, Sabine

et al. 1996).   Van Horn and Donavon (1994) also suggest that the wide range is perhaps the

result of differing regional requirements and the lack of a latitudinal study throughout the species

breeding range.

Creating Habitat Maps

The GIS database consisted of six primary data layers (Table 4) and two secondary data layers

that were created in GIS.  The primary layers were obtained through the North Carolina State

University’s D.H. Hill Library Geographic Information Systems website and the North Carolina

Center for Geographic Information and Analysis (NCCGIA).

The foundation of the habitat maps were derived from Multi-Resolution Land Characteristics

(MRLC) land cover/ land use classification of Landsat Thematic Mapper (TM) satellite imagery.

The MRLC data consist of 21 land use classes, four of which are forested areas and are used in

this model: deciduous forests, evergreen forests, mixed deciduous/evergreen forests and woody

wetlands (See Appendix 2 for definitions of land cover classes).  The MRLC classification

method defines forests as having canopy heights greater than 6 meters and a canopy cover

greater than 25%.
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Table 4.  Primary data layers used for Ovenbird habitat mapping.

Title Source Type Scale Year

Multi-Resolution Land
Characteristics

(MRLC)

US Environmental
Protection Agency

Grid 30 meters 1991-1993

Soils (NC CGIA) USDA National
Resources Conservation

Service (NRCS)

Arc/Info
Polygon

(converted
from SDTS

format

1:12000-
1-24,000

1994-1998

National Wetland
Inventory (NWI)

US Fish and Wildlife
Service (US FWS)

Arc/Info
Polygon

1:24,000 1991-1992

Roads North Carolina
Department of

Transportation (DOT)

ArcView
Shapefile

1:24,000 2000

Streams US Geological Survey Digital line
graph

1-24,000 1999

County Boundaries U.S. Census Bureau
TIGER/Line files

ArcView
Shapefile

N/A 1999

Two secondary layers that were created with GIS include a landscape layer (Appendix 1) and a

layer that identified uplands and bottomlands (Appendix 2). The landscape layer separates

forested areas into two cover categories, < and > 70% forested. The layer was generated by

running a nearest-neighbor function on the four forest categories within the MRLC dataset using

a radius of approximately 1.4 kilometers.  The proportion of forested landscape preferred by the

Ovenbird was determined through the literature review and confirmed locally by Mr. John

Gerwin of the North Carolina Science Museum.  The radius in which the proportion was

calculated for is also consistent with the literature (Table 2).

The uplands/bottomlands layer was created through a mosaic of the MRLC, NWI, soils and

stream layers.  The layer was initially created to identify bottomlands by broadening the MRLC

woody wetland category to include hydric soils and streams buffered at 100 meters on each side

(Rubino 2000).  Everything not identified as a bottomland was considered upland and utilized for

the Ovenbird habitat analysis.



16

The Ovenbird habitat maps were created through a series of overlays and manipulations of the

GIS layers using Environmental Systems Research Institutes (ESRI) ArcView and Arc/Info

software packages in conjunction with the Spatial Analyst extension.  A complete flowchart and

procedure log describing the processes can be found in Appendix 3.  All data that were not

originally acquired in grid format were converted to a grid so the entire process could be

conducted in a raster environment.  To simplify model discussion, I will separate the GIS

analysis into three stages: Identification of core areas, classification of uplands, and identification

of potential Ovenbird patches.

Identification of core areas

The Ovenbird is considered a “forest interior” species that rarely nests near edges (Ortega and

Capen 1999).  Therefore, I identified core forest areas by masking out the first 60 meters of edge

habitat in the > 70% forested areas and the first 120-meters of edge in the < 70% forested areas.

Additionally, the road layer was buffered at 50, 100 and 250-meters independently.  A buffer is a

zone of a specified distance around a feature.  The buffered road layer was used to mask out

forest edges created by road fragmentation.  Ultimately, this process created a map of the core,

forested areas within the study region (Figure 3).
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MRLC

Forest

Forest with 60m
Edge buffer

Forest with 120m
Edge buffer

Select these in
 > 70% forested

Select these in
< 70% forested

Landscape type
> 70%, < 70% forested

Edge buffered forest

Add

Core Forested
 Areas

Buffered Roads

Figure 3:  Identification of core forested areas

Non-Forest
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Classification of uplands

The second step of the procedure was to identify core areas of forested habitat that were located

in uplands consisting specifically of deciduous and mixed deciduous/evergreen trees (Figure 4).

I identified forested uplands as anything that was not determined to be a bottomland (Appendix

2).  The forested uplands were then combined with the core, forested areas.  Up to this point, all

the forested categories in the MRLC dataset (deciduous, evergreen, mixed deciduous/evergreen

and woody wetlands) were used in the analysis.   To account for the Ovenbird’s forest type

preference, the MRLC data were reclassified to mask out all the land cover categories except the

deciduous and mixed deciduous/evergreen tree stands.  This layer was then combined with the

areas identified as core-forested uplands.

Further analysis revealed that leaving out the evergreen category created a network of small

patches that would have been larger and more contiguous had the evergreen forests been

included.  Several local wildlife experts have found Ovenbirds in pure evergreen stands in the

Triangle region although no research has been conducted to confirm whether or not they are

nesting (Mark Johns and John Gerwin, personal communication).  With this in mind, a second

analysis was conducted with the evergreen forest category added into the MRLC

reclassifications.
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Identification of potential Ovenbird Habitat patches

The final step of the process was to seek out the patches large enough for the Ovenbird to

reproduce successfully.  As mentioned earlier, the minimum patch size requirement differs

depending on the surrounding landscape.  Patches that are found within a highly forested

landscape represent a higher quality habitat and therefore Ovenbirds require less area for

successful reproduction (Ortega and Capen 1999).  For that reason, I searched for patches greater

than 100 hectares in the > 70% forested landscapes and greater than 500 hectares in the < 70%

forested landscapes.

Umbrella Analysis

To ascertain whether or not the patches identified by the Ovenbird habitat model would include

habitat for other species, I utilized two GIS databases developed by the Natural Heritage

Program (North Carolina Department of Environment and Natural Resources, Division of Parks

and Recreation).

Figure 4:  Classification of uplands

Uplands
(Everything not
Identified as a

bottomland

Core forested
area

Core forested uplands

Core upland areas consisting
of deciduous, coniferous
and mixed forest classes

Deciduous, mixed
Deciduous/coniferous

(Coniferous added during
Second analysis

MRLC Categories
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The Significant Natural Heritage Areas (SNHA) coverage is made up of polygons that identify

areas containing rare or high-quality natural communities, important rare plant or animal

populations, or other special animal habitats (Significant Natural Heritage Areas Coverage

2000).  The number of SNHA polygons that intersected Ovenbird habitat patches was

determined as well as the proportion of area that was covered.

The Natural Heritage Element Occurrence (NHEO) coverage is a point coverage identifying

locations of rare and endangered species populations, occurrences of exemplary or unique

natural ecosystems (terrestrial or palustrine) and special animal habitats (Natural Heritage

Element Occurrence Coverage 2000).  The NHEO datum are classified into six categories:

vertebrates, invertebrates, vascular plants, nonvascular plants, natural communities and special

animal habitats.  I separated the species or communities in each category into classes based on

where they occur naturally: uplands (forested and non-forested), bottomlands or aquatic systems.

Because the Ovenbird was chosen to represent upland forest habitats, I only compared those

species naturally found in forested uplands with the Ovenbird habitat patches (Appendix 4).

Two categories contained only species found in aquatic systems and therefore were not used in

this analysis: the special animal habitat category identified wading bird rookeries and the non-

vascular plant category consisted of one plant listed as aquatic.

RESULTS

Habitat Maps

The majority of the habitat patches were located in the western and northern portions of the study

area (Figures 5-10).  This reflects the topography of the area and the rates and directions of

suburbanization.  For example, Johnston County is closer to the transitional zone between the

Piedmont and the Coastal Plain and has a high percentage of lowland and wetland areas that are

not preferred by the Ovenbird for breeding.  Patch locations also reflected areas of high

population density and urban centers.  Only several patches were identified in Wake County,

which has the highest population and highest road densities in the seven county study area

(http://www.cgia.state.nc.us/cgdb/tiger90.html March 5, 2001).
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DISCUSSION

The addition of the pure evergreen stands to the patch criteria created a significant difference in

the amount of potential Ovenbird habitat in the Triangle region and the size of the individual

Ovenbird habitat patches.  Most life history accounts for the Ovenbird reflect its preference for

habitats that consist of primarily deciduous trees or a mix of deciduous/evergreen trees with

deciduous trees being the chief component (Van Horn and Donovan 1994).  Local accounts of

Ovenbirds found in evergreen stands led me to include that forest type in the model.  However, I

caution that these areas may be sinks that represent dispersing juveniles or birds forced into

lower quality habitat due to forest fragmentation and land transformations. Studies have shown

that many songbird populations in fragmented and urbanized landscapes may have a source-sink

structure (Pulliam, H.R 1988) in which reproductively unsuccessful sink populations located in

small fragments are maintained by the immigration of birds from source populations located in

large, contiguous forest tracks (Donovan et al. 1995, Porneluzi and Faaborg 1999, Proneluzi et

al. 1993).

The Ovenbird as an umbrella species

Analysis of the Natural Heritage data revealed that the Ovenbird is a poor umbrella for other

species in upland habitats.  There are several possible explanations for these results.  The first

consideration should be the source of the data.  Both the SNHA and the NHEO only document

occurrences of rare or endangered species, communities and habitats.  Many studies have shown

that single species umbrellas tend to leave out rare and/or endemic species (Fleury and Mock

1998, Kerr 1997, Lawton et al. 1998, Prendergast 1993).  Andelman and Fagan (2000)

performed a similar analysis on a much larger scale using conservation databases containing

incidence records of endangered, threatened, rare, and/or “of concern” species.  Although they

used rare and endangered species as umbrella species, which is unlike my analysis, they also

found low percentages of overlap between surrogate species and the other species of concern.

A second consideration is the date in which the species were added to the NHEO database.

Some of the element occurrences date back to the 1970’s.  Because the Ovenbird model

incorporated landcover datum derived in the early 1990’s, it is possible the umbrella analysis

may have included species occurrences for species located in habitat that is no longer there.
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Finally, the NHEO data are represented as point themes in GIS in which each point is the

centroid of an area where the species occurred.  There were some points located just outside the

boundary of Ovenbird patches that actually may overlap had the entire area of the species

occurrence been used instead of just the single point.

Low overlap between Ovenbird patches and species occurrences from the NHEO database could

also be due to the minimum patch size criteria chosen for the Ovenbird.  The analysis was

conducted with Ovenbird patches that were > 100 hectares in the > 70% forested landscape.

Many of the species identified in the NHEO database are species that require only small patches

of habitat such as the Tiger Salamander or may not require a high percent forest cover like the

Mottled Duskywing.  Using a large minimum patch criteria (> 500 ha) in the < 70% forested

landscape reduced the potential of overlap between Ovenbird patches and species with less

stringent habitat area requirements.  Had smaller Ovenbird patches in the > 70% forested

landscape and patches located in the < 70 forested landscape been included in the analysis, the

proportion of NHEO species may have been greater.

A second analysis with the NHEO data was conducted at the end of the project to help illustrate

why these numbers turned out so low.   The Ovenbird patches were re-calculated and an

additional 120 meters of land was added to the perimeter of each patch.  The objective of doing

this was to account for the fact that each NHEO point is actually a centroid of a specific area in

which the species could have occurred.  Since the area around each point was not consistent,

myself, Dr. George Hess and Dr. Heather Cheshire, chose a distance of 120 meters.  As

suspected, the addition of this area significantly increased the amount of overlap between

Ovenbird habitat and the NHEO data (Table 8).  Based on the design of the NHEO dataset, this

second analysis is a more realistic interpretation of the Ovenbirds ability to function as an

umbrella species.

In addition, a third analysis was conducted to determine the best coverage that could be

estimated.  I compared the overlap between the NHEO data and all upland habitat identified by

the model prior to fragmenting it with buffered roads or applying the minimum patch size

criteria.  This was done with, and without the additional 120 meters (Table 9).  The large amount
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of overlap confirms the hypothesis that the Ovenbirds potential to act as an umbrella species was

limited by the large minimum patch criteria used in the model.



Table 8:  Umbrella analysis with the Natural Heritage Element Occurrence data (NHEO) and the Ovenbird habitat patches with
additional 120 meters.

Vertebrates Natural
Communities

Vascular Plants Invertebrates Totals

Pine in
Model

Road
Buffers

%
Species

% Element
Occurrences

%
Comm.

% Element
Occurrences

%
Species

% Element
Occurrences

%
Species

% Element
Occurrences

%
Species

% Element
Occurrences

Yes 50 40 13 62 23 72 2 0 0 32 16
Yes 100 40 13 62 22 7 2 0 0 32 16
Yes 250 20 6 38 6 0 0 0 0 18 4

No 50 20 6 54 9 0 0 0 0 24 6
No 100 20 6 54 9 0 0 0 0 24 6
No 250 0 0 15 1 0 0 0 0 6 1

Table 9:  Umbrella analysis with the Natural Heritage Element Occurrence data (NHEO) and all upland habitat.

Vertebrates Natural
Communities

Vascular Plants Invertebrates Totals

%
Species

% Element
Occurrences

%
Comm.

% Element
Occurrences

%
Species

% Element
Occurrences

%
Species

% Element
Occurrences

%
Species

% Element
Occurrences

All uplands 40 19 85 52 50 26 50 50 62 39

All uplands w/
additional 120

meters
60 44 92 90 86 94 50 50 82 79
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The majority of research studies conducted to date have focused on single species umbrellas,

however most authors conclude that an umbrella developed around multiple species will provide

a higher level of protection (Launer & Murphy 1994; Hager 1997; Fleishman et al. 2000; Fleury

& Mock 1998).  As Lambeck (1997) points out, given the variety of species found in an

ecosystem and their unique individual habitat requirements, it is hard to imagine a single

umbrella species that could protect them all.   For this reason, I believe that a plan built on the

combination of the protection afforded by a suite of focal species will be greater than any one

focal species can provide on its own.  For example, preliminary results from the umbrella

analysis conducted for the Barred Owl (another one of the nine focal species identified for the

wildlife conservation plan) shows a 60% overlap between Barred Owl patches and vertebrate

species located in bottomland forests.   When combined with the areas protected by the Ovenbird

patches, a much larger percentage of vertebrate species are protected.

Study limitations

The use of GIS in regional conservation planning is a current trend and one that will continue to

grow as the technology and the data required to perform spatial analyses become more available.

I was able to develop this model with data obtainable, free of charge, from several government

agencies on the Internet and through the North Carolina State University Library system.

Although GIS seems to be the answer to our regional planning and large scale conservation

dilemmas, there are a number of assumptions and drawbacks that come with this computer

technology.  For instance, we must remember that our models are only as good as the data they

are constructed from.  Depending on the application, Jensen (1986) recommended that a map

accuracy of 80-90% be attainable if decisions are to be made based on land cover.  The MRLC

data used as the foundation for this model were developed using satellite imagery from the early

1990’s.  Although these are the best available data, they are nearly 10 years old.  Considering

recent population growth in the Triangle region over the last 10 years, and the age of the MRLC

datum and other GIS layers used in this analysis, it is inevitable that some areas identified in the

model as forested landscapes are now fragmented by roads or developed as residential or

commercial real estate.  For this reason, the habitat maps developed from this model should be

ground-truthed prior to their use in the conservation decision-making process.
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Although the Ovenbird has been well studied in other parts of the United States, the literature

review revealed a lack of scientific data that focused on the Ovenbird in the Triangle region of

North Carolina.  Caution must be taken in extrapolating results from studies that may have been

conducted in habitat types and sizes that differ from those found in the Triangle region. Many of

the fragmentation studies that were used to derive habitat characteristics for this model were

located in or near the Missouri Ozarks (Howell et al. 2000, Donovan et al. 1995, Donovan et al.

1997).  The Missouri Ozarks is a 1.8 million hectare contiguous forest (Porneluzi and Faaborg

1999).  The study area used for my analysis was 0.97 million hectares and highly fragmented.

Further work

Due to time constraints, further analysis of the Natural Heritage datum was not feasible.  I

suggest however that re-analysis of the datum could yield higher proportions of overlap between

Ovenbird patches and the NHEO datum.  Because each point in the NHEO database represents a

centroid of a larger area, placing a buffer around the point that corresponds to that area and then

identifying those areas that overlap with Ovenbird patches would produce a more realistic

estimate.

To verify the Ovenbird model described in this report, sampling is scheduled to begin in the

spring of 2001.  In general, the current proposal is to perform a stratified random sample of the

patches identified in the model containing 50-meter road buffers with the evergreen category

included.  Since the three models (50, 100 and 250 meter road buffers) have a nested structure,

the 50-meter model was chosen because it will also contain areas identified by the other two

models.  The samples will be stratified according to the amount of evergreen found in each patch

(i.e. < 50% or > 50% evergreen).  Thirty patches from each strata will be sampled along with 30

patches located in “non-habitat” for a total of 90 patches.  Due to private land ownership and

resource issues, patches will be sampled from points along roads surrounding each patch rather

than point counts along transects through each patch. The Ovenbird has a loud and boisterous

song that can be heard approximately 275 meters away and therefore detection from roads should

not be a problem.   One disadvantage however is that the model identified “core” forested areas

and depending on the proximity of the road to the patch being sampled, the Ovenbirds heard

from the road may be located in the buffered areas and not in the high quality core areas.  This
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sampling effort is just the first step in model verification.  After confirming that the model

predicts the presence or absence of Ovenbirds in certain locations, a more thorough sampling

effort should be conducted.

CONCLUSION

Using a course filter approach to habitat identification, I was able to map potential Ovenbird

habitat in the Triangle region of North Carolina utilizing GIS technology.  The process described

in this paper is another step toward our long-term goal of creating a regional network of habitat

suitable for a broad range of wildlife. There are significant technical and political challenges to

the attainment of this goal; nevertheless, I believe this process can be applied to a broad range of

conservation problems, which are often characterized by a high degree of uncertainty and the

need to act quickly.
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APPENDIX 1: PROCEDURE LOG – LANDSCAPE LAYER

The Multi-Resolution Land Characterization layer, referred to subsequently as MRLC, was used

to develop the > and < 70% forested layer.  MRLC is a land cover/ land use classification of

Landsat Thematic Mapper (TM) satellite imagery converted to a grid format for GIS use.  The

MRLC grid covered the entire state of North Carolina.

Create new grid

Select an area slightly larger than the seven county Triangle region.  Set the analysis extent to

reflect the display and create a new grid.  This is done to ensure that the identification of forested

areas does not stop at the county boundary and thus affect the classification of forests near

county boundaries.

Step 1: In ArcView, open the statewide MRLC datum.  Using the Zoom In tool, select an

area slightly larger than the seven county Triangle region.  This will ensure the

analysis on forested areas will not be cut off at the county boundary line.

Step 2: Under the Analysis menu, choose properties and set the analysis extent to “same

as view”.  Set the Analysis Cell Size to “same size as MRLC” and make sure a

cell size of “30” is denoted in the map units box.  Hit okay.

Step 3: Under the Theme menu, choose “convert to grid”, save to the appropriate location

and click okay to add the new grid to the view.

Change the new grid from an integer to a floating point grid

Grid themes can represent discrete features with integer values or continuous data with floating

point values.  To be able to express the land cover data as a proportion (i.e. < or > 70%), the

grids must be converted to floating point values that express the data in decimal format.

Step 4: Making sure the analysis extent is set to “same as display” and the cell size is 30;

go to the Analysis menu, choose “map calculator” and change the new grid from
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an integer to a floating point grid with the following command:

([gridname].float).

Define the region of analysis

The MRLC data set consists of 15 different land cover classifications (See Appendix 2).  To

analyze just the forested categories, reclassify deciduous, coniferous, mixed

deciduous/coniferous and woody wetlands into a single value.

Step 5: Under the Analysis menu, choose “reclassify”.  In the dialogue box, select the

“unique” button to get all the values for the categories.  In the new value column,

change the old values of 41, 42, 43 and 91 to one and all the other values to zero.

When you get to the last value, hit the enter key until none of the selections are

highlighted.  Hit okay.

Run neighborhood statistic function

The Neighborhood statistic function analyzes the cells of a grid theme with the statistics type and

neighborhood you enter.  All cells that fall within the neighborhood will be used in the

calculation.  To identify proportions of forested areas, we found the mean number of forested

areas within a neighborhood defined by a radius 1.37 km.

Step 6: Under analysis menu, select neighborhood statistics.  Choose “mean” as the

statistic and “circle” as the neighborhood.  Identify the radius as 1.37 and make

sure “cell” is marked for the unit’s category.  Hit okay.

Reclassify grid to identify greater than and less than 70% forested areas

The above analysis calculates a new grid in floating decimal form and displayed as graduated

values.  Graduated values represent the progression of values for a data attribute specified.  To

identify greater than or less than 70% forests, the data must be reclassified as 2 classes; values

between 0-0.699 and values between 0.699-1.000.
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Step 7: Select the new grid.  Under the Analysis menu, choose “reclassify”.  In the

dialogue box, select “classify”.  In the classification dialogue box, change the

number of classes to 2.  Hit okay.  In the next dialogue box, change the old values

to the following ranges: 0-0.699 and 0.699-1.000.  Make sure to hit enter until

none of the selections are highlighted.  Hit okay.

The resultant grid is the final landscape layer and will contain two categories, one that is greater

than 0.7 (70%) and one that is less than 0.7 (70%).

References

ESRI, Virtual Campus.  Introduction to ArcView Spatial Analyst.
http://campus.esri.com/campus/myoffice/mycourses/CourseHome/index. February 27, 2001.
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APPENDIX 2:  PROCEDURE LOG – BOTTOMLANDS LAYER

Rubino, M.J. 2000.  Development of a broad-scale GIS model to identify bottomland forests
within the Triangle Region of North Carolina. Used with Permission.

The base data set used to develop the bottomlands model was the MRLC.  The National Land

Cover Dataset, referred to subsequently as MRLC, is a land cover/ land use classification of

Landsat Thematic Mapper (TM) satellite imagery converted to a grid format for GIS use.  As a

result, the final output of the model process was conducted entirely in the raster environment to

match the existing MRLC grid coverage.  All other data layers were acquired in their original

vector format and converted to grids.  The following procedures will describe the processes to

generate each layer one at a time to a point in which they are converted to grids.  The last section

will describe combining the grids to assemble the final map.

MRLC

The MRLC grid obtained covered the entire state of North Carolina and consequently needed to

be clipped to the study area.  The first process involved acquiring county boundaries to which the

MRLC grid could be clipped.

• Convert county boundaries to grid

County boundaries exist as shapefiles and therefore needed to be converted to grids in order

to be used as a mask for the statewide MRLC grid.

• Mask MRLC with county boundary grid

With the analysis boundary set to the extent of the county boundary grid, the MRLC was

masked to produce a grid containing only cells within Chatham, Lee, Orange, Durham,

Johnston, Franklin, and Wake counties.

• Extract Woody Wetlands

The MRLC data layer covering the study area is composed of 15 land cover classes (see

Appendix for a list of cover classes and their definitions).  The class most relevant to this

model was the Woody Wetlands class.  A query for only Woody Wetland pixel values was

performed.  The resultant layer was a grid containing only Woody Wetlands.



47

National Wetlands Inventory (NWI)

The NWI exists as vector polygons covering North Carolina counties.  The polygons have

attribute codes for wetland types as described by the U.S. Fish and Wildlife Service’s Cowardin

classification system.  For this model, the relevant wetland types are Palustrine Forested

Wetlands; that is, those wetlands dominated by vegetative cover along stream banks and low-

lying areas.

• Extract Palustrine Forested Wetlands

A query for Palustrine Forested Wetlands polygons was performed.  The resultant coverage

contained polygons for this class of wetlands only.

• Convert polygons to grid

The Palustrine Forested Wetlands polygon coverage was converted to a grid.  The resultant

layer was a grid with a single pixel value corresponding to Palustrine Forested Wetlands.

Soils

Digital soils data exists for select counties throughout North Carolina.  These polygon coverages

contain attributes corresponding to soil moisture condition.  For this model, hydric soils were the

relevant attribute; referring to areas where physical and morphological characteristics of the

landscape create a “wet” soil.  This characteristic in turn implies a low-lying region consistent

with bottomlands.  Digital data for two counties (Chatham and Lee) currently does not exist.  An

attempt was made to compensate for this data shortage.  The section on alternative procedures

describes the process in greater detail.

• Extract hydric soils

A query for hydric type A and B polygons was performed on each of five county layers:

Durham, Franklin, Orange, Johnston, and Wake.  The resultant coverages contained hydric

soils polygons for each county.

• Convert polygons to grid

Each county hydric soils polygon coverage was converted to a grid. The resultant layers were

grids with a single pixel value corresponding to hydric soils.



48

• Mosaic the grids

Each of the five counties’ grids were mosaicked together to form a single grid with a single

pixel value corresponding to hydric soils.

Streams

In order to account for an important component of Barred owl habitat and to include any areas

not captured by other data layers, a 100 meter buffer was created on all streams within the study

area.  These stream layers exist in a vector format assembled by major statewide watershed.  The

three major watersheds covering the study area are the Tar, Neuse, and Cape Fear.

• Clip by county

The original county boundary shapefiles were used to clip the watershed stream layers.  The

resultant coverages were streams for each of the seven counties.

• Buffer 100 meters

A 100 meter buffering operation was performed on individual county streams layers.  The

buffer is 100 meters on either side of the line (stream).  The resultant coverages contained

polygons 100 meters in width for each county.

• Convert polygons to grid

Each county polygon coverage was converted to a grid.  The resultant layers were grids

containing a single pixel value corresponding to a 100 meter stream buffer.

• Mosaic the grids

Each of the seven counties’ grids were mosaicked together to form a single grid with a single

pixel value corresponding to a 100 meter stream buffer.

Grid Combination

Once each of the above layers were in a grid format, they could be assembled to form the final

bottomlands map.  In order for the model to be utilized for both the Barred owl and Ovenbird

models, it was necessary to maintain original MRLC pixel values corresponding to the four

forest classes: Deciduous Forest, Evergreen Forest, Mixed Forest and Woody Wetlands.  During
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the course of converting non-MRLC layers to grids, some pixels may be spatially coincident

with MRLC pixels values for the Water class.  These values needed to be eliminated from the

final map.

• Mosaic the grids

Each of the NWI, 100 Meter Streams Buffer, Woody Wetlands, and Hydric Soils grids were

mosaicked together to form bottomlands grid with a single pixel value corresponding to

bottomlands.

• Extract Water

The original MRLC grid was queried for pixel values corresponding to the Water class.  The

resultant layer was a grid with a single pixel value of the Water class covering the entire

study area.

• Mask out Water

With the analysis boundary set to the extent of the Water grid, the bottomlands layer was

masked to produce a grid containing only bottomlands cell values within the study area.

• Assign forest classes to bottomlands pixels

To create the final bottomland forest map, a simple map algebra raster multiplication

function was performed.  The original MRLC layer was multiplied by the masked

bottomlands grid.  The resultant layer was a grid of bottomlands with pixel values

corresponding to the four forest classes Deciduous Forest, Evergreen Forest, Mixed Forest,

and Woody Wetlands.

Alternative Procedures Considerations

Natural landscapes are rarely a simplistic assemblage of components.  Problems in describing

any physical environmental feature with digital geographic information is always a difficult task.

Several alternatives were considered during the course of development.  For further discussion

on these alternatives see Rubino 2000.

NLCD Land Cover Classification System Land Cover Class Definitions

(Classifications in bold were used as part of bottomland model)
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Water - All areas of open water or permanent ice/snow cover.

11.  Open Water - All areas of open water; typically 25 percent or greater cover of water
(per pixel).

12.  Perennial Ice/Snow - All areas characterized by year-long cover of ice and/or snow.

Developed - Areas characterized by a high percentage (30 percent or greater) of constructed
materials  (e.g. asphalt, concrete, buildings, etc).

21.  Low Intensity Residential - Includes areas with a mixture of constructed materials
and vegetation.  Constructed materials account for 30-80 percent of the cover. Vegetation
may account for 20 to 70 percent of the cover.  These areas most commonly include
single-family housing units.  Population densities will be lower than in high intensity
residential areas.

22.  High Intensity Residential - Includes highly developed areas where people reside in
high numbers.  Examples include apartment complexes and row houses.  Vegetation
accounts for less than 20 percent of the cover. Constructed materials account for 80 to100
percent of the cover.

23. Commercial/Industrial/Transportation  - Includes infrastructure (e.g. roads,
railroads, etc.) and all highly developed areas not classified as High Intensity Residential.

Barren - Areas characterized by bare rock, gravel, sand, silt, clay, or other earthen material, with
little or no "green" vegetation present regardless  of its inherent ability to support life.
Vegetation, if present,  is more widely spaced and scrubby than that in the "green" vegetated
categories; lichen cover may be extensive.

31.  Bare Rock/Sand/Clay - Perennially  barren areas of bedrock, desert pavement,
scarps, talus, slides, volcanic material, glacial debris, beaches, and other accumulations of
earthen material.

32.  Quarries/Strip Mines/Gravel Pits - Areas of extractive mining activities with
significant surface expression.

33.  Transitional - Areas of sparse vegetative cover (less than 25 percent of cover) that
are dynamically changing from one land cover to another, often because of land use
activities.  Examples include forest clearcuts, a transition phase between forest and
agricultural land, the temporary clearing of vegetation, and changes due to natural causes
(e.g. fire, flood, etc.).

Forested Upland  - Areas characterized by tree cover (natural or semi-natural woody vegetation,
generally greater than 6 meters tall); tree canopy accounts for 25-100 percent of the cover.
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41.  Deciduous Forest - Areas dominated by trees where 75 percent or more of the tree
species shed foliage simultaneously in response to seasonal change.

42.  Evergreen Forest - Areas dominated by trees where 75 percent or more of the tree
species maintain their leaves all year.  Canopy is never without green foliage.

43.  Mixed Forest - Areas dominated by trees where neither deciduous nor evergreen
species represent more than 75 percent of the cover present.

Shrubland - Areas characterized by natural or semi-natural woody vegetation with aerial stems,
generally less than 6 meters  tall,  with individuals or clumps not touching to interlocking.   Both
evergreen and deciduous species of  true shrubs, young trees, and trees or shrubs  that are small
or stunted because of environmental conditions are included.

51.  Shrubland - Areas dominated by shrubs; shrub canopy accounts for 25-100 percent
of the cover.  Shrub cover is generally  greater than 25 percent when tree cover is less
than 25 percent.  Shrub cover may be less than 25 percent in cases when the cover of
other life forms (e.g. herbaceous or tree) is less than 25 percent and shrubs cover exceeds
the cover of the other life forms.

Non-natural Woody - Areas dominated by non-natural woody vegetation; non-natural woody
vegetative canopy accounts for 25-100 percent of the cover.  The non-natural woody
classification is subject to the availability of sufficient ancillary data to differentiate non-natural
woody vegetation from natural woody vegetation.

61.  Orchards/Vineyards/Other - Orchards, vineyards, and other areas planted or
maintained for the production of fruits, nuts, berries, or ornamentals.

Herbaceous Upland - Upland areas characterized by natural or semi-natural herbaceous
vegetation; herbaceous vegetation accounts for 75-100 percent of the cover.

71.  Grasslands/Herbaceous - Areas dominated  by upland grasses and forbs. In rare
cases, herbaceous cover is less than 25 percent, but exceeds the combined cover of the
woody species present.  These areas are not subject to intensive management, but they are
often utilized for  grazing. Planted/Cultivated - Areas characterized by herbaceous
vegetation that has been planted or is intensively managed for the production of food,
feed, or fiber; or is maintained in developed settings for specific purposes.  Herbaceous
vegetation accounts for 75-100 percent of the cover.

81.  Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures planted for
livestock grazing or the production of seed or hay crops.

82. Row Crops - Areas used for the production of crops, such as corn, soybeans,
vegetables, tobacco, and cotton.
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83.  Small Grains - Areas used for the production of graminoid crops such as wheat,
barley, oats, and rice.

84.  Fallow - Areas used for the production of crops that are temporarily barren or with
sparse  vegetative cover as a result of  being tilled in a management practice that
incorporates prescribed alternation between cropping and tillage.

85.  Urban/Recreational Grasses - Vegetation (primarily grasses) planted in developed
settings for recreation, erosion control, or aesthetic purposes.  Examples include parks,
lawns, golf courses, airport grasses, and industrial site grasses.

Wetlands - Areas where the soil or substrate is periodically saturated with or covered with water
as defined by Cowardin et al.

91.  Woody Wetlands - Areas where forest or shrubland vegetation accounts for 25-100
percent of the cover and  the soil or substrate is periodically saturated with or covered
with water.

92.  Emergent Herbaceous Wetlands - Areas where perennial herbaceous vegetation
accounts for 75-100 percent of the cover and the soil or substrate is periodically saturated
with or covered with water.
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APPENDIX 3: IDENTIFICATION OF POTENTIAL OVENBIRD HABITAT

This model was developed to map potential Ovenbird habitat patches in the seven county

Triangle region which included: Johnston, Wake, Durham, Orange, Chatham, Franklin and Lee

counties in the state of North Carolina.  The Environmental Systems Research Institutes (ESRI)

ArcView and ArcInfo software packages were used in conjunction with the Spatial Analyst

Extension.  Four primary data layers were used in the analysis: County Boundaries, MRLC,

DOT roads, bottomland/upland layer and percent forest cover.

I. Description of Layers

County boundaries
County boundaries exist as shapefiles and therefore needed to be converted to grids in order to be
used as a mask for the statewide MRLC grid.

• In ArcView, open the county boundary shapefile.  Under the theme menu, choose “convert to
grid.

• Mask MRLC with county boundary grid.  Under the Analysis menu, choose properties.  Set
the analysis boundary set to the extent of the county boundary grid, set the cell size to 30 and
the analysis mask to the new county boundary grid.

This will produce a grid containing only cells within Chatham, Lee, Orange, Durham, Johnston,
Franklin, and Wake counties.

MRLC

The MRLC data set is a land cover/ land use classification of Landsat Thematic Mapper (TM)
satellite imagery converted to a grid format for GIS use.  The MRLC grid covered the entire state
of North Carolina and needed to be clipped to the seven county study area.  The data set was
clipped utilizing the county boundary grid discussed above.

The MRLC data set consists of 15 land use classes.  Because the Ovenbird prefers forested areas,
the four land use classes were extracted that identify forested areas: deciduous, coniferous,
mixed deciduous/coniferous and woody wetlands.

• Under the analysis menu, choose reclassify.  Hit the unique button and reclassify the
four-forested categories to a value of 1, and all other land use classes to a value of 0.
When you get to the last value, hit the enter key until none of the selections are
highlighted.  Hit okay.

This will give you a theme with values of 1 that equal the four forest categories and values of 0
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that are all the other land use classes.  This layer will subsequently be referred to as the MRLC
layer.

DOT Roads

The DOT road layers are provided by county, as ArcView shapefiles.  The roads will be buffered
and used as a mask against the MRLC data to identify forest edge habitat.  Because they are
shapefiles,  they must first be buffered and then converted to grids.  The grids of all seven
counties will then be merged together into a single layer.

• In ArcView, open the county roads layer.  Under the view property menu, be sure to set your
map units and distance units to meters.  Under the file extension, load the Geoprocessing

      wizard.

The next step can be done in one of two ways.  The Geoprocessing software allows you to create
all three buffers at once.  Due to the number of line arcs in the DOT layers, and the time it takes
to run the process, I choose to buffer the roads separately at each distance and create three
different themes.  Even separately, some of the buffering processes took over 5 hours to run.

• Under the theme menu, choose create buffers.  Follow the Geoprocessing directions and set a
specified distance of 50, 100 or 250 meters.

• Under the theme menu, choose convert to grid.

• Under the analysis menu, reclassify the values of 1 to no data.

• Under the analysis menu, choose map calculator.  Merge grids of the seven counties with the
same buffers together with the following command, [grid].merge (agridlist)

• Under the analysis menu, choose map calculator.  Change the values in the roads layer with
the following command, [grid].isnull

This will produce three grids with all seven counties merged together and roads buffered at 50,
100 and 250 meters.

Bottomland/uplands

Research has shown that the Ovenbird prefers upland, deciduous or mixed deciduous/evergreen
forests.  A layer identifying bottomland areas in the seven county Triangle region was created for
the Barred Owl, of which details can be found in Appendix 5.   Therefore, the theme needed to
be reclassified to identify uplands.

• Under the analysis menu, choose reclassify.  Change the forest values to 1.

• Under the analysis menu, choose map calculator.  Change data values with the following
command, [grid].isnull.
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This will produce a theme with the bottomlands having values of 0 and uplands having values of
1.

Percent Forest Cover

A layer separating forested areas into two cover categories, < and > 70% forested, was created
utilizing the MRLC data set.  Details concerning this layer can be found in Appendix 4 and from
this point on will be referred to as the landscape layer.

II. Procedure Log

Through a series of overlays and calculations, the four layers described above were used to
identify potential Ovenbird habitat patches in the seven county Triangle region.  The following
procedure is a step-by-step annotation of the ArcView and ArcInfo processes.

Interior buffers

To identify core patches, the forests were buffered separately at 60 and 120-meters.

Step 1: With the MRLC layer selected, choose the analysis menu, and then reclassify.
Change the values of non-forested areas to 1 and change the values of forested
areas to “no data”.  Hit enter key until none of the selections are highlighted.  Hit
okay.

Step 2a: Under the analysis menu, choose map calculator.  Create interior buffer using the
following command ([grid].(eucdistance(nil,nil,60)).

Syntax: aGrid.EucDistance (directionFN, allocationFN, maxDistance)

Euclidean Distance: The “eucdistance” command calculates for each cell, the euclidean distance
to the closest cell that has a value other than No Data, optionally producing direction and
allocation grid data sets (directionFN and allocationFN).  DirectionFN can be a FileName or Nil,
and defines the FileName for the optional Euclidean direction grid data set.  AllocationFN can be
a FileName or Nil, and defines the FileName for the optional Euclidean allocation grid data set.
If either directionFN or allocationFN is set to Nil, then the optional output grid data set that is set
to Nil is not calculated.  MaxDistance can be a Number or Nil, and defines the maximum
distance that can be calculated.  If a cell is farther than maxDistance to the closest cell with a
value other than No Data in aGrid, then it is given the value of No Data.

Step 2b: Under the analysis menu, choose map calculator.  Create interior buffer using the
following command ([grid].(eucdistance(nil,nil,120)).
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Step 3: Under the analysis menu, choose reclassify.  Hit the classify button and change
the number of classes from 9 to 1.  Perform this step for both themes created in
step 2.

Step 4: Under the analysis menu, choose map calculator.  For both themes, change the
values of 1 to no data with the following command, ([grid].isnull).

Syntax: aGrid.Isnull

Isnull:  For each cell, it returns the value of 1 (TRUE) if that cell in aGrid has a value of No
Data, otherwise, it returns the value of 0 (FALSE).

This produces a theme with the buffered area (all non forest land use classes) having a value of
0 and the forested area having values of 1

Edge 60 Edge 120

Assign buffers according to landscape type

Step 5: Under the analysis menu, choose map calculator.  Multiply the MRLC layer with the
landscape layer.  Subsequently called “Forland”.

Step 6: Under the analysis menu, choose map calculator.  Multiply both of the themes
created in step 2 with the newly created Forland theme.

This produces two themes where the edges and non-forested land cover classes are 0, the core
forested areas in <70% are 1’s and the core forested areas in >70% are 2’s.

Forland 60 Forland 120

Step 7a: Under the analysis menu, choose reclassify.  Reclassify the Forland theme with 60
meter buffers, change the values of 1’s to 0’s.

Buffer = 0

Core = 1

Buffer = 0

Core = 1

Edge/non-forest = 0
Core forest < 70 = 1
Core forest > 70 = 2

Edge/non-forest = 0
Core forest < 70 = 1
Core forest > 70 = 2
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Step 7b: Under the analysis menu, choose reclassify.  Reclassify the Forland theme with
120 meter buffers, change the values of 2’s to 0’s.

Step 8: Under the analysis menu, choose map calculator.  Add the theme created in step
7a to the theme created in step 7b.

This produces a theme with all non-habitat areas having values of 0, core forested area’s with
buffers of 120 meters in areas with < 70% forests having values of 1, and core forested areas
with buffers of 60 m meters in areas with > 70% forest having values of 2.  This theme is
subsequently referred to as “Edge Buffered Forland”.

Addition of road mask

To further identify core forested areas, the roads layers buffered independently at 50, 100, and
250-meters is used as a mask to eliminated forests near edges created by roads.  Each layer will
need to be assessed separately.

Step 9: Under the analysis menu, choose map calculator.  Multiply the road layer theme
with the newly created Edge Buffered Forland theme.  The resultant theme will
subsequently be referred to as “CoreForland”.

Step 10: Under the analysis menu, reclassify the newly created Coreforland theme.
Change the values of 2 to 1’s.

This gives you a theme with all the non-forest being 0 and all the forests having values of 1.

Reclass of Coreforland

Addition of upland layer

Step 11: Under the analysis menu, choose map calculator.  Multiply the upland theme with
the reclass of Coreforland. The resultant theme will subsequently be referred to
“CoreUplands”.

Step 12: Under the analysis menu, choose map calculator.  Multiply CoreUplands to the
entire MRLC data set that has not been reclassified.

At this point, we need to start identifying forest classes that are preferred by the Ovenbird.

Step 13: With the theme created from step 12 selected; choose the analysis menu and
reclassify.   Hit the unique button and change the values of the forest categories
you wish to include in the analysis to 1 and everything else to 0.  Hit okay.

Non-forest = 0
Forest = 1
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Research has shown the Ovenbird prefers forests dominated by deciduous or mixed
deciduous/evergreen trees.  Local accounts of the Ovenbird in purely evergreen stands in the area
may be reason to include this category as well.

Step 14: With the theme created from step 13 selected; choose the analysis menu and
reclassify.  Change the 0 value to no data.

Step 15: With the theme created from step 14 selected; choose the analysis menu and then
map calculator.  Group the values with the following command,
([grid].regiongroup (false,false,nil)) This becomes the “zone” grid that will be
used during a later step.  Save this theme on the hard drive.

Syntax: aGrid.RegionGroup (noDiagNbrs, crossClass, excludedValue)

Regiongroup:  Groups each cell of a Grid into a connected region assigning a unique number to
each region.  If noDiagNbrs is TRUE, then cells diagonal to each other are not considered
connected. Cells must be orthogonal to each other to be connected. Only the 4 orthogonal
neighbors to the processing cell are used.  If it is FALSE, then cells that are orthogonal or
diagonal to each other are considered to be connected. All 8 neighboring cells to the processing
cell are used. If crossClass is TRUE, then all values except the excludedValue are considered the
same and can be connected into the same region. crossClass can only be TRUE when a value for
excluded Value is given. If crossClass is FALSE, then only cells with the same value can be
connected into the same region. excludedValue can be a Number or Nil, and defines the value of
cells to be treated as No Data during the process. If excludedValue is set to Nil, then no value is
set to No Data. The value in excludeValue cannot be set to No Data if crossClass is TRUE.

Step 16: Under the analysis menu, choose map calculator.  Multiply the uplands theme
with the CoreForland theme. The resultant theme will subsequently be referred to
as “UpCoreForland”.

This is another point where forest preferences need to be identified.

Step 17: With the MRLC theme that is not reclassified selected; choose the analysis menu
and then reclassify.  Hit the unique button and change the values of the forest
categories you wish to include in the analysis to 1 and everything else to 0.  Hit
okay.

Step 18: Under the analysis menu, choose map calculator.  Multiply the theme created in
step 17 with UpCoreForland.  This becomes the “values” grid that will be used
during a later step.  Save this grid on the hard drive.

To group cells together into patches of < and > 70% forested the zones theme and the values
theme was taken into ArcInfo’s grid module.  There seems to be no method of performing this
function in ArcView.
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Step 19: Open ArcInfo and set your workspace where the zones and values themes are
saved.  At the prompt, type grid then hit return.

Step 20: At the gird prompt, type the command, output grid = zonal majority (zones,
values).  This will save the output grid in the same workspace set in step 19.

Step 21: Open ArcView and open the output grid.

This grid consists of patches in < 70% with values of 1 and patches in > 70% with values of 2.

Query for appropriate patch sizes

Step 22: With the output grid selected; choose the analysis menu, and then map query.
Perform two separate queries: output grid = 1 and output grid = 2.

Step 23: Under the analysis menu, choose reclassify.  Reclassify each of the themes
created in step 22, change the 0(false) values to no data.

Step 24: Under the analysis menu, choose map calculator.  Perform a region group analysis
on each of them with the following command,
([grid].regiongroup (false,false,nil))

This groups similar cells into discrete patches.

Step 25a: Under the analysis menu, choose map query.  With the theme created in step 24
that identifies < 70% forested landscapes (values of 1) selected, query for patch
sizes > 5556.  This number represents 500 hectares.

Step 25b: Under the analysis menu, choose map query.  With the theme created in step 24
that identifies > 70% forested landscapes (values of 2) selected, query for patch
sizes > 1110.  This number represents 100 hectares.

References:

ESRI, Virtual Campus.  Introduction to ArcView Spatial Analyst.
http://campus.esri.com/campus/myoffice/mycourses/CourseHome/index. March 5, 2001.

Patches in < 70%
forested areas = 1

Everything else = ND

Patches in > 70%
forested areas = 2

Everything else = ND

Output Grid
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APPENDIX 4

HABITAT CLASSIFICATION OF ALL THE NATURAL HERITAGE ELEMENT
OCCURRENCES FOUND IN THE STUDY REGION



Natural Community Number of 
occurences 

Upland 
forests

Upland non-
forests

Bottomland Habitat

BASIC MESIC FOREST (PIEDMONT SUBTYPE) 13 X
BASIC OAK--HICKORY FOREST 15 X
COASTAL PLAIN BOTTOMLAND HARDWOODS 
(BROWNWATER SUBTYPE) 2 X
COASTAL PLAIN LEVEE FOREST (BROWNWATER 
SUBTYPE) 3 X
COASTAL PLAIN SEMIPERMANENT IMPOUNDMENT 1 X
COASTAL PLAIN SMALL STREAM SWAMP 
(BROWNWATER SUBTYPE) 1 X
DRY OAK--HICKORY FOREST 12 X
DRY-MESIC OAK--HICKORY FOREST 21 X
FLOODPLAIN POOL 7 X
GRANITIC FLATROCK 11 X
HILLSIDE SEEPAGE BOG 1 X
LOW ELEVATION SEEP 3 X
MESIC MIXED HARDWOOD FOREST (COASTAL PLAIN 
SUBTYPE)

1 X
MESIC MIXED HARDWOOD FOREST (PIEDMONT 
SUBTYPE) 43 X
OXBOW LAKE 3 X
PIEDMONT LONGLEAF PINE FOREST 2 X
PIEDMONT MONADNOCK FOREST 7 X
PIEDMONT/COASTAL PLAIN ACIDIC CLIFF 6 X
PIEDMONT/COASTAL PLAIN HEATH BLUFF 15 X
PIEDMONT/LOW MOUNTAIN ALLUVIAL FOREST 17 X
PIEDMONT/MOUNTAIN BOTTOMLAND FOREST 10 X
PIEDMONT/MOUNTAIN LEVEE FOREST 8 X
PIEDMONT/MOUNTAIN SEMIPERMANENT 
IMPOUNDMENT 8 X
PIEDMONT/MOUNTAIN SWAMP FOREST 7 X
PINE/SCRUB OAK SANDHILL 4 X
PINE--OAK/HEATH 1 X
ROCKY BAR AND SHORE 3 X
STREAMHEAD ATLANTIC WHITE CEDAR FOREST 3 X
STREAMHEAD POCOSIN 1 X
ULTRAMAFIC OUTCROP BARREN 1 X
UPLAND DEPRESSION SWAMP FOREST 7 X
UPLAND POOL 2 X
XERIC HARDPAN FOREST 10 X

Total number of occurences   249
Total number of species per habitat 13 3 17
Total number of occurences per habitat 138 200 88



Invertebrates Number of 
occurences 

Upland 
forested

Upland non-
forested

Bottomland 
Habitat

Aquatic

DWARF WEDGEMUSSEL 18 X
TRIANGLE FLOATER 18 X
BROOK FLOATER 6 X
A CADDISFLY 10 X
A MAYFLY 3 X
YELLOW LANCE 19 X
CAPE FEAR SPIKE 2 X
ROANOKE SLABSHELL 6 X
TAR RIVER SPINYMUSSEL 4 X
MOTTLED DUSKYWING 1 X
TWO-SPOTTED SKIPPER 4 X
NORTHERN HAIRSTREAK 1 X
ATLANTIC PIGTOE 21 X
SEPTIMA'S CLUBTAIL 2 X
YELLOW LAMPMUSSEL 10 X
CAROLINA FATMUCKET 1 X
EASTERN LAMPMUSSEL 14 X
GREEN FLOATER 6 X
NORTH CAROLINA SPINY CRAYFISH 4 X
A STONEFLY 3 X
PANHANDLE PEBBLESNAIL 1 X
SQUAWFOOT 26 X
GRAY PETALTAIL 10 X
SAVANNAH LILLIPUT 1 X
NOTCHED RAINBOW 23 X
EASTERN CREEKSHELL 2 X

Total number of occurrences 216
Total number of species per habitat 2 0 1 22
Total number of occurences per habitat 2 0 4 210



Vertebrate Animal Number of 
occurences 

Upland 
forests

Upland non-
forests

Bottomland 
Habitat

Aquatic Comments

BACHMAN'S SPARROW 3 X Open oak pine forest, brushy hillside, old field w/ 
scattered shrubs

BALD EAGLE 9 X Coasts, lakes, rivers in open and forested areas
BLACK VULTURE 2 X Old, abandoned farm buildings (nests) soaring bird that 

probably nests mostly in ulpands
CAPE FEAR SHINER 8 X fish
CAROLINA DARTER - EASTERN 
PIEDMONT POPULATION

4 X fish
CAROLINA MADTOM - NEUSE RIVER 
POPULATION

5 X fish

CAROLINA MADTOM - TAR RIVER 
POPULATION

2 X fish

CAROLINA REDHORSE 2 X fish
COOPER'S HAWK 3 X Mature, broad leafed forest, seeks conifers in which to 

roost
DOUBLE-CRESTED CORMORANT 1 X Coastal areas or freshwater areas located inland
EASTERN FOX SQUIRREL 1 X mostly in longleaf pine, but might be in other habitats.  I 

don't know
FOUR-TOED SALAMANDER 16 X Moist mossy woods, peat bogs, stream borders
LEAST BROOK LAMPREY 3 X Smaller, higher gradient streams
MISSISSIPPI KITE 3 X Mature bottomland forest
NEUSE RIVER WATERDOG 40 X Found along Nuese River in coastal/Piedmont NC
PINEWOODS SHINER 22 X fish
RED-COCKADED WOODPECKER 8 X
ROANOKE BASS 12 X fish
SHARP-SHINNED HAWK 2 X Secreative, keeping under cover amoung trees, roosts in 

thickets.
STAR-NOSED MOLE - COASTAL PLAIN 
POPULATION

1 X Wet woodland areas and swamps

TIGER SALAMANDER 3 X Sandy-pine barren areas w/ temp. or permanent pools.
Total number of occurrences 150
Total number of species per habitat 5 3 5 8
Total number of occurences per habitat 16 15 61 58



Vascular Plant Number of 
occurences 

Upland 
Forested

Upland non-
forested

Bottomland 
Habitat

Comments

AMERICAN BARBERRY 1 X Rich woods (TW)
BIG SHELLBARK HICKORY 1 X Rich woods
BIGLEAF MAGNOLIA 1 X Alluvial woods
BOG SPICEBUSH 2 X TW
BRADLEY'S SPLEENWORT 1 X Fern - Acidic rocks (TW)
BUTTERCUP PHACELIA 8 X TW
CAROLINA LEAST TRILLIUM 1 X Alluvial woods, pocosin borders and savannahs
CRESTED CORALROOT 1 X Circumneutral or calcareous soils of rocky woods and woodland 

stream margins
DISSECTED TOOTHWORT 1 X TW
DOUGLASS'S BITTERCRESS 13 X Marshes and alluvial woods
EARLE'S BLAZING STAR 4 X Sandy or rocky woodlands (TW)
EASTERN ISOPYRUM 7 X Rich, alluvial woods (double check)
GEORGIA INDIGO-BUSH 1 X Sandy woodland borders, open woods and fields (TW)
GLADE MILKVINE 3 X Woodland margins and clearings (TW)
GLADE WILD QUININE 7 X Woodlands, thickets, old fields, basic or neutral soils (TW)
GODFREY'S THOROUGHWORT 1 X TW
GRANITE FLATSEDGE 5 X TW
HARPERELLA 1 X Rocky shoals, sand bars, stream margins, wet ditches
HELLER'S RABBIT TOBACCO 1 X Opening in woods and woodland borders
HOARY PUCCOON 5 X Roadside banks and dry open woods
INDIAN PHYSIC 5 X Rich woods, generally associated with basic soils
JAMES'S SEDGE 2 X Rich woods (TW)
LARGE WITCH-ALDER 2 X Dry woods and balds
LEWIS'S HEARTLEAF 22 X Deciduous woods, sandhills and pine forests (TW)
LOW WILD-PETUNIA 3 X Dry woods 
MICHAUX'S SUMAC 3 X Sandy, rocky open woods; perhaps associated with basic soils 

(TW)
NARROW-LEAVED ASTER 1 X Woodlands and woodland borders (TW)
PIEDMONT HORSEBALM 2 X Moist woods, usuall basic to circumneutral soils
PIEDMONT QUILLWORT 3 X Temporary ponds, low wet fields, edges of streams
PRAIRIE BLUE WILD INDIGO 6 X TW
PRAIRIE DOCK 8 X Woodland borders, old fields, basic soils (TW)
PURPLE FRINGELESS ORCHID 3 X Moist woods, meadows and stream banks
PURSH'S WILD-PETUNIA 1 X Dry woods
SANDHILLS BOG LILY 2 X TW
SHALE-BARREN SKULLCAP 4 X Low woods and fields, basic soils
SMALL'S PORTULACA 20 X Granite outcrops (TW)
SMOOTH CONEFLOWER 3 X Woodlands, meadows and stream banks; moist soil
SOUTHEASTERN BOLD GOLDENROD 1 X Openings in woodlands, meadows and pastures; probably 

associated with basic soils (TW)
SOUTHERN ANEMONE 1 X TW
SPRING-FLOWERING GOLDENROD 3 X Savannahs, pocosins and pine barrens (TW)
SWAMP SAXIFRAGE 1 X Bogs
SWEET PINESAP 4 X Mixed deciduous woods (TW)
TALL LARKSPUR 1 X Rich woods (TW)
THICK-POD WHITE WILD INDIGO 1 X TW
TORREY'S MOUNTAIN-MINT 1 X TW
Totol number of occurrences 168
Total number of species per habitat 14 18 13
Total number of occurences per habitat 50 93 25

Source: Radford, Ahles and Bell, Manual of the Vascular Flora of the Carolinas 1968 
Confirmed by T. Wentworth (TW)
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