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Executive Summary 

Piedmont Prairies are an important early stage of successional habitat in the Southeastern United 

States.  These historic ecosystems once ranged up to 40 km in size and were maintained by frequent 

disturbance from fires, grazing of large herbivores, and common drought.  By the turn of the century, most 

of these historic prairies had been replaced by cities or agricultural fields.  Today, land management 

organizations including businesses and corporations, especially those in Research Triangle (i.e., RTP), 

have taken an interest in restoring small sections of prairie habitats to create useful living landscapes.  One 

of the goals of this restoration work is to attract native species such as insects and birds by providing 

habitat for foraging and nesting. Using birds as an indicator species, this study attempted to quantify the 

changes in ecosystems and species composition resulting from the restoration of native Piedmont Prairie 

sites. 

This study used a paired sample design where each prairie site was paired with a non-prairie 

alternative site, most often an unmanaged open grassy area.  The prairie sites were half restored prairies, 

utilizing specific management to promote native vegetation, and half native prairies, lightly managed areas 

where historic habitat still persists.  Twenty-two total sites were used in this study, eleven prairies and 

eleven paired alternative sites.  The prairie and the alternative sites had similar characteristics to assure 

that any changes detected in species composition came from factors specific to the prairie’s native flora. 

Alternative sites were chosen opportunistically and were based first on their proximity to the prairie site, 

and secondarily on size and other landscape variables.  A balance was struck between making sure the 

alternative sites were close enough to share weather patterns and landscape variables, but far away enough 

to not have the same birds at both sites.  

The study was performed using ten-minute point counts at each site.  Both the prairie and 

alternative sites were recorded on the same day, both within an hour of sunrise, and each site was visited 

three times. The study was conducted between early September to mid-October in order to capture fall 

migration in the Piedmont. Data collected was presence / absence data for all species seen or heard at the 

sites.  Binoculars and an audio recorder were used during the point counts.   

Species composition was used rather than quantity metrics, such as number of bird species in order 

to show the effects of the prairie.  Positive results will reveal a significant correlation between restored 

and natural prairie sites and those birds that are indicative of a healthy prairie ecosystems.  To explore any 

possible correlation, mantel tests were performed on matrixes prairie/alternative designation compared to 

a matrix of the bird species present at each site.  In order to assure that any significant results were a 



Assessment of Avifauna in  

North Carolina Piedmont Prairies 
Makepeace3 

product of the prairie ecosystem, mantel tests were also performed on environmental variables relevant to 

bird species composition such as total grassland area of each site, area of observation, land use land cover 

of each site, and the distance of the sites from streams, urban areas, and major roads.  In addition, tests 

were conducted on subsets of the data, such as birds that were seen three or more times, birds divided by 

both feeding guild and dominant habitat type, and birds indicative of healthy prairie ecosystems.   

The study recorded 59 different species of total birds.  Of those 59 species, the American crow, 

Carolina wren, and blue jay were the three most common species, all of which are considered highly 

synanthropic species.  There were 30 species of birds seen more than 3 times, and 25 percent of both the 

total birds and the number of bird species were fall migrants.  The prairie sites showed a seven percent 

increase in the number of presence of field birds at the sites, this result was not significant based on the 

small sample size.   

The results for all bird species and all subsets of birds revealed insignificant differences in 

composition based on prairie / alternative designation.  This result was corroborated using mantel test of 

difference matrices, and also by ANOVAs of species richness using the Simpson index, and Wilcox tests 

of the total number and mean number of species at the prairie / alternative sites, all of which showed 

insignificant results.   

Species accumulation curves were used as expository and comparative metrics for the sites, and 

showed that the prairie sites saturated less quickly and had less variation among sites than the non-prairie 

counterparts.   This finding above all others suggests further studies may be useful to determine the effects 

of Piedmont Prairie restoration on avifauna composition.   

This study should be considered a pilot for tests of longer time scales, which would allow the 

patterns seen in the species accumulation curve to reach their full potential and possible significance. In 

addition, this study focused on only one variety of Piedmont Prairies, eastern prairies, to better understand 

the effects of this native ecosystem on bird composition, it would be useful to include sites from both 

eastern and western Piedmont Prairies.   In future studies, the surveyor should perform both point counts 

and transects of sites.  Grassland birds commonly hide in the prairie grasses and are difficult to detect 

using non-invasive methods; however, transects can flush many grassland birds so that they may be 

recorded. Using shorter point counts would allow for the addition of transects to the study.  Due to the 

nature of the Masters program, this study was necessarily limited in timing, sites, and methods used. For 

future studies, a longer study would be recommended that includes transects and studies both eastern and 

western Piedmont Prairies. 
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Key findings from this report: 

• No significant difference in species composition between restored Piedmont Prairies and Non-

Prairie paired sites.   

• Prairie sites showed more consistency in species composition and tended to saturate less quickly 

than non-prairie sites.   

• This study captured 59 total species, the majority of which are synanthropic species, and 25% of 

which were fall migrants. 

• This study recommends that future studies include site transects, shorter point counts, and both 

western and eastern piedmont prairies.   

 

For information, please contact Conor Makepeace at conormakepeace@gmail.com  
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Introduction 

Objective/Scope:  

Grassland birds are some of the fastest declining species in North America. To better protect 

these vulnerable bird species, it is necessary to understand the drivers of their decline, most notably 

habitat loss.  In order to protect these species, we must first protect their primary habitat for feeding, 

mating, and nesting. The native Piedmont Prairie of North Carolina is often considered a sanctuary for 

local, migratory and rare grassland birds. This study will explore if this now rare ecosystem – in various 

states of restoration or recreation - contains a statistically significant subset of bird species when 

compared to nearby grasslands.   

The objective of this study is to first capture an accurate picture of the species composition 

within Piedmont Prairies and other similar grassland habitats, then determine what, if any factors are 

related to, or influence the species composition of these different ecosystems.  This study’s survey 

design, described in the below methods section, works toward the goal of a proper estimation of the true 

species distribution at each prairie and non-prairie paired site.   

The non-prairie sites, or alternative sites, were chosen opportunistically for general openness, 

and were much more varied in flora composition and vegetation type than the prairie sites. Typically, 

these alternative sites were wild or unmanaged areas containing a larger percentage of non-native flora.  

This study will attempt to answer the following questions: 

1) Do these historic Piedmont Prairie ecosystems contain a significantly different subset of bird 

species when compared to nearby unmanaged open areas?  

2) What are the drivers of this change if there is any? 

Although there is a significant base of research on Piedmont Prairies intended to facilitate their 

reintroduction and restoration, there is very little research on the effect that a reintroduction of this 

native ecosystem has on local bird populations, despite the fact that promoting bird diversity is often 

cited as a major goal of the restoration work (Askin, et al., 2007; Barden, 1997; Helzer, 2017).  When 

looking into the research on Piedmont Prairies, there is a consistent vague mention that the prairies are 

great habitat for local and migratory birds, being an ideal place for the birds to find food both due to the 

abundance of specialized plant and insect communities including seed bearing and insect attracting 

plants (Fields, 2007; Gadd, 2006).  This study will attempt to quantify the effect a reintroduction of 

Piedmont Prairies has on avifauna species composition and richness.   
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Background: 

The Piedmont Prairie was once a wide-reaching area of open grasses and wildflowers which 

covered thousands of acres as fragmented pockets between areas of mixed hardwood forests in the 

southeastern United States (Davis, 2002).  These prairies are an early successional ecosystem and a 

natural stage of development in the Piedmont. To be maintained for longer periods of time, these prairies 

relied on three unique aspects of the Piedmont area: the frequent droughts, fires, and disturbance from 

large herbivores ranging the area (Barden 1997; Fowler et al., 2007).  These fires were both natural and 

anthropogenic, being set by either natural lightning strikes or by native Americans in an attempt to either 

attract large herbivores to the area or clear land for planting. The herbivores that would have been 

inhabiting this area are either woodland bison or large elk (Barden, 1997).  This frequent disturbance of 

fires and grazing activity created a haven for disturbance dependent species of flora and fauna especially 

birds (Hunter et al., 2001).   

Before the arrival and subsequent colonization and urbanization of Europeans, prairies and 

savannahs were a common sight in the southeastern piedmont.  These prairies were distinguished from 

savannahs by the marked lack of trees and overstory. Piedmont savannahs are classified as areas of 

grasses with 10-50% tree cover, whereas the Piedmont Prairies were marked by an almost total lack of 

tree cover, with less than 10% cover. A typical prairie was exposed to full sun due to this lack of 

significant overstory and therefore hosted a large number of sun loving grasses and drought tolerant 

wildflowers along with scattered large hardwoods that could withstand the frequent fires of the area.  

These prairie clearings frequently stretched across large expanses up to 40km (Barden, 1997).   The 

frequency of droughts within the Piedmont, as well as the characteristic poor clay soil, decreased 

competition from larger species in many of these areas allowing for the further dominance of moderate 

to tall grasses (Warren, 2015; Davis et al., 2002).   

The two most common vegetation species in Piedmont Prairies are Indian grass (Sorghastrum 

nutans) and little bluestem (Schizachyrium scoarium).  Other common species in current and historic 

Piedmont Prairie systems are purple false-foxglove, purple three-awn grass, bushy aster, tick-trefoils, 

bush-clovers, scaly blazing star, a variety of coneflowers, papillose nutrush, and goldenrods (Fleming, 

2002). 

These large grassland areas were often described by European explorers and settlers as early as 

the 1540s.  One of these explorers, John Lawson, described his 1701 journey throughout the Piedmont in 

his 1709 journal “A New Voyage to Carolina” and offered a recount of the Piedmont Prairies, as well as 
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the native American tribes of the area. The colonialism of the 1700s influenced the removal of the once 

great hardwood forests as well as the creation and subsequent abandonment of large cotton fields which 

has led to the current domination of pines within the Piedmont area.  Prairies were a particularly easy 

target for European settlers because of the lack of trees, making these areas ideal for agricultural 

development.  The conversion of these prairies to plantations along with the increase in pesticide usage, 

hay farming, and overgrazing contributed to significant habitat loss for common grassland foraging and 

nesting birds (Daley, 2016). The colonization and development of the Piedmont led to the suppression of 

fires, and to the elimination or range alteration of the large herbivores in the area, both of which had 

helped to maintain the prairies in their early successional stage (Askins et al., 2007; Davis et al., 2002).  

The age of plantations also changed the composition of the soils with the addition of nutrition sapping 

plants such as tobacco and the necessary introduction of fertilizers and other artificial additives.  

The decline of grassland habitat and grassland birds in the Piedmont region parallels a national 

decline which is occurring at an alarming rate. This decline emphasizes the importance of preservation 

and restoration of natural prairie areas for the nesting and foraging of these grassland birds. 

Anthropogenic disturbance has played a key role in the decline of bird populations in the United States.  

In addition to the destruction of natural habitat for farming and urbanization, humans are responsible for 

both the proliferation of free ranging cats and the increase in window collisions for birds, the two major 

current causes for bird deaths in the United States (Ocampo-Peñuela et al., 2016).  

One of the most important active methods to help in the conservation of birds is the preservation 

and restoration of native plants and habitats.  This helps to provide local birds an area for breeding and 

feeding, but also provides migratory birds an area to feed and rest.  Larger reserves have been shown in 

some studies such as Donnely et al. (2004) to be much more successful in providing habitat for a richer 

variety of bird species.  Many areas of North Carolina are planning Piedmont Prairie reintroduction 

projects, including some with the specific intent to increase bird diversity, such as the proposed 

Meadowlark Sanctuary in Greenboro, NC. Recently there has also been an increased drive for native 

habitat restoration from local businesses and corporation in the piedmont, especially within Research 

Triangle Park (RTP). 

The Blomquist Garden of Native Plants at the Sara P. Duke Gardens is a prime example of an 

institution attempting to restore the Piedmont Prairie ecosystem with their newly built Piedmont Prairie 

Project.  This project has provided a detailed view of the work that goes into Piedmont Prairie 

restoration efforts.  Through months of research and painstaking seed collection, the Duke Gardens staff 
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was able to gather seeds from eleven historically native grasses and wildflowers eventually planting 

12,000 individual grasses and wildflowers in the new Piedmont Prairie area. The seeds were all 

collected within fifty miles of the Duke Gardens from roadsides, embankments, powerline exclusions, 

and other areas where Piedmont Prairies still persist.  Grasses and wildflowers were planted in July of 

2015, at a ratio of sixty percent grasses and forty percent wildflowers which was shown to be a 

historically accurate ratio.  The area used for this site was adapted from a pinetum, with minimal 

manipulation other than the addition of lime to increase the pH of the soil from 4.5 to 5.5 to mimic 

historic conditions and ensure the success of the native plants.  Many of these restored prairie sites will 

choose to continue the regime of burning in the piedmont, however others, being too close to cities or 

unable to contain the fires will opt for mowing, in hopes of mimicking the effect of grazing by elk and 

bison on the area.  The Duke Gardens site, along with others, such as Penny’s Bend, are working to 

preserve a variety of threatened and endangered flora species in their natural habitat.   

This Duke Gardens site, as well as ten other restored and natural prairie sites, will be the focus of 

this study. The argument that bringing back native prairie areas will change the composition of bird 

species in the area surrounding the prairie area is a common one, but has very little scientific evidence to 

back up the assumption. This 

report will seek to validate or 

refute that these restored 

prairies have a significant 

effect on bird diversity in the 

Piedmont. 

 

Methods 

Study Area: 

The study was 

conducted in selected 

Piedmont Prairie and paired 

non-prairie sites within the 

North Carolina Piedmont 

region.  This classification 

describes the area of the 

Figure 1) This map shows all of the sites used in the study, both the prairie and non-

prairie alternative sites.  This map shows the balance between having the sites close 

enough to share features, but not close enough to share bird species.  All these sites are 

considered eastern piedmont prairies.   
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Southeastern United States confined by the Appalachian Mountains to the west, and the coastal Carolina 

plains to the east.  According to Yelton (2007), there are two main types of Piedmont Prairies, eastern 

and western prairies differentiated by plant communities. The current study was conducted in the North 

Central North Carolina Piedmont surrounding Durham County in the areas detailed in Table 1 and 

Figure 1, all of which are considered eastern Piedmont Prairies. 

The rare Piedmont Prairie ecosystem can be found in specifically managed areas, or in pockets of 

relatively undisturbed grasses.  The areas designated as Piedmont Prairies for this study are those areas 

specifically maintained to replicate the ecosystem or those natural areas that have very similar plant 

species composition to these historic areas. Local experts were consulted in the final selection of eleven 

naturally occurring and restored prairie sites in this area. The prairie sites were half restored and half 

natural prairies.  Each site was visited before conducting surveys to confirm the presence of viable 

prairie habitat.  These final Piedmont Prairie sections were then paired with nearby grassy areas for 

comparable sample analysis.  

These alternative non-prairie areas were chosen opportunistically based mostly on geographic 

distance from the prairie site.  This was done to ensure that all weather and larger landscape scale factors 

were maintained between the two paired sites.  Care was taken to assure that the sites were far enough 

away from each other to not have the same birds shared between sites.  When looking at the set of 

prairie and paired non-prairie sites, the most striking observation would be that the prairie sites are much 

Figure 2) These images show a comparison of the prairie and paired non-prairie sites.  On the left is the prairie site at Mason 

Farm in Chapel Hill.  The right is an image of the non-prairie site paired with the Mason Farm Site.  We can see the characteristic 

prairie flora in the prairie area, and the different flora in the non-prairie sites.   

                            Prairie Site                                                          Non-Prairie Alternative Site 
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more consistent in their appearance and flora composition than the alternative sites.  Typically, prairie 

sites had chest high grasses and wildflowers throughout the site, however, the non-prairie sites had a 

much larger range of vegetation types and grass heights ranging from all knee-high grasses to a variety 

of vegetation heights and types.  This lack of consistency in the non-prairie does not negatively impact 

the results of the study, as these non-prairie sites are meant to be used as a control in order to determine 

if the characteristics unique to the Piedmont Prairies are the drivers of the bird species composition, or if 

these birds would use any open grasslands in the same composition.  

Each of the paired sections was chosen using a combination of GIS tools and other cartography 

methods to determine nearby areas with characteristics similar to the prairie sites. Preference was given 

to areas within a close geographic distance from the prairie site and similar size to the prairie site, 

though consideration was also given to physical landscape features specific to bird populations, such as 

distance from streams, distance from urban areas, distance from major roads, the land use land cover of 

the site, and three dimensional characteristics of the vegetation at each of the sites.  This is to say that if 

there were two potential sites with similar geographic distances to the prairie site, the site with the most 

Table 1) The above table shows a breakdown of the twenty-two sites used in the study, eleven paired sites each visited three 

times.  The land use land cover (LULC) was determined by the National Land Use Land Cover database. The distances were 

determined using ARCMap. 

Area (m2) 
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similarities to the prairie site would be chosen for surveying. Prairie sites and alternative sites were 

paired using these physical landscape features because many of them, such as distance from streams, 

will potentially affect the species composition of bird species and the richness of species present at the 

site.  

   

Study Organisms: 

 Although this survey will not overtly focus on threatened or endangered species, these 

Piedmont Prairies are considered a vital habitat for some of the most threatened species in the United 

States, including but not limited to the field sparrow, grasshopper sparrow, eastern meadowlark, 

northern bobwhite, which are all historically found in this prairie area and are among the ten most 

rapidly declining bird species in the North America.  The eastern meadowlark and Northern Bobwhite 

have been hit especially hard, losing 71% and 82% of their total species population respectively since 

1967 (Butcher, 2007).   

To better understand the diversity of the focal area, a compilation list was produced containing 

all bird species seen in the last ten years in Durham, Orange, Alamance, Person, Wake, Granville, 

Caswell, and Chatham counties and reported to eBird, a citizen science website that is used to record 

bird diversity in study areas.  This list is sorted in order of most frequent birds first.  The list is included 

as table 5 in the appendix, and provides a good starting point for understanding the potential bird species 

composition of the study sites.  The list contains 312 different bird species.   

 

Bird Surveys; Point Counts/Transects: 

All surveys were conducted within an hour of sunrise, the time of day that captures the most bird 

diversity (Robbins, 1981; Vaughan, 2009; Moskat and Baldi, 1999; Haselmayer and Quinn, 

2000).  Each site was subject to three repeated survey visits to maximize sightings and produce an 

accurate picture of the bird species composition of the area. Surveys were conducted on clear mornings 

beginning in early-September and terminating in mid-October, and designed to maximize migratory bird 

detection. This survey design also allowed for observations to be performed when many common 

grassland migrants are grounded, as many warblers, thrushes, and sparrows are nocturnal migrants 

choosing to do most of their long distance flying during the night (eBird, 2011).  

The survey was conducted using a single point count at each site visit.  Birds flying overhead 

were excluded from this survey, unless perched within the area for a period of time. Point counts were 
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used as they are a good indicator for habitat prioritization, and do not require an accurate count of the 

number of each species in the area, which can often be difficult to estimate with high accuracy, and is 

often harder when point counts are longer in duration. The point counts were performed by walking to 

the count location, most often in the center of the site, and observing and recording all birds seen or 

heard within the study area during the ten-minute duration of the count (Moskat and Baldi, 1999; 

Vaughan, 2009).  

Point count length varies significantly by study, and typically lasts longer when performing 

fewer counts, therefore, this study conducted one longer than average survey per site to obtain a 

comprehensive sample of species present. For small sample survey, a ten-minute count is more than 

sufficient based on the Savard and Hooper (1995), which tested the effect point count duration on bird 

detection and found that with twelve minutes acting as the total, periods of four minutes detected 68% of 

the total number, and 87% of the total species, while eight minute surveys detected 90% of total birds 

and 91% of total species.  The diminishing returns of point count length influenced the choice of a ten-

minute survey for these sites. During the point counts, in addition to visual observation, an audio 

recorder with a parabolic disk was used. The orientation of the microphone was changed to match bird 

calls, in order to later identify more ambiguous calls (Haselmayer, 2000). 

Presence absence data was collected during this study, any bird seen or heard in the area being 

recorded as present and all birds not detected being marked absent.  This is one of the flaws of presence 

/ absence data collection, all species that are not recorded are marked as totally absent when they may 

have simply not been detected in the site using the given survey design (Mackenzie, 2005).  This issue 

can be mitigated by calling for several repeated samples of the same site in a short period of time as is 

done in this study.           

During the survey, the time, species, and observation type were recorded for each bird observed 

as present (Haselmayer and Quinn, 2000). Birds were often identified using Bushnell 16-50mm 

binoculars.  In addition, rare or questionable visual identifications were photographed using a Canon 7D 

DSLR with 70-300mm IS lens for species confirmation whenever possible. 

 

Identification of Study Organisms: 

Peterson’s Guide to Birds of Eastern and Central North America was used to identify and 

confirm identification of questionable birds after the point count was concluded.  Audio clips recorded 

were imported and stripped, all superfluous data.  The calls recorded were identified by Charles Wilson 
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(Will) Cook, associate researcher Duke University’s Richter Laboratory and an expert on local bird 

vocalizations.  

 

GIS: Physical Landscape Analysis:  

To confirm that the main influencing factor affecting bird species distribution was the unique 

management, restoration, and flora composition of the Piedmont Prairie sites, this study attempted to 

control for as many variables as possible using the paired sample design, and in addition tested 

numerous environmental variables to determine the main influencing factors of bird species 

composition. With the use of a paired sample technique as well as multiple samples at each site, this 

study was able to control for some common variation, such as daily weather, temperature, and general 

landscape scale influencers.  This analysis examined each sites’ distance from streams (NC Onemap), 

distance from urban areas (National Land Cover Dataset), distance from major roads (NC One Map), 

total grassland area of each site, area of observation, as well as the land use land cover of each site 

(National Land Cover Dataset). Urban areas were defined as series 23 and 24 medium and high density 

development in the National Land Cover Database.  These land areas both have greater than 50% 

impervious surfaces.  All distance measures were performed within ArcMap 10.3.1 using a calculation 

of Euclidean distance. For Land Use Land Cover classification, a majority calculation was used to 

determine the land cover of the given site.   

Both ArcGIS (ESRI) and ENVI (Exelis Visual Information Solutions, Boulder, Colorado) tools 

were used for this analysis. The data collected was used to perform a series of statistical tests comparing 

the presence/absence of bird species at each of the sites and how this composition is influence by factors 

such as the prairie / non-prairie designation and the environmental variables of each site.  Sites were 

mapped using handheld GPS units (Trimble Juno 3B) with 2-5m accuracy in order to obtain proper 

positioning of point counts as well as accurate area.   

 

LiDAR Vegetation Analysis:   

In this study, LiDAR data from North Carolina’s spatial database was used to calculate three-

dimensional vegetation structure at each of the study sites. To achieve this, filters (ground, low 

vegetation, medium vegetation, see Figure 6) were applied to the .las data using ArcMap. Although this 

study is mostly concerned with low vegetation height (grasses), ground returns and medium vegetation 

were both included to fill the large areas of no data that occurred from just including the low vegetation  
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areas. Using .las z-range allows for analysis of the three-dimensional characteristics of the vegetation at 

each of the study sites. the main focus of this is to determine the height of the vegetation at each site.  

  

Table 1) Sites with environmental variables  

 

Site Name Site ID 
Vegetation 

Height (cm) 

Distance 

From Urban 

(m) 

Distance 

From 

Roads (m) 

LULC 

Code 
LULC_Class 

Dist from 

Water 

(m) 

Area 

(m2) 

Duke Gardens Site 1 165.6332 188.5 84.3 42 Evergreen Forest 6150.49 1485.39 

Alternative for 

Duke Gardens 
site 2 37.0311 68.7 99 71 Grassland/Herbaceous 6258.8 904.15 

Horton Grove Site 3 65.8595 1105.2 0 42 Evergreen Forest 1254.81 4138.27 

Alternative for 

Horton Grove 
Site 4 60.7592 636.6 0 21 Developed, Open 500.49 23787.5 

Penny's Bend Site 5 48.5685 548.7 4.3 21 Developed, Open 52.85 6837.19 

Alternative for 

Penny's Bend 
Site 6 71.5915 390.1 164.5 71 Grassland/Herbaceous 7.99 6267.93 

Duke Forest Site 7 18.5755 675.6 745.3 42 Evergreen Forest 2315.4 10607.6 

Alternative for 

Duke Forest 
Site 8 26.4626 1068.6 963.1 42 Evergreen Forest 2377.83 2928.95 

Mason Farm Site 9 44.445 381.1 236.6 41 Deciduous Forest 3663.81 50577.9 

Alternative for 

Mason Farm 
Site 10 102.1892 78.7 27.7 21 Developed, Open 3968.76 3628.09 

Durham County 

Wildlife Club 
Site 11 42.9537 24 60.3 71 Grassland/Herbaceous 1711.74 18726.2 

Alternative for 

DCWC 
Site 12 25.0465 36.9 13.6 41 Deciduous Forest 760.98 35547.5 

Prairie Ridge 

Ecostation 
Site 13 54.266 45.8 82 81 Pasture/Hay 3308.54 9431.48 

Alternative for 

PRES 
Site 14 70.4486 149.2 6.3 81 Pasture/Hay 2783.53 32899 

Walnut Hill Site 15 33.3306 1254.6 3.1 81 Pasture/Hay 2280.9 22743.6 

Alternative for 

Walnut Hill 
Site 16 39.2614 1270 3.8 81 Pasture/Hay 2703.18 35640.5 

Temple Flat Rock Site 17 50.2807 750.8 381.1 81 Pasture/Hay 2788.24 45487.5 

Alternative for 

Temple Flat Rock 
Site 18 35.1898 347.4 4.3 52 Shrub/Scrub 2397.67 4407.88 

Mangum Rd Site 19 59.3064 1202.4 38.2 42 Evergreen Forest 8792.34 2536.3 

Alternative to 

Mangum Rd 
Site 20 74.0485 1290.5 13 81 Pasture/Hay 8449.18 1049.95 

C Street Site 21 54.0419 0 7.4 42 Evergreen Forest 6498.08 5234.78 

Alternative for C 

Street 
Site 22 91.4345 15.8 8.5 42 Evergreen Forest 6361.05 1317.7 



Assessment of Avifauna in  

North Carolina Piedmont Prairies 
Makepeace16 

 

Images of this process can be found in the appendix in figures 6 & 7.  One of the paired sites (Duke 

Gardens) used in the study had to be removed from LiDAR analysis because the area had not been 

cleared for prairie restoration when the LiDAR data was collected. This analysis attempts to explain 

variation in bird species distribution as a factor of vegetation height or three dimensional characteristics 

of the study areas.  

 

Statistical Analysis: 

A calculated species accumulation curve was created as an exploratory method for each site 

(Figures 4 & 5).  The curves will show if the visits to each site are returning a comprehensive list of the 

species of birds residing at each site.   The curve works by plotting the number of unique species seen at 

each visit on the y axis and a time interval or site indicator on the x axis.  As this number plateaus, or 

saturates, the species estimations are reaching the real number of species at the site or aggregate of sites; 

however, if the curve remains trending positively, there is a need for more data to correctly determine 

the species composition of the sites.   

R Studio version 1.0.136 was used for all subsequent analysis.  The first analysis run tested the 

difference in the total number of species in the prairie versus the alternative sites as well as the mean 

number of species.  For this analysis, a Wilcox test was used to compare the two study groups outside of 

a normal distribution.   

Species richness was examined using the Simpson’s index first described in Simpson, 1943. This 

index focuses on compositional differences in species within sites in relation to regional features.  It is 

able to quantify the biodiversity and provide a measure for using statistics to analyze biodiversity within 

sites. The Simpson index will analyze each site, and will also take into account the rareness of the 

species.  The index provides a measure of beta diversity, which focuses on the relationship of individual 

site’s species diversity to the regional diversity, or the aggregate of the sites in this case.  The Simpson 

index works well with presence absence data and has shown to be very reliable for comparison across 

different studies in tests of multiple species diversity metrics (Hunter and Gaston, 1988).  The Simpson 

index was used with both inverse and complement data.  The resulting richness values were then 

Koleff et al., 2003 
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compared with prairie and non-prairie classifications using an ANOVA.  Above is the calculation of the 

Simpson index used in this study.   

 

Mantel tests were used for the bulk of the analysis to determine correlation between prairie / non-

prairie ecosystems and the composition of species in these areas, as well as checking other 

environmental variables within each site to determine the cause of any correlation seen. For these tests, 

several different combinations of our species list and sites were used in order to get a full picture of the 

data collected.  Bray-Curtis distance matrices were created for all the species testing used in the analysis 

in order to group similar sites. For each of the environment variables, Mahalanobis distance coefficients 

were applied in order to account for a covariation between the environmental and physical variables 

used in the study. Each of the tests was run using 1 million permutations.  The goal of this analysis was 

to determine if a given variable influenced the presence or absence of species at a site by looking at the 

species composition collected.   

The analysis was run on the environmental variables as well to determine if any of the 

environmental variables had a significant effect on the bird species composition of the test sites. In 

addition to mantel tests for different aspects of the species recorded, partial mantel tests were also 

conducted on each environmental and prairie mantel test in order to better understand the relationships, 

if any, that were present in the study and to confirm the results that revealed significance. Tests were run 

on some data subsets as well.  One of the most telling of these tests was running mantels to determine if 

there was any significant difference between the prairie and alternative sites and their composition of 

birds whose primary habitat is grasslands, in other words, species that would be indicative of a healthy 

grassland ecosystem.  Birds were also broken down by their feeding guild in addition to their primary 

habitat, this information for the bird species recorded can be found in Table 4 of the appendix.   

 

Results 

Summary:  

During the point counts and subsequent analysis, 59 bird species were identified in the 66 

combined prairie and alternative visits of the 22 sites.  The three most prominent species were American 

crow (recorded at 46 visits), Carolina wren (recorded at 44 visits), and blue jay (recorded at 33 visits), 

all of which are charismatically synanthropic species.  There were more species found in the prairie 

sites, 5.78 different species recorded on average in comparison to at each 5.03 species recorded on 
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average at the non-prairie paired sites. 

There were 30 species of birds seen 

more than 3 times, and 25 percent of 

both the total birds and the number of 

bird species were fall migrants.  The 

prairie sites showed a seven percent 

increase in the number of field birds 

at the sites.  

 

Species accumulation curve: 

The generated species 

accumulation curves provide an 

interesting view of the data.  The 

overall curve involving both prairie 

and alternative sites reveals that the 

study is approaching the real number 

of species in the area, but over only 

three visits there was not enough data to 

show definitively that the recorded 

species was the correct accumulation of 

species in each site.  When the curves are 

broken up in figure 4 into prairie and 

non-prairie curves, we can see that for the 

most part the non-prairie sites have 

plateaued, meaning that there are 

increasingly fewer species in the area 

being detected with each additional 

survey, and that our final species 

estimation is approaching the true species 

composition of the site. However, in the  

Figure 4) These species accumulation curves represent the number of 

unique species recorded at each site.  These graphs show both the 

prairie (red) and non-prairie sites (blue).  These curves provide 

exploratory data on whether or not the estimated species distribution 

is approaching the real species distribution at a given site.  If the 

curve is plateauing, the study value is approaching the real 

composition.  The overall slope of the prairie curve is 3.136 which is 

steeper in comparison to the 2.681 slope of the non-prairie curve.   

Figure 5) The aggregate of the species accumulation curves for 

visits to prairie (red) and non-prairie sites (blue).  These curves 

provide exploratory data on whether or not the estimated species 

composition is approaching the real species composition within 

the sites. This aggregation shows that the prairie sites are 

saturating less quickly than the non-prairie sites, and also have 

much less variation.   
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prairie site, the majority of curves 

are not plateauing, suggesting that there  

are more species to be recorded at 

these sites with more visits (Slopes of 

3.136 vs 2.681).  This trend is further 

shown when  

the aggregate of the site visits for the 

prairie / non-prairie is displayed on the 

same graph in figure 5. This shows that the 

alternative sites are approaching a plateau 

point much more rapidly than the prairie 

sites.  

 

Wilcox: 

A Wilcox test was used to 

determine if there were significantly more 

species observed in prairie or non-prairie 

areas and revealed a high p-value (.1302).  

This shows that although the mean number 

of species at the prairie sites was higher, 

this difference in means was not 

significant when compared to non-prairies.  

This test did not account for differences in 

species composition, only total number of 

species observed.  The Wilcox test also 

revealed that the aggregate total number of 

species recorded at prairie sites was not 

significantly different than that of the non-

prairie sites. 

Tests Comparing Prairie / Non-Prairie  

Test P-value R-value 

All species at all sites  0.793 -0.0412 

Bird recorded at least 3 times at all sites  0.87 -0.0582 

All 66 visits 0.406 0.0016 

Feeding Guilds  0.833 -0.0491 

Primary habitat 0.885 -0.0567 

Best Prairies 0.239 0.0641 

Field Birds 0.416 0.0019 

ANOVAs using Simpson Index 

Test  P-value F-value 

All species using Inverse  0.479 0.5197 

All species using Complement 0.382 0.7969 

Significant Results 

Test  P-value   

All Species to Distance from Urban 0.047 0.1620 

Field birds to Distance from Urban  0.039 0.1752 

Field birds to Distance from Water 0.043 0.2132 

All Species to LULC Evergreen 0.011 0.2488 

All Species to LULC Grassland 0.048 0.2484 

 

Table 2) The above table displays condensed results of the 

numerous tests run to determine correlation between the prairie 

and non-prairie sites and bird species composition.  The second 

section shows a comparison of the species richness using the 

Simpson index between prairie and non-prairie sites. The third 

shows all the mantel tests the displayed a correlation with bird 

species composition.  P-values below .05 was considered 

significant. 
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 To further explore the data, Wilcox tests were used to compare the difference between 

vegetation heights derived from the LiDAR analysis.  In both the prairie and non-prairie areas. High p-

values show that the vegetation height at the prairie and non-prairie sites was not significantly different. 

 Mantel: 

Mantel test are used to compare two matrixes to determine correlation between selected 

variables. For this analysis, several mantel tests were run using R-studio to determine correlation 

between differences in species composition based on prairie / non-prairie designation and differences 

between caused by any landscape or environmental variables, the methods that were used to explore the 

data, as well and their results, are listed in Table 2.   

None of the prairie /non-prairie tests were significant using any combination of the prairie sites 

including only the ideal prairies.  These “ideal” prairies were decided using a gestalt method and 

numerous visits to the prairie areas.  For a longer study, a floristic method would have produced more 

accurate results, however, due to the very high p-value using the gestalt method (.24) a floristic method 

was not implemented. 

The results of the mantel tests show high p-values for all tests using all species, and are shown in 

Table 2. There was no significant relationship between the selection of feeding guilds (p-value = .833) 

or the primary habitat of the study birds (p-value = .885). Although the prairie / non-prairie designation 

showed no correlation to the composition of bird species at each site, there were several significant and 

noteworthy findings on influencing factors of bird species composition within the test sites.   

 Many of the land use land cover classifications revealed significant relationships with different 

combinations of bird species.  Land use land cover was determined using the National Land Cover 

database, and the sites were classified by whichever group the majority of their pixels belonged to.  A 

breakdown of the land use land cover of the sites studied can be found in figure 9 of the appendix, and 

the classes used in the analysis were deciduous forests, developed open space, evergreen forests, 

grassland/ herbaceous, and pasture / hay. These sites are not all classified correctly for the fine scale of 

the prairie because the NLCD raster has thirty meter square pixels; however, this classification using the 

majority of pixels does give a good view of the area immediately surrounding the prairie, which was 

shown to influence the bird species composition on several tests. 

 The land use land cover as a whole matrix was also used in analysis as well as the breakdown of 

all the different segments of the raster in binary form.  There was a significant correlation between the 

differences in bird species composition and the sites being either evergreen land cover and differences in 



Assessment of Avifauna in  

North Carolina Piedmont Prairies 
Makepeace21 

all species and grassland land cover, both using whole and partial mantel tests. The same National Land 

Use Land Cover dataset was used to determine the distance of sites from urban areas which was found to 

be an indicator of species composition at the sites using the mantel test.  

When birds were separated into different feeding guilds, there was also a significant correlation 

with land use land cover in general and deciduous land use land cover when it was tested individually.  

When broken up by primary habitat, mantel tests were also performed on just birds whose primary 

habitat is fields.  Primary habitat was determined by Peterson Field Guide.  This subset of birds whose 

primary habitat is defined as fields was not significantly correlated with the definition of prairie 

ecosystems (P-value = .415), however, this subset was significantly correlated to the distance from 

urban areas (p-value = .038) and the distance from water bodies (p-value = .042).  In this case, after the 

removal of outliers, there was also a slightly positive correlation between the number of species present 

at the sites and the distance from urban areas.  There was also a negative correlation between the number 

of field bird species and the distance from water. This result is significant as it displays that the tests run 

do have predictive power, as the significant results it produced are corroborated in many previous 

studies.   

 

Richness and ANOVA  

Using both the complement and inverse method, the prairie sites had a slightly higher species 

richness, however, this difference failed to reach statistical significance, with the complement and 

inverse calculation of the Simpson index showing p-values of .382 and .479 respectively.  The richness 

difference was performed using an ANOVA.   

 

Discussion 

Possible Improvements: 

 This analysis should be considered a pilot study and proof of concept for further research 

into the area of Piedmont Prairie effects on bird diversity.  Due to the time constraints of the project 

there were several inadequacies in the study that could be corrected if more time and resources were 

devoted to the study.  

The finding from the species accumulation curve suggest that if more surveys were performed, 

more species at the prairie sites might be found, as many of these sites had curves that were yet to 

plateau. The data here shows that when the visits to non-prairie sites are aggregated, there is a tendency 



Assessment of Avifauna in  

North Carolina Piedmont Prairies 
Makepeace22 

for the non-prairie alternative sites to saturate much faster and have much higher variability between the 

sites. In addition, there was a higher total and average species count at the prairie sites that might have 

been more significant if there were more survey sites in the study.  

The use of presence / absence data made sense in this context, however, in future surveys of 

piedmont parries, it may be better to perform shorter point counts and include the use of transects.  The 

addition of transects will also boost the number of birds recorded that are using the prairie areas for 

cover.  This technique would greatly increase the number of bird using the specific ecosystem 

characteristics provided by the prairies and mitigate the influence of surrounding land use on the bird 

species composition of the sites.  Unfortunately, many of the sites in this study contained threatened and 

endangered species and therefore access for transects was not granted.  Using shorter point counts in 

addition to scrapping presence absence data collection, would allow for more effective estimations of 

the number of each species of bird at each site as it would reduce the number of multiple counted 

species.  If allotted more time for the study, it would be better practice to perform the point counts and 

transects in the spring for two reasons.  First, birds seen visually will be much easier to correctly identify 

due to their more species-specific breeding plumage.  Second, audio identification will be made easier 

because birds are much more vocal in the springtime when many are mating in the prairies.  In addition 

to these alterations, a flora survey should be properly conducted at each site to better understand the 

vegetation diversity and therefore the drivers of change in the bird species composition.   

 

Possible Explanations for Findings: 

There are two possible interpretations of this study, either 1) there is no major difference in the 

species composition prairie / non-prairie sites, or 2) there is not enough data to show that there is a 

difference between these sites.   If the latter is true, and this study design did not accurately portray the 

dissimilarity of the prairie / non-prairie sites, there are several possible explanations for the lack of 

significant dissimilarity.  

1) Prairie areas were not substantial enough to affect the species composition of the sites.  This theory 

is weakened by the fact that the vastly different prairie and alternative site sizes had no significant 

influence on any bird composition tested in this study when area was used as a predictor in mantel 

analysis.  However, birds do respond differently to environmental condition than plants do, so 

because an area is large enough to have prairie plants, that does not necessarily mean that the prairie 

area will contain all the aspects of a normal prairie such as grassland birds.   
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2) The vegetation composition of the prairie / non-prairie sites was not different enough to cause any 

change in the species visiting each site.  There would need to be more studies performed on the flora 

composition of the prairie and non-prairie sites in order to justify this, but from the visits to the study 

sites, there seemed to be a significant difference in areas labeled as prairie and alternative sites.  

3) The small number of prairie sites might not have been able to detect dissimilarities in bird species 

composition. Although 22 sites should be enough to show a strong dissimilarity, a more subtle 

distinction would require a larger sample size, as well as possibly the incorporation of the western 

prairie habitat.   

4) There might not have been enough visits to each of the sites to accurately reflect all the bird species 

utilizing the site.  This explanation is corroborated by the slopes and shapes of the species 

accumulation curves that suggest that there might be more species yet to reveal themselves in the 

prairie sites.  If there are more species to be recorded at these sites, the analysis of dissimilarity might 

be dramatically different.   

5) The chosen method of presence / absence data collection is often less accurate in predicting 

differences in habitat than similar data that includes species counts or estimates. This study 

attempted to mitigate the negative effects of presence / absence data by repeating sampling numerous 

times in a short period of time.  However, this issue may still persist in the data analyzed.   

6) The recorded species may also have been more influenced by the surrounding habitat than the prairie 

habitat where the point counts were conducted.  This is the most reasonable explanation for the lack 

of influence of the prairie habitat. The bird species composition was significantly affected in several 

cases by the land use land cover of the area, but not the prairie designation.   

The questions this study was hoping to answer were if prairie ecosystems have a significant 

influence on the species composition of birds in the area and if so, what are the drivers of this change? 

This study was able to partially answer both of these questions with the data collected. The study was 

not able to determine a significant difference in the species composition of the birds present in the 

prairie sites when compared to the non-prairie sites, therefore a root cause of this change as not directly 

explored.  Possible explanations for the insignificant results point to the need for more data and longer 

studies to give a definitive answer to either of the driving questions. The insignificant results presented 

are not to say that with further study, more paired sites, more visits to each site, or different data 

collection methods that a correlation would not appear.   

 

For Future Study: 



Assessment of Avifauna in  

North Carolina Piedmont Prairies 
Makepeace24 

Although these results proclaim a resounding negative on the influence of Piedmont Prairie’s 

correlation to bird species composition, there is a case to be made for future study in this area.  As 

previously stated, the species accumulation curve suggests that significant results may be achieved with 

more visits to prairie sites.  There are still many untested theories and methods to execute.  Time was the 

main constraint for this study, if there was more opportunity to perform tests on the given sites there is a 

possibility that a pattern not detected here might arise.  There is also room to test alternative survey 

designs such as transects designed to flush grassland birds, or springtime surveys of prairie sites when 

more birds are vocal in the prairie and alternative sites.  Finally, there is also the possibility that more 

western Piedmont Prairies have a larger influence on bird species composition either by themselves or in 

combination with the current survey sites.   

This preliminary study provides an excellent basis for further research into the effect of 

Piedmont Prairies on bird distribution, and should be used to accelerate or supplement continued 

research.   
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Figure 6) LiDAR Filtering 

 

Figure 6) Shows four views of the same site containing both large vegetation and powerlines.  Image A shows all returns.  

Image B shows only the ground returns in the designated area.  Image C displays both ground return and low vegetation at 

the site.  Image D includes all former returns and also includes medium vegetation returns.  We will be using image D in 

raster format for the remainder of the analysis.   

A B 

C 
D 
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Figure 7) Filtered Rasters 

Figure 8) Bird Species Observed 

A) 

 

Figure 7) Each of these images shows a raster version of the las file in figure 4.  Image A shows a raster prior to filtering.  This 

image includes all original returns.  Image B shows the filter raster taken directly from figure 4 image D.  As we can see there 

are a few problem points that have been eluded filtering.  Image C shows the same raster after setting all points above three 

meters to no_data.  Image C will be used for all the analysis  
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Figure 8) Diagrams A and B show all 59 bird species organized by occurrence.  Diagram B shows a comparison of the 

prairie and non-prairie sites and the number of each of the 59 species that were observed at each of the ecosystems.  

Diagram C shows the bird species that were recorded more than three times.  This subset was used in the mantel 

analysis.   
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Figure 9) Land Use Land Cover Percentage for all sites 

 

 

 

 

 

 

 

 

 

 

Table 4) All bird species observed in the course of the study in all sites 

Bird 

ID 
Common Name Latin Name Family Guilda 

Primary 

Habitat 

Prairie 

Sightings 

Non-Prarie 

Sightings 

1 
Red-winged 

blackbird 

Agelaius 

phoeniceus 
Icteridae  Granivore Waterside 0 2 

2 Tufted Titmouse Baeolophus bicolor Paridae Insectivore Forest Edge 8 8 

3 Canada goose Branta canadensis Anatidae Herbavore Fields 9 8 

4 Red-tailed hawk Buteo jamaicensis Accipitridae Carnivore Fields 1 1 

5 
Red-shouldered 

hawk 
Buteo lineatus Accipitridae Carnivore Forest Edge 3 2 

6 
Northern 

Cardinal 

Cardinalis 

cardinalis 
Cardinalidae Granivore Forest Edge 9 10 

7 Turkey vulture Cathartes aura Cathartidae Carnivore Forest Edge 0 1 

8 Hermit thrush Catharus guttatus Turdidae Insectivore Forest Edge 3 2 

9 
Swainson's 

thrush 
Catharus ustulatus Turdidae Insectivore Woodlands 0 1 

10 Killdeer 
Charadrius 

vociferus 
Charadriidae Insectivore Fields 1 0 

11 Northern flicker Colaptes auratus Picidae Insectivore Forest Edge 4 2 

12 
Eastern wood 

pewee 
Contopus virens Tyrannidae  Insectivore Woodlands 2 2 

13 American Crow 
Corvus 

brachyrhynchos 
Corvidae Omnivore Forest Edge 24 20 

14 Fish Crow Corvus ossifragus Corvidae Omnivore Waterside 0 1 

15 Blue Jay Cyanocitta cristata Corvidae Omnivore Forest Edge 0 1 

16 Gray catbird 
Dumetella 

carolinensis 
Mimidae Insectivore Undergrowth 2 0 

Deciduous Forest
9%

Developed, Open Space
14%

Evergreen Forest
32%

Grassland/Herbaceous
14%

Pasture/Hay
27%

Scrub
4%

Land Use Land Cover for Study Sites

https://en.wikipedia.org/wiki/Icterid
https://en.wikipedia.org/wiki/New_World_vulture
https://en.wikipedia.org/wiki/Tyrannidae
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17 
American 

Kestrel 
Falco sparverius Falconidae Carnivore Fields 1 0 

18 
Common 

yellowthroat 
Geothlypis trichas Parulidae Insectivore Waterside 3 1 

19 House finch 
Haemorhous 

mexicanus 
Fringillidae Granivore Fields 1 0 

20 
Yellow-breasted 

chat 
Icteria virens Incertae sedis  Omnivore Fields 2 0 

21 
Hairy 

woodpecker 

Leuconotopicus 

villosus 
Picidae Insectivore Woodlands 1 1 

22 Belted kingfisher Megaceryle alcyon Alcedinidae  Insectivore Waterside 0 1 

23 
Red-bellied 
woodpecker 

Melanerpes 
carolinus 

Picidae Insectivore Woodlands 7 2 

24 
Lincoln's 

sparrow 
Melospiza lincolnii Emberizidae Granivore Undergrowth 0 2 

25 Song sparrow Melospiza melodia Emberizidae Granivore Undergrowth 2 1 

26 
Northern 

mockingbird 
Mimus polyglottos Mimidae Insectivore Fields 4 3 

27 
Savannah 

sparrow* 

Passerculus 

sandwichensis 
Emberizidae  Granivore Fields 2 0 

28 Indigo bunting Passerina cyanea Cardinalidae Granivore Fields 3 4 

29 
Rose-breasted 

grosbeak 

Pheucticus 

ludovicianus 
Cardinalidae Insectivore Woodlands 0 1 

30 
Downy 

woodpecker 
Picoides pubescens Picidae Insectivore Woodlands 2 3 

31 Eastern towhee 
Pipilo 

erythrophthalmus 
Emberizidae Granivore Undergrowth 5 1 

32 Scarlet tanager Piranga olivacea Thraupidae Insectivore Woodlands 1 0 

33 Summer tanager Piranga rubra Cardinalidae Insectivore Woodlands 0 1 

34 
Carolina 

Chickadee 

Poecile 

carolinensis 
Paridae Omnivore Forest Edge 18 24 

35 
Blue-gray 

gnatcatcher 
Polioptila caerulea Polioptilidae  Insectivore Forest Edge 1 0 

36 Vesper sparrow 
Pooecetes 

gramineus 
Emberizidae  Granivore Fields 0 1 

37 Common grackle Quiscalus quiscula Icteridae  Omnivore Fields 0 1 

38 
Ruby-crowned 

kinglet 
Regulus calendula Regulidae Insectivore Woodlands 1 0 

39 
Golden-crowned 

kinglet 
Regulus satrapa Regulidae Insectivore Woodlands 1 3 

40 Eastern phoebe Sayornis phoebe Tyrannidae  Insectivore Waterside 5 5 

41 
Yellow-rumped 

warbler 
Setophaga coronata Parulidae Insectivore Woodlands 2 2 

42 Pine Warbler Setophaga pinus Parulidae Insectivore Woodlands 7 3 

43 
American 

redstart 
Setophaga ruticilla Parulidae Insectivore Woodlands 2 2 

44 
Blackpoll 

warbler 
Setophaga striata Parulidae  Insectivore Woodlands 18 14 

45 Eastern bluebird Sialia sialis Turdidae  Frugivore Fields 2 3 

46 
White-breasted 

nuthatch 
Sitta carolinensis Sittidae Insectivore Woodlands 1 0 

47 
Brown-headed 

nuthatch 
Sitta pusilla Sittidae Insectivore Woodlands 0 1 

48 
American 

Goldfinch 
Spinus tristis Fringillidae Granivore Fields 7 3 

https://en.wikipedia.org/wiki/Incertae_sedis
https://en.wikipedia.org/wiki/Alcedinidae
https://en.wikipedia.org/wiki/Emberizidae
https://en.wikipedia.org/wiki/Cardinalidae
https://en.wikipedia.org/wiki/Polioptilidae
https://en.wikipedia.org/wiki/American_sparrow
https://en.wikipedia.org/wiki/Icterid
https://en.wikipedia.org/wiki/Tyrannidae
https://en.wikipedia.org/wiki/Parulidae
https://en.wikipedia.org/wiki/Thrush_(bird)
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49 Field sparrow Spizella pusilla Emberizidae  Granivore Fields 1 1 

50 
Eastern 

meadowlark 
Sturnella magna Passeriformes  Omnivore Fields 2 2 

51 Common starling Sturnus vulgaris Sturnidae Insectivore Fields 4 0 

52 Carolina Wren 
Thryothorus 

ludovicianus 
Troglodytidae Insectivore Undergrowth 1 1 

53 Brown thrasher Toxostoma rufum Mimidae Insectivore Undergrowth 2 3 

54 American Robin Turdus migratorius Turdidae Insectivore Fields 0 1 

55 
Blue-winged 

warbler 

Vermivora 

cyanoptera 
Parulidae  Insectivore Woodlands 3 2 

56 
Yellow-throated 

vireo 
Vireo flavifrons Vireonidae  Insectivore Woodlands 0 1 

57 White-eyed vireo Vireo griseus Vireonidae  Omnivore Undergrowth 1 3 

58 Mourning dove Zenaida macroura Columbidae Granivore Fields 0 2 

59 
White-throated 

sparrow 

Zonotrichia 

albicollis 
Emberizidae Granivore Undergrowth 3 1 

 

Table 5) All species in Durham, Orange, Alamance, Person, Wake, Granville, Caswell, and Chatham in 

the last 10 years reported to eBird  

 

1 Red-shouldered Hawk 

2 Great Blue Heron 

3 Turkey Vulture 

4 Red-tailed Hawk 

5 Fish Crow 

6 Barn Swallow 

7 Chipping Sparrow 

8 Chimney Swift 

9 Blue Jay 

10 Northern Mockingbird 

11 American Crow 

12 Northern Rough-winged 

Swallow 

13 Carolina Chickadee 

14 Carolina Wren 

15 Blue-gray Gnatcatcher 

16 Northern Cardinal 

17 Red-winged Blackbird 

18 American Goldfinch 

19 Ruby-throated Hummingbird 

20 Downy Woodpecker 

21 Tufted Titmouse 

22 House Finch 

23 Canada Goose 

24 Mallard 

25 Black Vulture 

26 Mourning Dove 

27 Eastern Phoebe 

28 Great Crested Flycatcher 

29 Purple Martin 

30 Eastern Bluebird 

31 Wood Thrush 

32 American Robin 

33 Gray Catbird 

34 Brown Thrasher 

35 European Starling 

36 Eastern Wood-Pewee 

37 Acadian Flycatcher 

38 Red-eyed Vireo 

39 White-breasted Nuthatch 

40 Louisiana Waterthrush 

41 Prairie Warbler 

42 Yellow-breasted Chat 

43 Summer Tanager 

44 Indigo Bunting 

45 Barred Owl 

46 Cooper's Hawk 

47 Killdeer 

48 House Wren 

49 Red-bellied Woodpecker 

50 Song Sparrow 

51 Common Grackle 

52 Northern Flicker 

53 Brown-headed Nuthatch 

54 Eastern Kingbird 

55 House Sparrow 

56 Pine Warbler 

57 Tree Swallow 

58 Common Yellowthroat 

59 Brown-headed Cowbird 

60 Orchard Oriole 

61 Bald Eagle 

62 Wood Duck 

63 White-eyed Vireo 

64 Northern Waterthrush 

65 Yellow Warbler 

66 Blue Grosbeak 

Table 4) The above table shows the list of all 59 species seen recorded at both the prairie and non-prairie sites as well as the 

primary habitat derived from Peterson field guides, and the feeding guild of the bird species. The number of sightings in 

prairie and non-prairie areas was also included.   

https://en.wikipedia.org/wiki/American_sparrow
https://en.wikipedia.org/wiki/Passeriformes
https://en.wikipedia.org/wiki/Parulidae
https://en.wikipedia.org/wiki/Vireonidae
https://en.wikipedia.org/wiki/Vireonidae
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67 Hooded Warbler 

68 Northern Parula 

69 Yellow-throated Warbler 

70 Scarlet Tanager 

71 Rock Pigeon 

72 Osprey 

73 Magnolia Warbler 

74 Blackpoll Warbler 

75 Hooded Merganser 

76 Green Heron 

77 American Redstart 

78 Belted Kingfisher 

79 Prothonotary Warbler 

80 Wilson's Warbler 

81 Spotted Sandpiper 

82 Cedar Waxwing 

83 Great Egret 

84 Field Sparrow 

85 Common Nighthawk 

86 Pileated Woodpecker 

87 Double-crested Cormorant 

88 Yellow-billed Cuckoo 

89 Cliff Swallow 

90 Ovenbird 

91 Bobolink 

92 Hairy Woodpecker 

93 Swainson's Thrush 

94 Kentucky Warbler 

95 Blue-headed Vireo 

96 Black-and-white Warbler 

97 Black-throated Blue Warbler 

98 Wild Turkey 

99 Canada Warbler 

100 Semipalmated Sandpiper 

101 Cape May Warbler 

102 Eastern Whip-poor-will 

103 White-throated Sparrow 

104 Yellow-crowned Night-Heron 

105 Yellow-rumped Warbler 

106 Rose-breasted Grosbeak 

107 Chestnut-sided Warbler 

108 Red-headed Woodpecker 

109 Veery 

110 Eastern Meadowlark 

111 Blackburnian Warbler 

112 Ring-billed Gull 

113 Least Flycatcher 

114 Great Horned Owl 

115 Baltimore Oriole 

116 American Coot 

117 Common Gallinule 

118 Red-breasted Nuthatch 

119 Worm-eating Warbler 

120 Swamp Sparrow 

121 Ring-necked Duck 

122 Yellow-throated Vireo 

123 Savannah Sparrow 

124 Ruby-crowned Kinglet 

125 Caspian Tern 

126 Palm Warbler 

127 Mute Swan 

128 Purple Finch 

129 Blue-winged Warbler 

130 Black-throated Green Warbler 

131 Black-billed Cuckoo 

132 Pine Siskin 

133 Marsh Wren 

134 Grasshopper Sparrow 

135 American Woodcock 

136 Hermit Thrush 

137 Bonaparte's Gull 

138 Common Loon 

139 Canvasback 

140 Dark-eyed Junco 

141 Broad-winged Hawk 

142 Sharp-shinned Hawk 

143 Ruddy Duck 

144 Yellow-bellied Sapsucker 

145 Orange-crowned Warbler 

146 Pied-billed Grebe 

147 Forster's Tern 

148 Rusty Blackbird 

149 White-crowned Sparrow 

150 Golden-crowned Kinglet 

151 Red-breasted Merganser 

152 Winter Wren 

153 American Kestrel 

154 Brown Creeper 

155 Snow Goose 

156 Common Raven 

157 Wilson's Snipe 

158 Merlin 

159 Blue-winged Teal 

160 Northern Shoveler 

161 Lesser Scaup 

162 Northern Harrier 

163 Bufflehead 

164 Little Blue Heron 

165 Fox Sparrow 

166 Green-winged Teal 

167 Horned Grebe 

168 American Wigeon 

169 American Black Duck 

170 Herring Gull 

171 American Pipit 

172 Redhead 

173 Peregrine Falcon 

174 Gadwall 

175 Greater Scaup 

176 Northern Pintail 

177 Long-tailed Duck 

178 Red-necked Grebe 

179 Lincoln's Sparrow 

180 Lark Sparrow 

181 Tennessee Warbler 

182 Vesper Sparrow 

183 Gray-cheeked Thrush 

184 Philadelphia Vireo 

185 Tricolored Heron 

186 Semipalmated Plover 

187 Greater Yellowlegs 

188 Least Sandpiper 

189 Snowy Egret 

190 Sanderling 

191 Pectoral Sandpiper 

192 Lesser Yellowlegs 

193 Stilt Sandpiper 

194 Buff-breasted Sandpiper 

195 Sora 

196 Black-bellied Plover 

197 American Golden-Plover 

198 Short-billed Dowitcher 
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199 Baird's Sandpiper 

200 White-rumped Sandpiper 

201 Western Sandpiper 

202 Ruddy Turnstone 

203 White Ibis 

204 Nashville Warbler 

205 Black-crowned Night-Heron 

206 Piping Plover 

207 Upland Sandpiper 

208 American Avocet 

209 Northern Bobwhite 

210 Anhinga 

211 Eastern Screech-Owl 

212 Horned Lark 

213 American White Pelican 

214 Bay-breasted Warbler 

215 American Bittern 

216 Bank Swallow 

217 White-winged Scoter 

218 Common Merganser 

219 Lesser Black-backed Gull 

220 Common Goldeneye 

221 Greater White-fronted Goose 

222 Tundra Swan 

223 Ross's Goose 

224 Sedge Wren 

225 Glossy Ibis 

226 Chuck-will's-widow 

227 Loggerhead Shrike 

228 Willet 

229 Cerulean Warbler 

230 Red-throated Loon 

231 Rufous Hummingbird 

232 Surf Scoter 

233 Virginia Rail 

234 Dunlin 

235 Olive-sided Flycatcher 

236 Wilson's Phalarope 

237 Golden-winged Warbler 

238 Eurasian Collared-Dove 

239 Willow Flycatcher 

240 Mississippi Kite 

241 Painted Bunting 

242 Common Redpoll 

243 Great Black-backed Gull 

244 Red Crossbill 

245 White-winged Crossbill 

246 Evening Grosbeak 

247 Iceland Gull 

248 Sandhill Crane 

249 Clay-colored Sparrow 

250 Wood Stork 

251 Warbling Vireo 

252 Magnificent Frigatebird 

253 Black Tern 

254 Least Bittern 

255 Western Tanager 

256 Long-billed Dowitcher 

257 Connecticut Warbler 

258 Dickcissel 

259 American Oystercatcher 

260 Red-necked Phalarope 

261 Parasitic Jaeger 

262 Common Tern 

263 Least Tern 

264 Red Knot 

265 Royal Tern 

266 Laughing Gull 

267 Yellow-bellied Flycatcher 

268 Red Phalarope 

269 Northern Goshawk 

270 Cattle Egret 

271 Eastern Towhee 

272 Red-shouldered Hawk 

273 King Rail 

274 Clapper Rail 

275 Glaucous Gull 

276 Black Scoter 

277 Black-legged Kittiwake 

278 Gray Kingbird 

279 Mourning Warbler 

280 Black-necked Stilt 

281 Scissor-tailed Flycatcher 

282 Snowy Owl 

283 Alder Flycatcher 

284 California Gull 

285 Nelson's Sparrow 

286 Cackling Goose 

287 Hudsonian Godwit 

288 Bell's Vireo 

289 Swainson's Warbler 

290 Eared Grebe 

291 Great Cormorant 

292 Marbled Godwit 

293 Little Gull 

294 Whimbrel 

295 Red-cockaded Woodpecker 

296 Franklin's Gull 

297 Bachman's Sparrow 

298 Trumpeter Swan 

299 Barn Owl 

300 Sooty Tern 

301 Ruff 

302 Swallow-tailed Kite 

303 Bridled Tern 

304 Wilson's Storm-Petrel 

305 Leach's Storm-Petrel 

306 Bullock's Oriole 

307 Cave Swallow 

308 Rough-legged Hawk 

309 Varied Thrush 

310 Calliope Hummingbird 

311 Northern Lapwing 

312 Swainson's Hawk 
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