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Abstract


Dr. Thomas Quay conducted surveys of the winter avian communities in Raleigh, North Carolina during 1939 and 1940.  The ZO 501 Ornithology classes at NC State University have conducted various projects to assess changes in the community present in 1997, 1999, 2001, and 2003 as compared to Quay’s 1940 findings.  This 2005 study focuses on examining the communities present on both the Centennial Campus woodlands and the NCSU CNR Schenck Forest, and comparing these to the communities described by Quay’s original 1940 study.  Avian data was collected using a hybrid methodology.  Vegetation data was collected for each study site.  Relative abundance and observation data was analyzed, and compared to the 1940 data sets.


Unlike past projects, this study found that there was no change at the community level, between the 1940 and 2005 avian communities.  The data sets generated by this study, provide relatively small samples on a species level, but adequate at the community level for use as a pilot project for comparative purposes in the future.  This study also revealed some enlightening information regarding observational differences between teams, and how the sampling regime and hybrid protocol methodology could be improved for use in the future.
Introduction

Between 1939 and 1940, Dr. Thomas Quay, then a graduate student at North Carolina State University, conducted a census of birds that occurred during winter at Raleigh, North Carolina on study plots in different stages of vegetation succession. These stages were bare field, crab grass, crab grass/tall weeds, pasture, tall weeds/broomsedge, broomsedge/pine, pine, and deciduous woods.  The purpose of the study was simply to determine which birds occurred in winter at different levels of plant succession.  In order to identify all the birds in a given plot, Quay surveyed the area on foot from sunrise until noon, or until it could be optimistically certain that all individual birds had been observed.  The study was conducted from November 1, 1939 to February 29, 1940 to avoid late fall and early spring migrations (Quay 1940).

In recent years Quay’s original study has been the basis of a ZO 501 laboratory project at NCSU.  As an example, Haney, et al. compared plots similar to those of Quay’s but utilized a hybrid count methodology.  Haney, et al, noted a reduced number of species detected.  The causes for this were considered to be timing differences in each study, as well as fewer birds present in 1997 compared to 1939 (Haney et al. 1997). 

 
The current study was undertaken to examine if the findings in Quay and Haney et al were still valid.  However, because of development, it was not possible to survey a pine plot on Centennial campus for comparison with that of a pine plot at Schenck Forest.  

Three objectives were identified in the process of planning the current study: 

· Compare the forest avian community in 2005 for Centennial Campus with that found by Dr. Thomas Quay in 1938

· Examine the winter forest avian community in 2005 at the NCSU CNR Schenck Forest.

· Compare the Centennial and Schenck forest avian communities present in 2005.
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The methodology in this current study has been modified slightly from Quay.  Based on the standard sampling methods at present, a hybrid count consisting of line transects and point counts were used.  In this way a better view of relative abundance was possible.  However, due to the difference in the present study methods and Quay’s, it was not possible to quantitatively compare true abundance; however a qualitatively comparison of the species present was possible, as well as comparisons of relative abundance.

Site Descriptions


For this study, Group 4 selected two forested locations in the Raleigh, North Carolina urban area.  These two locations were selected for comparative purposes.  Initial assessment of the forest areas utilized digital aerial photography acquired from the Wake County GIS database, available through the NCSU Libraries GIS clearinghouse.

NCSU Centennial Campus Locations


For the Centennial Campus locations, two forested habitat sites were selected. Map #1 shows the locations of the Centennial woodlands, with survey routes displayed as well.  Both of these sites were originally surveyed by Dr. Thomas Quay during 1938 for his dissertation work (Quay 1940).  The forest types included, deciduous hardwood forest (plot 8.1 in Quay’s study) and pine forest (plot 7.3 in Quay’s study).  

Plot 8.1 is commonly referred to as Lake Raleigh Woods.  This stand is approximately 80-90 acres in size.  It is bordered to the east by Lake Raleigh, to the north and west by low density residential housing, and to the south by Centennial Middle school, I-40, and scattered forest and early successional habitat areas.  Though referred to by Dr. Quay as deciduous hardwood, this area is of mixed pine-hardwood composition.  The presence of pine and yellow-poplar elude to this area containing openings in the past, but the large size of some oaks also present evidence to forest cover over a longer period of time.  Overstory species varies by one’s position on the topography of the stand, as does the understory.  This stand is bisected by a number of ephemeral and perennial streams that give the stand a ridge-valley-ridge-valley undulation as one moves north from the entrance point at Centennial Middle school.  


The Centennial pine forest, Dr. Quay’s plot 7.3, is southeast of the deciduous hardwood along the southern shore of Lake Raleigh.  This site was older growth pine with a mixed hardwood mid- and understory.  Prior to February 1, 2005, this area had been proposed for the development of a new NCSU Alumni Center (see Map #3), but no development actions had occurred.  By the date of the first field surveys for this project, construction had begun, and the only remains of the original stand was approximately 50-75’ buffer along the shoreline of Lake Raleigh.  These actions rendered this site location unsuitable for use by the group for collection of the 2005 data.

NCSU CNR Schenck Forest Locations


For comparative purposes, the group also chose two forested areas at the College of Natural Resources Schenck Forest that were similar to those sites originally chosen on Centennial Campus.  The forestland included, again, both a deciduous hardwood and a pine woodlands site.  Map #2 shows the forest woodlands of the Schenck, with the survey routes depicted.
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The Schenck deciduous site, like that of Centennial, is also of mixed pine-hardwood composition.  The site borders Dept. of Transportation land on its’ western flank, a low density residential area to the north, a mixture of forestland and pastureland to the east, and Wade Avenue to its’ south.  The stand contains portions of Reedy Creek and the entire stand is located within the drainage, which eventually transitions into the Neuse River downstream.  Just as with the Centennial deciduous woodlands, a varied array of hardwood species are present here.  Pines are scattered in mixed clusters, and consist of either loblolly or shortleaf pine.  Midstory and understory vegetation vary as well, similar to that of Centennial, based on topographic locale and relative distance to Reedy Creek.  


The Schenck pine woodlands site, is dominated by late middle-age loblolly pine.  This stand of pines is located just south and east of the junction of Reedy Creek lake and Reedy Creek road.  This is a relative dense stand of  pines visually, with various hardwoods in the middle and understory scattered in clusters throughout.  This stand, unlike that of the Centennial pine woodlands, has received periodic cool-season fires.  This has changed the diversity of plants and their distribution within the area somewhat, compared to that which was present at Centennial prior to construction.  Yet, overall this site is very similar in composition and overall structure.
Map#1: NCSU Centennial Campus Locations & Surveys
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Map #2: NCSU CNR Schenck Forest Locations and Surveys
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Map #3: Centennial Campus Development Plan
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Methods

The group conducted sampling of the avian communities at North Carolina State University Centennial Campus and the CNR Schenck Forest in Raleigh, NC.  The selected locations at Centennial Campus were originally examined by Dr. Thomas Quay during the winter of 1938.  These two plots were numbered 7.3 (pine forest) and 8.1 (deciduous forest) respectively.  For comparative purposes, the team also examined stands 2 (pine forest) and 19 (deciduous forest) at the Schenck Forest, as these represented similar conditions to those at Centennial, in early reconnaissance of 1999 color orthophotography.


It was discovered during the last week of February 2005, that the pine (plot 7.3) on Centennial Campus had been predominantly harvested, and construction of a new alumni center had begun.  These events eliminated the use and comparison of this area for our study.  Despite this loss, the Schenck pine woodlands were still included for the opportunities of comparison to Dr. Quay’s 1938 findings, because this area likely represented a very similar pine habitat to that found at Centennial prior to development.

Avian Surveys


The avian surveys conducted were originally intended to sample the winter communities.  Due to weather constraints, the surveys occurred between the dates of March 1 and March 27, 2005.  This timing overlaps the beginning of the Spring migratory season.  This timing was understood along with the potential biases that could result.

The survey method used for the avian communities were a hybrid combination of both point counts and line-transects (Bibby, et. Al 1992 and Haney, et al. 1997).  This method was chosen in order to capture a better representation of the species and individuals at each site.  The hybrid count creates an opportunity to account for individuals and species that do not sing or call, with regularity during the winter, or that may utilize “skulking” or stealth behaviors.  

At each location, the sampling regimes for each forest/habitat cover-type sampled the same total area as follows:

· For deciduous woods, the total transect length was ~750 meters, along which 3 point counts were conducted at intervals of ~250 meters.

· For pine woodlands, the total transect length was ~500 meters, along which 2 point counts were conducted at intervals of ~250 meters.
The group was divided into two teams.  Surveys occurred at each location on the same day and time in all surveys but one.  Each team surveyed each forest habitat at each location a minimum of one time.  This was done to account for differences in the identification abilities within each team, and to improve the quantity of data for each location.  The data from each team was compiled during analyses to create cumulative summaries for each habitat. This, would hopefully, create a more complete result for the community than if each site was sampled once.

Each team recorded information on the weather, time of day, noise level, and any other observational information as each survey was conducted.  Each point count was conducted for 5 minutes, separated into 2 periods – 1-3 minutes (Period 1) and 3-5 minutes (Period 2).  All birds seen or heard during the hybrid surveys were recorded, with the following parameters:

· Record of the period during which the “sighting” was made for each individual.
· Notation was made for all birds previously seen or heard during the point counts and line-transects, so that double-counting of individuals did not occur summarization.

· For flyovers and other “sightings” not clearly associated with the surveyed habitat, an individual was not recorded.

· Distance estimates to each “sighting” were made, relative to the point center or transect line.

Vegetation Sampling
Vegetation sampling was also conducted at each location for each habitat surveyed.  This sampling was utilized to gather estimates of the habitat conditions in order to compare how similar those sites at the Centennial Campus location were to those at Schenck Forest.  The sampling for each habitat included the following:
· At least 3 BAF (basal area factor) point counts for any midstory and overstory vegetation >4 inches in diameter at breast height (dbh).

· At least 3 1/50 acre sample plots for any vegetation <4 inches dbh.

· Estimates of the age of the dominant overstory species were gathered using an increment borer.  Species for boring were limited to pines and yellow-poplar due to the soft density and easily discernable growth rings for both.

· Descriptive notes on grassy and herbaceous plants present and overall corresponding prevalence.

· Estimate of canopy density using a spherical densiometer.
The fieldwork for the vegetation sampling was conducted between April 3 and April 7, 2005 due to time constraints.  This interval allowed the group to take advantage of the Spring “bud-break” for identification of some difficult species.
Results of 2005 Field Surveys
Results of Avian Field Surveys


The field observations and records from each team’s hybrid counts were compiled for cumulative results for each of the respective habitats at each location.  All individuals occurring in both one or more points and/or line-transects were noted, and only counted once in the summaries to alleviate biases from double-counting.  These cumulative results were then utilized to calculate relative abundance values for each of the species observed.  The relative abundance was calculated using the number of individuals for a single species and dividing it by the total number of individuals observed for all of the species in each habitat location.

For the Centennial Campus hardwoods habitat type, a total of 108 individuals were observed from 25 different species during the two days of sampling.  Table 1 shows the observation records and relative abundance values.
Table 1: Observations and Relative Abundance Values for Centennial Campus hardwood
	Species
	Alpha Code
	Total # of Individuals Observed
	Relative Abundance

	Yellow-rumped warbler
	YRWA
	18
	0.1667

	Carolina chickadee
	CACH
	14
	0.1296

	Carolina wren
	CAWR
	12
	0.1111

	Eastern tufted titmouse
	ETTI
	11
	0.1019

	Golden-crowned kinglet
	GCKI
	9
	0.0833

	Red-bellied woodpecker
	RBWO
	7
	0.0648

	Mourning dove
	MODO
	5
	0.0463

	American goldfinch
	AMGO
	4
	0.0370

	Downy woodpecker
	DOWO
	4
	0.0370

	Hermit thrush
	HETH
	4
	0.0370

	Northern cardinal
	NOCA
	3
	0.0278

	Blue jay
	BLJA
	2
	0.0185

	Gray catbird
	GRCA
	2
	0.0185

	Pine warbler
	PIWA
	2
	0.0185

	American crow
	AMCR
	1
	0.0093

	American robin
	AMRO
	1
	0.0093

	Eastern phoebe
	EAPH
	1
	0.0093

	Hairy woodpecker
	HAWO
	1
	0.0093

	Northern flicker
	NOFL
	1
	0.0093

	Northern mockingbird
	NOMO
	1
	0.0093

	Pileated woodpecker
	PIWO
	1
	0.0093

	Red-tailed hawk
	RTHA
	1
	0.0093

	Unknown 1
	U1
	1
	0.0093

	White-breasted nuthatch
	WBNU
	1
	0.0093

	Yellow-bellied sapsucker
	YBSA
	1
	0.0093

	TOTALS
	 
	108
	1

	
	
	
	

	Total # of Species
	25
	
	


The most prevalent species was the yellow-rumped warbler with 18 individuals, or just under 17% of the observed individuals.  The Carolina chickadee, wren, and tufted titmouse were also quite abundant, with each representing >10% of the observed individuals.  It should be noted that these three species are year-round residents, while the yellow-rumped warbler is considered a winter resident for this area.  The second most prevalent winter resident was the golden-crowned kinglet, at just over 8% of the total abundance.


For 11 of the 25 species recorded at this site, only a single individual was observed.  Species such as the red-tailed hawk, American crow, and the American robin, are species that likely utilize this area of habitat but are not predominantly reliant upon it to meet life needs.  These 11 species have been combined into a single category named “Other” in Diagram 1 below:
Diagram 1: Centennial Hardwood Species Observed by Percentage
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The only species that potentially represented influences of the Spring migration was the gray catbird.  Both individual catbirds were only recorded by the team surveying this habitat location during the last week of March.  Gray catbirds are considered transient, short-distance migrants for most of North Carolina.  A number of these birds reside along the North Carolina coastline and can be found all throughout the year.  The passage of weather fronts and warmer weather, in conjunction with the early start of the seasonal change is likely what contributed to their presence at the Centennial location.

Observations for the Schenck hardwood site occurred over a two day period, just as that of the Centennial hardwood location.  A total of 109 individuals among 20 species were recorded (see Table 2 and Diagram 2).  Tufted titmice were the most abundant with 24 individuals representing ~22% of the birds observed.  The Carolina chickadee was the third most common bird seen.  Both of these species are year-round residents, and are considered at least moderately “general” in their habitat selection and needs.  The first true winter resident was the golden-crowned kinglet, of which ten individuals were observed, representing ~9% of the total abundance.

In this woodland area, there were three species that were recorded as “Unknown”.  These were individual birds that the team could not identify.  For this habitat the unknowns were U2, U3, and U4 respectively.  U1 occurred at the Centennial Campus hardwoods site.  These individuals may actually been species that one team was capable of identifying, but the other was not.  Due to the differing levels of identification ability and the fact that each team conducted surveys separately, the lack of confirmed identification required that these individuals be treated as separate species.  This alleviated bias that could be created by speculation, but was also understood to potentially effect the relative abundance values for those species that were positively identified.
Table 2: Observations and Relative Abundance Values for Schenck Forest hardwoods
	Species
	Alpha Code
	Total # of Individuals Observed
	Relative Abundance

	Eastern tufted titmouse
	ETTI
	24
	0.2202

	Carolina chickadee
	CACH
	17
	0.1560

	Golden-crowned kinglet
	GCKI
	10
	0.0917

	Red-bellied woodpecker
	RBWO
	9
	0.0826

	Northern cardinal
	NOCA
	7
	0.0642

	American robin
	AMRO
	7
	0.0642

	Carolina wren
	CAWR
	6
	0.0550

	House wren
	HOWR
	5
	0.0459

	Blue jay
	BLJA
	4
	0.0367

	American crow
	AMCR
	4
	0.0367

	Downy woodpecker
	DOWO
	3
	0.0275

	White-breasted nuthatch
	WBNU
	2
	0.0183

	Pine warbler
	PIWA
	2
	0.0183

	House finch
	HOFI
	2
	0.0183

	Hairy woodpecker
	HAWO
	2
	0.0183

	Unknown 4
	U4
	1
	0.0092

	Unknown 3
	U3
	1
	0.0092

	Unknown 2
	U2
	1
	0.0092

	Mourning dove
	MODO
	1
	0.0092

	American goldfinch
	AMGO
	1
	0.0092

	TOTALS
	 
	109
	1

	
	
	
	

	Total # of Species
	20
	
	


Diagram 2: Schenck Forest Hardwood Species Observed by Percentage
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Of the species observed in the Schenck hardwood, none of note were likely influenced occurrences due to Spring migration.  The two species present that do require note were the House finch and House wren.  These two species occurred within the habitat site nearest the northern end of the transect, within close proximity to the neighborhood surrounding Byers Drive.

Table 3 and Diagram 3 show the results of the surveys conducted on the Schenck pine woodlands.
Table 3: Observations and Relative Abundance Values for Schenck Pine Woodlands
	Species
	Alpha Code
	Total # of Individuals Observed
	Relative Abundance

	American robin
	AMRO
	22
	0.2340

	Northern cardinal
	NOCA
	9
	0.0957

	Pine warbler
	PIWA
	9
	0.0957

	Carolina wren
	CAWR
	8
	0.0851

	American crow
	AMCR
	7
	0.0745

	American goldfinch
	AMGO
	7
	0.0745

	Carolina chickadee
	CACH
	6
	0.0638

	Brown-headed cowbird
	BHCO
	5
	0.0532

	Blue jay
	BLJA
	4
	0.0426

	Eastern tufted titmouse
	ETTI
	4
	0.0426

	Chipping sparrow
	CHSP
	4
	0.0426

	Golden-crowned kinglet
	GCKI
	2
	0.0213

	Mourning dove
	MODO
	2
	0.0213

	Red-bellied woodpecker
	RBWO
	1
	0.0106

	White-breasted nuthatch
	WBNU
	1
	0.0106

	Pileated woodpecker
	PIWO
	1
	0.0106

	Unknown 5
	U5
	1
	0.0106

	Northern flicker
	NOFL
	1
	0.0106

	TOTALS
	 
	94
	1

	
	
	
	

	Total # of Species
	18
	
	


The three most prevalent species at the pine woodlands site were the American robin, the northern cardinal, and the pine warbler.  The American robin is likely a biased observation, as this species does not typically utilize pine habitat very readily.  Approximately 20 individuals were observed as one main flock by only one of the teams.  This flock was predominantly using the edge of the habitat nearest the grassy pastures that border the Reedy Creek road side of the site. The greatest majority of the bird species observed here are habitat “generalists” that are not exclusive to pines.


The brown-headed cowbird, though present during the winter months in this area of North Carolina, is not typically readily observed during the winter.  This is especially true of woodland habitats.  These cowbirds were singing a great deal, and are the most likely indicator that the Spring migration season had begun by the dates this site was surveyed.  

Diagram 3:  Schenck Pine Species Observed by Percentage
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Only two species observed at the Schenck pine site are classified as winter residents.  These species include the golden-crowned kinglet and the northern flicker.  Both bird species are transients, or short-distance migrants for this area of North Carolina.  They over-winter at lower elevations, and move up into the Appalachian mountains during the breeding season.
Results of Vegetation Surveys


Vegetation surveys were conducted as outlined in the methods section above.  This data was used to compare the sights for similarities and differences that might be linked to any differences found in the avian communities.  The acreages for the sites used in the study were as follows:

· Centennial Campus hardwood – 87 acres
· Schenck Forest hardwood – 35 acres
· Schenck Forest pine – 19 acres
Table 4 shows the summation of the data on the vegetative components surveyed, which included trees per acre, basal area, age, saplings per acre, and average diameter at breast height.


The ages of both the Centennial and Schenck hardwood stands were similar at approximately 99 and 91 years old respectively.  Similarities can also be seen in species presence, the number of trees and saplings present per acre, the basal areas, and the canopy closure estimates.  The ground cover was also somewhat similar, but given the small sample sizes, conclusive results on these species could not be determined since many occur in small clusters or clumps that may or may not have been included in the survey areas.
Table 4: Vegetative Data for Study Sites in Raleigh, NC
	Overstory Components
	
	
	

	 
	Centennial hardwood
	Schenck hardwood
	Schenck pine

	Acres
	87
	35
	19

	Age
	~99 (1906)
	~91 (1914)
	~67 (1938)

	Trees per acre
	71
	75
	117

	Species TPA
	Yellow poplar
	23.4
	26.5
	2.4

	
	Red oak
	3.2
	9.3
	1.76

	
	White oak
	22.1
	18.7
	4.9

	
	Beech
	8.4
	7.7
	0.85

	
	Loblolly/Shortleaf pine
	5.8
	6.4
	99.4

	Avg DBH
	14.1"
	13.9"
	13.7"

	Basal Area
	101
	104
	116

	Canopy Closure
	~84%
	~88%
	~98%

	
	
	
	
	

	
	
	
	
	

	Understory Components
	Centennial hardwood
	Schenck hardwood
	Schenck pine

	Saplings per acre
	80
	115
	65

	Sapling SPA
	Red Maple
	30
	28
	18.5

	
	Beech
	15
	21
	5

	
	Amer Holly
	5
	5
	2.5

	
	Hophornbeam
	1.75
	2.5
	0

	
	Oak (red or white)
	6
	5.5
	8.5

	
	Yellow poplar
	2.5
	4
	0

	
	Sweetgum
	10
	18
	27.5

	Other ground cover 
	Vaccinium sp.
	Hazel alder
	Red Maple

	
	Microstegium sp.
	Red maple
	Sweetgum

	
	Red maple
	Microstegium sp.
	Plume grass

	
	Christmas fern
	Greenbriar
	Vaccinium sp.

	
	Amer beech
	Sweetgum
	Amer Holly

	
	Rattlesnake plantain
	Vaccinium sp.
	Muscadine grape

	
	Muscadine grape
	Trout lilies
	Greenbriar



The Schenck pine stand was initially chosen due to the characteristic similarity it possessed with that of the Centennial Campus pine study surveyed by Dr. Quay.  This initial evaluation was done using 1999 color orthophotography from the Wake County GIS database.  


Upon ground inspection of the site, it was noted that the Schenck pine stand had been subject to periodic understory burning.  Though overstory characteristics might be similar to that found at Centennial Campus prior to the initiation of construction, there are still results that could be attributed to this management difference.  Of note, the high presence of red maple and sweetgum in the ground cover or understory component is likely a cause of the fire regime.  This can be further exemplified by the presence of more red and white oak in the canopy than that of maple or sweetgum.  Also, the presence of plume grass in the understory would be a direct result of the burning regime used on this area.  As with the hardwood sites, the small sample sizes limits definitive results about the understory component abundances, as vegetation here was also clustered or clumped for some species and was not encompassed by the survey regime.


This pine site represented the highest overall estimate of canopy closure.  This is likely due in part to the presence of needles on the pine trees throughout the year, versus leaf area of the species found in the hardwood locations.  Some estimation was needed for the hardwood sites to attempt to compensate for this lack of leaf cover.  True estimates of canopy closure would produce more reliable results in late summer, as both the pines and hardwoods would have maximum leaf area during this time of year.
Analyses and Comparisons


Dr. Quay’s 1938 study provided detailed information on the number of individuals observed during each of his field surveys.  By compiling the data from each survey at a given location, a comparison of relative abundance could be made between the 1938 results and those calculated using the summarized data from Group #4.  These comparisons included analyses of:
· Centennial Campus hardwood 2005 versus Centennial Campus hardwood 1938
· Schenck Forest hardwood 2005 versus Centennial Campus hardwood 1938
· Centennial Campus hardwood 2005 versus Schenck Forest hardwood 2005
· Schenck Forest pine 2005 versus Centennial Campus pine 1938
Also included in the general comparison tables of data were the relative abundance values compiled by the 1997 group of Haney, Lineberger, Marcus, and Rogers (Haney et al. 1997) . This 1997 group was initially included because the avian survey method used was the same as utilized for this 2005 study.  In the statistical analysis however, the Haney, et. al., 1997 data was not included due to an obvious lack of sufficient data from which to draw reliable comparison results.
Hardwood Relative Abundance Comparison


The composite data table of the relative abundance values for all hardwood surveys is shown in Table 5.  In the initial comparisons, the number of species between the 2005 surveys and the 1938 species was most similar.  The number of species detected in each data set was:

· Centennial Hardwood 2005 – 25 species

· Schenck Hardwood 2005 – 20 species

· Centennial Hardwood 1938 – 21 species

· Centennial Hardwood 1997 – 8 species

Relative abundance values for species that did not occur are represented in Table 5 as solid blue squares.  The yellow squares represent those species that were most abundantly observed for that specific habitat site survey set. 

Obvious differences in relative abundance values for individual species can be seen when the surveys are compared.  Dr. Quay found winter wrens, yellow-rumped warblers, golden-crowned kinglets, white-throated sparrow, and Carolina wren to be the five most prevalent in the Centennial Campus hardwoods in 1938.  The Centennial Campus hardwood 2005 surveys also showed Carolina wrens and golden-crowned kinglets to be two of the most prevalent species, but the representative abundance values have changed by similar differences (of increase/decrease) over time.  Likewise the yellow-rumped warblers are also one of the most prevalent species in 2005 as in 1938, 
but again, the overall abundance values differ.  Neither the winter wren, nor the white-throated sparrow was observed during the 2005 surveys. Instead, the tufted titmouse and the Carolina chickadee were in the top five in abundance for the 2005 surveys.

The Schenck Forest hardwood 2005 surveys show a considerable difference in the species relative abundance versus Quay’s 1938 survey data.  Only the golden-crowned kinglet was represented in the top five for both survey data sets.  The tufted titmouse was the predominant species in the Schenck hardwood during the 2005 surveys.  Others included the Carolina chickadee, the northern cardinal, and the American robin.  
Many species that Quay found on the Centennial site in 1938 were not observed during the Schenck 2005 surveys.  Just as in the Centennial 2005 hardwood surveys, neither the white-throated sparrow nor the winter wren was not observed.  Likewise, the yellow-rumped warbler was not observed in the Schenck pine during the 2005 surveys, whereas it was for both the 2005 and 1938 hardwood surveys at Centennial Campus.  Many of the “absent” species are common in the Raleigh area during the winter and early spring, and most were observed outside of the survey times and efforts, in or around this area.  
Table 5: Relative Abundance Values for all Hardwood Surveys
	Species
	Schenck Hwd Relative Abundance for Lab Group #4 (2005)
	Centennial Hwd Relative Abundance for Lab Group #4 (2005)
	Centennial Hwd Relative Abundance for Quay (1938)
	Centennial Hwd Relative Abundance for Haney, et al. (1997)

	American crow
	0.0367
	0.0093
	 
	0.1000

	American goldfinch
	0.0092
	0.0374
	0.0068
	 

	American robin
	0.0642
	0.0093
	 
	 

	Blue jay
	0.0367
	0.0187
	 
	0.0500

	Brown creeper
	 
	 
	0.0137
	 

	Carolina chickadee
	0.1560
	0.1308
	0.0239
	0.3000

	Carolina wren
	0.0550
	0.1121
	0.0683
	0.0500

	Dark-eyed junco
	 
	 
	0.0171
	0.0500

	Downy woodpecker
	0.0275
	0.0374
	0.0034
	0.1000

	Eastern phoebe
	 
	0.0093
	0.0034
	 

	Eastern tufted titmouse
	0.2202
	0.1028
	0.0273
	0.2000

	Golden-crowned kinglet
	0.0917
	0.0841
	0.1126
	 

	Gray catbird
	 
	0.0187
	 
	 

	Hairy woodpecker
	0.0183
	0.0093
	0.0102
	 

	Hermit thrush
	 
	0.0374
	0.0034
	 

	House finch
	0.0183
	 
	 
	 

	House wren
	0.0459
	 
	 
	 

	Mourning dove
	0.0092
	0.0467
	 
	 

	Northern cardinal
	0.0642
	0.0280
	0.0239
	 

	Northern flicker
	 
	0.0093
	0.0034
	 

	Northern mockingbird
	 
	0.0093
	 
	 

	Pileated woodpecker
	 
	0.0093
	 
	 

	Pine warbler
	0.0183
	0.0093
	0.0137
	 

	Red-bellied woodpecker
	0.0826
	0.0654
	0.0068
	0.1500

	Red-tailed hawk
	 
	0.0093
	 
	 

	Ruby-crowned kinglet
	 
	 
	0.0239
	 

	White-breasted nuthatch
	0.0183
	0.0093
	0.0068
	 

	White-throated sparrow
	 
	 
	0.0546
	 

	Winter wren
	 
	 
	0.0751
	 

	Yellow-bellied sapsucker
	 
	0.0093
	0.0137
	 

	Yellow-rumped warbler
	 
	0.1682
	0.0341
	 

	Unknown 1
	 
	0.0093
	 
	 

	Unknown 2
	0.0092
	 
	 
	 

	Unknown 3
	0.0092
	 
	 
	 

	Unknown 4
	0.0092
	 
	 
	 

	Total # of Species
	20
	25
	21
	8

	
	
	
	
	

	 
	= absent or not seen/heard
	
	

	 
	= highest presence
	
	


Pine Relative Abundance Comparison

With the construction of the new NCSU alumni center at Centennial Campus, direct comparison between 2005 and 1938 surveys for the pine woodlands was not possible.  For this study, the 2005 Schenck pine stands were used as a representative example of the Centennial pine, even though differences in the vegetation were evident in the vegetation samples due to the differences in fire regimes.

Table 6 shows the relative abundance values for the pine sites surveyed. Eighteen species were observed in the Schenck pine woodlands during the 2005 surveys, versus 15 species in Dr. Quay’s 1938 pine surveys at Centennial Campus.  Quay’s five most prevalent species by relative abundance were golden-crowned kinglet, ruby-crowned kinglet, mourning dove, pine warbler, and the yellow-rumped warbler.  For the 2005 surveys conducted at the Schenck Forest pine site, the most prevalent species were American robin, northern cardinal, pine warbler, Carolina wren, American crow, and the American goldfinch.  The high prevalence of the American robin was attributed to a single flock of approximately 20 individuals that was observed utilizing the edge of the pine habitat nearest the fescue pastures along Reedy Creek.  These observations were retained in the analysis, although they likely represent bias for this species in terms of species level abundance associated with the habitat.
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Seven species observed by Quay during his surveys of the Centennial pine site were not observed in the Schenck Forest site during the 2005 surveys.  Ten species were observed at the Schenck site in 2005, but were not observed by Quay during his 1938 surveys of the Centennial site.  This shows at least moderate variation amongst the species presence and abundance at the species level.  But, just as with the 2005 Schenck hardwood surveys, many of these “absent” species were observed outside of the designated survey efforts within this pine area.
Table 6: Relative Abundance Values for All Pine Surveys
	Species
	Schenck Pine Relative Abundance for Lab Group #4 (2005)
	Centennial Pine Relative Abundance for Quay (1938)
	Centennial Pine Relative Abundance for Haney, et al. (1997)

	American crow
	0.0745
	0.0205
	0.1000

	American goldfinch
	0.0745
	 
	 

	American robin
	0.2340
	0.0068
	 

	Blue jay
	0.0426
	 
	0.0500

	Brown creeper
	 
	0.0341
	 

	Brown-headed cowbird
	0.0532
	 
	 

	Brown-headed nuthatch
	 
	0.0205
	 

	Carolina chickadee
	0.0638
	0.0273
	0.3000

	Carolina wren
	0.0851
	0.0239
	0.0500

	Chipping sparrow
	0.0426
	 
	 

	Dark-eyed junco
	 
	0.0034
	0.0500

	Downy woodpecker
	 
	 
	0.1000

	Eastern tufted titmouse
	0.0426
	 
	0.2000

	Golden-crowned kinglet
	0.0213
	0.2662
	 

	Mourning dove
	0.0213
	0.1536
	 

	Northern cardinal
	0.0957
	 
	 

	Northern flicker
	0.0106
	0.0068
	 

	Pileated woodpecker
	0.0106
	 
	 

	Pine warbler
	0.0957
	0.1126
	 

	Red-bellied woodpecker
	0.0106
	 
	0.1500

	Ruby-crowned kinglet
	 
	0.1809
	 

	White-breasted nuthatch
	0.0106
	 
	 

	Winter wren
	 
	0.0034
	 

	Yellow-bellied sapsucker
	 
	0.0034
	 

	Yellow-rumped warbler
	 
	0.1365
	 

	Unknown 5
	0.0106
	 
	 

	Total # of Species
	18
	15
	8

	
	
	
	

	 
	= absent or not seen/heard
	

	 
	= highest presence
	
	


Statistical Analyses of Avian Relative Abundance

While at the species level the relative abundance values are highly variable in nature between the sites and the years, statistical analyses comparisons between the Centennial Campus and Schenck hardwood sites, as well as pine were conducted.  The purpose of these statistical comparisons was to see if there was a statistically significant difference at the community level.

For this comparison, the paired differences t-test was chosen to evaluate the abundance values of sites and study years for a composite view of change (Zar, 1999).  An alpha level of .05 was chosen arbitrarily since the largest part of the scientific literature is reported at such a level ( = .05).  Table 7 shows the results of the paired differences test conducted on the data sets.
Table 7: Paired Differences Statistical Test Results

	Site & Data Comparison
	Mean
	Std Dev
	t-stat
	
	p-value

	Centennial Hwd 2005 vs. 1938
	0.0151
	0.0419
	1.9787
	0.05
	0.10 > p > .05

	Schenck Hwd 2005 vs. Centennial 1938
	0.0168
	0.0637
	1.3710
	0.05
	.2 > p > .1

	Centennial Hwd 2005 vs. Schenck Hwd 2005
	0.0000
	0.0452
	0.0000
	0.05
	p > .50

	 
	 
	 
	 
	 
	 

	Schenck Pine 2005 vs. Centennial Pine 1938
	0.0000
	0.0944
	0.0000
	0.05
	p > .50



All t-stat values calculated from the comparisons corresponded to probability values greater than the alpha level of 0.05.  Interpreted, this means that there were no statistically significant differences between the surveys at the community level.  

The only probability value to approach significance at the  = .05 level was the comparison of the communities present at the Centennial Campus hardwood site between 1938 and 2005.  The t-statistic value that corresponds to  = 0.05 at n = 30 is 2.045.  The t-statistic value that corresponds to  = 0.10 at n = 30 is 1.699.  If an alpha level of 0.10 had been used, then the results would have been interpreted to have been significantly different.  But, alpha levels are arbitrary, and thus chosen prior to analyses to alleviate any biases created with “needing” a significant result.  

This shows though that the Centennial Campus hardwood community has experienced change since 1938.  This representation may be due to the low intensity of the sampling regime used for Group #4’s 2005 study.  There may also be a correlation to the timing of the 2005 study surveys.  Both of these factors are difficult to determine from the available data.  Groups in past studies of this area have shown a difference in the two communities.  In many cases, as represented by the Haney, et. al project in 1997, these past studies have produced data sets that were even smaller than the 2005 set gathered by Group #4.  
Further studies, with adequate samples would be needed to determine that there exists an actual significant difference or not.  The Group #4 members do not consider themselves sufficiently knowledgeable to adequately suggest the causes or effecting parameters that are the influencing factors farther than those points suggested to this point.
Observational analyses


Dr. Quay provided information associated with the amount of time he spent conducting the surveys at each visit to the 1938 study sites.  Since the data for his surveys and those collected by Group #4 for the Centennial Campus hardwood were compiled to produce relative abundance data, the summations were analyzed with respect to observations per minute.  
The Group #4 observations only included the point count portions of the avian surveys conducted.  This is the only portion included because this represented the only portion of the surveys for which there were actual time intervals and limitations imposed.  Dr. Quay’s observations per minute utilized the total time of his surveys, given that he used a complete census methodology.  This does create some comparison difficulties, but the group chose to include this process for at least a different perspective on the effectiveness of the methodologies used in the two studies.

Table 8 shows the statistical analysis of these observation data sets.  The test did show that there was a significant difference in the observations between the 2005 data and Quay’s 1938 data.  Group #4 observed approximately 10% more birds per minute of effort than did Quay.  This is likely an over-estimate given the lack of line-transect observation data included relative to effort.
Still, on a species level, some species were obviously more observable using the point count methodology versus the time-effort investment of the census count.  Examples of these were the American goldfinch, the Carolina chickadee, the downy woodpecker, the tufted titmouse, golden-crowned kinglet, the hermit thrush, etc.  A few species showed relatively little change such as the northern flicker.  A consideration in the causes of this deal with the methodology employed, while it may also be affected by changes in the population abundances.  Without density or population estimates calculated for the 2005 data, the latter effect is difficult to assess.  Yet, the use of the relative abundance data may provide some inferences.

By reviewing the relative abundance data for the Centennial Campus hardwood surveys conducted in 2005 versus those of 1938 (Table 5), some differences are present.  The Carolina chickadee, yellow-rumped warbler, and the tufted titmouse are good examples.  These two species are much more prevalent in the 2005 surveys than those conducted by Quay.  This shows that there could be a link between the higher observations per effort and the overall abundance of the species over time.
Yet, because of the potential biases associated with Quay’s assumption that all birds present were accounted for, and the lack of the complete survey efforts of Group #4, the conclusions are not conclusive with the available information.  Future surveys could incorporate complete effort data and compare their findings.  By doing so with respect to how the point count data relates to complete effort data for their own data sets, there may be more conclusive inferences drawn about the 2005 data for these surveys

Table 8: Paired differences t-test for Observational Comparison of 2005 vs. 1938 Centennial Campus Hardwood Surveys

	Species
	Compiled Observations/minute for Lab Group #4 (2005) *
	Observations/minute for Quay (1938) **
	Paired Differences

t-test

	American Crow
	0.03333
	
	0.03333

	American goldfinch
	0.10000
	0.00533
	0.09467

	American Robin
	0.03333
	
	0.03333

	Blue jay
	0.06667
	
	0.06667

	Brown creeper
	
	0.01067
	-0.01067

	Carolina Chickadee
	0.26667
	0.01867
	0.24800

	Carolina Wren
	0.33333
	0.05333
	0.28000

	Dark-eyed junco
	
	0.01333
	-0.01333

	Downy Woodpecker
	0.10000
	0.00267
	0.09733

	Eastern phoebe
	0.03333
	0.00267
	0.03067

	Eastern Tufted Titmouse
	0.23333
	0.02133
	0.21200

	Golden-crowned kinglet
	0.13333
	0.08800
	0.04533

	Gray catbird
	0.06667
	
	0.06667

	Hairy woodpecker
	
	0.00800
	-0.00800

	Hermit thrush
	0.10000
	0.00267
	0.09733

	Mourning Dove
	0.03333
	
	0.03333

	Northern cardinal
	0.06667
	0.01867
	0.04800

	Northern flicker
	0.03333
	0.00267
	0.03067

	Pileated Woodpecker
	0.03333
	
	0.03333

	Pine warbler
	0.06667
	0.01067
	0.05600

	Red-bellied woodpecker
	0.20000
	0.00533
	0.19467

	Red-tail Hawk
	0.03333
	
	0.03333

	Ruby-crowned kinglet
	
	0.01867
	-0.01867

	White-breasted nuthatch
	
	0.00533
	-0.00533

	White-throated sparrow
	
	0.04267
	-0.04267

	Winter wren
	
	0.05867
	-0.05867

	Yellow-bellied sapsucker
	0.03333
	0.01067
	0.02267

	Yellow-rumped warbler
	0.60000
	0.02667
	0.57333

	Unknown 1
	0.03333
	
	0.03333

	Mean
	0.12381
	0.02032
	0.07609

	
	
	yd
	2.20667

	
	
	Std deviation
	0.125768208

	
	
	t stat
	3.25812

	
	
	P value
	.005 > p > .002



The 2005 point count portions of the hybrid surveys also presented opportunities to compare differences in observations per minute and per period, since the group was divided into two teams and separate tallies were made.  Recall that the group utilized a five minute period for point count observing:  Period 1 was comprised the first three minutes of each count, while Period 2 was the last two minutes. This presented some opportunity to compare the observational and identification skills within the group. The two teams within the 2005 group were delineated Team A & B (see Table 9). 

	Table #9: Group Team Members

	Team
	Members

	A
	Kim Jervis, Greg Queen, Jim Stephens

	B
	Matt Wood and Jimmy Dodson


The first set of team observation comparisons are shown in Tables 10A and 10B.  These data sets are for the Centennial Campus hardwoods site.  Table 10A shows the compared observations per minute for each team’s respective point counts, and Table 10B shows the number of observations for the entire hybrid count.  
There are considerable differences between the two teams, both on a period basis in the point counts and overall.  Team B observed the highest number of individuals for both the point count portion of the survey, with 63, and for the hybrid count having observed 80 individuals total.  Team A only observed 16 individuals during the point counts, and only 12 more individuals during the transect portion of the procedures, for a total of 28 individuals.  This is strongly represented by the difference in observations per minute between the teams’ point count totals – Team A = 0.089 versus Team B = 0.28.  Also note the considerable number of species that were exclusively seen by Team B versus those of A.  The lack of observations for yellow-rumped warblers, hermit thrush, northern flicker, and yellow-bellied sapsucker by Team A could be readily attributable to a difference in identification ability and experience as compared to Team B at the time the surveys were conducted.
This was not the case for the Schenck Forest hardwoods site.  Tables 11A and 11B show the observational comparisons of the two teams.  At this site, the observations per minute were almost the same, being 0.161 for 29 individuals and 0.156 for 21 individuals, for Team A and B respectively.  During the line-transect portion of the surveys, Team B found more individuals than A, with 33 versus 26.  Yet, this site shows some variation in species presence. The number of species observed by each group was similar, yet there were 5 species that were exclusively seen by only one of the two teams for each of the independent samples.
The Schenck Forest pine site comparisons are shown in Tables 12A and 12B.  Just as with the Schenck hardwood site, Team A again observed a higher number of individuals per minute for the point count portions of the surveys.  The separation of the point data by period shows the major factor, a flock of robins observed in Period 2.  As stated previously, this flock creates bias in the results of this site.  The bias is associated with the relevant actual use of this habitat given that these individuals were predominantly on the edge of the habitat site.  These robins accounted for >67% of the individuals observed at this site by Team A during the point counts, and just less than 50% of the total individuals observed during the hybrid count.
For both groups, there were again exclusive observations of individuals that the other group failed to detect or were not present.  This factor, in conjunction with the robin flock makes formulation of reliable comparisons difficult, and likely beyond the ability of the limited sampling.

Finally, one interesting point shown in the data is the change in observations by period, and how it varied between each team (Tables 10A, 11A, and 12A).  Team A showed a decline in observations per minute by period at all sites, except the Schenck pine.  If the flock of robins were removed because of the potential bias, the trend would remain a decline for this site as well.  Team B, interestingly enough, showed an increase in observations per effort for each of the three survey sites by period.  The exact cause is likely difficult to determine, but could be an effect of movement by the team along the line transect between points and the relative lack of employing a “rest” period before beginning the point count at each location. Team B also consistently observed more birds during each transect portion of the surveys at each location than did Team A.  
Sources of Error
There are a great deal of considerations that need to be addressed when conducting an avian survey.  Group #4 considered many points during the formulation process of this study, and made an attempt to alleviate as many sources of error and bias as possible.  Still, the analysis of the raw field data for relative abundance calculations, observational calculations, and the associated comparisons proved very enlightening.  The group realized that some sources of error were much more difficult to account for, and many unconsidered became more obvious.
It was well understood initially that there was considerable variation in the experience level and identification ability among the group members.  Early group outings to the sites were made in an attempt to enhance the training before the field surveys were conducted.  Yet, the field data and post survey conversations show obvious differences in what each team was capable of identifying.  At minimum, a portion of the exclusive observations made by each team can be contributed to this factor.  This is a difficult factor to overcome, but one that any study needs to make efforts to minimize.
The timing for some of the field study surveys coincided with the beginning of the Spring migration.  This interferes with one of the major objectives of the study, that being, to compare the winter avian communities of the study sites with those observed historically.  The occurrence of such species as the gray catbird are likely due to this timing conflict.  The only way to ensure and minimize the chance of this factor would be to limit field surveys to a time period between late November and late February.  As Dr. Quay points out in his original study, the winter community is that which is considered to fall approximately within this time range (Quay 1938).

Noise levels during each of the surveys was described by each team.  Though the team felt little could be done to account for this noise, because the greatest activity level of the birds (singing and movement) coincide with the morning traffic noise as the public travels to work.  The noise levels were described as moderate to high in almost every survey done, but no acoustical devices were used to accurately measure the decibel levels that did occur.  These noise levels were understood to have obvious effects on detection rate, which will likely be formally reported in the near future by Matt Alderidge and Dr. Ted Simons of North Carolina State University.  The only suggestion offered to reduce this effect during post-survey evaluations was to conduct a survey on Sunday morning when work-related traffic would be greatly reduced.
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The methodology used for this study proposed a very difficult step and assumption during the field surveys.  This factor dealt with the recording of a bird previously observed in such a manner to alleviate double counting of individuals for data compilation.  This requires a high level of “tracking” that if violated, can create immediate bias in relative abundance, observations per effort, and density estimates if utilized.  The group expressed in post-survey evaluations that they believed this assumption was met, but understood that it was just as likely to have been violated, and there were no methods to assess this.  It was also believed that there were likely no methods that could efficiently assess this in the situation of surveying an open population.

Also, the group recognized that the sampling intensity of this study was small.  True or conclusive results would require many more surveys over a longer period of time.  In the case of this study, the results represent only that comparable to a pilot study, from which inferences and future hypotheses could truly be garnered and not conclusive findings. 

Finally, the definition of how a relevant habitat association was determined needs refinement in future studies.  This is due in part to the relatively small nature of the habitat sites in overall dimension.  The example of the robin flock shows obvious implementation of the constraint in the methodology as it is currently written.  One refinement could be a stipulation on the distance within a stand the observation has to occur, but this too may present problems. Observations such as this example could be eliminated in analysis, but that presents other potential errors such as whether or not a species is actually using the habitat (even if just in passing) and those relevant occurrences are not included. 
Conclusions


Though the limitations of facets of this study have been discussed, it does represent a viable pilot study from which information can be gained and future projects may be designed and compared to.  To restate, the objectives for this study were:

· Compare the winter avian community in 2005 for Centennial Campus with that found by Dr. Thomas Quay in 1938.
· Examine the winter avian community in 2005 at the NCSU College of Natural Resources Schenck Forest.

· Compare the Centennial Campus and the Schenck Forest avian communities present in 2005.

This study found that there the community found in 2005 was not significantly different from that found by Dr. Quay in 1938 from a community standpoint.  There were differences or changes in the exact species observed and in the relative abundance values, but as a whole, little change could be determined from the summarized data set between the two studies.  The limitations and sources of error and biases are such that this conclusion may prove different for a larger or longer term study.  Further investigation is suggested to validate this matter.
Secondly, information on the NCSU CNR Schenck Forest avian community was collected.  This information was then used to compare and contrast the relative similarity of the vegetation and avian community with that of Centennial Campus.  Analyses show that these two locations are more similar at the present date than that of the present versus past Centennial communities.  The 2005 Schenck hardwood also shows more similarity to Quay’s 1938 community as a whole than does the 2005 Centennial Campus hardwood site.  This can likely be attributed to development having occurred and occurring around the present day campus woodlands.  This facet was not analyzed in this study, but the development occurring around Raleigh has, without question, isolated the campus woodlands at Centennial. Schenck, though surrounded at large by urbanization, forms a small portion of woodland, being connected as a larger block to Umstead Park and RDU Airport woodlands.
Finally, the team gained a much better perspective on the many considerations and facets of conducting avian field sampling research.  Though this was not one of the group’s stated objectives, it was one of the underlying intended objectives of the study as assigned by the instructors for the ZO 501 course.  This experience will be invaluable to Group 4 as they progress in their professional careers regardless of chosen paths.
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