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[bookmark: _Toc292356136]Abstract: The Effect of Elevation on Bird Migration 
Michaeline Fraser
May, 2011
Birds migrate as a result of internal and environmental cues instructing them when to begin travel. Bird Migration cards from 1760-1880s are available at the Bird Phenology Program (BPP), and provide information on bird arrival date, and location amongst other information. But over time bird arrival dates have become increasingly later due to some unknown factor and through this research, elevation patterns and how they have affected bird arrival dates were studied. 
The data for bird species Setophaga ruticilla, Dendroica petechia, Dendroica fusca and Wilsonia Citrina was scanned, and transcribed on the computer then statistically analyzed using a program, Past.exe TM. A total of 2,172 migration cards were analyzed. Although the results did not support the hypothesis, that stated that as arrival date increased the elevation would also increase, the data did provide many significant figures. Through this study it was found that with respect to the species, observed elevation and latitude did not largely affect the migration patterns. The findings were significant and can help direct future research in this area towards studies of more positive results. Realizing that elevation did not greatly affect these birds will help future scientists focus more on the aspects of climactic factors and how those affect bird migration patterns.
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Introduction to the Problem
Introduction to the Problem 
The overall study of how birds migrate and whether elevation affects their arrival times will be studied. Birds such as Setophaga ruticilla, Denderoica petechia, Dendroica fusca and Wilsonia citrina will be analyzed using historical records from Maryland, New Jersey, Delaware Pennsylvania and Virginia. The birds we are studying are long distance migrants1 that migrate thousands of miles over a short period of time, of approximate several weeks to several months, with a consistency in their arrival dates each year. Over time, bird populations have seemed to decrease in numbers over time. Using data from the North American Bird Phenology Program (BPP)2 that date back to the 1880’s it will be able to provide past arrival dates for specific species and whether elevation directly affects those dates.  With the research, hopefully a direct correlation should be seen between arrival times and elevation.
Statement of the Problem 
1

4

The purpose of this experiment is to observe and analyze changes in bird migration and how it relates to their arrival dates with changes in elevation. Data from BPP will be used to compare bird arrival times in Maryland, Virginia and Pennsylvania, New Jersey and Delaware Between 1880 and 1970 when the program ran. Direct observations will also take place to observe how birds migrate during the fall. Information about bird physiology3 during migration will be collected. Mistnets will be set up and the birds that 
fly into it will be caught, measured, and recorded. The purpose of the direct observation is to provide a working knowledge of how bird migration proceeds and how the birds survive/live.
Hypothesis
It is predicted that the higher in elevation a certain area is, the longer it takes the bird to travel and thus causes a later Julian date4.
Null Hypothesis: If the Julian date decreases then the elevation has decreased and there is no correlation between the two variables.
Variables and Limitations
Independent Variables: 
1. Type Of Bird 
a. Setophaga ruticilla
b. Dendroica petechia
c. Dendroica fusca
d. Wilsonia citrina
Dependent Variables: 
1. Arrival times (Julian Date)
2. Altitude
3. Latitude
4. Year
Control Treatments
Not Applicable
Regulated Conditions
1. May add or subtract  species to birds being studied
2. Location of arrival of birds
3. Any sudden change in elevation
4. If any bird populations significantly increased or decreased due to some external factor.
5. If bird populations, in any other field is to be observed 
Research has been conducted on the fields of Patuxent Wildlife Center. Past research was conducted in open fields in states of Maryland, New Jersey, Delaware, Pennsylvania, and Virginia.
Limitations
1. Presence of predators that may eat birds if caught.
2. No control over the weather, if it is too cold, or rainy fewer birds may be directly observed.
a. Food sources can decrease if weather conditions aren’t optimal.
3. Observers only being in the field certain days
4. Birds continue to migrate north depending on their breeding5 ground; so as the days pass less and less birds may be directly observed
Assumptions 
1. [bookmark: _GoBack]All Birds are in a healthy state.
2. Elevation patterns are the same in past years as they are now.
3. All birds directly observed have only been caught once.
4. The weather conditions are typical.
5. The Birds do not see the net used to catch them.
6. All observations previously made are accurate.
Statistical Analysis
Microsoft Excel was used to create graphs. Analytical software, Past.exe TM was used for all the statistical analysis. Past.exe TM was used to run linear regression tests to find slope, r2, p-value, and intercept values. The software was also used to run multiple regression tests, analyzing more than one independent variable, such as altitude, latitude and year compared to the Julian Date. From this test the r2, P-values, T-values, and F-values were shown. P-value was shown to be significant when it was less than 0.05.

Definition of terms and abbreviations
1. Long distance migrant: Birds that travel a very large distance. In this case the birds traveled anywhere from 1500 to 3000 miles in two to four months
2. BPP- Bird Phenology Program
3. Physiology: The processes and functions of an organism.
4. Julian date: Calendar notation in which each date is represented by a number. In this case the arrival date was replaced with a number. i.e. Date: May 20th will be a Julian date of 120.
5. Breeding ground: The site at which the bird migrates to, and settles to reproduce.
Chapter Two
[bookmark: _Toc292356141]The Review of the Related Literature
Introduction
Ornithology is the study of birds. The overall study of how birds migrate and whether elevation affects their arrival times will be studied. Birds to be studied include Dendroica Petechia1, Dendroica fusca2, Wilsonia citrina3, and Setophaga ruticilla4. Birds have been observed, and watched and recorded for years. Species in Maryland, Virginia, Delaware and Pennsylvania, and New Jersey will be observed. The Bird Phenology Program holds data from 1880 to 1970 on these species amongst others. Bird arrival dates have decreased over years because of an unknown factor. It is believed that due to increased elevation the birds will arrive at a later date. Birds migrate for a variety of reasons and each of the species looked at is unique. Climate may also be a factor in the later arrival dates of these species. Elevation fluctuates between South America and North eastern states of America the correlation between this fluctuation and arrival dates is being studied.
History of Bird Migration
The migration of birds is a very significant feat for such an animal. The journey is incredible in and of itself because birds come in all shapes and sizes and manage to travel both long and short distances without stopping and even in some of the most deserted 
areas and at heights incomparable to any other species. Bird migration has been around since the beginning of time and is pushed by the changing of seasons. (Elphick, 1995) Just like birds evolve, their migratory routes also evolve in response to geographical fluctuations, changes in topography, environment and breeding grounds. This also leads to the changing of the timing of bird migration patterns. Birds have had to adapt to various global changes in weather such as brief ice ages, global warming, continental drifts, Pleistocene glaciations and intermediate glaciations. Continental drifts are the movements of the earth’s continents in relation to each other. The most complex ones were between Eurasia and Africa. The successive Ice ages also played a role. There were half a dozen cold periods that pushed favorable habitats back and forth and also had a larger effect on the ancestral long distance migrants. Intermediate glaciations laid ice sheets so far south that North America was pushed out of the whole earlier range. Ancestral Warblers were also very long distant migrants and were known to travel across the continent from Alaska to Newfoundland 100,000 years ago. (Elphick, 1995)
History of Ornithology
The study of ornithology only became officially popular in the late 1800s. Before this birds were only significant as a food source, and as game and amusement for royalty in European countries. In various countries of the world birds have always been a source of fascination, amusement and observation from a small audience. Some of the greatest and primary bird collectors of the eighteenth century include, Albertus Seba, Sir Hans Sloane, Sir Ashton Lever annd Marmaduke Tunstall. In the third quarter of the eighteenth century there were two pioneers of ornithology, Jacques Brisson who wrote Ornitholgie and Georges-Louis Leclerc de Buffon who wrote Histoire Naturelle des Oiseaux. The first book, published in 1760 was only a narrative of what was known of ornithology up to that point in time in detailed bird classification from other primary sources. He is also responsible for creating a more detailed naming system of the numerous bird species; derived from Linnaeus’ broader naming system. The only flaw was Brisson’s system was based solely on physical characteristics. (Farber, 1997) Buffon was actually opposed to Brisson’s route of classification and created a system in which an infinite amount of classifications were used to categorize. (Chansigaud, 2010) Overall both texts served as a great source for preliminary information of the avian world and faced many of the same technical issues, such as nomenclature and abundance of information being received. The unification of these systems was achieved by Peter Pallas. (Chansigaud, 2010)
The first men to provide wholesome notes of American ornithology were Peter Kalm, and William Bartram. Bartram was a pioneer of American Ornithology accredited with discovering approximately 215 species. A more notable ornithologist is John James Audubon whose name is widely seen, especially in my research because of his numerous volumes of bird data collected in, The Birds of America. Although he was more of an artist he still contributed to the development of ornithology. In the 1830’s and thereafter there was large influx in the popularity of ornithology in America. Spencer Baird, a widely known Ornithologist founded the United States National Museum and embarked on an in-depth study of mammals and birds in North America. By his death there were over 2.5 million species. (Walters, 2003)
In past times in order to study birds, birds were shot and then species and physical detail was observed. Ornithology is a process that took time and cooperation of people from around the world especially throughout the nineteenth century the emergence of ornithology became more popular. Nineteenth century ornithologists led to the realization of dangers facing a number of species and the protection of birds. The nineteenth century was time and day in which ornithology flourished and the bird market grew all over the world. In America this area of study boomed because of an increasing amount of avian institutions, university private research, and government-backing. (Chansigaud, 2010)
Migration Concept: How and Why do Birds Migrate
Migration is only undertaken when the benefits of the distance traveled outweigh the downsides of the bird’s present habitat. Migration is clearly still useful because it has not been eliminated through natural selection. Birds are able to take advantage of the favorable climate, reduced predation and abundance of resources. All of these factors are also in accord with reproductive success, and increased rate of survival for their offspring. Migration is responsible for reducing interspecific competition for space and resources for things like food. A bird only migrates during their non-breeding season Migration is linked to internal rhythms along with responses to environmental conditions. At a distinct time of year, several times a year a migratory bird’s internal clock tells them it’s time to migrate. However birds that do not migrate do not exhibit this act. The increased day length in winter acts as stimulation for early spring and acts as a cue to migratory birds to eat more, for fat deposition. (Gill, 2007)
Nocturnal migrants begin their flight at sundown, reach their peak at midnight and decline thereafter. (Lincoln, Peterson, & Zimmerman, 1998) They have a favored altitude of 500-1,000 feet and when their over the ocean it increases to 15,000 to 20,000. Nonlinear routes are usually taken to avoid mountains, seas or deserts. For all springtime migrations, many species of birds travel to higher latitudes and it was seen that the higher the latitude of a bird’s nesting site the shorter the breeding season. 
Physiological factors such as photoperiod, gonad cycles, and hormones play a role in guiding the migratory routes of birds. Doppler radar images and findings continuously show that nocturnal migrants travel in massive amounts and in large group. This is especially keen to my research since the birds being studied are all nocturnal migrants. The intensity of the magnetic field changes with latitude. Through the use of odors, certain species use the smell of the chemical odors in the winds to supplement their navigation. Traces of gas in the atmosphere also give the birds information on their location. The sky has distinct positions at times of dawn and dusk and provides the birds with directional information. At dusk the sun is also used to recalibrate the bird’s magnetic compass. (Gill, 2007)
Bird’s fly at higher altitudes because it is advantageous for several reasons, landmarks can be seen in greater perspective, fog can be surpassed, wind gives an extra momentum to their flight and thermoregulatory balance5 can be achieved. When traveling birds use a few key things to get and return to their destinations. Some of these include large visual landmarks, the sun compass, the star compass, geomagnetism, odor and twilight cues and memory. Geomagnetism involves the use of Earth’s magnetic field for orientation. (Gill, 2007) When birds fly at cooler temperatures’ it lowers the demand for water evaporation needed to regulate body temperature.


Species Background
Birds evolved from small reptiles over 150 million years ago. It is believed birds evolved from the Archaeopteryx, an ancient reptile that lived in the Mesozoic era, and even dinosaurs. Evolution may have occurred as a result of insulation and heat protection.
Although not prominently evident, birds have a variety of modes of flight. There are three types, Soaring flight Flapping flight and intermittent flight. Gliding flight overcomes the negative effects of drag, flapping flight adds thrust and intermittent flight consists of flap gliding and flap bounding, both of which reduce predicted costs but at different speeds. (Gill, 2007)
All four species being observed are neotropical migrants. Meaning they breed in North America during the spring and early summer and spend their winters in either Mexico, the Caribbean or Central and South America. The migration of many neotropical migrants is not as widely available unless information is received from firsthand observations because without the extensive banding, their migration goes unnoticed because of their nocturnal nature.
The four species being observed are all wood warblers and have common attributes due to this similarity. Wood Warblers are rare and nocturnal migrants, that winter in Southeast America.  (Elphick, 1995) 
Dendroica fusca2 frequent coniferous or mixed deciduous-conifer forests in breeding range of Appalachians. They can be found in lower drier forests of pine oak hickory and are either in pairs or solitary. They tend to be abundant in areas with spruce budworm outbreaks and take a very direct flight during their migration period. (Alsop, 2001) Over the years a loss of habitat due to land clearing is a factor in diminished numbers. 
Dendroica petechia3 is very tame and conspicuous especially due to their bright color. They forage in bushes, shrubs and trees and eat fruits, insects and larvae. They are commonly found in woodlands, gardens orchards and wetlands. During their migration route these birds tend to fly across the Gulf of Mexico from Yucatan to Cuba and Florida, and mainly fly directly north from Yucatan to Louisiana. Many also tend to fly along the coast of Texas.
Wilsonia citrina4 resides in thick foliage beneath tall deciduous trees and travel solitary or in pairs. (Alsop, 2001) They become common in upland and bottomland woodlands, swamps, ravines and dense understories. They too also have a swift and direct flight of short duration.
Setophaga ruticilla5 is one of the most common inhabitant warblers of North America. They are also very tame and conspicuous like the Dendroica Petechia and also travel in solitary or pairs. They become more common in wet deciduous and mixed conifer-deciduous woodlands with understories. Their diminished numbers can be partially attributed to a loss of habitat.
Effect of Climate change on Birds
Climate is the meteorological conditions, including temperature, precipitation, and wind, that characteristically prevail in a particular region. It should also be noted that the date of the official beginning of spring, based on environmental factors tends to vary because spring is determined by the length of day, and local climate. Spring has been occurring later as can be seen by trees leafing twenty days earlier in some areas and even British birds nesting earlier. Birds use environmental clocks as a factor to physiologically begin migration. A bird’s internal system responds to changes in day length and season.
There has even been a Limited Foraging Opportunities Hypothesis speculated. This hypothesis states that altitudinal migration is driven by weather events that reduce foraging opportunities. Meaning large individuals experience thermal advantages when food is covered in snow/ice and also Tropical Wet forests with multi-days restrict hours for foraging. Although this has yet to be proven it does provide support for our hypothesis. It can also be seen that higher elevation breeding sites receive double the rainfall than that of low land and non-breeding sites
Major global changes always affect bird flight and can even influence bird population. For south to north migration seen in neotropical migrants, the movements are accompanied with a lowering of the barometric pressure6 and strong flow of warm winds. Days of very cold fronts or east winds, no bird advancement is seen in the migration route. Birds are also very sensitive the barometric pressure (Gill, 2007) Global temperature also poses an issue. The surface temperature of Earth has increased by .6 °C over the past century and experts predict this number ton only increase in the coming years. Global warming affects rainfall, storm patterns, sea levels and temperature, all of these factors that greatly influence the timing of bird migration. It is estimated that about 80% of animal species in North America have already adapted to the shifting climactic patterns in population distribution, migration routes and dates and/or behavior. These changes can lead to extinction or even displacement of bird species.
Topography
Topography is the study of the earth’s surface shape and features. Things like large bodies of water often pose a barrier to migrants. Land masses in relation to each other and ecological communities affect direction of bird migration. Coastlines and orography7 also affect bird migration. 
Summary
All of these birds are long distance migrants from South America and arrive during the springtime in Northeastern America in order to breed. Birds migrate because it is advantageous to them and as a physiological response to the environment. The process of bird migration has always been a very complex and misunderstood process it is only within the past few decades that the techniques of bird migration have been discovered. Although bird migration has only recently been more clearly understood the study of birds has been around since the beginning of time and experienced an influx of popularity in the nineteenth century. Overall the study of ornithology allows for a more educated biological society and the development of knowledge known of birds. With insight to why birds respond to certain environmental factors will help scientists and researchers understand why other animals have shifted in their behavior also. 




Words To Know
1. Dendroica fusca- Blackburnian Warbler
2. Dendroica petechia-Yellow Warbler
3. Wilsonia citrina- Hooded Warbler
4. Setophaga Ruticilla- American Redstart
5. Thermoregulatory balance- A mechanism in which birds attempt to balance heat gain and heat loss in order to maintain a constant optimal body temperature and optimize physiological processes.
6. Barometric pressure- atmospheric pressure; the amount of downward force exerted by the weight of the air above us
7. Orography- the branch of physical geography dealing with mountains.













Chapter Three
[bookmark: _Toc292356142]Materials and Methods
Introduction
	All of the data for this study was previously collected by bird observers, both professionals and citizen scientists across North America between the years of 1880 and 1970. The data was stored in forty-one filing cabinets and is in the process of being digitized and put online. It has been noted that birds have had increasingly later Julian dates, over the years and the specific reason is still unknown. The Bird Phenology Program data was digitized and analyzed to compare the spring arrival dates to their breeding sites for four species, Setophaga ruticilla, Dendroica petechia, Dendroica fusca and Wilsonia citrina, over a ninety year span to see whether elevation is a factor in later Julian dates. 
For direct observation, birds (including some species being studied) were also captured using a technique called “blanket netting” and processed in the field to learn more and understand about the phenomenon of migration and the physiological effects this process has on birds.
Materials
1. For Previous Analysis: 
a. Bird Migration Cards 
i. 
ii. From Maryland, Virginia, Pennsylvania, New Jersey and Delaware for the species Setophaga ruticilla, Dendroica petechia, Dendroica fusca and Wilsonia citrina. (from BPP office)
b. Panasonic Scanner (Panasonic Communications Co., Ltd.)
c. Dell Computer
d. Adobe Acrobat Reader 7.0 standard Microsoft Excel
e. Past.exeTM (Hammer, Ø., Harper, D.A.T., and P. D. Ryan, 2001. PAST: Paleontological Statistics Software Package for Education and Data Analysis.)
2. For Direct Observation:
a. Mist Nets
b. Cloth bags to place birds in; “bird bags”
c. Bird Banding Lab issued bird bands
d. Pliers 
e. Pen and paper 
f. Calipers
g. Scale
Methods/Data Collection and Analysis
	In the Bird Phenology Program office, approximately 4,000 bird migration cards were available for analysis for the species to be utilized for this project. Some cards had been already been scanned to the online database. Those that had not been scanned were then sorted into primary sources, and secondary sources. The primary sources with sufficient migration dates were then scanned onto the computers onto Adobe Acrobat Reader 7.0 standard. Cards were organized transcribed then analyzed using Microsoft Excel. Migrations cards were organized in ascending order by Julian date, and any migration cards with arrival dates after Julian day 120 (May 20th) were deleted. Then using an online database, http://www.gpsvisualizer.com/geocoder, altitude, latitude and longitude was given for each location and also transcribed into Microsoft Excel. Pivot Charts and Histograms were made  in Microsoft Excel for each state and bird species, and the number of times a Julian date occurred was graphed. These were also used to find any errors or outliers and discover patterns throughout the data. After transcription the cards were statistically analyzed using a Past.exeTM. Using this software, linear regression tests were ran comparing altitude against Julian date, and then multiple regression tests with one dependent variable and two independent variables, then later three independent variables were later added. Julian day versus altitude and latitude were compared and then altitude, latitude and year were compared to Julian date. From these tests ran values such as slope, P-value, r2, and other statistics were recognized.
For direct observation, a group of scientists and volunteers headed out to a large field, on the Patuxent Wildlife Research Center. The transect lines where the nets have been placed, have been in place for years and were set up very early in the morning, about an hour before sunrise because many species that migrate make flight overnight. Many birds were also very active in the early morning and are easier to catch when they’re actively flying around. Nets were placed in an area where the sun would expose it, making it less visible to the birds. The nets were then checked every twenty minutes for any caught birds. When a bird was found, the bird was carefully untangled from the net and placed into the cloth bird bag. All the birds that were caught each round were then brought to one area, where Danny Bystrak individually measured wing length, tail length, species type, age, weight and gender. These measurements were recorded onto paper. The bird was then banded specifically by a unique number on its right leg using pliers. The bird was then gently released so that it would not fly into the nets again.



















Chapter Four
[bookmark: _Toc292356143]Results
Data
A total of 2,172 migration cards were analyzed in this study. Overall the study supported the null hypothesis. The data studied for each species was graphed in figures 1.3 to 1.6. The abundance of data shown in the graphs, support the corresponding r2 values, which were extremely small. The graphs are a comparison of Julian date plotted against the elevation the bird was observed at. Wilsonia citrina was the only species to support the hypothesis of a positive correlation between elevation and Julian date. The slopes for Setophaga ruticilla, Dendroica petechia, Dendroica fusca and Wilsonia citrina were -18.48, -15.59, -19.97, and 15.49 respectively.
Data Analysis
	The results of this study showed that there was a weak negative correlation between the Julian date and altitude for three of the four species tested: Setophaga ruticilla, Dendroica petechia, and Dendroica fusca. Comparatively, when the P-value yielded less than 0.05 data was assumed to be statistically significant and the Setophaga ruticilla, Dendroica petechia, and Dendroica fusca had low P-values of 0.01, 0.00, and 0.00, whereas the Wilsonia citrina had a higher P-value of .91 and was not statistically significant.
Results became increasingly significant as more independent variables were added. A multiple regression test, charted in Figure 1.2, was used to analyze first how altitude and latitude both affected Julian date. All four of the P tests ran for the four species yielded to be significant with P-Values of 0.003, 0.000, 0.000, and 0.000 for the Setophaga ruticilla, Dendroica petechia, Dendroica fusca and Wilsonia citrina. 
A second multiple regression test was used to analyze how altitude, latitude and the year of arrival affected the Julian date. As more independent variables were added, the p-values for each species became increasingly smaller. 
	All the tests had r2 values that were very small. This was a result of the abundance of data values, at various altitudes, and latitudes which can be seen on the graphs, and the trend line only being able to represent a small amount of them. The r2 values increased as more variables were introduced into the statistics, indicating that the more variables factored into the statistics, the more the data were thoroughly represented.



	                                                   Analysis of Julian Day Vs. Altitude                            Figure 1.1

	Species
	# of Records
	Slope
	Intercept
	P-value
	r2

	Wilsonia citrina
	364
	15.5
	-1808.6
	0.908
	0.000

	Setophaga ruticilla
	855
	-18.5
	-2088.4
	0.013
	0.007

	Dendroica petechia
	560
	-15.6
	2014.7
	0.000
	0.091

	Dendroica fusca
	393
	-20.0
	2718.4
	0.000
	0.041



	                                                    Multiple Regression Analysis                             Figure 1.2

	Species
	Variables
	# of Records
	P-value
	F
	r2
	TLatitude
	Taltitude
	Tyear

	Wilsonia citrina
	Altitude and Latitude
	364
	0.0
	72.8
	0.29
	12.06
	2.80
	 

	Dendroica fusca
	Altitude and Latitude
	393
	2.6E-04
	8.4
	0.04
	-0.53
	-4.05
	 

	Setophaga ruticilla
	Altitude and Latitude
	855
	3.4E-03
	5.7
	0.01
	2.29
	-2.41
	 

	Dendroica petechia
	Altitude and Latitude
	560
	0.0
	91.2
	0.25
	10.73
	-6.89
	 

	Wilsonia citrina
	Altitude, Latitude, and Year
	364
	0.0
	50.9
	0.30
	11.23
	2.88
	-2.3

	Dendroica fusca
	Altitude, Latitude, and Year
	393
	0.0
	7.4
	0.05
	-0.65
	-3.87
	-2.2

	Setophaga ruticilla
	Altitude, Latitude, and Year
	855
	0.0
	8.4
	0.03
	2.38
	-2.14
	-3.7

	Dendroica petechia
	Altitude, Latitude, and Year
	560
	0.0
	61.9
	0.25
	10.86
	-6.59
	1.6













Chapter Five
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Summary 
The surplus amount of bird migration cards available at the North American Bird Phenology Program (BPP) provided the data needed to conduct this study. BPP also provided a large amount of insight into the patterns and trends of various bird species from as early as 1770. Bird population numbers have decreased over the years due to an unknown factor. The significance of this study was to test how elevation along with latitude and year has affected the spring arrival dates of birds. Birds are very responsive to the earth and use many internal and environmental cues to decide when to start migration. In trying to figure out what has been affecting later arrival dates, the study also shed light on how the earth has or has not been affected over time.
The species Setophaga Ruticilla, Dendroica petechia, Dendroica fusca and Wilsonia Citrina were used as the samples for this study because they are neo-tropical migrants, from South and Central America that migrate long distances; ranging from 2,000 to 5,000 miles, to breed in northeastern America. Their spring arrival in the states of New Jersey, Delaware, Maryland, Pennsylvania and Virginia were studied in order to shed light on how large of a role elevation and latitude has played in affecting the increasingly later arrival dates of bird species.
It was predicted that the higher in elevation in a certain area, the longer it would take the bird to travel and thus cause a later arrival date. The null hypothesis stated that as the Julian date1 decreased the elevation would also decrease, showing no correlation between the two variables. In order to conduct this study migration cards from BPP were sorted into primary and secondary sources. The bird cards with bird information from primary sources were scanned onto the computer and then transcribed into Microsoft Excel for data analysis. Migration cards with arrival dates later than May 20 (Julian date 120) were deleted, leaving a total of 2,172 cards to analyze. Then using Past.exeTM, a statistical analysis program, multiple regression and linear regression tests were run, to test the significance of Altitude versus Julian Date and then Altitude, Year and Latitude were compared to Julian Date using the multiple regression tests. Conclusion and Discussion
This is the first time such research has been conducted at the Bird Phenology Program. Although the majority of the data did not support the hypothesis stating that as Julian date increased, then the elevation would increase; many significant trends can be drawn from the graphs and charts compiled.
Looking at figure 1.3 to 1.6 the graphs for Julian Date versus altitude for all four species can be viewed. The graphs have a multitude of points and show just how scattered many elevation heights were. The trend line can also be seen and understood why r2 values remained so low throughout the study. The trend lines for Setophaga ruticilla, Dendroica petechia and Dendroica fusca displayed a weak negative correlation, supporting the null hypothesis which stated that as Julian day increased, elevation decreased and no correlation was seen between the two variables. Although referring to Figure 1.1 the p-values were significant the r2 values are also very low. This shows that although the variables studied played a role, they were not the only thing affecting the arrival dates. Overall the study provided a better insight and understanding of how the variables, mainly altitude, but also latitude, and year, played a role in later arrival dates.
The variables tested played a role but not as large of a role as hypothesized. This sheds light that the earth and climactic factors may also play a larger role than previously assumed. 
A few other environmental and behavioral factors can help explain, why the alternate hypothesis was not supported. Mating is a very important cycle in the life of a bird, and the reason these neo-tropical migrants travel to such lengths is to find space and a living environment where they can breed and reproduce. The earlier a bird is able to land at their destination, increases their likelihood to find a peak spot and begin preparation for breeding. The birds studied breed in northeastern region of America, in shrubs, bushes, woodlands, and deciduous treetops. Birds, especially the males, leave earlier than the females to prepare the habitat they will nest, and attract the female birds. The first early birds to come in and settle in the northeast may have wanted to find the highest spot available to settle and attract the females. This is because if a bird is on a mountain or higher altitudinal plane rather than a lower altitudinal location like a shrub, they are more visible to incoming female migrants; there is less competition for food and they are farther away from any invasive predators. This new hypothesis helps provide an alternative resolution to the initial hypothesis predicted in the study
Recommendations
	The findings support the null hypothesis. Further development of this study would include, viewing these same species, but instead of looking at how elevation affected the spring arrival dates, the fall arrival dates and locations could be studied or return of these species back to southern and central America. These findings were only preliminary and the arrival and sightings of these species could be tracked and transcribed from all the eastern, southern and mid-west states of America.
	In this study it was assumed that for all migration cards, all birds were in a healthy state, elevation patterns have remained consistent, all the birds were only observed and recorded once, the weather conditions were typical and observations were made accurately. If any of these assumptions were incorrectly assumed, the data and results may or may not have been affected. Another study could re-examine the cards that were already analyzed in this study and match the Julian date and year and concurrently study what was happening with the earth internally and atmospherically at those specific dates and locations.
Future Implications
Due to the study conducted, many more studies will be conducted at the Bird Phenology Program using all the bird migration cards available. Since the study only looked at a sample of four species, and their spring arrival dates, future studies can look at different samples such as more neo-tropical migrants, only one sex, compare past migrations cards to current migration patterns and dates or at fall migration dates, when birds return to their wintering areas. An abundance of future research is available to study especially with the amount of resources the North American Bird Phenology Program provides. Over time, a clearer and more precise answer can be found to how and why bird arrival dates fluctuated. 
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