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Habitat loss is a primary threat to biodiversity in the present day, causing many species to become endangered or extinct (Cobb 2010).  Migratory birds may be especially vulnerable to habitat loss, since they rely on the persistence of two quality habitats for breeding and wintering (Taylor and Stuchbury 2016). Biologists often dedicate their research to describing patterns of distribution and abundance of species based on habitat variables, which can inform management practices and conservation efforts.  Research on the habitat preferences of species in decline is needed to help prevent future extinctions.
Golden-winged warblers (Vermivora chrysoptera, Parulidae) are migrant songbirds that breed from southeastern Canada into the northern-midwestern and northeastern extents of the United States, as well as in select moderate to high elevation sites in the Appalachian Mountains as far south as northern Georgia (Confer et al. 2011).  After migrating south through the eastern half of the U.S., these warblers winter in Central and South America (Confer et al. 2011).  For over 40 years, Golden-winged warbler populations have been declining at an average of 2.5% per year, and their breeding range has been shifting northward and shrinking (Buehler et al. 2007).  
	Within their breeding range, Golden-winged warblers are found in early successional habitats located near mature hardwood forests (Patton et al. 2010). Bakermans et al. (2015) found that in the mid-Appalachian region of their breeding habitat, Golden-winged warblers prefer early successional habitats with greater herbaceous cover (mean 13.1% versus 8.1% for sites of no detection).  Aldinger and Wood (2014) found nest sites had an average distance to forest edge of 28.9 m, indicating the importance of adjacent mature forest.  The necessity for herbaceous, shrub and mature forest layers can be explained by the breeding behavior of these warblers.  Golden-winged warblers build their nests on the ground in the herbaceous layer or just above the ground in shrubs (Klaus and Buehler 2001).  Shrub cover provides protection from predators, while surrounding mature hardwood forest is needed for male perches, nesting material and foraging ground (Greenberg 2002, Confer et al. 2011, Patton et al. 2010, Rossell 2001).  Researchers focus on studying Golden-winged warbler habitat preferences at multiple spatial scales, since variables important around the nest site, such as percent herbaceous and shrub cover, differ from variables important at larger scales, such as percent mature forest (Crawford et al. 2016).
This species is especially vulnerable in the southern Appalachian Mountains, the southernmost extent of their breeding range.  Data from the North American Breeding Bird Survey indicate that in Western North Carolina, Golden-winged warbler populations are currently decreasing by more than 11% per year (Sauer et al. 2017). Habitat loss due to development or maturation of early successional habitat, hybridization with Blue-winged warblers (Vermivora cyanoptera), whose range is expanding into the Golden-winged warbler range, and brood parasitism by Brown-headed cowbirds (Molothrus ater) have all contributed to this decline (Confer et al. 2011).  Dispersal from the Great Lakes region, which hosts 95% of the breeding warbler population and generally boasts more and higher quality habitat, maintains the population in the Appalachian region in a source-sink relationship (Vallender et al. 2009).  As a result, the U.S. Fish and Wildlife Service is currently reviewing a petition to list Golden-winged warblers under the Endangered Species Act (USFWS 2013).  The decline of Golden-winged warbler populations augments the need for research and understanding of the breeding habitat and ecology of this species.  The Golden-winged Warbler Working Group (GWWG) was founded in 2003 to facilitate communication and collaboration among scientists who work to produce region-specific guidelines for the conservation of these warblers throughout their breeding and wintering ranges (Roth et al. 2012).
Knowledge of the numbers and locations of Golden-winged warblers during their breeding season in the southern Appalachian Mountains is limited.  The GWWG identifies two distinct focal areas (A17 and A18) in the Southern Appalachian-Nantahala subregion in southwestern North Carolina known to host populations that were previously thought to be separated by less than optimal habitat (Golden-winged 2013).  Even if suitable habitat could be located between these two subregions, it was thought that dispersal limitations would prevent warblers from occupying the area (personal conversation, Aimee Tomcho).  In the past decade, the North Carolina chapter of the Audubon Society has collected data on the abundance of breeding Golden-winged warblers in Western North Carolina for the Golden-winged Warbler Atlas Project, implemented by the Cornel Laboratory of Ornithology (Swarthout 2009).  During the 2015 breeding season, Kyle Pursel, a member of the regional Highlands-Plateau Audubon Society, detected Golden-winged warblers while surveying in the area between the A17 and A18 focal areas, disproving the theory that two disjunct populations occupied the southwestern corner of North Carolina.   
Due to Pursel’s recent finding, I set out to describe patterns of Golden-winged warbler presence specifically in the area encompassing focal areas A17 and A18 in Western North Carolina by examining habitat variables at multiple spatial scales.  Since the warblers are likely selecting lower quality habitat due to the scarcity of early successional habitat in the region, I wanted to first define the macro-landscape variables that predict presence.  I hoped to provide insight into how these warblers are utilizing the landscape in southwestern North Carolina, why they might have selected the site found by Pursel, and how management guidelines outlined by the GWWG might be revised or improved to maximize suitable habitat in the region.  
Finally, I set out to determine whether models created from two different data sources, NC Audubon survey data and observational data from the online citizen science database eBird, would predict the same habitat as suitable across a landscape.  eBird has rapidly established itself as a valuable resource for scientists, with data available from the early 1900s to the present day (eBird 2017).  The data have increasingly been used to describe species’ ranges and abundances, and track changes in distribution over time (Sullivan et al. 2009).  While Audubon surveys involve playing conspecific song roadside or on private lands with early successional habitat by Audubon volunteers and scientists, eBird data are observational and recorded by birders at any location, any time.  Citizen science allows many individuals to collect data at one time, so eBird has more publicly available data and the data collection process is less invasive.  If eBird and Audubon datasets predict the same suitable habitat for Golden-winged warblers in Western North Carolina, survey effort, time, and disturbance could be minimized in efforts to conserve the species..
Methods
	I chose a study area comprised of 11 Western North Carolina counties from the focal areas A17 and A18 as defined by the GWWG: Buncombe, Cherokee, Clay, Graham, Haywood, Henderson, Jackson, Macon, Madison, Swain and Transylvania Counties.  The A17 focal area includes parts of Buncombe, Haywood, Henderson, Jackson, Macon, Madison, Swain and Transylvania Counties, while A18 includes parts of Cherokee, Clay, Graham, Macon and Swain Counties.  The site located by Pursel can be found in Macon County between the two focal areas. [image: ../../Desktop/studyareamap.pdf]
Figure 1. Map of study area encompassing 11 counties in Western North Carolina.	
Golden-winged warbler presence/absence data were obtained from the NC Audubon Society which included coordinates of Golden-winged warbler survey points and abundances at each locale.  The data were collected from 1999 to 2013.  The surveys were mostly conducted at sites that were determined by visual inspection to be potentially suitable, so absence points—or sites with abundances of zero—did not necessarily reflect unsuitable habitat or represent the landscape as a whole.  I excluded absence points from the analysis because I wanted to determine which landscape characteristics set suitable Golden-winged warbler breeding habitat apart from the overall landscape of the study area.  I eliminated duplicate locations and excluded absence points from the Audubon dataset in R, resulting in a sample size of 44 (R Core Team 2017).  I downloaded Golden-winged warbler observation data from eBird including data from the years 1999-2017 (eBird 2017).  I eliminated duplicate locations in R, resulting in a sample size of 102.  
I obtained vegetation type and height raster data from the United States Forest Service LandFire Data Distribution Site with a pixel size of 30 by 30 meters (USGS 2012).  Using ArcGIS, I created two sets of raster files from the initial LandFire raster layer: one set describing percent land cover type within a 150-meter circular buffer of a given pixel and the other describing percent land cover within a 2.5-meter circular buffer of a given pixel (ESRI 2012).  Layers describing percent land cover type within a 150-meter buffer included percent forest of height 0-10 meters, percent forest of height 10-25 meters, percent forest of height 25-50 meters, herbaceous/shrub, and low-intensity development.  Layers describing percent land cover type within a 2.5-kilometer buffer were forest of height 10-25 meters and forest of height 25-50 meters.  I created a raster stack of all seven layers using the ‘raster’ package in R to be used as environmental variables that predict habitat suitability for Golden-winged warblers (R Core Team 2017).
For each of the two datasets, I created pseudo-absence background points by first creating sampling environment polygons that extended 10 kilometers around each presence point.  Within these polygons, I created 300 sample points for each dataset.  I extracted numerical values from each layer of the raster stack of environmental variables for each presence and background point in both datasets.  The numerical values corresponded to percent land cover type within a certain buffer at each point.  I used generalized linear models to determine how sites could be predicted as presence or background by the various macro-landscape variables (R Core Team 2017).  I performed model selection in R with the ‘MuMIn’ package and found that for both datasets, global models (including all 7 environmental variables) fell within ~2 delta AIC of top model.  Since top models differed between the two datasets, I chose to conduct my analyses using the global models so comparisons could be made between the two datasets.  
I predicted suitable habitat across the landscape of the study area using global models and the ‘predict’ function from the ‘raster’ package, which calculates a suitability index value for every pixel on the landscape.  I created suitability maps for both the eBird and Audubon datasets in ArcGIS using the resulting raster (ESRI 2012).  For a more accurate visual representation of the data, I stretched the color scheme using the percent clip method to corrected for extreme suitability values on the left and right side of the histograms of both rasters.  I validated suitability predictions by extracting suitability index values at each presence or background site for each of the datasets and plotting suitability index versus presence (1) or background (0).  I added logistic trendlines to each plot and computed pseudo-R2 values using the ‘rlm’ package to show the strength of the relationship between suitability index and presence/background. 
To examine how well the models created from one dataset could predict suitability of presence sites from the other dataset, I plotted eBird suitability index values versus Audubon presence (1) or background (0), and Audubon suitability index values versus eBird presence (1) or background (0), and included logistic trendlines on all plots.  I computed pseudo-R2 values to compare the ability of each dataset to predict presence or background sites of the other dataset. 
Results	
Model results from the Audubon dataset indicate that Golden-winged warbler presence was predicted by percent forest of height 0-10 meters within 150 meters of a location point (p = 0.004936), percent forest of height 10-25 meters within 150 meters (p = 0.000801), percent forest of height 25-50 meters within 150 meters (p = 8.16e-05), and percent forest of height 25-50 meters within 2.5 kilometers of a location point (p = 0.023899) (Table 1).  
Model results from the eBird dataset indicate that presence was predicted by percent forest of height 0-10 meters within 150 meters (p = 0.00215), percent forest of height 10-25 meters within 150 meters (p = 0.00125), percent forest of height 25-50 meters within 150 meters (p = 6.1e-05), percent herb/shrub (p = 0.02238), and percent forest of height 25-50 meters within 2.5 kilometers of a location (p = 0.04126) (Table 2).
	According to both models, within 150 meters of a site, Golden-winged warblers prefer sites with greater percent forest of height 0-10 meters, lower percent forest of height 10-25 meters, and lower percent forest of height 25-50 meters (estimates, Tables 1 and 2).  Within 2.5 kilometers, they prefer greater percent mature forest (forest 10-25 meters and 25-50 meters) (estimates, Tables 1 and 2).
Table 1. Global linear model results for NC Audubon dataset.  Includes variables at 150-meter and 2.5-kilometer scales.
	Fixed Effect
	Estimate
	Std. Error
	z value
	Pr(>|z|)

	(Intercept)
	-3.120
	2.275
	-1.372
	0.170207

	Within 150 meters

	Forest height 0-10m
	15.234
	5.419
	2.811
	0.004936*

	Forest height 10-25m
	-4.428
	1.321
	-3.352
	0.000801*

	Forest height 25-50m
	-5.438
	1.380
	-3.940
	8.16e-05*

	Developed, Low intensity
	-4.107
	10.523
	-0.390
	0.696326

	Herb/Shrub
	-3.442
	1.961
	-1.755
	0.079198

	Within 2.5 kilometers

	Forest height 10-25m
	4.992
	2.664
	1.873
	0.061005

	Forest height 25-50m
	7.103
	3.145
	2.259
	0.023899*



Table 2. Global linear model results for eBird dataset.  Includes variables at 150-meter and 2.5-kilometer scales.
	Fixed Effect
	Estimate
	Std. Error
	z value
	Pr(>|z|)

	(Intercept)
	-0.6038
	0.7872
	-0.767
	0.44310

	Within 150 meters

	Forest height 0-10m
	8.9034
	2.9020
	3.068
	0.00215*

	Forest height 10-25m
	-2.3401
	0.7250
	-3.228
	0.00125*

	Forest height 25-50m
	-3.0219
	0.7538
	-4.009
	6.1e-05*

	Developed, Low intensity
	-3.8018
	4.7219
	-0.805
	0.42074

	Herb/Shrub
	-2.5817
	1.1304
	-2.284
	0.02238*

	Within 2.5 kilometers

	Forest height 10-25m
	2.2798
	1.1171
	2.041
	0.04126*

	Forest height 25-50m
	1.1022
	1.2159
	0.906
	0.36469



	Habitat suitability maps created for each dataset show that the majority of the landscape is not well-suited for breeding Golden-winged warblers.  Highly suitable locations, marked in red on the maps, seem to be distributed in a spotty, sometimes vein-like pattern.  Notably, highly suitable habitat appears to overlap on both maps, indicating that Audubon and eBird datasets are predicting similar habitat (Figures 2 and 3).  In the Audubon map, the average suitability index value across the study area landscape was -2.360, with a standard deviation of 1.094, whereas in the eBird map, the average suitability index value was -1.342 with a standard deviation of 0.622.
[image: ../../Desktop/audubon_pred.pdf]
Figure 2. Habitat suitability map produced from NC Audubon dataset. High suitability index, indicating the habitat is highly suitable based on the linear model, is shown in red, and low suitability index is shown in blue.
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Figure 3. Habitat suitability map produced from eBird dataset. High suitability index, indicating the habitat is highly suitable based on the linear model, is shown in red, and low suitability index is shown in blue.
	Suitability index values derived from the Audubon dataset successfully predicted Audubon presence/background, validating the model (p = 1.71e-08, R2 = 0.185) (Figure 4).  Higher suitability index derived from the Audubon dataset was correlated with Audubon presence, while lower suitability index was correlated with Audubon background points (pseudo-absence). Suitability index values derived from the eBird dataset predicted eBird presence/background, validating the model, and the same pattern of positive association was observed (p = 3.1e-09, R2 = 0.140) (Figure 4).
	Audubon suitability index successfully predicted eBird presence/background (p = 5.68e-08, R2 = 0.116), and eBird suitability index successfully predicted Audubon presence/background (p = 1.65e-07, R2 = 0.156) (Figure 3).
[image: aueb_plot.pdf]
Figure 4. Plots of suitability indices versus presence/background values (0 for background, 1 for presence) with the logistic regression trendlines.
Discussion
	Results from modelling of Audubon and eBird datasets suggest that Golden-winged warblers in the southernmost extent of their breeding range—Western North Carolina—prefer sites which, at a smaller macro-landscape scale (150-meter radius), have low amounts of mature forest and greater amounts of young forest (Tables 1 and 2).  This result is compatible with findings from previous studies: because the species tends to nest in low-lying vegetation, breeding sites are located in early-successional habitat (Klaus and Buehler 2001, Bakermans et al. 2015).  Additionally, models indicate that at a larger scale of 2.5 kilometers around a site, Golden-winged warblers prefer greater amounts of mature forest (Tables 1 and 2).  This result is also congruent with previous research, since the birds utilize mature hardwood forest for foraging and perching (Patton et al. 2010, Aldinger and Wood 2014).  
Small patches of suitable habitat were scattered across the landscape in both suitability maps because the vast majority of the study area is forested and early successional habitat is rare on the landscape (Figures 2 and 3).  Vein-like patterns of suitable habitat are likely due to the fact that Golden-winged warblers rely on human disturbance to an extent to create early successional habitat.  Thus, suitable habitat “veins” on the landscape may overlap with the also vein-like pattern of human development.  The warblers are likely selecting sites that have been clear-cut or mowed but are not otherwise highly disturbed by human activity.  
Based on logistic regression of suitability versus presence/background plots, both datasets were successful in predicting presence/background values of the other dataset, suggesting that the datasets predicted comparable suitable habitat (Figure 4).  Since the eBird dataset had a greater sample size, the model was able to better distinguish between suitable and non-suitable habitat, as can be seen on the map (Figure 3).  The majority of the landscape on the eBird map is marked in blue, indicating a low suitability index, whereas on the Audubon map, the majority of the landscape is marked in a neutral cream color, indicating an intermediate suitability index value (Figures 2 and 3).  Even though the areas on the maps with high suitability seemed to overlap, the low suitability regions did not overlap.  The Audubon dataset may have failed to distinguish habitat with intermediate suitability from habitat with low suitability because only 44 presence sites were compared to 300 random background points to create the model.  A larger sample of presence sites mitigates error and improves the ability of the model to pick out defining characteristics of highly suitable habitat.  
If eBird data is sufficient and even superior in its ability to predict suitable habitat of breeding Golden-winged warblers in the Southern Appalachians at the macro-landscape scale (shown by a larger pseudo-R2 value), scientists must consider whether traditional survey techniques are necessary for gathering data on large-scale species distribution and population trends.  Audubon surveys involve entering pre-determined suitable habitat and playing conspecific bird songs and a series of avian predator sounds and chickadee mobbing calls to prompt territorial males to respond.  Collection of eBird data requires less survey effort, since a growing number of citizen scientists are doing the brunt of the data collection already, and is less invasive because it is presumably purely observational and no or minimal playback is used (Sullivan 2009).  While some studies, such as those investigating turnover rates or habitat at the nest site scale, may still require traditional survey methods for data collection, eBird data should be considered first when conducting macrohabitat analyses.
It is important to note that although for the most part Audubon data was collected with the use of playback surveys and majority roadside or visually-determined suitable sites, several of the data points were incidental observations.  Some eBird observations may have been instigated with the use of playback or phishing, both of which are common practice among birders.  Additionally, due to the nature of eBird, it is impossible to validate the competency of observers, which could create error if a false observation was recorded (Sullivan 2009, eBird 2017).  
Even though both the Audubon and eBird models seemed to function similarly when predicting suitable habitat, the two datasets differed slightly in the habitat variables that were significant predictors of presence or background.  Results of modeling the eBird data indicate that percent herb/shrub within 150 meters of a site was a significant predictor, whereas it was not significant in the Audubon model (Tables 1 and 2).  The model estimate for the herb/shrub variable in the eBird model was negative, which contradicts the notion from primary literature that the species prefers early-successional habitat.  However, this result is likely not reflective of the actual habitat preferences of the bird, but rather of the nature of the LandFire dataset.  Since each pixel is categorized into a single landcover type based primarily on canopy height (LiDAR-derived), if a 30 by 30-meter patch on the landscape contains herb, shrub and young forest layers, as many suitable Golden-winged warbler breeding sites do, the pixel is likely categorized as young forest.  Thus, lower-lying vegetation classes are underrepresented in the dataset, and herb/shrub-designated pixels are rare.  
Additionally, the Audubon model found that within a 2.5-kilometer radius of a site, percent forest of height 25-50 meters to be a significant in predicting presence or background points, while forest of height 10-25 meters was not a significant predictor; in contrast, the eBird model found percent forest of height 10-25 meters to be significant and percent forest of height 25-50 meters was insignificant within 2.5 kilometers (Tables 1 and 2).  The difference between the two datasets could be attributed to variation between the collections of random background points.  Furthermore, coarseness of the Landsat raster data is a major source of error because a pixel can only be classified as one landcover type, even if a substantial portion of the pixel could be considered a different type.
	Future research on the macro-habitat preferences of Golden-winged warblers in the Southern Appalachians should focus on analysis of multiple sources of spatial data, perhaps of finer resolution.  Since early successional habitat transforms over time into mature forest in the region, models including land use change with time would help account for the shifts in early successional habitat in the past ~30 years, which I did not account for in this study.  Researchers should continue to utilize eBird data to answer ecological questions.  Since eBird data is comprehensive across both space and time, researchers should use patterns of land use change, climate models, and eBird data to create more accurate habitat models. 
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