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Supplementary material



Appendix 1 

 

Supplement A1. Extended methods, results, and discussion. 

 

Figure A1. Box plot summaries of habitat attributes among bird groups from the New York 

study area. 

 

Figure A2. Box plot summaries of Bray-Curtis dissimilarities calculated from habitat attributes 

variables from the New York study area. 

 

Figure A3. Semivariograms of the residuals of independent variables from the New York study 

area. 

 

Figure A4. Semivariograms of the residuals of independent variables from the Pennsylvania 

study area. 



Supplementary Figure Captions 

Figure A1. Box plot summaries of the distributions of habitat attributes found to differentiate 

territory occupancy by Blue-winged Warblers (BWWA), phenotypic hybrids, cryptic hybrids 

(Cryptic), and Golden-winged Warblers (GWWA) (column one); and BWWA, hybrids 

(phenotypic and cryptic hybrids combined), and GWWA (column two) in the St. Lawrence 

Valley, New York, USA. The boxplot figures display the median values, the first and third 

quartile, and the minimum and maximum values, while circles denote outliers. 

 

Figure A2. Box plot summaries of Bray-Curtis dissimilarities calculated from habitat-attribute 

variables that were quantified within five spatial extents (see Table 1) for differentiating among 

sites occupied by Blue-winged Warblers (BWWA), cryptic hybrids, phenotypic hybrids, and 

Golden-winged Warblers (GWWA) in the St. Lawrence Valley, New York, USA. Following the 

calculation of the Bray-Curtis dissimilarity matrices, we performed analyses of similarities tests 

(ANOSIM) to identify the spatial extent over which to quantify habitat characteristics in order to 

best differentiate among sites occupied by the four groups of birds. For each spatial extent, we 

display the ANOSIM R statistic (values further from 0 indicate larger dissimilarity among 

groups), and the associated p-value. 

 

Figure A3. Semivariograms of the residuals of Solidago spp. % cover [a measure of territory-

level (50 m) vegetation composition], microedge [a measure of territory-level (50 m) vegetation 

structural variability], proportion of deciduous forest cover [a measure of remotely sensed 

vegetation composition from 2011 National Land Cover Data (NLCD)], and 1st order standard 

deviation image texture (a measure of remotely sensed habitat structure quantified at 122 bird 



capture locations throughout the St. Lawrence River Valley, New York, USA. We quantified 

deciduous forest cover and image texture within four spatial extents (50-m, 100-m, 250-m, and 

500-m radius circles) surrounding bird capture locations. The semivariance at each lag is denoted 

as a black dot. The dashed lines represent the maximum and minimum semivariances observed 

based on 99 random permutations of the original data. Semivariance values falling within the 

maximum and minimum semivariance envelopes indicate little evidence of spatial correlation of 

a habitat attributes among capture locations.  

 

Figure A4. Semivariograms of the residuals of microedge [a measure of territory-level (50 m) 

vegetation structural variability], proportion of deciduous forest cover [a measure of remotely 

sensed vegetation composition from 2011 National Land Cover Data (NLCD)], and 1st order 

standard deviation image texture [a measure of remotely sensed habitat structure] quantified at 

28 bird capture in central Pennsylvanian Appalachian Mountains, USA. We quantified deciduous 

forest cover and image texture within four spatial extents (50-m, 100-m, 250-m, and 500-m 

radius circles) surrounding bird capture locations. The semivariance at each lag is denoted as a 

black dot. The dashed lines represent the maximum and minimum semivariances observed based 

on 99 random permutations of the original data. Semivariance values falling within the 

maximum and minimum semivariance envelopes indicate little evidence of spatial correlation of 

a habitat attributes among capture locations. 
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Supplement A1 

Extended Methods 

Broad-scale habitat structure 

Image texture calculations 

To provide a description of habitat structure across broad extents, we calculated image 

texture, which is the spatial distribution (texture) of pixel values (tones) from raster-based 

imagery (Haralick et al. 1973). We calculated image texture from two image sources. The first 

were 1-m resolution aerial photographs acquired by the National Agricultural Imagery Program 

(NAIP, USDA-FSA, available from 

http://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai). NAIP acquires 

multi-band, orthoimages during the summer growing seasons throughout the U.S. We used two 

images from 2011 (ortho_1-2_1n_s_ny089_2011_1 and ortho_1-1_1n_s_ny045_2011), which 

together covered our study area in New York. We used one image from Pennsylvania, which 

covered the extent of our study area (ortho_1-1_1n_s_pa027_2010_1). Second, we used two, 30-

m resolution Landsat TM images acquired on 2 June, 2010 (path 15, row 29) and July 2, 2010 

(path 15, row 30) for our New York study area, and one for our Pennsylvania study area from 2 

June 2010 (path 16, row 31). All images were captured during the peak of the growing season 

and thus describe the state of vegetation for the avian breeding season in our study area. Both 

NAIP and Landsat are multi-band data sources, capturing information across different ranges of 

the visible and near-infrared spectrum. NAIP consists of four bands, whereas Landsat images are 

composed of seven bands, and image texture values likely vary based on which bands are used 
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for calculation. We opted to convert the NAIP imagery from the natural color and near infrared 

to black and white. From the Landsat data, we choose to use Band 4 (near-infrared).  

We computed 1st-order standard deviation image texture to characterize patterns in habitat 

heterogeneity (Wood et al. 2012). To calculate texture, we used a moving window analysis in 

which, for each window size, the standard deviation of pixel digital number values within a 

given window size was computed, and assigned to the central cell of the moving window. This 

process was then repeated such that every pixel within the area of interest was in turn treated as 

the central cell. We calculated image texture in two window sizes from the aerial photograph 

(5×5 and 63×63), and one from Landsat (3×3). The combination of image grain size and window 

extent reflect a scale at which we computed image texture, and allowed for the evaluation of 

habitat structural heterogeneity at multiple spatial scales, which we summarized as the means 

and standard deviations at the four different spatial extents (50-m – 500-m radius circles). 

In New Jersey, territories of Golden-winged Warblers ranged in size from 0.3 – 4 ha 

(Defalco and Dey 2003) and in Kentucky from 1.3 – 2.1 ha (Patton et al. 2010). The extents at 

which we calculated image texture ranged from 0.0005 to 0.0063 ha from the aerial photograph 

and 0.81 ha from Landsat. The extent of the 50-m radius circle in which we described habitat 

attributes, and computed remotely sensed metrics was 0.79 ha. The areas in which we 

summarized the remotely sensed variables were 2.4 ha (100-m radius circles), 18.8 ha (250-m 

radius circles), and 77.7 ha (500-m radius circles). Thus, we used remotely sensed data to 

quantify habitat structure at both fine- and medium-grain, and then summarized this structure at 

spatial extents similar to the breeding territory size of the study birds, and in larger landscapes 

surrounding the territories. This allowed for us to perform a comprehensive examination of the 
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Figure A2 



14 

 

 

 

Figure A3
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Figure A4 


