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Background 

 

The Golden-winged Warbler (Vermivora chrysoptera) is a neotropical migrant songbird that 

breeds in the Northeastern and Great Lakes regions of the United States, at higher elevations of 

the southern Appalachians, and Southeastern Canada (Figure 1). It nests in early successional 

habitat such as abandoned farmland and other areas maintained by fire, timber harvest, and 

utility Rights-of-ways management (Hands et al. 1989).    While the Golden-winged warbler 

continues to increase in abundance in the northwestern portion of its range (i.e., Manitoba, 

Minnesota, Quebec and northern New York), it is declining in eastern and southern portions of 

its range (Sauer et al. 1997).  Moreover, it has been extirpated from virtually all regions of New 

England that it occupied a century ago (Gill 1980, Hands et al. 1989, Confer 1992). As such, the 

Golden-winged Warbler is one of the most critically threatened, non-federally listed vertebrate 

species in eastern North America (Buehler et al 2007). Without significant, immediate 

conservation action, the likelihood that the Golden-winged Warbler will require protection under 

the Endangered Species Act is high. 

 

 Precipitous declines in Golden-winged Warbler populations have occurred in the 

Appalachians, including New York (-5.1%/yr; BBS data), Pennsylvania (-7.2%) and West 

Virginia (-10.0%) (Sauer et al.2007). Several factors are thought to be driving the decline of this 

species across most of its historic breeding range.  These include habitat loss in both the breeding 

and wintering range, hybridization with the Blue-winged Warbler, and Brown-headed Cowbird 

parasitism (Buehler et al 2007).  Nonetheless, causal mechanisms regarding how and to what 

extent these factors drive Golden-winged warbler population trends is unclear.  Before effective 

conservation actions can be taken, the factors driving Golden-winged Warbler population 

declines and appropriate management strategies must be identified.  

 

Throughout Golden-winged Warbler range, incursion by the Blue-winged warbler has 

been followed by local extirpation of the Golden-winged Warbler Gill (1980).  In many parts of 

Golden-winged Warbler range, local extirpation has occurred even while adequate habitat 

remained.  With that said, the characteristics and extent of Golden-winged Warbler hybridization 

with Blue-winged Warbler must be examined closely across the species entire range.  Such 

information may lead to a better understanding as to where and under what circumstances 

hybridization occurs, and most importantly, what management actions might work to the benefit 

of both species. 

    

In 2008, we initiated a multi-year study in northcentral Pennsylvania intended to 1) 

determine the extent to which Golden-winged Warbler breed in this portion of the 

Commonwealth; 2) quantify characteristics of Golden-winged Warbler breeding habitat and, in 

particular, the habitat that is most favorable for Golden-winged Warbler while excluding Blue-

winged Warbler; and 3) collect baseline data in order to examine the response of Golden-winged 



 2 

Figure1.  Breeding distribution of Golden-winged and Blue-winged Warblers, including areas of 

range overlap (map from Cornell Lab of Ornithology). 

Warbler to future experimental habitat manipulation.  The Golden-winged Warbler is not the 

only species that will benefit from this research.  Recent analyses of 41 years of Breeding Bird 

Survey data show that nearly half (47%) of shrubland-nesting species in the eastern U.S. are 

decreasing (Sauer et al. 2007).  Additionally, game species such as elk, ruffed grouse, woodcock, 

wild turkey, white-tailed deer, and eastern cottontail will also benefit from such research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Illustrat ion 1. Illustration showing the phenotypes of Golden-winged warbler, Blue-winged 

Warbler, and their hybrids taken from the Peterson Field Guide. 
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Study Area 

 

This study is occurring in two areas located in northcentral Pennsylvania: Bald Eagle 

State Park and Sproul State Forest.  While the two study areas are only 29 km (18 miles) apart, 

they are located within very different landscape contexts.   

 

Bald Eagle State Park is 5,900 ha located in northern Centre County.  Approximately, 

1,730 ha (29%) of the Park consists of the Joseph Foster Sayers Reservoir.  The remaining 

4,170 ha (71%) consists of a mosaic of fragmented forests, scrub-shrubland, managed 

grasslands, powerline rights-of-ways, and recreational area (i.e., camp sites, parking areas, 

etc.).  Bald Eagle State Park is located in the interface of two physiographic provinces: the 

Mountainous High Allegheny Plateau to the north and west and the Ridge and Valley Province 

to the south and east. While Bald Eagle State Park is located at the interface of these two 

physiographic provinces, it lies entirely within the Ridge and Valley Physiographic province.  

This province is characterized by numerous long, narrow mountain ridges separated by valleys 

that are variable in width and elevation (Way 1999). The elevation in this region ranges from 

210-245 m (700-800 ft). Ridges and side slopes are dominated by northern hardwoods or oak-

hickory forests.  Oak-hickory forests typically include tuliptree (Liriodendron tulipifera), 

blackgum (Nyssa sylvatica), and red maple (Acer rubrum).  Northern hardwoods are dominated 

by American beech (Fagus grandifolia), sugar maple (Acer saccharum), black and yellow 

birches (Betula lenta and B. alleghaniensis), and eastern hemlock (Tsuga canadensis)(Stoleson 

and Larkin in review). Valleys consist of agricultural lands, residential and commercial 

development, riparian forests, and isolated forest patches.  Because Bald Eagle State Park is 

topographically positioned in a valley, agricultural and residential land uses dominate the 

surrounding landscape.  

  

The second study area is located in the Sproul State Forest which consists of 112,000 ha 

located in western Clinton and northern Centre counties. This study site lies entirely in the 

Mountainous High Allegheny Plateau physiographic province.  This region is characterized by 

high ridges and deep valleys created via headwater erosion of the West branch of the 

Susquehanna (Briggs 1999).  The elevation of our study site is 610m (2000 ft).  The Sproul State 

Forest is dominated by forests and the surrounding landscape is predominately northern 

hardwood or dry oak forest. While there is active logging within the Sproul State Forest most 

stands are mature and average 80-100 years-old.   Thus, the majority of the Sproul State forest is 

currently not suitable as Golden-winged Warbler breeding habitat.  Rather, Golden-winged 

Warblers appear to be restricted to regenerating clearcuts and portions of a 4000 ha (10,000 acre) 

area that burned in the early 1990s.    Regenerating forests within the burned area are dominated 

by coppicing red maple and sassafras. With the exception of sparsely distributed primitive 

cabins, a major gas pipeline, Highway 144, several gated and ungated gravel roads and numerous 

gas wells, there is very little human development in this region. 

 

Methods 

 

Territory mapping 

 

Between 1 May and 5 July territorial male Golden-winged Warblers were located and 

their territories mapped.  Territories were delineated by following individual males throughout 
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their territories for > 8 days.  Each song-post or observed location (i.e., foraging site) was 

marked with unique color flagging and position recorded using a global positioning system 

(GPS).  We attempted to capture and band every territorial male to aid in the proper 

identification of each male.  This was particularly necessary in areas with high densities of 

territorial males.  We used one 6 meter mist nest, a MP3 recording of Golden-winged Warbler 

type I and II songs, and a model of a male Golden-winged Warbler to capture targeted males.  

We fitted each captured bird with a standard USFWS aluminum leg band and a unique 

combination of 1-3 additional color leg bands.  Annual return rates of banded individuals will 

provide an index of adult survival rates.  We also used a 26 gauge needle and a capillary tube to 

collect a blood sample from the brachial vein of each captured individual. Blood samples will be 

submitted to the Cornell Lab of Ornithology as inputs for the concurrent Golden-winged Warbler 

genetic atlas project.  

 

Nest searching and monitoring 

 

We also attempted to find the nest of every male Golden-winged Warbler we territory 

mapped. We completed a nest record sheet for each nest we discovered.  Data recorded for each 

nest included date found, status when found (i.e., building, incubating, nestlings), clutch size, 

species pairing (i.e., gwwa x gwwa, gwwa x bwwa, etc), and nest outcome (fledged, predated, 

abandoned).  Nests were monitored on a 2-3-day check schedule, with more frequent visits near 

the end of the nest cycle to verify fledging.   

 

Point Counts and Walking Surveys 

 

We conducted 10-minute point counts in potential Golden-winged Warbler habitat 

throughout the Bald Eagle State Park and Sproul State Forest study areas.    We conducted point 

count surveys from 1 June ï 11 June between 0530 and 0930 hrs. Point count locations were at 

least 250 m apart.  At each point count location, we recorded all birds detected by sight and 

sound.  Birds were placed into one of four distance categories 25m, 26-50m, 51-100m, and 

>100m. 

 

Point count data were used to identify those avian species most closely associated with 

Golden-winged warblers.  From these data we will also develop indices of avian abundance, 

species richness, and diversity. Additionally, these data will be used to monitor the response of 

avian communities to future habitat manipulations. 

 

We also conducted walking surveys through areas we considered to be potential Golden-

winged Warbler habitat.  The purpose of the walking surveys were to 1) identify sites that may 

be studied more intensely in the future; 2) become more familiar with the types of successional 

communities used and not used by Golden-winged Warblers as breeding habitat; and 3) establish 

minimum population sizes and dispersion patterns of territorial male Golden-winged Warblers, 

Blue-winged warblers, and their hybrids. Walking surveys were conducted between 24 May and 

11 June.    We used a GPS to record the locations of all Golden-winged Warblers, Blue-winged 

Warblers, and hybrids we encountered. 
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Habitat sampling 

 

We measured habitat structure and composition in all Golden-winged Warbler territories 

that we visited for > 8 days and in unoccupied areas that appeared to be suitable Golden-winged 

Warbler habitat. We also measured the habitat features surrounding every Golden-winged 

Warbler nest and at paired random locations to determine those habitat features that are 

predictors of Golden-winged Warbler nest site selection. 

 

Territory and unused (random) transects 

 

We sampled the vegetation throughout each Golden-winged Warbler territory and 

unoccupied ñterritoriesò using a systematic random sampling design along transects (Fig 2A).  

We used a random number generator to select 1) transect starting locations and compass 

bearings, and 2) the distance (m) between sampling points along each transect.  We sampled >30 

points within each occupied and unoccupied territory.  Unoccupied ñterritoriesò were delineated 

by centering a square equal to the area of an average Golden-winged warbler territory around a 

random point that was generated using ARCGIS (Figure 2B).  At each sampling point we 

estimated the percent cover of grasses, forbs, ferns, blackberry, huckleberry/blueberry, sweet 

fern, mountain laurel, Shrubs < 2m, shrubs >2m, saplings (<10cm dbh), tree canopy (>10cm 

dbh) within a 2m radius circle. At each sampling point, we also measured the distance to 

microedge.  A microedge was considered to be any noticeable change within the vegetation 

structure (i.e., change in vegetation height or species composition). Additionally, at every 5
th
 

sampling point, we recorded the number of ñinò trees using a 2.5m2/ha prism, number of snags 

within 11.3 meters, distance to closest shrub (<2m tall), and distance to closest shrub (>2m tall). 

 
Figure 2.  Diagram of a hypothetical a) GWWA territory with random transects  (lines) and 1m

2
 

vegetation sampling locations(circles)   b) an unoccupied ñterritory ò with random transects (lines) 

and 1m
2
 vegetation sampling locations(circles). 
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Nest and random sites  

 

We used a nested plot design (1m and 11.3m) to sample habitat features at each nest site 

and a paired random site located within 25-50m of the nest (Figure 3).  Nests were considered 

plot center.  For each nest site, we measure nest height, recorded the plant species the nest was 

built in, and the height of plant(s) in which the nest was built.  At plot center (for both nest and 

random sites), we recorded litter depth and percent covers for litter, bare ground, grasses, forbs, 

woody species, and vines within a 1m
2
.  Within a11.3m radius circle from plot center, we 

recorded number of snags (>10cm dbh), average shrub height, and average sapling height.  We 

also recorded the basal area (m
2
/ha) using a 2.5m2/ha prism and distance from plot center to a 

forest edge (m).  We measured vegetation density around each nest and random site using a 2m 

tall density board containing 2 columns of 20cm x 20 cm cells. One observer stood at plot center 

while a second person held the density board 10m away from plot center in each of the four 

cardinal directions.  The person at plot center then counted and recorded the number of cells that 

were >50% cover by vegetation.  Lastly, we recorded percent cover estimates for canopy trees 

(>10cm dbh), saplings, shrubs, forbs, grasses, vines, and blackberry/raspberries using an ocular 

tube.  Percent cover estimates were generated by taking 20 ocular tube measurements at 5 points 

along each of four 11.3m transects radiating from plot center in each of the four cardinal 

directions.  At each sampling point the observer looked through the ocular tube up to the canopy 

and down to the ground (held at 45 degrees from body) and called out the vegetation classes 

listed above that were observed within the ocular tube view. We also recorded the 3 most 

dominate plant species observed within each vegetation class.  

 
Figure 3.  Diagram of the vegetation sampling design used to characterize habitat features at each 

known Golden-winged Warbler nest location (N) and a paired random location (R). Dashed lines 

represent 11.3 m transects in each cardinal direction. 
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Results 

 

Territory mapping 

 

We mapped the territories of 56 male Golden-winged Warblers from 1 May through 3 

July 2008.  Twenty-nine of these males occurred in the Sproul State Forest study site (Figure 4) 

and 27 occurred on the Bald Eagle State Park study site (Figures 5, 6, and 7).  We banded 24 and 

17 male Golden-winged Warblers at Bald Eagle State Park and Sproul State Forest study sites, 

respectively (Table 1).  On the Bald Eagle study site we also detected 3 Brewsters and 7 Blue-

winged Warblers. Conversely, we only detected 1 hybrid (Brewsters) on the Sproul study site.  

Average Golden-winged Warbler territory size was 1.72 ha and 1.68 ha at Bald Eagle State Park 

and Sproul State Forest study sites, respectively (Table 2).  Territory density on the Sproul S.F. 

site was approximately 3.7 territories/10ha (32 known GWWA territories/95ha of habitat). 

Territory density on the Bald Eagle S.P. site between Cemetery Rd. and the southern Park 

boundary was approximately 1.3 territories/10ha. (18 known GWWA territories/143 ha of 

habitat). Territory density on the Bald Eagle S.P. site along a powerline that runs between Hunter 

Rd. and the northern Park boundary was approximately 2.0 territories/10ha. (9 known GWWA 

territories/45 ha of habitat). 

 
Figure 4.  Distribution of Golden-winged Warbler territories (polygons) in the Sproul State Forest 

during the 2008 breeding season.  Yellow polygons represent Golden-winged Warbler territories 

that were monitored  > 8 days, and thus included in all analyses.  Red polygons represent territories 

that were not monitored  > 8 days or were not Golden-winged Warbler territories (i.e., Brewsters). 

 

 
 

Brewsters 
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Figure 5.  Distribution of Golden-winged Warbler territories (polygons) in Bald Eagle State Park 

during the 2008 breeding season.  Yellow polygons represent Golden-winged Warbler territories 

that were monitored > 8 days, and thus included in all analyses.  Red polygons represent Golden-

winged Warbler territories that were not monitored > 8 days or were not Golden-winged Warbler 

terr itories (i.e., Brewsters). 
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Figure 6. Distribution of Golden-winged Warbler territories (yellow polygons) in southern half of 

Bald Eagle State Park during the 2008 breeding season.  Yellow polygons represent Golden-winged 

Warbler territories that were monitored > 8 days, and thus included in all analyses.  Red polygons 

represent Golden-winged Warbler territories that were not monitored > 8 days or were not Golden-

winged Warbler territories (i.e., Brewsters). 
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