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Background

The Golderwinged Warbler Yermivora chrysoptefas a neotropical migrarsongbird that
breeds in the brtheastern and Great Lakes regions of the United States, at higher elevations of
the southern Appalachians, anouiheasern Canad (Figure 1) It nests in early successional
habitat such as abandoned farmland and other areas maintained by fire, timber harvest, and
utility Rights-of-waysmanagementHands et al. 1989). While the Goldeimged warbler
continues to increase in abwamte 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
Goldenwinged Warbler is one of the most critically threatened;fiederally listed vertebrate
species in eastern North America (Buehler et al 20@1hout significant, immediate
conservation action, the likelihood that the Goleenged Warbler will require protection under
the Endangered Species Act is high.

Precipitous declineim Goldenwinged Warbler populationfave occurred in the
Appalachians, inclding New York ¢(5.1%/yr; BBS data), Pennsylvani& 2%) and West
Virginia (-10.0%)(Sauer et a2007) Several factarare thought to be driving the declinetbis
species across most o tistoric breeding range. These include habitat loss in bethréeding
and wintering range, hyidlization with the Bluevinged Warbler, andBrown-headed Gwbird
parasitism (Buehler et al 2007). Nonetheless, causal mechanisms regarding how and to what
extent these factors drive Goldefnged warbler population tres is unclear Before effective
conservation actions can be tak#ég factors drivingsolderwinged Warbler population
declines and appropriate management strategies must be identified.

Throughout Gldenwinged Warblerange, incursion by thBlue-winged warblethas
been folloved by local extirpation of thedkdenwinged WarbleiGill (1980). In many parts of
Goldenwinged Warblerange, local extirpation has occurred even while adequate habitat
remained.With that saidthe characteristics and extaitGoldenwinged Warblehybridization
with Blue-winged Warblemust be examined closely across the speméiserange. Such
information may lead to a bettenderstanshg as towhere and under what circumstances
hybridization @cuis, and most importatyt, what management actions might work to the benefit
of both species.

In 2008,we initiated amulti-year studyn northcentral Pennsylvaniatended to 1)
determine the extent to which GoldeamgedWarblerbreed inthis portion of the
Commonwealth2) quantify characteristics ofddenwinged Warblerbreeding habitat and, in
particular, the habitat that is most favoehdr Golderwinged Warblewhile excluding Blue
winged Warbler; and 3)ollect baseline data in order to examine response of @&denwinged



Warblerto future experimental habitat manipulatioifhe GoldeavingedWarbler is not the

only species that will benefit from this research. Recent analygdsyefarsof Breeding Bird
Survey datahow thamnearlyhalf (47%) of shrublandnestng species in the eastern U.S. are
decreasingSauer et ak007). Additionally, game species such as elk, ruffed grouse, woodcock,
wild turkey, whitetailed deerand eastern cottontailill also benefit from such research.

Figurel. Breeding distribution of Goldenwinged and Bluewinged Warblers, including areas of
range overlap (map from Cornell Lab of Ornithology).
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Illustrat ion 1. lllustration showing the phenotypes of Goldemwinged warbler, Bluewinged
Warbler, and their hybrids taken from the Peterson Field Guide.
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Study Area

This study is oaarring in two areas located irorihcentral Pennsylvania: Bald Eagle
State Parland Sproul State Forest. While e studyareas are onl29 km (18 miles)apart,
they are located withiwery different landscape contexts.

Bald Eagle State Park 5,900 ha located in northern Centre Courpproximately,
1,730 ha (29%) of theark consists of thdoseph Foster Sayers Reservdihe remaining
4,170 ha71%)consists of a magc of fragmentedorests scrub-shrublandmanagd
grasslands, powerline rightd-ways, andecreational area (i.e., camp sites, parking areas,
etc.) Bald Eagle $ate Park is located in tlieterfaceof two physiographigrovinces: the
Mountainous HiglAllegheny Plateau to the north and wast theRidge and Valley Province
to the south and eadWhile Bald Eagle State Park is located at the interfatieeske two
physiographic provinces, it lies entirely withimetRidge and Valley Physiographic province
This province ischaracterized bgumerous long, narrow mountain ridges separatedtgys
that are variable in width and elevatiay 1999. The devation in this region ranges from
210245 m (706800 ft). Ridgesand side slopeare dominated by northern hardwoodsoatk
hickory forests Oakhickory forests typically include tuliptregi¢iodendron tulipiferg,
blackgum Nyssa sylvatica and red raple @cer rubrum. Northern hardwoods are dominated
by American beechHagus grandifolid, sugar mapleAcer saccharum black and yellow
birches Betula lentaandB. alleghaniensis and eastern hemlockguga canadengisStoleson
and Larkin in review).Valleysconsist of agricultural lands, residential and commercial
developmentriparian brests, and isolated forest patchBecause Bald Eagle State Park
topographically positioned in a valleggricultural and residentitsdnd useslominatethe
suroundinglandscape

The second study area is located in the Sproul State Fdrestconsists of 11200ha
locatedin western Clinton and northern Centre counfiéss study site lies entirely imé
Mountainous High Allegheny Plateghysiographic pvince. Thisregionis characterized by
high ridges and deep valleys created via headwater erosion of the West branch of the
Susquehanna (Briggs 1999)he devationof our study sités 610m (2000 ft).The Sproul State
Forest is dominated by forestsdathe surrounding landscape is predominatelyhern
hardwood or dry oaforest While there is active logging within the Sproul Steteest most
stands are mature aagterage80-100yearsold. Thus, the majority of the Sproul State forest is
currenty not suitable a&oldenwinged Warblebreeding habitat. Rathe®oldenwinged
Warblersappear to be restricted tegenerating clearcugdportions of a4000 ha 10,000 acrg
area that burned in the early 1990&egeneratindorests within he burred area are dominated
by coppicing red maple arghssafras/ith the exception of sparsely distributed primitive
cabins, a major gas pipeline, Highway 144, several gated and ungated gravedmdausmerous
gas wellsthere is very little honan developmernin this region.

Methods
Territory mapping

Between 1 May and 5 Jutgrritorial maleGoldenwinged Warblersvere located and
theirterritoiesmapped Territories were delineated by following individual males throughout



their territoriedor > 8 days. Each songpost or observed location (i.e., foraging site) was
markedwith unique color flaggingnd position recorded using a global positioning system
(GPS). We attempted to capture and band every territorial male to aid in the proper
identification ofeach male. This was particularly necessary in areas with high densities of
territorial males.We used one 6 meter mist nest, B3\ecording ofGoldenwinged Warbler
type | and Il songs, and a model of a male GoMérged Warbler to capture targetedlesa
We fitted each captured bird witrstandard USFWS aluminum leg band and a unique
combination of 13 additional color leg band#Annual return rates of banded individuals will
provide an index of adult survival ratéd/e also used a 26 gauge neegtid a capillary tube to
collect a blood samelfrom the brachial vein of eaclaptured individualBlood samples will be
submitted to th&€ornell Lab of Ornithology as inputs for the concuri@otdenwinged Warbler
genetic atlas project.

Nest searchingand monitoring

We also attempted to find the nest of every niadédenwinged Warblemwe territory
mappedWe completed a nest record sheet for each nest we discovered. Data recorded for each
nest included date found, status when found (i.e., builthegbating, nestlings), clutch size,
speciegairing (i.e., gwwa x gwwagwwa X bwwa, efc and nest outcome (fledged, predated,
abandoned)Nestsweremonitored on &-3-day check schedule, with more frequent visits near
the end of the nest cycle to grfledging.

Point Countsand Walking Surveys

We conducted Hninute point counts in potential Goldennged Warbér habitat
throughout the Bald &gle State Park and Sproul State Forest study ar&¥s.conducted point
count surveys from Juné 11 Junebetween 0530 and 0930 hrs. Point count locations were at
least 250 m apartAt each point count locatiomve recorded all birds detected by sight and
sound. Birds were placeato one of four distance categories 25m526n, 5:100m, and
>100m

Point count data were used to identify those avian species most closely associated with
Goldenwinged warblers.From these data waill also develop indices ofvianabundance,
species richnesanddiversity. Additionally, these data will be used to monitoe response of
avian communities to future habitat manipulations.

We alsoconductedvalking surveyghrough areas we considered to be potential Gelden
winged Warbler habitatThe purpose of the walking surveys ward) identify sites that may
be studed more intensely in the future; 2) become more familiar with the types of successional
communities used and not used by Goldenged Warblers as breeding habitat; anéggablish
minimum population sizeand dispersion pattesiof territorial male Goldnwinged Warblers,
Blue-winged warblers, antheir hybrids Walking surveys were conducted betw@driMay and
11 June We used a GPS to recaittk locations of all GoldewingedWarblers, Bluewvinged
Warblers andhybridswe encountered



Habitat samping

We measurd habitat structure and composition in all Goldeimged Warbler territories
that we visitedor > 8 daysand inunoccupied areas thappeaed to be suitabl&olderwinged
Warblerhabitat.We alsomeasured the habitat features surrouneéwveyyGoldenrwinged
Warblernest and at paired random locationsletermine tbsehabitat features that are
predictors ofGoldenwinged Warblenest site selection.

Territory and unused (random) transects

We sampled the vegetatithroughout eacksoldenwingedWarbler territoryand
unoccupi e dusihgasystematicoandom sanpling desilgmg transecté-ig 2A).
We used a random number generator to sélethnsecstarting locatioe and compass
beaings, and 2) thalistancegm) between sapiing pointsalong each transectVe sample@30
points within each occupied @minoccupied territory. Unocpui ed At erritori eso w
by centering a square equal to the area of an average Guiliged warbler territory around a
random point tat wasgenerated using ARCGIS (FigurBR At each sampling point we
estimated the percent cover oagses, forbs, ferns, blackberry, huckleberry/bluebswget
fern, mountain laurel, $tibs < 2m, shrubs >2m, saplings (€fr0dbh), tree canopy (>10cm
dbh) within a 2m radius circleAt 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 composAitdi}ionaly, at every §
sampling point, we r ecor da25m2/hbalpresymonberipfesmagsof fi n
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?
vegetation sampling locations(circles)b) an unoccupiedfterritory o with random transects (lines)
and 1nt vegetation sampling locations(circles).
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Nest and random sites

We used a nested plot design (d&nd 11.3m) to sample habitat features at each nest site
and a paired random site located withinSfBn of the nestFigure 3. Nests were considered
plot center. For each nest site, we measase Imeight, recorded the plant species the nest was
built in, andthe height ofplant(s) in whichthe nestvas built. At plot center (for both nest and
random sites), we recordétier depth angercent covers for litter, bare ground, gessorbs,
woodyspeciesand vines within a 1fn Within al1.3m radius iccle from plot center, we
recorded number of snags (>10cm dbh), average shrub height, and average saplingveeight.
also recorded theaisalarea (nf/ha)using a 2.5m2/ha prism adéstance from plot center to a
forest edge (m)We measur@vegetation dnsity around each nemtd random sitasing a 2m
tall density boaratontaining 2 columns of 20cm x 20 cm celdne observer stood at plot cente
while a second person held the density board 10m away from plot center in eacloof the f
cardinal directios. The person at plot center thevuntedand recordethe number of cells that
were >50% cover by vegetatiohastly, we recorded percent cover estimates for canopy trees
(>10cm dbh), saplings, shrubs, forbs, grasses, vines, and blackberry/raspisarges ocular
tube. Percent covertamates were generated by taking 20 ocular tnbasurementst 5 points
along each of four1L.3m transects radiating from plot center in each of the four cardinal
directions. At each samplingoint the observer lo@dthrough the ocular tube up to the canopy
and down to the ground (held at 45 degrees from body) and oaliite vegetation classes
listed above that were observed witttie ocular tube viewWe also recorded the 3 most
dominate plant species obserweithin 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 inach cardinal direction.
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Results
Territory mapping

We mapped theerritories of56 male Golderwinged Warblers from 1 May through 3
July 2008. Twenty-nine of these males occurred in the Sproul State Forest study sited&jg
and 27occurred on ta Bald Eagle State Park study SjEégures 5, 6, and J. We bande@4 and
17 maleGoldenwinged Warblers at Bald Eagle State Park and Sproul State Forest study sites,
respectively Table ). On the Bald Eagle study site aisodetected Brewstersand7 Blue-
winged WarblersConvergly, we only detected 1 hybrid (Brewsters) on the Sproul study site.
AverageGolderwingedWarblerterritory size wad.72 haand1.68 haat Bald Eagle State Park
and Sproul State Forest study sites, respectivieplé 3. Territory density on the Spro@l.F.
site was approximately 3.7 territories/10ha (32 known GWWA territories/95ha of habitat).
Territory density on the Bald Eagle S.P. sistween Cemetery Rd. and the southern Park
boundarywas approximately.3 territories/10ha(18 known GWWA territories/143 ha of
habitat). Territory density on the Bald Eagle S.P.aib@g a powerline that rutetweerHunter
Rd. and thenorthern Park boundary was approximat2l@territories/10ha(9 known GWWA
territories#5 ha of habitat).

Figure 4. Distribution of Goldenwinged Warbler territories (polygons) in the Sproul State Forest
during the 2008 breeding seasonYellow polygons represent Golderwinged Warbler territories
that were monitored > 8 days, and thus included in Bhanalyses. Red polygons represent territories
that were not monitored > 8 daysor were not Goldenwinged Warbler territories (i.e., Brewsters).




Figure 5. Distribution of Golden-winged Warbler territories (polygons) in Bald Eagle State Park
during the 2008 breeding season. Yellow polygonspresent Golderwinged 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 werenot Goldenwinged Warbler

territories (i.e., Brewsters)




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 representdgotwinged
Warbler territories that were monitored > 8 days, and thus included in all analyses. Red polygons
represent Goldenwinged Warbler territories that were not monitored > 8 days or werenot Golden-

winged Warbler territories (i.e., Brewsters.




