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The Pennypack Ecological Restoration Trust, a 
non-profit land conservancy in southeastern Mont-
gomery County, Pennsylvania, owns and manages a 
335 ha (828 ac) natural area called the Pennypack Pre-
serve. Beginning in 1991 and continuing for 26 years 
until 2017, staff members conducted an annual Breed-
ing Bird Census (BBC) in a forested portion of the 
preserve called Papermill Woods. The BBC is a stan-
dardized monitoring program developed by Cornell 
University’s Laboratory of Ornithology (CLO) that 
estimates breeding bird densities in habitats through-
out North America. The program uses a spot-map-
ping technique best suited for territorial species with 
relatively small home ranges such as those of the song-
birds that nest in the northern Piedmont’s deciduous 
woodlands.

The Pennypack Trust began this BBC specifically 
to support CLO’s ongoing nationwide forest-breeding 
bird surveying project.  In addition, the Pennypack 
Trust had committed itself to restoring contiguous 
native forest to significant portions of the preserve. 
As a way to assess the success of its forest restoration 
efforts, the Trust decided that the BBC could help to 
achieve three goals: (1) document the birds currently 
breeding in the largest stand of forest in the preserve; 
(2) use the results of the BBC to estimate future den-
sities of birds that may breed in the preserve as the 
restored forests mature over time; and (3) quantify 
changes in the breeding bird community over time, 
resulting from both endogenous and exogenous fac-
tors. 

Site Description
The Pennypack Preserve straddles Pennypack Creek, 

a Delaware River tributary, in the central portion of 
the creek’s watershed. The natural area is embedded 
in a densely developed suburban landscape, 18 km 
(15 mi) northeast of central Philadelphia, Pennsyl-
vania.  The preserve is a mosaic of native grasslands, 
old fields, remnant forest groves with trees approach-
ing 250 years old, riparian corridors along Pennypack 

Creek and its perennial tributaries, and maturing 
woodlands that regrew following agricultural aban-
donment in the 1920s.

At 56 ha (138 ac), Papermill Woods is the largest of 
these early 20th century woodlands in the Pennypack 
Preserve. In the 1890s, industrialist and philanthro-
pist John Pitcairn, Jr. (1841-1961) began purchasing 
land in the central Pennypack Creek valley to create 
an estate. Pitcairn largely stopped farming the land 
where Papermill Woods is located, and the trend was 
continued after his death in 1916. Today Papermill 
Woods consists of an irregularly shaped, contiguous 
complex of maturing deciduous woodland. The fields 
were colonized by fast-growing, early successional 
white ashes (Fraxinus americana), red maples (Acer 
rubrum), and tuliptrees (Liriodendron tulipifera), the 
three species that continue to dominate the forest can-
opy. Flowering dogwoods (Cornus florida) had been 
present in the understory, but most have succumbed 
to anthracnose, and only a few scattered, dying trees 
remain. Spicebush (Lindera benzoin) forms a uniform 
and dense shrub layer throughout; patches of multi-
flora rose (Rosa multiflora) occur sporadically.  The 
herbaceous ground layer is depauperate and supports 
mostly non-native species, especially Japanese honey-
suckle (Lonicera japonica).  It is likely that most native 
spring ephemerals were extirpated when the land was 
used for agriculture and few species have recolonized. 
Furthermore, browsing white-tailed deer (Odocoileus 
virginiana) are most likely a major contributor to 
the simplified understory. Two abandoned agricul-
tural fields border Papermill Woods to the north and 
east, which the Trust is attempting to restore to forest 
through active tree planting. To the south, the Woods 
are bounded by a lightly traveled gravel road (Paper-
mill Road), and to the west by an estate with a cleared 
entrance drive corridor, a house, and a garage. The 
southernmost part of the Woods (including the BBC 
tract) is bisected by a west-flowing spring-fed peren-
nial rivulet. From the southern boundary at Papermill 
Road, the landscape ascends gently, descends into the 
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valley of the spring run, ascends again to an east-west 
ridgeline, and then slopes downward until it reaches 
the northern and western boundaries of the woods. 
Elevations range from 49m (160ft) at the northwest 
corner to 87m (290ft) at the ridgeline.

Census Tract
We established the BBC tract in the southeastern 

corner of Papermill Woods. The tract encompassed 10 
ha (40 ac), the minimum size required by the Cornell 
protocol. We divided the tract into a grid of 36 square 
quadrats, each quadrat 50m on a side, arranged along 
axes oriented roughly N-S and E-W.  The N-S axes 
were aligned 32° west of magnetic north and, as such, 
were actually oriented slightly NW-SE in order to 
accommodate the configuration of the woodland. To 
establish the tract boundaries, Pennypack Trust staff 
members located the southern endpoint of the west-
ernmost N-S axis, and then used a compass to plot the 
axis and a tape rule to locate the corners of the quad-
rats along the axis. To mark the quadrats’ corners, staff 
members spray-painted the points’ coordinates on 
trees located as close as possible to the quadrats’ cor-
ners (one tree per corner). They also cleared a rough 
path through the spicebush understory to connect the 
points along the axes. Over the 26 years we censused 
the tract, we re-marked the quadrat corners as needed 
and cleared the paths of overgrown vegetation and 
fallen woody debris each spring before beginning the 
census.

From its inception in 1991 until 2004, the tract 
included only uniformly wooded maturing second-
growth forest. Following the 2004 census, 2 ha (5 
ac) on the eastern edge of the woods were sold and 
cleared for residential construction. We modified the 
shape of the tract before the 2005 census to avoid this 
disturbance by shifting the tract boundary westward 
and northward around N-S Axis D. Overall tract size 
remained constant, however, the new western portion 
of the tract included a stand of older and more diverse 
forest. This stand was dominated by large, mature 
red and black oaks (Quercus rubra and Q. velutina), 
American beeches (Fagus grandifolia) and scattered 
large tuliptrees. The spicebush shrub layer in the older 
forest was less dense than that in the original younger 
woods, and the ground layer was dominated by a car-
pet of non-native, invasive periwinkle (Vinca minor) 
that had spread from the gardens of the adjacent estate. 

In addition to having a more diverse species composi-
tion, the age structure of the study tract also shifted 
as the new boundaries were implemented, because a 
grove of more mature trees was incorporated into the 
study area. See Figure 1 for a graphical description of 
the census tract.

Survey Protocol
According to CLO guidelines, censuses could be 

completed either within three hours of sunrise or 
of sunset.  We conducted a few censuses in the three 
hours prior to sunset, but found the birds to be much 
more active in the mornings. As such, we completed 
nearly all censuses in early mornings. During surveys, 
the census team usually included one or two observ-
ers. On a few occasions when we had an opportunity 
to mentor an intern, we expanded the census team 
to three individuals; however, such situations were 
unusual.

We began by hiking to the endpoint of one of the 
N-S axes of the grid, and then walked 50 meters to the 
second point along the axis so that we could observe 
birds in all four quadrats surrounding the sampling 
point. Upon reaching the sampling point, we stood 
quietly and listened and observed for 10 minutes, 
recording the location of the birds we saw and/or 
heard on a blank printout of the survey grid. We gave 
special attention to birds detected within the imme-
diate four quadrats surrounding the survey point, 
though we could often hear birds outside the imme-
diate four quadrats. We approximated the position of 
those more distant birds to the best of our abilities, and 
then later adjusted the locations to be more precise as 
we moved closer to the birds’ positions as the census 
progressed. In addition to recording the birds’ loca-
tions, we included notes on behavior, movement, and 
inter- and intraspecific interactions (e.g., nest found, 
food carry and/or parent feeding fledgling, etc.).

After 10 minutes, we hiked 50 meters to the next 
point along the axis and repeated the process. When 
we reached the end of a N-S axis, we hiked 100 meters 
east or west to another N-S axis and began to survey 
the quadrats along that axis until we had surveyed 
all of the quadrats. In the original tract, we surveyed 
along three N-S axes; in the tract modified after 2004, 
we surveyed along two N-S axes.  One N-S axis (the D 
axis) was included every year we conducted the survey. 
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Figure 1. Diagram of study area in Bryn Athyn Borough, just north of the intersection of Paper Mill Rd. and Meadow Ln.,  
Montgomery County, PA.
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The entire census took a minimum of three hours and 
10 minutes to complete. We often spent more time, 
especially early in the breading season when birds 
were actively establishing territories or if we needed 
additional time to locate uncommon or elusive species 
like Hooded Warblers (Setophaga citrina) or Worm-
eating Warblers (Helmitheros vermivorum). 

The BBC protocol required a minimum of eight 
field surveys during the breeding season; we always 
completed the minimum number. In addition, we 
almost always skipped at least one day between sur-
veys, and sometimes many days if the weather was 
inclement. We conducted surveys on mornings with-
out precipitation, because we found the birds to be less 
active during rain.

We alternated travel directions along the N-S axes 
with each subsequent trip; that is, if we surveyed 
northbound on Axis B and southbound along Axis D 
on one trip, we surveyed northbound on Axis D and 
southbound along Axis B during the next survey. We 
alternated directions to minimize sampling bias, as the 
birds generally were most active around sunrise and 
became quieter as the morning advanced. If we had 
used one travel pattern during all eight survey trips 
each year, we likely would have recorded more birds 
along the first (early morning) axis and fewer along 
the later morning axis.

We generally began surveying around May 20.  We 
settled on this date as a compromise.  Many Neotropi-
cal migrants were just beginning to return around 
that date and had not yet established territories. 
The Second Pennsylvania Breeding Bird Atlas used a 
“safe date” of June 10 to begin counting Neotropical 
migrants. However, because many resident species 
including Carolina Chickadee (Poecile carolinensis), 
Tufted Titmouse (Baeolophus bicolor), White-breasted 
Nuthatch (Sitta carolinensis) and four species of 
woodpeckers were nearing the end of their breeding 
seasons by the end of May, we began our survey effort 
around May 20 and generally completed the censuses 
by June 20.

Data Analysis
When we had completed eight surveys for the year, 

we evaluated our findings. First, we assigned each sur-

vey date for the year a consecutive number (e.g., survey 
1–8). Next, we transferred the individual field observa-
tions to a fresh set of species-specific grids, on which 
we compiled the detections from multiple surveys. We 
kept the survey date associated with each observation 
we transferred. For example, Wood Thrushes (Hylo-
cichla mustelina) observed during the first survey date 
appeared as a “1” on the Wood Thrush species grid. 
When we had transferred all the data, we found that 
clusters of observations were usually apparent on the 
individual species grids. These clusters represented 
ostensible home ranges, i.e., areas in which the birds 
had been observed in approximately the same loca-
tions over repeated visits.  Using these clusters, our 
recent observational experience, plus any breeding 
evidence we recorded (e.g., presence of fledglings, 
feeding by parents), we estimated the number of 
territories of each species in the census tract. Home 
ranges that extended beyond the tract boundary were 
assigned a value of 0.5 according to the BBC protocol 
(two 0.5 territories summed to 1 territory in our final 
tally).

For some species such as Ovenbird (Seiurus auro-
capilla) and Eastern Wood Pewee (Contopus virens), 
determining home range boundaries was straightfor-
ward because our observations were tightly clustered 
and widely separated from other clusters. More often, 
though, assigning territories was somewhat subjective 
and required interpretation of the observations. Gen-
erally, in order to isolate home ranges, we began by 
encircling observations to cluster together as many of 
the individual survey dates as possible without dupli-
cating dates within a cluster.  That is, one proposed 
home range might include observations recorded on 
survey dates 1, 2, 4, 5, 6 and 8, while an adjacent home 
range might include observations from dates 1, 2, 3, 
5, 7 and 8; we never included two of the same survey 
dates within the same proposed home range because 
two observations on the same date within one pro-
posed home range would instead suggest the presence 
of two home ranges.  After establishing the proposed 
home ranges, we referred to our notes on the indi-
vidual field surveys such as observations of territorial 
disputes, foraging behavior, or the presence of nests 
or fledglings to adjust and refine the final home range 
boundaries.  For a few species (e.g., Blue Jay, Cya-
nocitta cristata), we needed to incorporate behavioral 
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        Table 1. Species Documented in Papermill Woods 1991–2016

Four-letter alpha codes used by the USGS Bird Banding Lab are given for each species detected. Numbered  
cells reflect the number of individuals per species counted. Gray cells denote high counts during the period of  
the study (i.e., the highest number of territorial birds detected). Note that the shape and forest composition of  
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        Table 1. Species Documented in Papermill Woods 1991–2016

the census tract changed in 2005 to avoid residential encroachment near the southeast corner of the tract, but 
overall tract size remained constant throughout.
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observations from multiple surveys to estimate the 
number of territories, and even then there was a high 
degree of uncertainty in our estimates.

Results
We documented a total of 32 species in Papermill 

Woods during the census period (see Table 1). The 
table lists species by mean number of home ranges in 
decreasing order. Twenty-three species were routinely 
detected in all years of the survey. Of those, 39% (9/23) 
species were Nearctic-Neotropical migrants and 61% 
(14/23) were year-round residents. This mix of spe-
cies and the estimated numbers of presumed breed-
ing pairs of each species remained remarkably stable 
across the 26 years of the monitoring effort.

Some of the best news from Papermill Woods 
concerns Wood Thrushes, migrants that breed most 
successfully in larger forest stands (Weinberg and 
Roth 1998, Stutchbury 2012c, Ladin et al. 2018). State-
wide populations have declined steadily to nearly half 
the size observed at the start of the North American 
Breeding Bird Survey (BBS) in 1966 (Sauer et al. 
2011). Declines have been attributed to habitat loss in 
wintering grounds (Gross 2012) and high rates of nest 
predation as a result forest fragmentation in breed-
ing grounds (Roth and Johnson 1992, Hoover et al. 
1995, Brown and Roth 2002). Varied and interacting 
causes of habitat loss and fragmentation across Penn-
sylvania include urban and suburban development, 
increased fossil fuel extraction, and invasive plant and 
animal pressure (Gross 2012). Despite these forces, 
Wood Thrushes are usually the most abundant birds 
in Papermill Woods, and the breeding population has 
remained robust, occupying 10±2.66 territories dur-
ing each breeding season, with no significant positive 
or negative trend over the 26-year census period (y = 
-0.0027x + 10.075, F(1,24) = 0.001, p = 0.970).

Ovenbirds, never as abundant as Wood Thrushes, 
were always present and appeared to be remarkably 
faithful to breeding spots. Year after year, the same 
birds (or their offspring) appeared to return to exactly 
the same breeding territories.

Fully one-tenth of the world’s entire population of 
Scarlet Tanagers nest in Pennsylvania’s forests (Stutch-
bury 2012b, Gross 2017), and forest fragmentation 

caused by natural gas extraction in Pennsylvania’s 
Northern Tier counties could adversely affect this spe-
cies (Haffner and Day 2015).  Fortunately, Papermill 
Woods provided habitat for two or three pairs nearly 
each year.

We observed three species in Papermill Woods that 
are not typically identified as forest breeders: Balti-
more Oriole (Icterus galbula), Indigo Bunting (Passe-
rina cyanea), and Common Yellowthroat (Geothlypis 
trichas) (Ickes et al. 2012, Koch 2012, Mummert 2012). 
All three species were detected within the tract as it 
was originally configured and surveyed from 1991 
until 2004. We noted that the original configuration of 
the tract included two significant canopy gaps. These 
sunny gaps allowed low-growing shrubby vegetation 
to become established within the census boundary, 
most likely playing a role in attracting these species 
that are more often associated with forest edges and 
early successional woodlands (Ickes et al. 2012). When 
we changed the tract configuration after 2004, these 
species were no longer documented within the forest 
proper, though we often heard or observed buntings 
and Common Yellowthroats where woodland edges 
crossed into the census tract boundary.

Thirty species of warblers nest in Pennsylvania, 
but most species are restricted to the Northern Tier 
counties or along the Appalachian ridges. Only about 
half of Pennsylvania’s nesting warblers have been 
documented to breed in Montgomery County, and 
of those species, many are confined to specific habi-
tats not found in the Pennypack Preserve like wood-
lands associated with large rivers or shrubby thickets 
in abandoned agricultural fields (Wilson et al. 2012). 
For this reason, it was a rare and exceptional treat to 
document the nesting of four uncommon warblers 
in Papermill Woods (i.e., other than Ovenbirds and 
Common Yellowthroats): a single Worm-eating War-
bler was detected in 1995; a single Kentucky Warbler 
(Geothlypis formosus) was detected in 1996; American 
Redstart (Setophaga ruticilla) was detected in two dif-
ferent years (1991, two territories; 1992); and a single 
Hooded Warbler was detected in three different years 
(1996, 2005, 2017).  In each case, the birds observed 
were males that appeared to be defending territories 
since we observed them in the same locations in the 
census tract over a period of several weeks.
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Trends
We observed three general trends in Papermill 

Woods over the years. The first trend was a decline in 
the number of detections of Brown-headed Cowbird 
(Molothrus ater). During the first years of the census 
(i.e., until about 2010), this common brood parasite 
was frequently encountered in the census tract. How-
ever, in the last six years of the census (2011-2017), 
we detected few if any cowbirds in the forest, though 
cowbirds are still a common sight at local feeders and 
elsewhere in the Pennypack Preserve. Therefore, our 
data suggest a change in local movements rather than 
a regional decline in cowbirds.

The second trend was a recent increase in the num-
ber of Pileated Woodpeckers (Dryocopus pileatus). 
This charismatic species was detected only twice dur-
ing the first 18 years of the census period, but dur-
ing the last eight years, we recorded the species during 
four censuses (2010, 2011, 2015, 2017), in addition to 
frequent observations of the species in between cen-
suses. However, we did not collect any direct evidence 

that Pileated Woodpeckers have bred within the cen-
sus boundaries. In the Mid-Atlantic region, this spe-
cies tends to inhabit dense, mature forests (Bolgiano 
2012). Our recent observations of Pileated Woodpeck-
ers in Papermill Woods may be a consequence of the 
regeneration of the forest stand.

A third trend was a decline in the number of detec-
tions of Red-eyed Vireos (Vireo olivaceus). In the early 
censuses, this species was abundant, with an estimated 
6-10 pairs scattered throughout the census tract. How-
ever, after 1999, the number of detections inexplicably 
dropped to only two, one or sometimes no vireos. Red-
eyed Vireos are known to nest in virtually any wooded 
habitat from landscaped residential areas and parks to 
woodlot, second-growth woodlands (like Papermill 
Woods), and mature forest (Stutchbury 2012a). While 
there have been a few changes in Papermill Woods 
(e.g., trees toppled during Hurricane Sandy in 2012, a 
severe ice storm in 2013, etc.), most of the census tract 
has not changed substantially, except for normal suc-
cessional growth, over the last 26 years.

Historic photograph of Wood Thrush (Hylocichla mustelina) at the nest, taken by DVOC founder William L. Baily.
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