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INTRODUCTION 

Habitat fragmentation, especially in the rapidly urbanizing eastern United States, has 
contributed to one of the most studied and publicized conservation problems in North 
America: the decline of forest-dwelling, migratory songbirds (Lynch & Whigham 1984, 
Robbins et al. 1989, Askins et al. 1990, Peterjohn et al. 1995, Rosenberg et al. 1999). 
Compared to other forest birds, Nearctic – Neotropical migratory passerines are often 
negatively affected by fragmentation and tend to be absent from small or isolated forest 
patches. Wood warblers (Parulidae) are among the most ecologically sensitive of migrant 
species, and are typically the dominant avian insectivores in forested ecosystems in the 
eastern U.S. Surprisingly, we know little about the distribution and abundance of 
warblers in the ever-expanding matrix of urban and suburban habitats that is replacing 
natural forest cover. The Great Falls and Turkey Run parks in the George Washington 
Memorial Parkway afford a unique opportunity to study the effects of urbanization and 
habitat fragmentation on warbler populations. These two parks provide intact, mature 
forest sites imbedded in one of the most developed landscapes in the Mid-Atlantic.  

In May of 2006, the Smithsonian Migratory Bird Center initiated a two-year study of 
breeding wood warbler species at Great Falls and Turkey Run. Our objectives were: 1) to 
determine if Cerulean Warblers (Dendroica cerulea) bred in the parks, 2) to document 
the distribution and abundance of other breeding wood warbler species, and 3) to estimate 
the relationship between warbler abundance and landscape features (e.g., mean canopy 
cover, mean aspect, and distance-to-water). The study was designed to establish baseline 
data for natural resource managers of the National Park Service. We combined field 
surveys with a GIS analysis to map warbler density within the park boundaries. Here, we 
report the results of our warbler survey for the National Park Service (NPS). 

METHODS 

STUDY AREA AND SURVEY DESIGN 

Both parks are located on the south side of the Potomac River in Fairfax County, 
Virginia. The 325ha Great Falls Park represents the boundary between metamorphic 
Piedmont geology and softer Coastal Plain till. However, the actual falls occur west of 
what is normally considered the "Fall Line" due to upstream erosion of the riverbed. 
Great Falls Park has larger areas of intact hardwood forest than Turkey Run Park. In 
addition, Great Falls has less forest edge than Turkey Run, and its forests are higher in 
elevation and tend to occur on comparatively dry, southeast-facing slopes. The 280ha 
Turkey Run Park is downstream of Great Falls, and features two 30m palisades of 
metamorphic rock cut by steep streams and covered with heavy forest. Turkey Run has 
more edge habitat than Great Falls due to its close proximity to suburban housing, a 
power line corridor, and the heavily traveled roads of George Washington Memorial 
Parkway and Interstate 495. In addition, Turkey Run sampling sites were frequently noisy 
because much of the park was on the flight path of Reagan National Airport. 
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Survey points were randomly selected within wooded habitats in the parks (Turkey Run: 
n = 55; Great Falls: n = 51) using two computer programs, ArcGIS (ESRI 2006) and 
Hawth’s Tools (Beyer 2007). Points were at least 150m apart to minimize the chance of 
counting the same individual bird at multiple locations. The NPS provided spatial data 
layers. Castellanos and two field assistants downloaded survey point locations to GPS 
units, located them on the ground, and marked all points with flagging. 
 
We classified survey points into four vegetation communities determined by elevation, 
dominant tree species, and relative canopy coverage, after Fleming et al. 2007. “Upland 
Hardwood Forest” was characterized by a closed canopy of Fagus grandifolia, Quercus 
alba, Q. rubra, Liriodendron tulipifera, and Polystichum acrostichoides. “Floodplain 
Forest” occurred in the Potomac floodplain and was dominated by an uneven canopy of 
Acer negundo, A. saccharum, Tilia americana, and Platanus occidentalis. The 
“Seep/Swamp” community was composed of Symplocarpus foetidus, A. rubrum, 
Fraxinus americana, and Lindera benzoin, and grew along small streams and wet areas 
surrounded by upland forest. Along the Potomac gorge, “Riverside Outcrop/Barrens” 
were characterized by shrub growth with little canopy cover and the presence of 
Sorghastrum nutans. 
 
Ten minute, 50m-radius point counts were conducted at each survey point three times per 
breeding season (early May, late May, and early June). We further divided each count 
period into three time units, following Farnsworth et al. 2002. We used sight and sound 
(songs and call notes) to identify species. Nests were located opportunistically.   
 
To estimate warbler density, we used ArcGIS (ESRI 2006) and Hawth’s Tools (Beyer 
2007) to generate a bivariate normal kernel distribution (Worton 1989) from the mean, 
maximum count for each species per sample point. The scaling factor in Hawth’s Tools 
was set to 10,000 and a single parameter-smoothing factor (h) of 1,000 was applied to the 
analysis for each wood warbler. Raster cell size was 30m. 
 
DATA ANALYSIS 
 
We used a generalized linear model (GLZ) with a Poisson error distribution and a log 
link function (McCullagh & Nelder 1989, Cameron & Trivedi 1998) to examine the 
relationships between density of wood warblers (individuals per hectare) and sampling 
year, mean canopy cover within a 500m radius, distance-to-water, and mean aspect (i.e. 
slope orientation) at each sample site. Models were fit with program JMP (SAS Institute 
2006). See Appendices 1-2 for raw point count data. 

RESULTS 
 
GREAT FALLS PARK 
 
We found five species of breeding wood warblers in Great Falls Park: Louisiana 
Waterthrush (Seiurus noveboracensis), Prothonotary Warbler (Protonotaria citrea), 
Northern Parula (Parula americana), Ovenbird (Seiurus aurocapillus), and Worm-eating 
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Warbler (Helmitheros vermivorus). Prothonotary Warbler was limited to a single pair 
detected at an isolated flooded swamp community during both sampling years. We 
detected no Cerulean Warblers in Great Falls in either 2006 or 2007. 
 
The majority (78%) of sampled points within Great Falls Park were Upland Hardwood 
Forest. The remaining points were Bedrock Terrace (8%) and Floodplain Forest (8%) 
with the smallest number of sampled sites categorized by Seep/Swamp (6%) (Fig. 1). 
Upland Hardwood Forest had the majority of wood warblers (n = 103 of 126 total 
individuals’ maximum counts in combined sampling years). Bedrock Terrace, Floodplain 
Forest, and Seep/Swamp had 5, 11, and 6 individuals respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Distribution of warbler survey points within vegetation classes at Great Falls Park. 
 
 
 
The relative abundance of warbler species differed between years (Table 1). In 2006, the 
Ovenbird was the most abundant wood warbler detected, with a maximum count of 21 
individuals. Louisiana Waterthrush was the most abundant warbler in 2007 (maximum 
count = 20).  
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Table 1. Maximum number of individuals counted per vegetation community at Great Falls Park in 
breading seasons 2006 (1a) and 2007 (1b). 
 

1a.      
 Maximum Count 2006   

Vegetation Community 
WEWAa OVENb LOWAc  NOPAd  

2006 
Subtotal 

Bedrock Terrace 0 0 0 0 0 
Floodplain Forest 3 0 2 2 7 
Seep/Swamp 2 0 1 0 3 

Upland Hardwood Forest 10 21 15 5 51 
Subtotal 15 21 18 7  

      
1b.      
 Maximum Count 2007  

Vegetation Community 
WEWA  OVEN  LOWA NOPA  

2007 
Subtotal 

Bedrock Terrace 1 0 1 4 6 
Floodplain Forest 1 0 0 3 4 
Seep/Swamp 1 2 0 0 3 
Upland Hardwood Forest 13 17 19 3 52 

Subtotal 16 19 20 10  
aWorm-eating Warbler 
bOvenbird 
cLouisiana Waterthrush 
dNorthern Parula 

 
 
LANDSCAPE MODEL – GREAT FALLS PARK 
 
The abundance of some wood warbler species was related to landscape features at Great 
Falls. Worm-eating Warblers and Ovenbirds were significantly more abundant on 
southeast-facing slopes compared to other aspects (GLZ 2

1χ  > 4.56, P < 0.04; Figs. 2 – 3). 
Northern Parula was most abundant at sites near the Potomac River (GLZ 2

1χ  = 34.17, P 
< 0.0001; Fig. 4). The abundance of Louisiana Waterthrush was not significantly 
associated with distance-to-water (GLZ 2

1χ  = 2.24, P = 0.14; Fig. 5), but we only 
considered major watercourses in our analysis. Contrary to our expectations, no species’ 
abundances were significantly associated with forest canopy cover, although Worm-
eating Warblers were marginally more abundant at interior forest points (GLZ 2

1χ  = 3.19, 
P = 0.07; Fig. 1). 
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Figure 2. Worm-eating Warbler density estimates at Great Falls Park. 
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Figure 3. Ovenbird density estimates at Great Falls Park. 
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Figure 4. Lousiana Waterthrush density estimates at Great Falls Park.  
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Figure 5. Northern Parula density estimates at Great Falls Park. 
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TURKEY RUN PARK 
 
We detected two species of wood warbler, Louisiana Waterthrush and Northern Parula, 
breeding within Turkey Run Park in 2006 and 2007. These warblers bred in two 
vegetation communities: Upland Hardwood Forest and Floodplain Forest (Fig. 6). The 
relative abundance of the Waterthrush and the Parula did not differ between years (Table 
2). Both species were more abundant in floodplain forest (Table 2). We detected no 
Cerulean Warblers in Turkey Run in either 2006 or 2007. 
 
 
Figure 6. Total number (N =55) of sites sampled in Turkey run Park per Vegetation Community. 
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Table 2. Maximum number of individuals counted per vegetation community at Turkey Run Park in 
breading seasons 2006 (2a) and 2007 (2b). 
 

2a. Maximum Count 2006 

Vegetation Community LOWAa  NOPAb  2006 Subtotal 
Floodplain Forest  11 10 21 
Upland Hardwood Forest 2 5 7 

Subtotal 13 15  
    

    

2b. Maximum Count 2007 

Vegetation Community LOWA NOPA  2007 Subtotal 
Floodplain Forest  10 14 24 
Upland Hardwood Forest 8 6 14 

Subtotal 18 20  
aLouisiana Waterthrush 
bNorthern Parula 

 
 
LANDSCAPE MODEL – TURKEY RUN PARK 
 
Abundance of both Louisiana Waterthrush and Northern Parula was associated with 
landscape features at Turkey Run. Louisiana Waterthrushes were significantly more 
abundant at points close to the Potomac River and to Turkey Run itself (GLZ 2

1χ  = 6.87, 
P = 0.009; Fig. 7). Northern Parula was also more abundant along the Potomac River, but 
this relationship was only marginally significant, given our data (GLZ 2

1χ  > 3.22, P = 
0.07; Fig. 8). Similar to Great Falls, neither species was significantly associated with 
forest canopy cover. 
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Figure 7. Lousiana Waterthrush density estimates at Turkey Run Park.  
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Figure 8. Northern Parula density estimates at Turkey Run Park. 
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DISCUSSION 

A key recommendation of Partners in Flight (PIF) is to identify, protect, and restore 
forest blocks that support breeding populations of Cerulean Warbler (Rich et al. 2004). 
This warbler inhabits mature deciduous forest greater than 60 years of age with tall 
canopies on upland ridges or in moist coves. Both the Virginia and Maryland sides of the 
Potomac Gorge have forest cover that matches this description. Indeed, birdwatchers and 
ornithologists have observed Cerulean Warblers on the Maryland side of the gorge since 
the early 1800s, particularly along the northern portion of the C&O Canal (e.g., Ball 
1948). Although the habitat seems suitable in Great Falls and Turkey Run Parks, we did 
not detect a single Cerulean Warbler in more than 2000 hours of fieldwork. Nevertheless, 
we did document breeding populations of four species of wood warbler during our work, 
as well as one breeding pair of Prothonotary Warblers, a PIF species of management 
concern. 
 
The Worm-eating Warbler was common throughout Great Falls Park in 2006 and 2007. 
Most were recorded in upland hardwood forests, particularly at two clusters of 3 - 4 
individuals per hectare (Fig. 2). The northern cluster of observations was adjacent to the 
park boundary at the end of Old Dominion Drive near River Bend Park. The second 
cluster was in the southcentral portion of the park. We documented two Worm-eating 
Warbler nests, both adjacent (< 20m) to Ovenbird nests. Worm-eating Warblers are 
considered a species of management concern by PIF (Rich et al. 2004). 
 
Ovenbirds had a similar distribution pattern to Worm-eating Warbler at Great Falls. One 
high-density cluster occurred in the southcentral portion of the park (Fig. 3). In the 
northern region of Great Falls, Ovenbirds seemed to be somewhat allopatric from Worm-
eating Warblers, and were most dense west of Old Dominion Drive (Figs. 2 – 3). 
According to Van Horn and Donovan (1994), Ovenbirds establish territories and nest in 
mesic climax forests, in sites of 60% to 90% canopy closure. Ovenbirds can segregate 
ecologically from other warblers in forest patches greater than 500ha, but overlap 
territories with other warbler species in patches less than 300ha (Wenny et al. 1993). 
 
We encountered Lousiana Waterthrush within seep/swamp habitats and along riparian 
areas of the parks, especially gallery forests intersected by small streams. Waterthrush 
density in suitable habitat averaged 2.4 individuals per hectare in Great Falls (Fig. 4), and 
3.8 individuals per hectare in Turkey Run (Fig. 7). Louisiana Waterthrush foraged along 
stream edges and appeared to nest on gentle slopes in L. tulipifera leaf litter. We 
documented one waterthrush nest in Turkey Run in 2007, which had four warbler 
nestlings and one Brown-headed Cowbird (Molothrus ater) brood parasite. PIF classifies 
the Louisiana Waterthrush as a “stewardship species” and recommends that it be a focus 
of long-term monitoring (Rich et al. 2004). 
 
Northern Parula bred in both parks in bottomland floodplain forest dominated by 
sycamores (P. occidentalis), particularly along to the Potomac River. In Great Falls, 
parulas averaged 1.3 individuals per hectare, and were most abundant in forests growing 
on the steep slopes near Difficult Run and along palisades of the Potomac Gorge where 
maples (Acer spp.) were prevalent (Fig. 5). Northern Parula density in Turkey Run 
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ranged from 1 – 4 individuals per hectare. High-density clusters occurred in the eastern 
and western ends of the park (Fig. 8). Northern Parulas, while difficult to see in the tall 
forest canopy, are an abundant and iconic breeding songbird in the Potomac Gorge. 

In summary, our data indicate that the Great Falls and Turkey Run parks support sizeable 
breeding populations of at least four warbler species, two of which are PIF “Species of 
Continental Importance” in the Eastern Avifaunal Biome (Rich et al. 2004). These parks 
encompass some of the largest remaining blocks of intact deciduous forest in the National 
Capital region. Our results suggest that current forest canopy cover within Great Falls and 
Turkey Run does not negatively affect wood warbler abundance. Therefore, the 
unfragmented forests within the George Washington Memorial Parkway likely represent 
some of the best remaining breeding habitat for wood warblers and other Nearctic – 
Neotropical migratory songbirds in the Washington, D.C. metropolitan area.   

FUTURE RESEARCH NEEDS 

We hope that this report will facilitate additional work on migratory songbirds in the 
Potomac Gorge. To that end, we recommend four avenues of future inquiry. First, our 
classification of vegetation was simplistic, which limited our ability to determine detailed 
habitat associations of breeding wood warblers. A comprehensive effort to classify, 
describe, and map vegetation communities in the George Washington Memorial Parkway 
would be of great benefit to studies of birds and other animals. Second, we have little 
information about the reproductive ecology and demography of wood warblers along the 
Potomac. Although our data indicate that multiple warbler species breed in Great Falls 
and Turkey Run, we do not know the age structure of these populations or if they 
produced enough young to be self-sustaining. A detailed population ecology study of 
wood warblers, particularly of the poorly known Worm-eating Warbler, would be both 
valuable and feasible. Third, our data were collected over only two years. Understanding 
how climate and habitat change influence the distribution and abundance of bird 
populations requires long-term data (Holmes & Sherry 2001). Continued hypothesis-
driven monitoring of songbird populations in the George Washington Memorial Parkway 
would generate useful data about the response of natural populations in the park to 
environmental change. Finally, the analyses presented in this report represent only the 
first step of what is possible with our dataset. We are collaborating with Dr. Marc Kéry of 
the Swiss Ornithological Institute to analyze our two-year dataset using recently devised 
statistical models (Royle & Nichols 2003, Kéry et al. 2005, Royle et al. 2007) that 
account for imperfect detection of individual birds, as well as the spatial and habitat 
relationships of species. These models will allow predictions of the distribution and 
abundance of wood warblers in the Potomac Gorge region. Future bird surveys in nearby 
parks in Maryland, Virginia, and the District of Columbia could validate and refine the 
models’ predictions. 



 

 16

LITERATURE CITED 

Askins, R. A., J. F. Lynch, and R. S. Greenberg. 1990. Population declines in migratory birds in 
eastern North America. Current Ornithology 7:1-57. 

Ball, W.H. 1948. Cerulean Warbler in the District of Columbia, Maryland, and Virginia. Auk 
65:307-308. 

Beyer, H. L. 2007. Hawth's Analysis Tools v3.27 for ArcGIS. Retrieved from 
http://www.spatialecology.com/htools. 

Cameron, A.C, and P. K. Trivedi. 1998. Regression analysis of count data. Cambridge University 
Press, Cambridge, U.K. 

ESRI. 2006. ArcGIS v9.2. Environmental Systems Research Institute, Redlands, CA 
Farnsworth, G. L., K. H. Pollock, J. D. Nichols, T. R. Simons, J. E. Hines, and J. R. Sauer. 2002. 

A removal model for estimating detection probabilities from point-count surveys. Auk 
119:414-425. 

Fleming G. P. 2007. Ecological communities of the Potomac Gorge in Virginia: composition, 
floristics, and environmental dynamics. Virginia Natural Heritage Technical Report 07-12.  

Holmes, R. T. and T. W. Sherry. 2001. Thirty-year bird population trends in an unfragmented 
temperate deciduous forest: importance of habitat change. Auk 118:589-609. 

Kéry, M., J. A. Royle, and H. Schmid. 2005. Modeling avian abundance from replicated counts 
using binomial mixture models. Ecological Applications 15:1450-1461. 

Lynch, J. F. and D. F. Whigham. 1984. Effects of forest fragmentation on breeding bird 
communities in Maryland, USA. Biological Conservation 28:287-324. 

McCullagh, P. and J. A. Nelder. 1989. Generalized linear models. Chapman and Hall, London. 
Peterjohn, B. G., J. S. Sauer, & C. S. Robbins. 1995. Population trends from the North American 

Breeding Bird Survey. Pp 3-39 in T. E. Martin and D. M. Finch (Eds.) Ecology and 
management of Neotropical migratory birds: a synthesis and review of critical issues. Oxford 
Univ. Press, New York. 

Rich, T. D., C. J. Beardmore, H. Berlanga, P. J. Blancher, M. S. W. Bradstreet, G. S. Butcher, D. 
W. Demarest, E. H. Dunn, W. C. Hunter, E. E. Iñigo-Elias, J. A. Kennedy, A. M. Martell, A. 
O. Panjabi, D. N. Pashley, K. V. Rosenberg, C. M. Rustay, J. S. Wendt, T. C. Will. 2004. 
Partners in Flight North American Landbird Conservation Plan. Cornell Lab of Ornithology. 
Ithaca, NY. 

Robbins, C. S., D. K. Dawson, and B. A. Dowell. 1989. Habitat area requirements of breeding 
forest birds of the Middle Atlantic States. Wildlife Monographs 103:1-34. 

Rosenberg, K. V., J. D. Lowe, and A. A. Dhondt. 1999. Effects of forest fragmentation on 
breeding tanagers: a continental perspective. Conservation Biology 13:568-583. 

Royle, J. A., M. Kéry, R. Gautier, and H. Schmid. 2007. Hierarchical spatial models of 
abundance and occurrence from imperfect survey data. Ecological Monographs 77:465-481. 

Royle, J. A. and J. D. Nichols. 2003. Estimating abundance from repeated presence-absence data 
or point counts. Ecology 84:777-790. 

SAS Institute. 2006. JMP. Version 6.0.3. SAS Institute, Cary, North Carolina. 
Van Horn, M. A. and T.M. Donovan. 1994. Ovenbird (Seiurus aurocapilla), The Birds of North 

America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from Birds of 
North America Online: http://bna.birds.cornell.edu/bna/species/088 doi:10.2173/bna.88 

Wenny, D. G., R. L. Clawson, J. Faaborg and S. L. Sheriff. 1993. Population density, habitat 
selection, and minimum area requirements of three forest interior warblers in central 
Missouri. Condor 95:968-979.  

Worton, B. J. 1989. Kernel methods for estimating the utilization distribution in home-range 
studies. Ecology 70:164-168. 



 

 17

Appendix 1. Raw maximum count data for Great Falls Park. Bars give the maximum 
number of individuals per hectare by year (2006 and 2007) at each sampling point for 
Worm-eating Warbler (WEWA), Ovenbird (OVEN), Louisiana Waterthrush (LOWA), 
and Northern Parula (NOPA). 
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Appendix 1. Continued. 
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Appendix 2. Raw maximum count data for Turkey Run Park. Bars give the maximum 
number of individuals per hectare by year (2006 and 2007) at each sampling point for 
Louisiana Waterthrush (LOWA) and Northern Parula (NOPA). 
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