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Long-term ecological studies on birds are scarce, with most concluding 
within 5 years. This long-term study used simple linear regression to examine 
population trends of avifauna in a small, Piedmont forest in northern Georgia 
over 12 years. Results indicate that both the numbers of birds and species 
richness declined during the study, even though forest conditions remained 
relatively constant. A review of literature revealed 3 potential causes for the 
decline: disease (West Nile virus), drought, and urban sprawl. This study serves 
as a call for understanding threats to bird populations in the Piedmont region 
of Georgia.

 
Introduction

There have been many studies on the avifauna in eastern deciduous forests 
of North America, especially in small forest tracts. However, most of these 
studies have been relatively short-term in scope (<5 years). Sallbanks et al. (2000) 
reviewed 95 studies published from 1972-1997 that examined relationships 
between timber harvest and populations of songbirds, and found that 68% of 
the studies lasted 1-2 years, and only 7% were longer than 4 years. Marzluff 
et al. (2001) reviewed 101 articles from 1900-2000 that reported empirical 
research on birds and urbanization, and found that 61% of studies lasted <5 
years. Moreover, Kareiva and Anderson (1989) reported that ecological studies 
in general and studies of birds in particular (Marzluff and Sallabanks 1998) are 
of notoriously short duration. There are obvious exceptions such as the North 
American Breeding Bird Survey (BBS), which has run continuously from 1966 
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to the present (Sauer et al. 2006). The 150-year study of European Blackbirds 
(Turdus merula) is especially notable (Luniak and Mulsow 1988). 

I examined population trends of avifauna in a small Piedmont forest in 
northern Georgia for 12 years to determine if bird populations were changing 
in the study area. Long-term data may reveal trends that can assist local, state, 
and federal agencies as they make management and conservation decisions. 
Moreover, population monitoring plays a critical role in conservation biology 
by providing information necessary to identify problems at an early stage and 
to suggest possible solutions (Thomas 1996).

Study Area

This study was conducted in Fernbank Forest, 3.2 km east of Atlanta, 
Georgia (33°46’ N, 84°19’ W). Fernbank Forest is an approximately 26-ha tract 
of relatively undisturbed mature mixed hardwood forest. The dominant trees 
are oaks (Quercus spp.), hickories (Carya spp.) and Tulip Poplar (Liriodendron 
tulipifera), with a lesser amount of American Beech (Fagus grandifolia) (Skeen 
1974). This area is a small remnant of the type of forest vegetation that originally 
covered the Piedmont physiographic region of the southeastern United States.

Data Collection

I followed the methods of the Monitoring Avian Productivity and 
Survivorship (MAPS) program (Desante et al. 2005). I distributed 10 permanent 
sites for mist nets uniformly in the central 10 ha of the study area. I erected one 
12-m long, 30-mm mesh mist net at each net site. All 10 nets were operated 
for 6 h per day, beginning at sunrise, for 9 different days during the breeding 
season, generally beginning 14 May, and continuing through 8 August. Netting 
days were ≥1 week apart so birds’ habituation to net locations would be limited. 
To ensure constant-effort comparisons of data, I opened, checked, and closed 
the nets in the same order on all days of operation. I marked each captured 
bird with a uniquely-numbered aluminum leg band from the USGS Breeding 
Bird Laboratory. I recorded band number, species, age, sex, ageing and sexing 
criteria, date, and net number for each bird captured.
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Data Analyses

Mist netting did not occur for 9 days during 2 seasons due to scheduling 
conflicts or weather. Therefore, I pooled the total number of birds captured 
from all 10 nets and divided by the number of netting days for each year to 
yield the average number of birds captured per day. Recaptures within the same 
year were omitted from analyses so the same bird was not counted more than 
once in the same year. I used simple linear regression to examine the change 
in bird numbers over time. I estimated species richness by determining the 
total number of species captured each year. Tests were considered significant  
if P < 0.05.

Results

I captured 31 different species during the 12-year study (Table 1). The 
birds captured most often were the Carolina Wren (Thryothorus ludovicianus), 
Northern Cardinal (Cardinalis cardinalis), American Robin (Turdus 
migratorius), Wood Thrush (Hylocichla mustelina), Blue Jay (Cyanocitta 
cristata), and Tufted Titmouse (Baeolophus bicolor). The total captures for the 
American Robin were skewed because >50% of the records came from one  
year (1996).

The average number of birds captured per day declined over the 12-year 
study (β = -0.75, R2 = 0.6503, F = 18.60, P = 0.001, Fig. 1). Species richness also 
declined over the 12-yr study (β = -0.72, R2 = 0.7554, F = 30.87, P = 0.0002, 
Fig. 2). In addition, numbers of Carolina Wrens, Northern Cardinals, Blue Jays, 
and Wood Thrushes experienced a noticeable decline during the last 4 years of 
the study (Table 1). 

Discussion

Fernbank Forest is unique in that it is the largest “relatively undisturbed” 
piece of the Piedmont forest in an urban/suburban location (Wilson 1998). 
Fernbank is not a virgin forest; in fact, few forests in the eastern United States 
remain intact. However, Fernbank Forest may not have been cut since the 1800s 
(Skeen 1974). Many of the trees are >30 m in height and measure >1 m in 
diameter. Increment borings indicate that many of the trees are >200 years old 
(Skeen 1974, Wilson 1990). Wilson (1998) stated that “this relic forest serves as 
a baseline to compare human impact on forested ecosystems in the Piedmont 
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physiographic region.” Since 1964, the forest has been enclosed by a 2.4-m 
high chain-link fence and managed by Fernbank Science Center as part of a 
lease agreement with the private owner of the property (Wilson 1998). Since 
that time, there have been few unnatural disturbances to the forest, except for 
periodic removal of exotic, invasive plant species and an occasional removal of 
a hazardous tree. Given the relatively undisturbed nature of Fernbank Forest, it 
is not immediately obvious why the numbers of birds and species richness have 
declined during the 12 years of this study. Some possibilities include disease, 
drought, and urban sprawl. 

Disease

West Nile virus (WNV) is a mosquito-borne infection that can cause 
encephalitis and/or meningitis. West Nile virus was first detected in North 
America during summer 1999 in New York City, New York, when a dead crow 
(Corvus sp.) at the Bronx Zoo was diagnosed with the disease (Steele et al. 
2000). Several studies have concluded that WNV has had an impact on bird 
populations (Rappole et al. 2000, Roberts et al. 2003, Gibbs et al. 2006). No 
empirical data were collected on numbers of dead birds or incidences of WNV 
in Fernbank Forest. Studies of the impact of diseases on bird populations, and 
their responses to disease outbreaks, should be emphasized in future research.  

Drought

Georgia suffered one of its worst recorded droughts from 1999 through 
2002 (Palmer et al. 2002). Annual rainfall dropped abruptly in the study area 
during this period, and remained far below average during 2004-2007 (Table 2). 
Bird numbers declined during this period as well (Table 2). Several studies have 
shown that drought has an impact on bird abundance (Smith 1982, Faaborg et 
al. 1984, Blake et al. 1992, George et al. 1992). In addition, analyses of drought 
patterns coincident with a series of 4 recent outbreaks of WNV indicate that 
drought conditions may amplify the enzootic cycle for WNV (Epstein and 
DeFilippo 2001). 
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Urban Sprawl

Atlanta is currently one of the fastest growing metropolitan areas in the 
United States and has experienced considerable urban sprawl in the last 3 
decades (Kolankiewicz and Beck 2001). Several studies have linked urban 
sprawl with changes in bird abundance (Vale and Vale 1976, Beissinger and 
Osborne 1982, Jokimaki and Suhonen 1993, Bolger et al. 1997, Clergeau et 
al. 2001, Marzluff 2001, Hennings and Edge 2003, Blair 2004). These studies 
suggest that urbanization affects the heterogeneity of the landscape and the 
distribution and abundance of birds, as well as the resources upon which birds 
depend. Given the growth of the urbanized areas in the Atlanta metro area, it is 
likely that these dynamics are affecting the birds in this region and may account 
for the population changes observed in Fernbank Forest.

Conclusions

Bird numbers have declined in the study area over the past 12 years even 
though forest conditions have remained relatively constant. A confluence 
of factors including disease, drought and urban sprawl may have led to this 
decline. Overall, this study may best serve as an alarm for changing trends of 
bird populations in this region.

There are limitations to this study, including the relatively small number 
of birds captured each year, the relatively small size of the study area, and 
limitations of the methods. For example, there is no way to draw inferences 
about canopy dwelling species using ground-based mist-net data. In addition, no 
empirical data were collected in the study area on the possible causes (disease, 
drought, and sprawl) for declining bird abundance presented in the paper. 
Future research considerations should focus on trends of bird abundance on 
a larger scale and across different habitats with particular reference to disease 
(WNV), drought, and expanding urban sprawl in northern Georgia, and how 
these phenomena may be interacting with one another to affect birds.
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Table 2. Total annual precipitation and average number of birds captured per day in Fernbank 
Forest, Atlanta, Georgia. The highlighted area represents the drought that occurred in this 
region of Georgia from 1999-2001. 
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Figure 1. The average number of birds captured per day from 1996-2007 in Fernbank Forest, 
Atlanta, Georgia, followed a linear regression model (β = -0.75, R2 = 0.65, F = 18.60, P = 
0.001) that revealed a significant decline in numbers over time. 

Figure 2. Avian species richness from 1996-2007 in Fernbank Forest, Atlanta, Georgia, 
followed a linear regression model (β = -0.72, R2 = 0.75, F = 30.87, P = 0.0002) that revealed 
a significant decline over time.


