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I propose studies of bird communities in Great Smoky Mountains National Park (GSMNP) in the spring of 2002 to better understand both temporal stability of bird communities and the spatial distribution of diversity along an altitudinal gradient.  Working with a team of researchers, I will (1) follow up previous studies on threatened spruce-fir forests that have been done at decade intervals since the 1970s, (2) repeat censuses in old-growth deciduous cove forests that established monitoring protocol in 1990, and (3) link these sites in an altitudinal transect to compare spatial variation in community composition between the Smokies and the similar Tilarán mountains of Costa Rica.  Both the southern Appalachians and the Costa Rican highlands are recognized internationally as high-priority regions for research and conservation because of the distinctiveness of their faunas and vulnerability to anthropogenic effects (e.g., Bibby et al. 1992; Simons et al. 1999).  Previously established study sites already form the necessary transect in the Smokies, and we have completed work in the reserves of Monteverde in Costa Rica that will permit the unique tropical-temperate comparison.  The Great Smoky Mountains and the Tilarán mountains are very similar in altitude and geographical extent.  In both mountain ranges, the highest communities are those most threatened by combinations of climate change and other anthropogenic effects, and these are the communities on which I will focus.  I will return to Costa Rica in the following summer to extend the transect there and to collaborate with botanists who are classifying the forests along the same elevational gradient.  


Studies of spruce-fir communities in GSMNP were begun in 1972 as part of a comparison of the southern Appalachians with the spruce-fir of the northeastern US and Canada (Rabenold 1978, 1979).  Monitoring of these communities was continued in the following decades, resulting in a summary of how they had changed after the invasion of the balsam wooly adelgid (Rabenold et al 1998).  Ten of 11 common species in the Smokies spruce-fir declined in the years after adelgid invasion, and six declined by 50% or more.  In addition, species more characteristic of lower-elevation and disturbed forests increased, diluting the boreal character of the community.  In the smaller mountain ranges of the Plott Balsams and Black Mountains, declines were sharper and dilution more pronounced.  One conclusion of that work was that the avian spruce-fir communities in the Smokies were more robust than in smaller mountain ranges in the face of the death of Fraser fir and decline of red spruce because the populations in the Smokies were larger.  This year marks the 30th since the studies were begun and 10 years since the last census.  We will test the hypothesis that the gap in diversity and distinctiveness between the larger and smaller mountain ranges will widen.  We will also test the hypothesis that intact old-growth cove forests at lower elevations, will show greater stability in species composition because they are so far unaffected by major insect invasions.  These lower-elevation studies will also lay a foundation of future studies of how these forests respond to arthropod invasions that are expected in the next decade.  Finally, we will be able to detect upward shifts in species’ altitudinal ranges in the last decade that may be caused by climate change.

Our methods, including the quantification of beta diversity, will follow those established in our previous studies, and those to which we will compare our data (Young et al. 1998; Blake & Loiselle 2000).  We have shown in both GSMNP and in the Monteverde Cloudforest Reserve that auditory counts of birds can be superior to seemingly objective capture of birds using nets.  Once the necessary skill is developed to do either territory mapping or point counts of birds, the expense, bias, and risk to birds of netting is unwarranted.  We will do point counts and territory mapping at Mount Collins, where studies with these methods began in 1972.  We will also replicate studies done in 1990-1992 in the old-growth cove forests of the Roaring Fork area, using both territory mapping and point counts.  This forest is expected to harbor an avifauna both richer and more stable than in the spruce-fir forests.  Our study areas in montane rainforest (or “cloudforest”), in the highest protected areas of the Tilarán mountains, are comparable in elevational range (1400-1700m) and in the expected effects of climate change.  We focus in both regions on the highest communities that will likely shrink as a result of upward shifts in climatic zones.  

Evidence that climate change is affecting altitudinal ranges of birds is mounting (e.g. Pounds 1999), and we will be able to test this in GSMNP with our combination of studies at high and lower elevations.  We will also revisit comparisons with the spruce-fir forests of Richland Balsam and Mt. Mitchell outside the Park, using point counts, to ask whether previous trends continue toward less stability of composition in those smaller ranges.  All point counts will be replicated at least twice to ensure accuracy.  We will quantify the rate of change in species composition between altitudinal zones, and across recognized boundaries between forest types, using both ordination software (as in Blake & Loiselle 2000) and simpler calculations of ecological overlap that include relative abundance.  Finally, we will collaborate with Drs. Susan Shriner and Ted Simons of North Carolina State University, to expand both our picture of the state of spruce-fir avifaunas and characterization of the between-habitat component of diversity.  Rabenold collaborated with these researchers in 1990-1992 (Simons et al. 1999), establishing a foundation for their larger-scale mapping of bird species in GSMNP.  By pooling information, we can increase the power of our analyses.  

Designing and managing wildlife reserves requires understanding of the commonness or rarity of species, their spatial distribution, and the constancy of their populations over time.  The underlying diversity of habitats within a reserve can determine how biodiversity is organized in space and how stable it is likely to be in time.  Alpha diversity (species diversity within a single habitat type) and beta diversity (additional richness resulting from changes in composition along a habitat gradient) are also fundamental aspects of the organization of biodiversity.  If beta diversity were not understood, then planning the establishment or expansion of reserves becomes problematic because the effects of including or excluding a range of habitats will be difficult to foresee.  We will quantify beta diversity across habitat types and test the hypothesis that alpha and beta diversities are correlated, so that the temperate gradient will show less turnover in species composition with altitude than the tropical one.  Few studies have quantified the between-habitat component of diversity, much less how it varies among landscapes (but see, e.g., Cody 2001; Condit et al. 2002).  Recent reviews of priorities in conservation biology have emphasized this research need (e.g., Noss 2001).  

In summary, we will generate comparisons within Great Smoky Mountains National Park over time to measure the stability of avian communities in both high-elevation threatened habitats and in those expected to be most diverse and constant.  We will compare among bird communities in different habitats and ask how much biodiversity along an altitudinal gradient depends upon diversification between forest types, as well as “alpha” diversity within habitats.  We will also develop external comparisons with areas in the same region and with a physiographically similar range in the tropics.  These comparisons will improve our understanding of the virtues of large natural areas and the sufficiency of their protection of intact series of habitats in complex environments.  Specifically, we hope to contribute to a more quantitative understanding of the value of including larger areas of underrepresented habitats in reserve planning.
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