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INTRODUCTION
Billions of dollars have been invested globally in land protection as a strategy to conserve plants, animals, and ecosystems in the face of threats such as land use change, habitat fragmentation, and invasive species.  As of 2009, almost 11% of the total surface of the Earth met the United Nations definition of protected.  Despite this substantial investment of human and financial capital, we actually know very little about how well conservation lands protect wildlife over time or if there are characteristics of reserves, such as size or level of protection (ranging from no human intervention to active forest management), that make them more effective.  Recently released Breeding Bird Atlas data (BBA) in New York provide an unprecedented opportunity to compare changes in species richness on protected and unprotected land over a 20 year period.  My goal was to work with the Cornell Laboratory of Ornithology to use the BBA data test the basic assumptions behind land protection as a biodiversity conservation strategy, specifically that: 1) over time protected lands retain biodiversity better than unprotected lands, 2) the benefits to biodiversity increase with the amount of area under protection and 3) stricter levels of protection (i.e., no human intervention) provide greater benefits that lower levels of protection.
METHODS
	The New York BBA relied on volunteers to survey over 5,000 25-km2 contiguous blocks covering the entire land area of New York from 1980-1985 and again from 2000-2005.  Volunteers visited every atlas block recording each species detected during their survey as well as information on its breeding status.  I used this data to calculate the change in species richness between the two surveys.
	I obtained land protection data from The United States GAP Project, which includes all public lands as well as privately owned conservation areas that were voluntarily included.  Each protected area in the database has been assigned to one of four biodiversity management status categories that indicate the level of land protection and amount of human activity.  I used this data to calculate the amount of protected land under each level of protection with each atlas block.
I used linear regression to examine the relationship between the amount of land protected within a BBA block and the change in species richness from the 1980’s to the 2000’s after accounting for other factors that can drive patterns of species richness, such as land cover, human population density, and the underlying productivity gradient.  I then used an information theoretic approach to compare models that included the amount of protected land in different levels of protection to determine whether there was any effect of level of protection on change in species richness.  I completed all analyses separately for the seven ecoregions that are completely our partially found in New York because there are significant differences between the ecoregions in terms of species richness, land cover, elevation, human population density, and other important biotic and abiotic factors.
RESULTS
	I found that including land protection as a predictor of the change in avian richness always improved the model fit, which indicates that land production does affect species persistence over time.  The relationship between land protection and change in species richness was not consistent across ecoregions, however (Figure 1A).  In some ecoregions the amount of protected land was positively associated with change in species richness while in others there was a negative relationship.  The effect of different levels of land protection also varied by ecoregion (Figure 1B).  In 4 of 7 ecoregions all levels of protected land were important in determining the change in species richness.  In 2 of 7 ecoregions only the lowest level of protection (i.e. land, such as army bases, that is publically owned but not specifically managed for conservation) was important to explaining the change in species richness.  In only 1 of the 7 ecoregions was the second highest level of protection (lands that are primarily managed to maintain a natural state but allows some uses that degrade the quality of existing natural communities are permitted) most important for explaining the change in species richness.
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Figure 1.  The relationship between the amount of protected land and the level of protection for each ecoregion in New York.  (A) Green indicates a positive relationship between the amount of protected land and change in species richness, red indicates a negative relationship and yellow indicates a neutral relationship.  (B) Green indicates that only a relatively high level of protection is important, red indicates that only the lowest level of protection is important and yellow indicates that all protected lands together are important.

	Neither the direction of the relationship between protected land and change in species richness nor the level(s) of protection that are most important is explained by the total amount of protected land or the amount of protected land under different levels of protection in an ecoregion (Figure 2).  
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Figure 2.  The amount of protected land in each level of protection, the relationship between land protection and change in species richness, and the important level(s) of protection for every ecoregion.  GAP1234 indicates that all levels of protection are important, GAP 4 indicates that only the lowest level of protection is important, and GAP 2 indicates that only the second highest level of protection is important.

CONCLUSIONS
	The effect of land protection on changes in avian species richness is not straightforward. Contrary to expectations, there was not a consistent negative relationship between the amount of protected land and change in species richness.  I also did not find that stricter levels of protection lead to increased biodiversity benefits or to the expected negative relationship between change in richness and the amount of protected land.  These results should be interpreted with caution, however, as species richness, the measure used in this study, pools species with very different life histories.  This limitation can be overcome by looking at both the mechanisms that drive changes in species richness (i.e. colonization and extinction patters of individual species) as well as the response of functional groups, such as interior nesting forest birds, that share natural history characteristics.  
I will continue to work with the Cornell Laboratory of Ornithology to investigate whether protected lands, and the level of protection, affect different species and/or groups of similar species in different ways.  For example, protected lands could have a negative association with change in species richness because they are being allowed to re-grow into mature forests, which generally have fewer species than a more heterogeneous landscape or younger forests.  We could test for this by comparing the change in richness of late and early successional species in protected forests.  If there was an overall loss of species, but all of those species were early successional, that would indicate the protected lands were effective at maintaining certain types of species but not others.  If the species that protected lands benefit most are also those of greatest conservation concern then there would be evidence that protected lands are a useful conservation strategy even if they do not equally benefit all species.
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