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I.  Summary

With this proposal we seek to develop collaboration between scientists at The Smithsonian Migratory Bird Center, the University of Minnesota’s Natural Resources Research Institute, and the U.S. Environmental Protection Agency, each of whom bring a unique body of expertise toward the goal of understanding the demographic management needs of neotropical migrant birds.  Management of declining long-distance migrant bird populations poses tough challenges because these birds respond to habitat and landscape configuration at local, landscape, and continental scales.  The research described in this proposal is designed to further our knowledge of avian demography at each of these scales.  For example, avian nest survivorship can be strongly affected by patch shape, degree of fragmentation of suitable habitat patches, and by the steepness of the gradient of habitat quality that occurs across edges between suitable and unsuitable habitat.  However, local and landscape scale population trends are affected by regional source-sink dynamics and by effects on mortality that occur during migration and on non-breeding grounds.  This proposal seeks to broaden an established nest-survival monitoring program in the Mid-Atlantic Piedmont, and Mid-Atlantic Ridge and Valley provinces of Central Virginia that began in 2000 under the sponsorship of the Smithsonian Migratory Bird Center.  With the collaboration described in this proposal we will be able to begin to interpret local and landscape dynamics in light of continental scale demography by evaluating the utility of stable isotope and trace element methods for identifying wintering areas for specific breeding populations of Wood Thrush, enabling us to begin to study annual variation in survivorship in this long-distance migrant.

Total Funding Requested: 
$20,673.00

Total Matching Funds:

$62,019.00

II.  Qualifications of Individuals Conducting Project

Dr. Matthew Etterson initiated this research while serving as a Research Fellow at the Smithsonian Migratory Bird Center from 2000-2002.  He holds a B.A. in Mathematics and Philosophy from Yale University (1987) and a Ph.D. in Conservation Biology from the University of Minnesota (2000), where his dissertation research focused on the development of spatial models of avian territorial settlement.   He is currently an ecologist with the U.S. Environmental Protection Agency, Mid-Continent Ecology Division, Duluth, MN where he is working to assess models of avian population response to pesticides in agroecosystems.  He also holds an Adjunct Faculty position in the Department of Biology, University of Minnesota-Duluth.

Dr. Russell Greenberg, director of the Smithsonian Migratory Bird Center, has conducted research on the ecology and conservation biology of Neotropical migrants for almost 30 years.  His research has focused primarily on habitat use on the wintering grounds in Latin America, with emphasis on human dominated landscapes.  In particular, he has examined the use of various agroecoystems such as coffee and cacao farms and cattle pastures.  Although he has worked in a number of countries (Panama, Nicaragua, Dominican Republic, Guatemala, Peru), most of his fieldwork has been in southern Mexico.  There he has worked collaboratively with students and scientists from Ecosur, Instituto de Ecologia, Pronatura, and Amigos de Sian Ka'an.   This research has resulted in over 50 papers and resulted in conservation initiative, such as the Bird-friendly coffee program of the Smithsonian Institution.

Dr. Gerald Niemi is Director of the Center for the Water and the Environment at the Natural Resources Research Institute, University of Minnesota Duluth, and Professor in the Biology Department at the same institution. His research interests include: conservation biology, effects of natural and human-induced disturbances on natural resources, sustainability of natural resources, vertebrate ecology, and landscape ecology. Since 1991 Dr. Niemi has led the Minnesota Forest Bird Diversity Initiative, funded for over $2.3 million dollars through the Minnesota Department of Natural Resouces. He has been involved in numerous other bird monitoring studies under funding from the US Forest Service, the Great Lakes Protection Fund, NASA, the US Fish & Wildlife Service, the US Navy, and the Environmental Protection Agency.

Dr. Michael Sierszen is an Ecologist with the U.S. Environmental Protection Agency at the Mid-Continent Ecology Division in Duluth, MN, where his research focuses upon understanding and predicting ecological responses to anthropogenic disturbance. For the past 10 years he has used stable isotope analyses in discerning the ecological roles and trophic relationships among natural populations, and the ways that stressors alter those relationships. He has applied stable isotope techniques in the study of arctic systems, coastal wetlands, and the Laurentian Great Lakes. He holds a Ph.D. in Oceanography and Limnology from the University of Wisconsin and also an Adjunct Faculty position at the University of Minnesota-Duluth.

III.  Project Description

Appalachian Blue Ridge Forests have been greatly reduced and what remains is severely fragmented (Ricketts et al. 1999).  In central Virginia, the Blue Ridge is protected by Shenandoah National Park, Blue Ridge National Parkway, and the Appalachian National Scenic Trail and supports a relatively unfragmented mature second growth forest.  To the west, however, the Shenandoah Valley is an intensive agricultural region and is extremely fragmented, with very little forest remaining.  To the east, the forests of the Piedmont are intermediate in their degree of fragmentation, but are under increasing pressure from suburban development.  

Many empirical studies now show that some forest-breeding neotropical migrant songbirds are found in lower abundance (reviewed in Askins et al. 1990) and experience reduced nesting success as a result of increased nest predation and nest-parasitism with forest fragmentation (e.g. Donovan et al. 1995, Hoover et al. 1995, Robinson et al. 1995, Fauth et al. 2000).  Wood Thrush (Hylocichla mustelina) is a declining Neotropical migrant that breeds in deciduous forests of the eastern and midwestern United States (Roth et al. 1996) for which empirical studies have confirmed a negative relationship between forest fragmentation and reproductive success (Hoover et al. 1995) and resulting patterns of source-sink demography (Pulliam 1988, Trine 1998, Fauth et al. 2000, Simons et al. 2000).  Initial patterns of nesting success for Wood Thrush (from 194 nests) at the central Virginia sites suggest that forest area has limited explanatory power for predicting nesting success at the patch level and that the surrounding landscape matrix and physiographic stratum also play an important role (Table 2, Etterson unpublished data).  

Wood Thrush is declining across these physiographic strata, perhaps as a result of reduced nesting success outlined above.  However mature tropical evergreen forest, the principal non-breeding habitat for this species, is also being reduced and fragmented (Hartshorn 1992, Petit et al. 1995), which may result in reduced survival during the non-breeding period.  Thus management programs directed only at reducing fragmentation of breeding habitat may fail to reverse population decline.  Annual survivorship, a composite function of events during migration, breeding, and winter stationary periods, is an aspect of Neotropical Migrant ecology about which we know very little.  One prerequisite to understanding annual survival in this species is to identify where specific breeding populations spend the winter.  Wood Thrush winter in Caribbean and, to a lesser extent, Pacific lowland forests of Latin America and Southern Mexico and in northern South America (Stotz et al. 1996).  Anecdotal evidence from band returns suggests some connectivity between breeding and wintering populations (see Roth et al. 1996), however this conclusion is tenuous and based on very little data.  Stable isotopes of carbon (Marra et al. 1998), hydrogen (deuterium, Kelly et al. 2002), and strontium (Chamberlain et al. 1997), incorporated into feathers in ratios reflecting the environment in which the feathers were grown, have shown promise in linking breeding and wintering populations of migratory birds.  Hobson and Wasser (1997) have already demonstrated a latitudinal gradient in deuterium for breeding populations of Wood Thrush.

Objectives.  With this proposal we are seeking funding to achieve the following objectives:

1. To characterize avian reproductive success as a function of landscape structure in forest fragments of the Appalachian Blue Ridge Forests ecoregion (Piedmont and Central Appalachian Forests Bird Conservation Regions).

2. To assess the utility of multiple stable isotopes for measuring connectivity between breeding and wintering populations of Wood Thrush.

Methods Study Sites.  This research program has been carefully designed to bridge conservation jurisdictions and forge partnerships necessary for a coordinated regional plan of avian population monitoring.  The network of study sites includes 11 current and proposed sites in four counties in Central Virginia (Figure 1).  These sites range in size from 63 acres (Fernbrook Natural Area, Albemarle County) to almost 200,000 acres (Shenandoah National Park) and are owned and managed by a wide diversity of stakeholders, including city, county, regional, and federal public lands, non-profit conservation organizations, and individual citizens (Figure 1).

Field Protocols.  Nests are monitored by searching strip transects along established trails within these reserves, typically up to approximately 1 kilometer from trails.  This protocol differs from other established nest monitoring schemes (e.g. BBIRD, Martin et al. 1997) because it does not focus on a limited area for intensive searches.  This choice of search methodology was made for statistical reasons to sample a greater range of landscape variation around each nest within a given reserve (see statistical methods below for further detail).  Once found, nests are monitored for survival every 2-4 days until the nest fails or fledges.  At each visit, the number of eggs or nestlings (including cowbirds) is recorded and, if the nest fledges, the number of fledglings is also recorded.  After the nest cycle is completed, the location of the nest is recorded using a global positioning system and habitat data are recorded.

Stable Isotopes and Trace Elements.  We will assess variation in isotopes of carbon, nitrogen, hydrogen, sulphur, and oxygen and in Wood Thrush feathers at several geographic scales.  We will also do screening-level assessments for the utility of trace element analyses.  Feathers are ideal for these analyses because, once grown, they are metabolically inert (Hobson and Wassenaar 1997).  They are also easy to sample using a non-destructive protocol that is minimally intrusive.  This work will proceed in two phases of sampling and analysis:

i. Year 1. Sample feathers from nestlings on the Virginia study site to assess within population variation in feather isotope ratios and to develop a consistent methodology.  This will allow us to assess (a) the number of individuals that must be sampled to characterize within population variation for each isotope and trace element, and (b) the number of feathers necessary from each individual to obtain accurate estimates of isotope ratios for all five isotopes.

ii. Year 2. Sample Wood Thrush feathers on a north-south gradient along the Blue-Ridge and in the Mid-Atlantic Piedmont and Mid-Atlantic Ridge-and-Valley Strata to characterize empirical patterns in the distribution of isotopes and trace elements on the breeding grounds 

Adult Wood Thrush undergo a complete prebasic molt on the breeding grounds prior to migration, however, the extent of prealternate molt in this species is unknown (Pyle 1997).  Hatching year birds undergo a partial prebasic molt on the breeding grounds, which includes some or all median coverts (Pyle 1997).  Thus, for all birds, it should be possible to identify feathers that were produced on the breeding grounds, but it may not be possible to unambiguously determine which feathers were produced on the wintering grounds.  This suggests that a preliminary strategy for assessing the utility of stable isotope ratios and trace element concentrations for identifying populations should focus on characterizing geographic patterns in the distribution of these ratios and concentrations among breeding populations.  After patterns in these distributions among breeding populations have been characterized several research pathways will be possible.  First, Wood Thrush may be sampled at different geographic locations on their wintering grounds for feathers known to have been produced in the breeding season to identify patterns of connectivity between breeding populations and wintering areas.   Second, more intensive work in non-breeding areas may be conducted to learn more about pre-alternate molt schedules in these birds and the distribution of non-breeding range patterns in isotope ratios and trace elements, which would lead to the potential for complementary sampling schemes on both breeding and non-breeding ranges.  Isotope ratios will be assessed using a Micromass Isochrom-EA NC2500 and a Finnegan Delta Plus XP at the U.S. EPA Mid-Continent Ecology Laboratory in Duluth, MN.  Trace elements will be analyzed using the Finnegan Delta Plus XP. 

Statistical Analysis. Nest Survivorship  The statistical methods proposed for this work are predicated on the observation that each nest is uniquely affected by the landscape context surrounding it.  It is now well demonstrated that Mayfield’s (1961) proposal for bias-correction in estimating nesting success is a maximum likelihood estimator for population nesting success (Hensler and Nichols 1981; Bart and Robson 1982).  Recently Aebischer (1999) proposed a more general formulation of the Mayfield Estimator as the solution to a generalized linear model (GLM) with an arbitrary number of either continuous or categorical predictor variables.  This increased flexibility in model formulation for nest-survival will allow (and require) a more rigorous model selection framework for determining the relationship between nest-survival and environmental conditions.  We will explore multiple models of nest-survival using Akaike’s Information Criterion (Akaike 1973, Burnham and Anderson 2002).

Isotope and Trace Element Discrimination. We will use Canonical Correspondence Analysis (Proc CANDISC, SAS Institute 1999) to transform the raw isotope ratios and element concentrations found in feathers into a maximum of n uncorrelated canonical variables (where n = the number of isotopes and elements analyzed).  The resulting independence of these variables can be used to easily construct joint distributions of canonical variables for each population of Wood Thrush sampled.  The joint distributions, in turn, provide a likelihood function for making probabilistic assignments of individuals to populations.

Implications for Conservation and Management.  Fecundity, mortality, immigration and emigration determine population trajectories.  However, conclusions about patterns in the distribution of these parameters across landscapes are proving difficult to draw.  If stable isotope and trace element methods prove reliable for identifying population connectivity in Wood Thrush, as they have in other taxa, then this research will provide the foundation for partitioning mortality among the locations and habitats that migratory birds use throughout their annual cycle much more precisely than is currently possible.  It will allow us to consider more carefully the now familiar question of whether specific breeding populations of neotropical migrants are relatively more affected by forest fragmentation on the breeding vs. wintering grounds.

Several studies of Wood Thrush have shown that nesting success is adversely affected by forest fragmentation.  However, some studies suggest that local patch size is the most important factor, whereas other studies suggest that landscape-scale fragmentation is driving the negative relationship between nesting success and fragmentation.  It is likely that nesting success is adversely affected at both scales, and this model will explicitly compare the two hypotheses.  The results of this work will provide an immediate assessment of the productivity of populations of Wood Thrush and other neotropical migrants nesting on the Blue Ridge and adjacent forest fragments on the Piedmont and in the Shenandoah Valley.  This information will be provided to the agencies and stakeholders managing forested land to help guide conservation decisions for neotropical migrants.  

Wood Thrush, the largest sample in the database of nests associated with this project, is a Partners In Flight priority species for both physiographic strata covered under this proposal.  Other priority species, such as Worm Eating Warbler, Kentucky Warbler, and Cerulean Warbler also occur on many of the sites and in the nest database.  

IV.  Local Participation

Dr. Etterson has worked hard to maintain involvement of local bird clubs and conservation organizations in data collection and dissemination of results.  He has spoken to the Monticello and Augusta bird clubs about the research and given presentations describing preliminary results.  Dr. Etterson also contributed preliminary results for a natural history essay describing the project for the quarterly newsletter of the Ivy Creek Foundation, which manages two of the sites on which this research is conducted.

V.  Agency Consultation

As described above, this research was originally designed to bridge conservation jurisdictions.  All required federal, state, and local permits and permissions have been obtained for work at the central Virginia site and will be maintained current.  

VI.  Historic and Cultural Resources

 The work described in this proposal will take place on several sites of National historical and cultural interest, including, along Skyline Drive, in Shenandoah National Park, along Blue Ridge National Parkway, and along the Appalachian National Scenic Trail.  Permits to work in these areas have been granted and all project activities will strictly conform to the stipulations of the permits.

VII.  Sustainability

The results of this research will help us to understand how patterns of source-sink demography are generated and maintained across landscapes.  The extensive research into Wood Thrush demography will give us the tools to plan for regional and continental-scale conservation of this declining species.

VIII.  Other Information: 

Preliminary Estimates of Nesting Success.  As a Research Fellow at the Smithsonian Migratory Bird Center Dr. Etterson carried out two field seasons and compiled an initial database of over 350 nests (Table 1).  These data were collected with the help of one field assistant in 2001 and two field assistants in 2002.  The majority (56%) of nests found to date are Wood Thrush (Table 1), a Partners In Flight priority species for both physiographic areas covered by the sites in this research.  Initial Mayfield estimates of survivorship calculated for these nests suggest low nest-survival probabilities for all species.  However, emerging patterns of nesting success within patches do not conform to simple forest-area hypotheses (Table 2).

IX.  Evaluation

This project will be evaluated on two levels, first as an applied scientific research project, and second, for the translation and dissemination of results to the management community, including stakeholders who manage forests for Neotropical migrants.  As a scientific endeavor this research will be evaluated for the rigor with which it is implemented in the field, and for soundness of data analysis and interpretation of results.  We anticipate several publications in highly competitive scientific journals.


Dissemination of results will occur through several channels.  Dr. Etterson will continue to bring the results of this research to the attention of the birding and conservation community of central Virginia.  The results will also be presented directly to all property and management stakeholders in form of written results and oral communication.

X.  Budget

	Item
	NMBCA 
	NRRI1
	Other Federal2

	Year 1
	
	
	

	Niemi Salary
	$1,653.00
	$24,247.00
	

	Field Crew Salary (2 @ $2,800.00 ea)
	$5,600.00
	
	

	Field Crew Travel 
	   $830.00
	
	

	      Subtotal Year 1
	$8,083.00
	$24,247.00
	

	3University of Minnesota Overhead (26%)
	$2,101.00
	   $6304.00
	

	Year 2
	
	
	

	Niemi Salary
	$1,701.00
	$24,974.00
	

	Field Crew Salary (2 @ $2,800.00 ea)
	$5,600.00
	
	

	Field Crew Travel 
	$1,024.00
	
	

	      Subtotal Year 2
	$8,325.00
	$24,247.00
	

	3University of Minnesota Overhead (26%)
	$2,164.00
	  $6,493.00
	

	Isotope Analysis
	
	
	1EPA

	Etterson Salary
	
	
	1EPA

	Greenberg Salary
	
	
	1SMBC

	Sierszen Salary
	
	
	1EPA

	Totals
	$20,673.00
	$62,019.00
	


1NRRI: Natural Resources Research Institute, University of Minnesota-Duluth; EPA: U.S. Environmental Protection Agency; SMBC: Smithsonian Migratory Bird Center.  2We have not assigned amounts to these contributions.  These agencies have agreed to contribute these resources, including individual salaries, to the extent necessary for successful completion of this project.  3This is the off-campus overhead rate for University of Minnesota sponsored research.

XIII.  This project will contribute greatly to our understanding of the demographic processes that determine Wood Thrush nesting success and survivorship throughout the annual cycle.  Intensive study of Wood Thrush at the central Virginia site will contribute to the knowledge of the conservation needs of this PIF priority species for both of the Bird Conservation Regions (Piedmont, Blue Ridge Forests) and Physiographic Strata (Mid-Atlantic Ridge and Valley, Mid-Atlantic Piedmont) covered by the study site (Parnters In Flight 2003).  These plans state the broad objectives of preserving 1 million ha and 1.2 million ha of mature forest respectively for the preservation of Wood Thrush and associated deciduous forest species of concern. However, empirical results from forest fragmentation studies and resultant source-sink dynamics, demonstrate clearly that the configuration and contiguity of such forests will have very important consequences for the productivity of populations within such preserves.  Furthermore, the preservation of adequate breeding habitat will not be sufficient for preservation if population declines are caused by reduced survivorship outside of the species’ breeding range.  The stable isotope and trace element analyses described in this proposal will give us the tool for launching much more precise studies of annual survivorship in Wood Thrush.
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Table 1. Current Sample Sizes

	Species
	Count1
	Frequency

	Wood Thrush (Hylocichla mustelina)
	194
	0.566

	Acadian Flycatcher (Empidonax virescens)
	35
	0.102

	Northern Cardinal (Cardinalis cardinalis)
	29
	0.085

	Red-eyed Vireo (Vireo olivaceus)
	17
	0.050

	Eastern Towhee (Pipilo erythropthalmus)
	17
	0.050

	Scarlet Tanager (Piranga olivacea)
	9
	0.026

	Ovenbird (Seiurus aurocapillus)
	9
	0.026

	American Redstart (Setophaga ruticilla)
	6
	0.017

	Hooded Warbler (Wilsonia citrina)
	5
	0.015

	Kentucky Warbler (Oporornis Formosus)
	3
	0.009

	Yellow-billed Cuckoo (Coccyzus americanus)
	3
	0.009

	Blue Jay (Cyanocitta cyanea)
	2
	0.006

	Carolina Wren (Thryothorus ludovicianus)
	2
	0.006

	Grey Catbird (Dumetella carolinensis)
	2
	0.006

	Indigo Bunting (Passerina cyanea)
	2
	0.006

	Brown Thrasher (Toxostoma rufum)
	2
	0.006

	American Robin (Turdus migratorius)
	2
	0.006

	Ruby-throated Hummingbird(Archilochus colubris)
	1
	0.003

	Mourning Dove (Zenaida macroura)
	1
	0.003

	Worm-eating Warbler (Helmitheros vermivorus)
	1
	0.003

	Cerulean Warbler (Dendroica cerulea)
	1
	0.003

	Total
	343
	1


1These numbers do not include abandoned nests or nests destroyed by adverse weather, thus they underestimate by approximately 15 % the total sample size. Bold indicates Partners In Flight priority species for at least one of the physiographic areas covered by these sites.

Table 2. Mayfield survivorship for all nests compared to Wood Thrush at selected Virginia sites.

	Site
	Size (ha)
	Observation

Days

All Species
	Daily

Survivorship

All Species
	Observation

Days

Wood Thrush
	Daily

Survivorship

Wood Thrush

	Betsy Bell
	109
	156
	0.93
	82
	0.94

	Fernbrook
	71
	111
	0.97
	53
	0.94

	Fortune’s Cove
	>>10,000*
	229
	0.94
	27
	0.89

	Grand Caverns
	69
	45
	0.93
	7
	0.60

	Humpback Rocks
	>>10,000*
	1864
	0.95
	1087
	0.95

	Natural Chimneys
	123
	561
	0.96
	338
	0.97

	Paul State Forest
	80
	178
	0.97
	88
	0.97

	Ragged Mountain
	754
	859
	0.94
	757
	0.94


*effective area when contiguous forest is considered.
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(1) Betsy Bell Wilderness Area, (2) Fernbrook Natural Area (3) Fortune’s Cove Preserve, (4) Grand Caverns Regional Park, Augusta County (5) Humpback Rocks (6) Ivy Creek Natural Area (7) Mole Hill (8) Natural Chimneys Regional Park (9) Paul State Forest (10) Ragged Mountain Natural Area (11) Shenandoah National Park.





XI.  Central Virginia Study Sites
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