
THE USE OF STABLE ISOTOPES, eBIRD AND SPECIES
DISTRIBUTION MODELS TO ASSESS MIGRATORY
CONNECTIVITY OF FALL MIGRATING RAILS

AURIEL M.V. FOURNIER

Arkansas Cooperative Fish and Wildlife Research Unit
University of Arkansas
1 University Drive, SCEN 632
Fayetteville, AR 72703
amvander@uark.edu
Advisor: Dr. David G. Krementz
Social Security Number: Available if receiving award

ABSTRACT

Understanding the timing and connectivity of seasonal movements of individuals between
habitats is essential for the effective conservation and management of migratory species.
Documenting migratory connectivity is especially difficult for secretive species like rails.
Rails are among the least studied birds in North America. I propose using stable isotopes,
and species distribution models based on eBird data to predict the migratory connectivity
of rails. Sora and Virginia are game species in North America who we hunt despite our lack
of information about their population levels, trends and connectivity. Both species, along
with the non-game Yellow Rail are thought to be declining, but the cause is unknown. The
National Marshbird Monitoring Program will soon bring us actual population estimates and
monitoring, but addressing any negative population trends to inform conservation and
management without understanding rail connectivity will make science based management
difficult. This project would be an informative first step at understanding the migratory
connectivity of these species in the central United States. I will collect feathers from rails
during migration, along with the breeding and wintering grounds to create an accurate map
of the connectivity of migratory rails in Missouri. I will use their δD value along with
species distribution models to document their migratory connectivity and compare it to the
migratory paths of other wetland species.

Table 1. Schedule

July 2015 Collect Breeding ground feathers in Saskatchewan
August - October 2015 Collect fall migration feathers
November - December 2015 Prepare feathers for analysis
January - February 2016 Run samples at University of Saskatchewan
March - May 2016 Analyze and write up results
June 2016 Submit for publication in peer-reviewed journal
June 2016 Submit progress report to Lab of Ornithology
July 2016 Defend dissertation
August 2016 Graduate
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INTRODUCTION

Understanding the timing and connectivity of seasonal movements of individuals between
habitats is essential for the effective conservation and management of migratory species
(Webster et al. 2002). Despite the central importance of migration to a species’ life history
and ecology, the movements of many migratory animals are poorly understood because
animals are difficult to track. Extrinsic markers such as leg bands and satellite transmitters
are limited by low recapture rates, expense, and size (Wassenaar and Hobson 2001, Webster
et al. 2002). Rails are declining which may be related to the loss of wetlands across the
continent (Conway et al. 1994, Eddleman et al. 1988, Tiner 1984). While a new national
monitoring protocol is currently being established and analyzed across the breeding range to
provide population estimates, the connectivity of rails is still unknown (Conway 2011).

Although thousands of migratory rails have been banded in North America in the last
50 years, only a handful of these birds have ever been recaptured (USGS Bird Banding
Laboratory, unpublished data). As a result, the migratory connectivity of rails is virtually
unknown. I propose analyzing rail feathers collected during fall migration in Missouri,
summer in Saskatchewan and winter in Texas and Oklahoma to assess the catchment area of
each area and document their place in the annual cycle of migrating rails. Stable hydrogen
isotope approaches are not without limitations. While hydrogen isotope-based (δD)
assignments achieve good latitudinal resolution, broad longitudinal swaths of North America
share similar δD values (Sullivan et al. 2012). While birds living in Chicago and St. Louis
are likely to be isotopically distinct, birds from locations as geographically separate as
Quebec City and Seattle may be indistinguishable based on only hydrogen isotopes.
Assignments can be improved if other sources of information, such as species abundances or
distributions, are taken into account (Van Wilgenburg and Hobson 2011).

Sora (Porzana carolina) and Virginia Rails (Rallus limicola) are currently managed as
game species in most states in which they occur despite our lack of information about their
population levels, trends and connectivity. Yellow Rails (Coturnicops noveboracensis) are
species of concern in many states and in Canada. The issue of population monitoring is
being addressed with the National Marshbird Monitoring Program, but addressing any
population trends without understanding rail connectivity will make science based
management difficult (Conway 2011). This project would be an informative first step at
understanding the migratory connectivity of these species in the central United States.

OBJECTIVE

• Predict the migratory connectivity of Virginia Rail, Yellow Rail and Sora by using
stable isotopes and species distribution models to assess the breeding and wintering
ground assignment.

METHODS

Assignment will follow a three step framework 1) stable isotope analysis, 2) species
distribution modeling, and 3) Bayesian analysis to incorporate the two models. For the
stable isotope analysis, I will analyze the δD of a flight feather and compare this value to a
spatially-explicit δD base map to determine the probability that a given pixel could
represent its summer origin (Bowen et al. 2005). Because not all site locations with the
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same δD value are equally likely to be the origin of an individual rail, I will use
georeferenced summer observations to construct a species distribution model for each rail
species occupancy using the maximum entropy method (Phillips et al. 2006). Finally, I will
incorporate this species distribution model as prior information in the stable isotope
assignment in a Bayesian framework. In fall 2013 I captured 50 rails and I will capture an
additional 50 in fall 2015. My wintering ground collaborators have collected feathers from
over 100 individuals, and have funding to process their samples. I believe I can easily
capture over 40 rails in Saskatchewan in July 2015.

Stable isotope assignment

A strong relationship between the δD of precipitation and the focal organism tissue is a
prerequisite for stable isotope assignment. I have determined the δDfeathers − δDprecipitation

relationship, by regressing the δDfeathers (n=60) grown during the summer molt period of
the closely related King Rail (Rallus elegans), to δDprecipitation at the site of sample
collection (Bowen et al. 2005, Perkins 2007). The resulting equation explains 52% of the
variance. I used this regression to convert a GIS-based model of δDprecipitation across North
America (2005) to a spatially explicit raster depicting mean expected δDfeather values. Due
to sources of variance, the δDfeather values expected from any given site are best
characterized as a distribution of potential values (Sullivan et al. 2012). Therefore, I will
represent the probable summer origins of the bird as a normal density function to assign a
probability that an individual value originates from a pixel on the raster, given the expected
mean of the pixel and the standard deviation of the residuals from the regression (Royle
2004).

Species distribution model

Maximum entropy species distribution models (SDMs) are a class of machine-learning
algorithms that utilize georeferenced presence-only data and corresponding environmental
variables (e.g. mean annual temperature, precipitation) to predict the potential distribution
of a species (Phillips et al. 2006). The maximum entropy method finds the constraints
imposed by the environmental variables through regression and restricts the uniform
probability subject to these constraints. The importance of environmental variables are
assessed through leave-one-out jackknifing. Fit and predictive power of the SDM is reported
as the area under the receiving operating characteristic curve for a set of independent data
points. Presence data for Sora has been crowd-sourced from the citizen-science based eBird
database (Sullivan et al. 2009). Observations are reported to the eBird website by observers
of all levels and unusual observations are double-checked by expert curators. I will download
all georeferenced observations of Sora seen during June and July between 2002 and 2015
and discard multiple observations at the same coordinates. A subset of observations will be
used to train and a different subset to test the maximum entropy SDM. Nineteen rasters
representing environmental variables will be used in the model training using the program
Maxent (Phillips et al. 2006).

Bayesian analysis

SDMs do not contain information regarding the specific individual/population of interest
while δD models are naive to ecology and may predict high probability of occurrence in
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places where rails are unlikely to live. Thus, I will incorporate the SDM as prior information
for the stable isotope assignment using Bayes’ rule. The posterior probability that a given
pixel on the raster represents the origins of the focal bird is modeled from the probability of
Sora occurrence based on the maximum entropy SDM, and the δD assignment.

The combined stable isotope and species distribution model predictions will be made for
each individual. Individuals will be grouped together based on capture location and species
and their predicted origins compared visually to assess the variation for a give site and
species. This will provide the baseline for further work understanding the connectivity of
rails and help frame future studies of rail migration, a poorly studied time of year which
may be an important source of mortality.

Table 2. Proposed Budget 2015-2016 Academic Year

Frances M Peacock USFWS Webless University of
Scholarship Gamebird Program Arkansas

Status of Funding Requested Secured Secured
Personnel

Technician Salary 3000
Graduate Student Salary 3500 23000

Travel and Accommodations
Vehicle (gas) for Fall Field Work 4000

Vehicle (gas) for Summer Field work 600
Materials and Equipment

Hydrogen
($18 per sample 185 samples) 3330

Collection Materials
(envelopes) and shipping 70

Totals by Funding Source 4000 33835

BUDGET JUSTIFICATION

• Technician - One technician for 2 months at $1500/month

• Graduate Student - One graduate student for 15-16 Academic year

• Vehicle (fall) - Gas for Fall 2015 field work

• Vehicle (summer) - Gas to drive to Saskatchewan and back

• Stable Isotope Analysis - $18/sample

• Collecting Materials - Nets for capturing birds, envelopes for feather samples.
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