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 FIGURE 3. Probable breeding origins of Gray Catbirds migrating through a stopover site at Ft. Morgan
 Peninsula, Alabama, 2000-2002, based on the 50% and 75% tolerance limits (TL) of the feather 6D
 distribution calculated for a 95% confidence level and assuming a precipitation to feather discrimination value
 of -25%o. Sensitivity to discrimination values was assessed by depicting 75% TLs for feather to precipitation
 discrimination values of -22%o (northernmost band) and -28%o (southernmost band). Inset is a 3-D side view
 depicting magnitude of changes in abundance along the east-west axis of the area encompassed by the 50%
 and 75% TLs, and scaled to the same east-west axis as the TLs. The map was generated using a modified
 version of the GIS-based model for 8D in precipitation (Meehan et al. 2004) and an interpolated surface of
 Gray Catbird abundance from the North American BBS.

 statistics to portray graphically with GIS tools.
 When comparing origins of different samples,
 confidence intervals may be appropriate. How-
 ever, we suggest the use of tolerance limits for
 depiction of areas of origin corresponding to
 a capture site.
 For all three species, we found that timing of
 passage through the sampling sites was not
 correlated with feather 6D value or derived

 latitude of origin. This contrasts with some
 previous isotopic studies. For instance, feather
 6D analyses revealed that Wilson's Warblers

 (Wilsonia pusilla) in western North America
 used a "leapfrog" migration pattern and that
 distance to the wintering grounds affected
 migratory timing in fall but not spring (Kelly
 et al. 2002, see also Smith et al. 2003). However,
 the Swainson's Thrush was the only species
 showing a broad potential range of latitudinal
 origins for which differential timing of migra-
 tion might be expected. Previous studies have
 noted the possibility of increased feather 6D
 values for this species due to molt occurring
 further south than breeding sites (Wassenaar
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 and Hobson 2001, see also Kelly et al. 2005).
 However, since our sample was only of HY
 birds, this was not a factor in the assignment of
 origins. Both Wood Thrushes and Gray Cat-
 birds were clearly from much more geograph-
 ically discrete regions. Body fat similarly was
 not associated with timing of passage through
 the stopover site or latitude of origin. However,
 we did determine a significant year effect in
 potential origins of Gray Catbirds that were in
 better condition in 2002 and apparently derived
 from more northerly areas. This result points to
 the possibility of regional changes in produc-
 tivity among years and suggests that stable
 isotope analysis can provide a means of
 identifying spatial correlates of body condition
 as well as timing of migration. However, there
 are other possible explanations for the year
 effect we saw in Gray Catbirds. It is possible
 that both years involved the same areas of
 origin for the population but precipitation was
 more enriched in deuterium during the growing
 season of 2000 than 2002. Drought conditions
 can also cause heat stress in birds, which results
 in enrichment in the body hydrogen pool of
 individual HY birds, leading to higher feather
 6D values (McKechnie et al. 2004, Wunder et
 al. 2005, Powell and Hobson 2006). This may
 result in birds from a single area of origin
 appearing to derive from more southern loca-
 tions during years of heat stress.

 A major problem with the application of
 feather 6D values is that, for much of the North
 American continent, it provides only broad
 latitudinal information about origin. However,
 as argued recently by Hobson (2005), the
 application of additional information can fur-
 ther constrain probable origins for most spe-
 cies. The most obvious first step is to restrict
 analysis to an appropriate species of interest
 having a fairly narrow longitudinal range.
 Secondly, where applicable, additional infor-
 mation such as BBS relative abundance data

 can serve as a probability surface that can
 constrain origins by defining where the species
 no longer or rarely occurs within its hypothet-
 ical breeding range, and, more importantly, by
 suggesting likely origins based on population
 hotspots. Statistically, the use of such an
 abundance surface to weight likely sources of
 origin becomes a Bayesian approach. Royle and
 Rubenstein (2004) first developed this method
 in their analysis of feather isotope data from

 Black-throated Blue Warblers (Dendroica caer-
 ulescens) distributed across most of their range.
 Such quantification of derived probability of
 origin based on prior knowledge of relative
 abundance represents an important develop-
 ment (Wunder et al. 2005). We feel our
 approach provides a useful alternative to that
 of Royle and Rubenstein (2004), by portraying
 likely origins as a continuously varying proba-
 bility surface, rather than arbitrarily delineating
 subpopulations from which prior probabilities
 are calculated. However, with all such ap-
 proaches, there are pitfalls. Most importantly,
 the Bayesian approach, and the GIS depiction
 we used here to portray likely origins using BBS
 data, assumes that probability of capture is
 directly correlated with relative abundance of
 singing males (i.e., as fundamentally recorded
 by the BBS dataset).

 The assumption here that areas of high
 abundance represent the most likely "source"
 populations assumes that relative abundance
 (as derived from the BBS data) is directly linked
 to reproductive success (Vickery et al. 1992,
 Bock and Jones 2005). This has yet to be
 verified for most species. However, combining
 abundance and isotope data allows the formu-
 lation of spatially explicit hypotheses and
 predictions regarding the dynamics of meta-
 populations. Here, we delineated likely origins
 of HY birds, and so provide information on
 regions of production associated with our
 specific capture locations. For Wood Thrushes
 and Gray Catbirds, the BBS data provide
 a method to stratify origins into regions of
 high and low breeding density for the east-
 central and southeastern United States, re-
 spectively. Using conventional mark-recapture
 approaches, this provides a means to test
 whether birds produced in these zones are
 indeed represented according to breeding abun-
 dance at the stopover sites.

 The careful delineation of avian areas of

 origin corresponding to specific capture loca-
 tions for birds during migration will provide
 a new means to test how well BBS abundance

 surfaces correspond to productivity estimates
 based on the Monitoring Avian Productivity
 and Survivorship (MAPS) datasets for North
 America (Desante et al. 2001). In addition,
 changes in area-specific productivity estimates
 based on the stable isotope data could be
 correlated with changes in land cover within

This content downloaded from 131.95.218.41 on Fri, 16 Sep 2016 21:25:02 UTC
All use subject to http://about.jstor.org/terms



 266 KEITH A. HOBSON ET AL.

 the delineated areas of origin using GIS
 analysis. Our approach was based entirely on
 depicting origins at the population and not the
 individual level. This seems appropriate when
 the samples are derived from a single sampled
 population with a normal distribution in
 feather 6D values. However, when this is not
 the case, and the sampled population represents
 discrete source populations with differing 6D
 distributions, it would be more appropriate to
 assign each individual to origin on the feather
 6D basemap and then depict the frequency of
 abundance of individuals spatially. Finally, the
 use of additional stable isotope markers or trace
 elements to improve delineation of areas of
 origin is encouraged (Hobson et al. 1999,
 Rubenstein et al. 2002, Hobson 2005) but will
 require substantial ground-truthing to establish
 their usefulness as additional GIS layers,
 particularly at continental scales.
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