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Enriched feather hydrogen isotope values for
Wood Thrushes sampled in Georgia, USA, during
the breeding season: implications for quantifying
dispersal

L.A. Powell and K.A. Hobson

Abstract: We used an analysis of deuterium values (6D) of 151 Wood Thrush (Hylocichla mustelina (J.F. Gmelin, 1789))
feathers collected during the breeding season at the Piedmont National Wildlife Refuge in Georgia, USA, to determine fi-
delity to the study site. We compared 8D values in feathers of birds with known molt locations and birds with unknown
molt locations. Mean feather value of 6D was —24.8%o (SD = 10.5%o, range = —48.0%o to —5.5%o), and we were unable to
determine a site-specific signature to assess fidelity of breeders within our sample. We used an information criterion ap-
proach to evaluate multiple hypotheses to explain the high variation in 8D, and the geographic location of sample sites
within the study area was selected as the best model. Feather 8D values were higher than expected from mean growing-
season rainfall 8D values predicted for our study site. We discuss possible explanations for the enriched 8D values and
postulate that heat stress during molt may have contributed to our results. We suggest that future stable isotope data collec-
tion consider the potential for small-scale variation in feather 6D values; information on diet gathered simultaneously with
feather samples may be valuable for future studies.

Résumé : L’analyse des teneurs de deutérium (D) dans les plumes de 151 grives des bois (Hylocichla mustelina (J.F.
Gmelin, 1789)) récoltées durant la saison de reproduction dans la réserve faunique nationale de Piedmont en Géorgie,
E.-U., nous a servi a déterminer la fidélité au site d’étude. Nous avons comparé les valeurs de 8D dans des plumes d’oi-
seaux ayant un site de mue connu et d’oiseaux de site de mue inconnu. La valeur moyenne de 8D est de —24,8 %o (ET =
10,5 %o, étendue = —48,0 %o a —5,5 %o); nous sommes incapables d’identifier une signature spécifique au site qui perme-
ttrait d’évaluer la fidélité des reproducteurs dans notre échantillon. Nous utilisons une méthode basée sur le critere d’infor-
mation pour évaluer les différentes hypothéses explicatives de la forte variation de 8D; nous avons retenu la position
géographique de 1’échantillon dans la zone d’étude comme le meilleur modéle. Les valeurs de 8D des plumes sont plus él-
evées qu’attendu d’aprés les valeurs de 8D des précipitations moyennes prédites pour notre site d’étude durant la saison de
croissance. Nous examinons les explications possibles des teneurs enrichies de 8D et nous concluons que le stress thermi-
que durant la mue a pu contribuer aux résultats observés. Nous proposons que les récoltes futures de données sur les iso-

topes stables tiennent compte des variations a petite échelle des teneurs de 8D dans les plumes; des données sur
I’alimentation récoltées au moment du prélévement des échantillons de plumes pourraient s’avérer utiles dans ces études

futures.
[Traduit par la Rédaction]

Introduction

Biologists have recently used measurements of stable iso-
topes, such as those of carbon (8!3C), nitrogen (3!5N), sulfur
(834S), hydrogen (8D), and strontium (3%7Sr), in animal tis-
sues to determine the location of individuals during a pre-
vious time period (reviewed by Hobson 1999; Webster et
al. 2002; Hobson 2005). Such methods are useful for provid-
ing previous locations of animals because tissues in individ-
uals reflect the signature of isotopes of foods previously
eaten, and biogeochemical processes cause these signatures
to vary spatially (Hobson 1999). In North America, the con-

tinental latitudinal gradient for deuterium in feathers (5Dy),
caused by trends in this isotope in growing-season precipita-
tion (6Dy), has proven especially useful (Hobson 2005).

Feathers are metabolically inactive following formation
and so provide a discrete record of location during the pe-
riod of feather replacement (Hobson 1999). To date, most
stable-isotope studies focused on determining migratory
pathways or connectivity between breeding, wintering, and
stopover sites; biologists capture birds during migration and
use stable isotopes to approximate an individual’s location
prior to migration. However, Hobson et al. (2004) recently
used stable hydrogen and carbon isotope analyses to provide
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evidence for breeding and natal dispersal of Ovenbirds
(Seiurus aurocapillus (L., 1766)) and American Redstarts
(Setophaga ruticilla (L., 1758)) sampled in central and
southern Saskatchewan, Canada. Such dispersal analysis us-
ing stable isotopes is based on the assumption that the study
species molts prior to migration, at the end of the prior
growing season.

Biologists commonly seek to determine if animal popula-
tions are increasing or decreasing in size. Identification of
regions with declining populations or low breeding fidelity
can potentially lead to changes in habitat management with
the goal of reversing population declines. Under recent
continental-scale concerns of bird population declines, biol-
ogists have used field studies of productivity and survival
to assess populations across large, regional areas (e.g., Do-
novan et al. 1995; Simons et al. 2000). However, these
field studies require intense monitoring of birds and their
nests, which is very labour-intensive and expensive. Stable-
isotope analyses potentially provide a new method of as-
sessing population stability.

The Wood Thrush (Hylocichla mustelina (J.F. Gmelin,
1789)) is a species of concern in Georgia, as populations
there have declined 1.9% per year during 1966—1996 (Sauer
et al. 1997). Wood Thrushes molt tail feathers during Au-
gust and September presumably on or close to the breeding
grounds (Pyle et al. 1987; Roth et al. 1996). Thus, we hy-
pothesized that a captured individual’s tail feathers have po-
tential to provide a record of the bird’s location in the
previous breeding season. Our goal was to determine if
stable-isotope analyses could be used to determine fidelity
and general population stability of Wood Thrushes in a
breeding region, following the approach of Hobson et al.
(2004). Our objectives were to (i) compare Dy values and
associated variance of values between samples of birds
with known molt locations and birds with unknown molt
locations and (ii)) compare dD; values and variance of val-
ues between sex and age classes, as well as among sam-
ples collected throughout our single population.

Materials and methods

Field collections

We obtained tail feathers from adult and juvenile Wood
Thrushes at the Piedmont National Wildlife Refuge (hence-
forth, Refuge; Fig. 1) in Georgia during 1994-1996 as part
of a large study on the population dynamics of the species
(Powell et al. 2000a; Lang et al. 2002). The 14 146 ha Ref-
uge (33.08°N, 83.67°W; elevation 100—180 m) is principally
mature pine/hardwood forest dominated by loblolly pine
(Pinus taeda L.), oaks (genus Quercus L.), and hickories
(genus Carya Nutt.). We also collected some feathers from
Wood Thrushes in one forest compartment at the Oconee
National Forest, which borders the Refuge to the North.

Wood Thrushes were captured in systematic or target mist
nets between April and August (Powell et al. 2000qa), and
were aged as hatch-year (HY) or after-hatch-year (AHY)
based on plumage characteristics (Pyle et al. 1987). We re-
moved the right, outermost rectrix from each bird and placed
the feathers in individual, labeled envelopes. We originally
collected the feathers to be used in a study of ptilochronology
(Grubb 1989); accordingly, we obtained a sample from each
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bird during its first capture within a breeding season, and
upon recapture, the replacement feather was sampled.

Isotopic methods

Feathers were cleaned in a 2:1 chloroform:methanol sol-
vent rinse and prepared for 0D analysis at the National
Water Research Institute in Saskatoon, Saskatchewan, Can-
ada. We used keratin standards to correct for uncontrolled
isotopic exchange between samples and ambient water va-
por. The values reported here are equivalent to nonex-
changeable hydrogen (Wassenaar and Hobson 2003).

Stable hydrogen isotope measurements on feathers and
keratin standards were performed on H, derived from high-
temperature flash pyrolysis of feathers and continuous
flow — isotope ratio mass spectrometry (CF-IRMS). Pure
H, was used as the sample analysis gas and the isotopic
reference gas. A Eurovector 3000™ (Milan, Italy) high tem-
perature elemental analyzer (EA) with an autosampler was
used to automatically pyrolyze feather samples to a single
pulse of H, gas. The resolved H, sample pulse was then in-
troduced to the isotope-ratio mass spectrometer (Micromass
Isoprime™ with an electrostatic analyzer; Micromass, Man-
chester, UK) via an open-split capillary. All 8D results are
expressed in units of per thousand (%o) and normalized on
the Vienna Standard Mean Ocean Water — Standard Light
Antarctic Precipitation (VSMOW-SLAP) standard scale.
Repeated analysis of hydrogen isotope intercomparison ma-
terial TAEA-CH-7 (-100%0) was routinely included as a
check to eliminate variation owing to isotope exchange with
ambient water vapor. Our 0D values may not be comparable
with those reported by others, as not all laboratories follow
this recommended standardization technique. Based on
within-run replicate measurements of laboratory keratin
standards, we estimate our measurement error to be +2%o
for dD.

Statistical analyses
We removed feathers from newly captured adults during

April and August from our analyses to eliminate biases

from migrating birds. We developed the following a priori

hypotheses regarding the variation of 6Dy values that we
expected in our sample:

1. Sex-related variation: males and females could have dif-
ferent rates of fidelity to the study area (Clarke et al.
1997), causing the mean isotope ratios for males and
females to differ.

2. Refuge-specific signature: the study area should have a
specific isotopic signature, causing the mean 0Dy values
to vary between the sample of birds assumed to have
molted at the study site and the sample of birds with
unknown molt locations (Hobson et al. 2004).

3. Local geographic variation: wood thrushes could have
differential rates of fidelity to different areas of the
study site (Lang et al. 2002), causing mean 6Dy values
to vary among geographic sampling locations on the
study site.

4. Annual variation: annual precipitation patterns may pro-
duce differences in mean dDy values among the growth
years for feathers in our sample.

We used an information—theoretic approach (Burnham
and Anderson 2002) to compare models representing these
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Fig. 1. Map of the Piedmont National Wildlife Refuge in Georgia, showing locations of samples indicated by matching letters in Fig. 4

(base map by US Fish and Wildlife Service).
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hypotheses. We used a traditional general linear model
(PROC MIXED; SAS Institute Inc. 2000) to evaluate varia-
tion in isotope values among sex, year, and geographic sam-
ple groups. We report F statistics and P values for these
results, but we used model-specific Akaike’s information
criterion corrected for small sample size (AIC,) values, pro-
duced by PROC MIXED, to compare the relative strength of
each model. In addition to models for the four hypotheses
above, we also included a null model (no difference in
means among categories) and an additive model for sex and
fidelity (combination of hypotheses 1 and 3 above).

The hypotheses, above, might explain differences in mean
ODy values, but we also assessed differences in variance of
dDy values among groups. Our a priori expectation was that
birds assumed to have molted at the study site (HY, known
second-year (SY), and known after-second-year (ASY))
would show minimal variation in 6D¢ values, as these indi-
viduals would have grown their feathers at the study site.
Also, we expected the variation in dD¢ values from birds

thought to have molted at the study site to be less than the
variation among the sample of birds (aged as AHY) for
which the previous year’s location was unknown. To test
for differences in variance in D¢ values, we used one-tailed
F tests for homogeneity of variance (Levene’s test for homo-
geneity of variance, PROC GLM; SAS Institute, Inc. 2000).

We also assessed variation in 3Dy values using only feath-
ers from birds known (HY or replacement feathers) or as-
sumed (known SY, known ASY) to have molted at the
study site. Our a priori expectation was that birds assumed
to have molted at the study site (HY, SY, and ASY) would
show minimal variation in 8Dy values, as they would have
grown their feathers at the study site.

Results

We collected 151 tail feathers from 132 Wood Thrushes
during 1994-1996. Our sample was stratified by sex (fe-
male: 58; male: 84; unknown: 9) and age (HY: 7; SY: 1;
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Table 1. Stable hydrogen isotope values (%o; mean £ SD)
measured in feathers of adult (AHY, after-hatch-year) and
juvenile (HY, hatch-year) Wood Thrushes (Hylocichla
mustelina) sampled during the breeding season at the
Piedmont National Wildlife Refuge in Georgia.

Age Sex n dD¢

HY Unknown 8 -29.1£19.2
AHY Pooled 131 —24.4+10.3
AHY Male 76 —24.5+10.5
AHY Female 54 -24.1+£10.2
SY Male 1 —45.6

ASY Pooled 10 -28.7+10.7
ASY Male 8 -31.5+8.8
ASY Female 2 —17.6+13.5

Note: Second-year (SY) and after-second-year (ASY) ages
were determined from banding records. Sample size corresponds
to the number of individuals tested for isotopes.

AHY: 133; ASY: 10). We collected 120 feathers from indi-
viduals that had not been previously banded; thus, we had
no knowledge of their prior molting locations. However, 31
of the 151 tail feathers came from birds that could be as-
sumed to have molted their feathers in the vicinity of the
Refuge. For example, we collected seven feathers from HY
birds, which would have grown their feathers at or near the
Refuge during the year of collection. Twelve adults were re-
captured within the same breeding season (10 in 1994, 2 in
1995) and had feathers taken during both capture occasions.
Although we did not know the previous molting location of
the birds, the replacement feathers were taken later in the
same breeding season; we assumed that the replacement
feathers were grown while the birds were in the vicinity of
the Refuge.

We found a wide range of 8Dy values (—24.8%o0 £ 10.3%o
(mean + SD), range —49.1%o0 to —3.4%0, n = 151; Table 1).
Feather 0D values were normally distributed in our sample
(Shapiro—Wilks’ test, W = 0.987, P = 0.179). The variation
also existed among feather samples from birds assumed to
have grown their feathers at the Refuge (—25.9%0 + 10.5%o,
range —48.0%o to —5.5%o, n = 31); similar variation existed
among the restricted set of replacement feathers (—23.9%o0 +
11.1%o, range —48.0%o to —5.5%0, n = 12; Fig. 2).

Repeated sampling of individuals across years also dem-
onstrated considerable variation in 6D; values (Fig. 3).
Within-individual variation during the same year, in con-
trast, was low; of three birds that were sampled twice within
4 days (and feathers were assumed to represent a double
sample of the same individual), the stable hydrogen isotope
ratios differed by only 2.8%0 £ 2.5%o.

The model that best described the variance in 8Dy values
among the entire sample of feathers was the local geo-
graphic variance model (AIC. = 1028.3, Akaike weight
(w;) = 0.9988). Stable hydrogen isotope values differed
among capture locations within the study site (Fi41437 =
4.51, P = 0.002; Table 2, Fig. 4) and variance was heteroge-
neous among the five capture locations (£ 437 = 3.24, P =
0.014).

All other models were not expected to be useful models
(AAIC > 14.0) and the null model was the worst model
(AIC, = 1054.3, AAIC = 26.0; Table 3). The second-best

Can. J. Zool. Vol. 84, 2006

Fig. 2. Variation in stable hydrogen isotope values (%o; dDy) from
Wood Thrush (Hylocichla mustelina) feathers sampled during the
breeding season at the Piedmont National Wildlife Refuge and
Oconee National Forest in Georgia. Sample groups are (A) feathers
grown to replace previously sampled feathers of adults (feather
known to have been grown at study site, n = 12), (B) feathers from
juveniles (feather known to have been grown at study site, n = 7),
(C) feathers from AHY birds that had been previously captured at
the study site in a previous year (feather assumed to have been
grown at study site, » = 31), and (D) feathers from AHY birds that
were not previously captured (previous molt location unknown, n =
120). Box plots indicate mean, 25th and 75th percentiles, and out-
liers.
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Fig. 3. Variation in stable hydrogen isotope values (%o; dDf) mea-
sured in feathers of Wood Thrushes sampled during the breeding
season at the Piedmont National Wildlife Refuge and Oconee Na-
tional Forest in Georgia. Each line indicates repeated sample of the
same individual across two or three capture occasions within and
(or) between years during 1994—-1996.

-60 1

50 A
-40 -

-30 4

8D (%o)

-20 4

0 T T T
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model was the annual variance model (Table 3), but 0Dy
values did not differ among growth years (AIC, = 1042.3,
AAIC = 14.0, Table 3; 1993: —24.1%0 + 12.1%0, n = 66;
1994: —25.8%0 £ 8.6%0, n = 82; 1995: —16.3%0 * 4.7%o,
n = 3).

OD; values did not differ between samples from birds
assumed to have molted at the study site and birds with un-
known molting locations (AIC, = 1049.7, AAIC = 214,
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Table 2. Stable hydrogen isotope values (%o; mean + SD) measured in feathers of Wood Thrush
sampled during the breeding season in different forest management compartments at the Piedmont
National Wildlife Refuge and Oconee National Forest (ONF) in Georgia.

All samples

Restricted sample

Management compartment(s) n dD¢ Duncan’s test n dDy

5, ONF-118 8 -34.0+5.0 C 0 —

8 10 -27.5£7.4 B, C 1 -29.9

11, 12 60 —25.3+£8.9 A, B 15 —24.4+9.4
25 39 -25.7£11.7 A, B 12 -28.6£12.0
19, 23, 31 31 -19.2+10.6 A 4 -23.0+12.0

Note: Sample size corresponds to the number of individuals tested for isotopes; feathers in the restricted sam-
ple were thought to have been grown at the study site. Results of Duncan’s test for the entire sample are shown;
compartment groups that share letters (A, B, or C) do not have different stable hydrogen isotope values.

“No sample from this group.

Fig. 4. Variation in stable hydrogen isotope values (%o; 8Ds) from
Wood Thrush feathers among geographic sample locations at the
Piedmont National Wildlife Refuge and Oconee National Forest in
Georgia. Box plots indicate mean, 25th and 75th percentiles, and
outliers. Sample sizes are listed in Table 2.
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Table 3; assumed Refuge molters: —25.9%o0 = 10.5%o, n = 31;
unknown molters: —24.6%o + 10.3%o, n = 120). Also, variance
did not differ between the two groups (£ 497 = 0.03, P =
0.968). o0D; values did not differ between males and
females (males: —25.7%o = 10.7%o, n = 84; females: —23.5%o +
10.1%o, n = 58; Table 3). A portion of our sample of feathers
were either known (HY and replacement feathers) or assumed
(captures from previous years) to have been molted at the
study site. 8Dy values tended to differ between samples that
were known to be replacement feathers (and HY birds) and
those from birds assumed to have grown their feathers at the
Refuge at the end of the previous year (known to have been at
the Refuge the previous year; replacement/HY: —23.5%0 =+
9.7%0, n = 19; “assumed”: -29.7%0 = 11.0%0, n = 12;
Flipg) = 2.76, P = 0.107). Variance did not differ among
the two groups (Fi 281 = 0.17, P = 0.679).

Discussion

Variation in the sample
Our attempt to use the stable hydrogen isotope method to
predict fidelity to the region was unsuccessful, as we found

significant variation in the 6Dy values in our sample. Even
the sample of feathers known to have been grown at the
study site (mean: —23.5%o) varied significantly in 6Dy values
(Fig. 2); unlike the study of Hobson et al. (2004) for Oven-
birds and American Redstarts from forests in Saskatchewan,
we did not discover a narrow, Refuge-specific signature for
ODy.

Although variation of 3Dy values in our sample was high,
within-individual variation during the same year was low.
This suggests that interindividual differences in 6Dy values
was a good indicator of real differences in either location of
molt or physiology of individuals. Geographic location was
an important criteria to explain variation in 6Dy values. The
AIC analysis allowed us to assess the strength of multiple
hypotheses, but we emphasize that our inferences are limited
to the set of hypotheses which we proposed (Burnham and
Anderson 2002).

Powell et al. (2000a) reported an apparent survival rate
(return rate) of 57.9% from a mark-recapture analysis of
band returns for the same population of Wood Thrushes
that we sampled. Powell et al. (2000b) and Lang et al.
(2002) also reported significant within-year breeding disper-
sal for adults in our sample. Most within-year movements
were within forest management compartments (<1 km;
Lang et al. 2002). We have no information to substantiate
that small-scale variation in 8D values exists at our study
site. However, if 6D values in the food web vary at small
spatial scales, the movement dynamics documented by Lang
et al. (2002) could create the variability we observed. We
gathered our feather samples before stable-isotope analyses
of feathers were common and we encourage biologists to
gather samples of diet organisms in concert with feather
samples (Smith et al. 2003).

The ability to accurately determine the prior location of
an individual with stable-isotope analyses is critical to most
analyses. For example, Powell’s (2004) multistate model
structure assumed that stable-isotope analyses could provide
error-free information with regard to the prior state of an in-
dividual. Our analyses suggest that dD; values do not pro-
vide the necessary level of precision for Wood Thrushes to
be used in Powell’s (2004) model.

Enriched deuterium values
Our 0Dy values were higher than expected and included
some highly enriched values. Based on the long-term Inter-
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Table 3. Comparison of models developed to explain variation in stable hydrogen iso-
tope values measured in feathers of Wood Thrushes sampled during the breeding season
in different forest management compartments at the Piedmont National Wildlife Refuge

and Oconee National Forest in Georgia.

Model k AIC, AAIC, w;

Local geographic variation 5 1028.3 0.0 0.9988
Annual variation 3 1042.3 14.0 0.0009
Refuge-specific signature + sex-related variation 4 1045.4 17.1 0.0002
Refuge-specific signature 2 1049.7 21.4 0.0000
Sex-related variation 2 1049.9 21.6 0.0000
Null 1 1054.3 26.0 0.0000

Note: Models correspond to the set of hypotheses listed in the text; k represents the number of
sample means estimated by the model. Models were ranked by Akaike’s information criterion cor-
rected for small sample size (AIC,) values. Akaike weight (w;) is the weight of evidence in favor of
the given model from the set of models considered. The number of parameters estimated for each
model deviation from the best model (row 1) is shown by AAIC, for each alternative model.

national Atomic Energy Association (IAEA) data set, cor-
rected for altitude (Meehan et al. 2004), the interpolated
growing-season mean 0D, value for our site is —28%o. This
value was reasonably close to the mean annual 3D, value
for the site (—34.1%o, 95% CI = 10.9%0) using methods of
Bowen and Revenaugh (2003) and Bowen (2005). Assum-
ing that the local food web supporting Wood Thrushes was
based on H, derived from precipitation, both values suggest
that feathers grown at these sites were expected to have a
value of the order of —53%0 to —59%o, far lower than those
of feathers presumably grown at our site (i.e., using a dis-
crimination factor of —25%o; Wassenaar and Hobson 2001).
Feather 0D values would be more enriched in deuterium if
water driving the food web depended preferentially (i.e., more
than by weighted mass balance considerations) on May
precipitation, which had the most positive precipitation 6D
value (—6.4%o). To validate patterns suggested by interpo-
lation of precipitation data (Bowen and Revenaugh 2003;
Bowen 2005), we were able to access a 2-year monthly
precipitation 8D data set from the nearby Savannah River
site (34.43°N, 82.85°W; C. Romanek, unpublished data).
That analysis showed mean (+SD) annual 8D, values of
—16.9%0 + 9.1%0 in 2003 and —21.9%0 + 11.5%0 in 2004,
and again reported May as having both the highest annual
monthly precipitation and among the most positive-
weighted mean 6D, values (—11.1%0 in 2003 and —6.4%o
in 2004).

A review of all of the available 8D, values for our region
suggests at least six possible explanations for the high Wood
Thrush 8Dy values: (1) birds grew tail feathers at sites dis-
tant (and much farther south) from our site, (2) the food
web supporting birds at our site during feather growth was
much more enriched in deuterium owing to differential
influence of May rainfall than previously suspected,
(3) Wood Thrushes sampled a food web that did not reflect
mean 0D, values, (4) physiological processes related to heat
stress during molt resulted in high body and feather 8D val-
ues, (5) the current precipitation base map is inaccurate, and
(6) the isotopic discrimination factor between precipitation
and Wood Thrush feathers is close to 0%o vs. —25%0. We
examine each of these possibilities in turn.

Birds assumed to have molted at the Refuge (banded in
previous year at the Refuge) had just as much variance in
0D values as birds with unknown molt locations (no prior

captures). One explanation for this pattern is that assump-
tions of molt location may be incorrect. As suggested by
Cherry (1985) and Vega Rivera et al. (1998), some Wood
Thrushes may travel to molt locations away from their
breeding site prior to migration. Stable-isotope analyses of
breeding site fidelity may be limited in species, as in the
case of the Wood Thrush that may molt away from their
breeding location. Field data from Vega Rivera et al. (1998)
contradicts this explanation; radio-marked adult Wood
Thrushes in Virginia began to molt immediately following
fledgling independence or last-clutch predation, and birds in
their sample routinely molted their rectrices simultaneously.
All adults in Vega Rivera et al.’s (1998) sample completed
their flight feather molt before leaving the study area. In ad-
dition, Wood Thrush captured during fall migration in south-
ern Mississippi (K.A. Hobson, S. Van Wilgenburg, L.
Wassenaar, and F. Moore, unpublished data) showed much
more depleted 0Dy values, which corresponded more to their
expected breeding range (median HY 6Dy values of —58.7%o
in 2000, n = 58, and —56.1%0 in 2001, » = 37). Thus, there
does not seem to be anything particularly unusual about this
species per se in terms of molt location. Nonetheless, it is
possible that some populations of Wood Thrush change their
molt strategies from 1 year to the next. However, in our
case, this would have involved birds molting outer tail feath-
ers likely in Central America (Bowen et al. 2005).

Our second explanation seems to be possible since May
precipitation tended to be quite enriched in deuterium com-
pared with those in other months. This could be tested by
examining isotopically known prey items of Wood Thrushes
throughout the season and especially during the purported
molt period. However, other species from Georgia have
shown the expected 6Dy values. Chamberlain et al. (1997)
reported a value for 6D; of —68%0 (SD = 10%o) for Black-
throated Blue Warblers (Dendroica caerulescens (J.F. Gme-
lin, 1789)) from Cooper Creek, Georgia. Cooper Creek is in
the north Georgia mountains (higher elevation than our
study site), near the border of Georgia with Tennessee and
North Carolina. Additionally, even May precipitation could
not account for such positive feather values, since the pre-
dicted 3D,, value based on the feather data was of the order
of 0%o.

It is possible that Wood Thrushes sampled a food web
that was more enriched than expected based on 8D, values
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at our site. Unfortunately, nothing is known about the iso-
ptopic composition of Wood Thrush diet here or elsewhere.

We feel that the fourth possibility, i.e., Wood Thrush ex-
perienced heat stress at our site during feather molt, is a
possible explanation for their enriched 8Dy values. McKech-
nie et al. (2004) demonstrated experimentally that pigeons
became enriched in deutrerium because of heat stress. Re-
cently, Smith and Dufty (2005) similarly suggested that un-
usually high 6D; values in accipiters was due to their
unusual molt during breeding when they were more ener-
getically taxed.

The fifth explanation is unlikely because of the significant
success other researchers have had in placing birds to origin
based on the deuterium base map for North America
(Hobson 2005). However, as demonstrated recently by Lott
and Smith (2006), the reliability of the 8Dy vs. 8D, values
may indeed vary regionally and clearly further ground truth-
ing is desirable. As for the sixth explanation, i.e., the precip-
itation — feather isotopic discrimination factor for deuterium,
it is almost certainly true that a single factor does not apply
to all birds (Bowen et al. 2005). Unfortunately, deriving
such factors will require captive studies of birds throughout
the molt period and under a variety of ambient conditions.
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