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different labs (initial analysis at the EC lab and repeated analysis at 

the Colorado Plateau Stable Isotope Laboratory in Flagstaff, Ari-

zona [hereafter “CPSI lab”]), providing ancillary documentation 

of poor measurement reproducibility between labs. Measurement 

precision decreased outside the calibration range of keratin stan-

dards (greater than −‰), compared with measurements inside 

this range (−‰ to −‰) (Smith et al. : fig. ).

In their letter, Wunder et al. () nicely summarize some 

of the complexities of δD
f
 analysis, most importantly () the lack 

of internationally accepted reference standards of a material com-

parable to feathers, () the pressing need for additional keratin 

working standards with high δD values that would more thor-

oughly bracket the range of natural δD values in bird feathers, and 

() the need for standardized analytical protocols among isotopic 

laboratories. We agree completely with Wunder et al. () that 

researchers should be cognizant of these complexities, inform 

themselves of the analytical protocols used by the laboratory ana-

lyzing their samples (e.g., the types and number of standards), and 

carefully interpret δD
f
 values outside the keratin standard calibra-

tion range.

Despite this common ground, Wunder et al. () make 

three broad criticisms of Smith et al. () with which we dis-

agree: () that we provided analytical detail insufficient for study 

replication and failed to engage the laboratories that analyzed our 

samples, () that our design failed to appropriately consider two 

important sources of variation (i.e., intra-feather variation and 

the presence of δD
f
 measurements outside the calibration range 

of keratin standards), and () that our results contradict a sub-

stantive body of work regarding δD
f
 measurement error. Here, we 

hope to clarify the main points of Smith et al. () and respond 

to Wunder et al.’s () primary criticisms, which do not lead us 

to alter our original conclusion of poor δD
f
 measurement repro-

ducibility. We discuss the effect that poor reproducibility has on 

inference in stable-isotope studies in the context of a recently ad-

vanced probabilistic framework for geographic assignment (Wun-

der and Norris a, b; Wunder ). We also suggest some 

avenues toward a potential solution to the problem of poor repro-

ducibility and encourage future practitioners in this field to more 

carefully consider this problem when designing studies and inter-

acting with labs. Finally, we advise that researchers more carefully 

qualify their claims of the value of information that stable-isotope 

studies provide regarding migratory origins and connectivity at 

spatial scales relevant to conservation or management, because 

predicted origins may be biased (Smith et al. ) or have low 

geographic specificity (Meehan et al. , Kelly et al. , Wun-

der et al. : fig. ).

Why the reproducibility of keratin standards may not be 
equivalent to that of feathers.—In Smith et al. (), we described 

measurement error with the metric of reproducibility, the differ-

ence between repeated measurements of the same feather when 

one or more analytical conditions have changed (i.e., indepen-

dent analysis events). We reported reproducibility for a group of 

samples with summary statistics where the mean (of differences) 

described the average systematic shift in δD
f
 from an initial to a 

repeated measurement and the standard deviation (of differences) 

described the variability in the magnitude of this shift (Smith et 

al. : fig. ). Poor reproducibility was characterized by consid-

erable systematic error (represented by a large mean) or random 

Poor reproducibility and inference in hydrogen-stable-
isotope studies of avian movement: A reply to Wunder et al. 
().—In Smith et al. (), we tested the assumption that 

measurements of hydrogen stable isotope ratios in feather sam-

ples (δD
f
) are reproducible among independent analysis events in 

which feathers are equilibrated and analyzed concurrently with 

keratin standards (Wassenaar and Hobson ). For nine inde-

pendent sample groups of raptor body feathers, we documented 

poor measurement reproducibility, with systematic error (i.e., bias) 

of often large magnitude and variable direction, as well as consid-

erable random error (i.e., imprecision) in paired measurements 

of adjacent subsamples from a single feather. As we reported, 

for eight of these sample groups, initial and repeated analyses 

occurred at a single lab (Environment Canada’s Stable Isotope

Hydrology and Ecology Laboratory in Saskatoon, Saskatchewn; 

hereafter “EC lab”), providing robust documentation of poor δD
f

measurement reproducibility within a lab. A ninth group com-

prised samples for which initial and repeated analyses occurred at 
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error (represented by a large SD), or both. Systematic and random 

errors have different implications for inferences of migratory con-

nectivity that rely on measurements of δD
f
. Systematic error shifts 

the entire spatial distribution of predicted origins, whereas ran-

dom error reduces the geographic specificity of predictions.

In most work to date, δD
f
 measurement error has been de-

scribed by the precision (e.g., SD) of homogenized keratin stan-

dards within a single analysis (i.e., repeatability) or asymptotically 

over time (i.e., reproducibility). However, keratin standards typi-

cally are developed from materials that have been homogenized 

to exhibit high reproducibility. By contrast, nonhomogenized 

feather samples from wild birds lack this desirable quality. There-

fore, the precision of δD measurements from keratin standards 

likely underestimates that of feather δD measurements. Although 

standard repeatability and reproducibility represent important 

metrics for quality assurance and quality control, they do not nec-

essarily describe the reproducibility of nonhomogenized feather 

materials accurately, which is a separate metric that must be as-

sessed independently. Thus, satisfactory repeatability, or even 

reproducibility, of standards does not dismiss the poor reproduc-

ibility of feather measurements documented in Smith et al. (), 

because geographic assignments are made from measurements of 

feathers, not standards.

Analytical disclosure and communication.—Wunder et al. 

() asserted that we failed to provide sufficient methodologi-

cal detail for study replication. We agree that some ambiguity ex-

isted in the analytical details presented in Smith et al. (). We 

suggest that much of this ambiguity resulted from the editorial 

removal of lab names from Smith et al. (), a point on which 

we also strongly disagreed with The Auk’s editors. Although we 

clearly indicated that samples were analyzed by only two labs, with 

one lab analyzing most of the samples, we did not explicitly quan-

tify this division. In fact, % ( of ) of the δD
f
 measurements 

in Smith et al. () were completed at the EC lab (including all 

measurements resummarized below), with the remaining  mea-

surements (the repeat analysis from group “NA”) completed at 

the CPSI lab using the same published protocols and keratin stan-

dards as the EC lab, as we were informed by the contributors of 

those data (see Acknowledgments in Smith et al. ). With lab 

identities and the distribution of samples between labs now dis-

closed, readers should find sufficient detail for replication in our 

original manuscript, for two reasons. First, the discussion of re-

producibility in Smith et al. () focused nearly exclusively on 

results from the eight sample groups analyzed only at the EC lab 

and the comparison between laboratories was only a marginal con-

sideration. Second, because Smith et al. () primarily assessed 

δD
f
 measurement reproducibility at the EC lab, our reference to 

the two publications of Wassenaar and Hobson (, ) that 

detail the exact laboratory procedures and three keratin standards 

used to measure δD
f
 at this lab accords with Wunder et al.’s () 

statement that referencing published laboratory techniques is suf-

ficient when the work is carried out by a single lab. Our description 

of laboratory methods is comparable to such descriptions in recent 

manuscripts involving the co-authors of Wunder et al.’s () let-

ter that used the EC lab for δD
f
 measurements (e.g., Hobson et al. 

, Langin et al. , Paritte and Kelly ).

More troubling is Wunder et al.’s () claim that we 

failed to communicate two important lines of information to the 

laboratories involved in Smith et al. (): that we believed they 

were producing “questionable” data and that the data were to be 

used in a publication related to reproducibility. We acknowledge 

that we did not have contact with CPSI lab personnel, for three 

reasons: () the  samples ( % of all samples) analyzed there rep-

resented only a marginal component of our analysis and discus-

sion, () data from CPSI were contributed independently of our 

analyses at the EC lab by an outside party that was in close contact 

with the CPSI lab, and () the CPSI lab has used Wassenaar and 

Hobson (, ) as primary references for laboratory proto-

cols (e.g., Paxton et al. ). By contrast, however, we commu-

nicated regularly, directly, and honestly with the EC lab director, 

Len Wassenaar, and Keith Hobson, a long-time associate of this 

lab, about sample preparation, the use of analytical standards, re-

sults, reanalyses, and problems with reproducibility. This commu-

nication began at the outset of the study, continued through the 

analysis of data, and included the disclosure of our intent to pur-

sue publication and the results of preliminary analyses indicat-

ing poor reproducibility. Given this history, Wunder et al.’s () 

claim that we failed to interact with laboratory personnel to un-

derstand or interpret our results seems disingenuous.

Study design and presentation of results.—Wunder et al. 

() suggested that the results of Smith et al. () are ambigu-

ous because our study design did not account for () systematic 

δD
f
 changes along the length of a single feather and () impre-

cise measurement of δD
f
 outside the calibration range of keratin 

standards. As pointed out by Smith et al. () and reiterated by 

Wunder et al. (), true replicate measurement of nonhomog-

enized feather samples is impossible, because feather material is 

destroyed during analysis. Given this physical reality, differences 

between replicate measurements of biological samples could result 

from either measurement error or real biological variation within 

samples. Thus, biological variation must be accounted for to ad-

equately assess reproducibility. Wunder et al. () claim that

we failed to acknowledge that biological intra-feather variation 

confounds estimates of reproducibility, ignoring our work on this 

topic (Smith et al. ). On the contrary, the complication of 

intra-feather variation was the preeminent consideration in the 

discussion of Smith et al. (). Below, we provide further clari-

fication that intra-feather variation is minor compared with the 

poor reproducibility observed in Smith et al. ().

Wunder et al. () incorrectly contend that we defined 

poor reproducibility as the widening pattern of residuals outside 

the calibration range of keratin standards (Smith et al. : fig. ).

We agree with Wunder et al. () that not distinguishing be-

tween samples inside and outside the calibration range was an 

oversight on our part. However, we clearly identified poor repro-

ducibility as the considerable systematic and random error present 

in our entire data set (Smith et al. : fig. ), and not simply the 

decrease in precision we observed outside the calibration range of 

keratin standards (Smith et al. : fig. ). The decrease in mea-

surement precision outside the calibration range was a secondary 

result and an unsurprising consequence of applying a normaliz-

ing equation to δD
f
 values outside the range of values on which 

the calibration regression was based (i.e., −‰ to −‰). Like-

wise, our suggestion to expand the isotopic range of keratin stan-

dards to include more positive values was an obvious solution to 

the problem, although doing so is not a trivial task, as Wunder 
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et al. () explicate. More importantly, expanding the isotopic 

range of keratin standards would decrease only the random er-

ror of δD
f
 measurements currently outside the calibration range 

to the relatively imprecise levels observed inside the calibration 

range; it would have no effect on the larger problem of systematic 

error, which occurred both inside and outside the keratin stan-

dard calibration range.

In a previous publication (Smith et al. ), we estimated the 

biological magnitude of intra-feather variation for the three most 

common species represented in Smith et al. (), independent 

of the confounding effect of measurement reproducibility. Spe-

cifically, all samples in the previous study were run in a contin-

uous laboratory-analysis event, with the additional safeguard of 

random interspersion of samples. Smith et al. () documented 

consistent differences in δD
f
 between adjacent longitudinal sub-

samples of body feathers, the magnitude of which varied to some 

extent among species. Feathers of Merlins (Falco columbarius)
and Sharp-shinned Hawks (Accipiter striatus) showed similar dif-

ferences, with more negative δD
f
 values in distal feather material 

than in proximal feather material (least squares mean  SE, com-

bined for the two species: −.  .‰; n  ). The same pattern 

appeared in Red-tailed Hawk (Buteo jamaicensis) feathers, but the 

difference was less pronounced (−.  .‰; n  ). The mag-

nitude and direction of these differences serve as an expectation 

against which reproducibility can be assessed for samples from 

these three species in Smith et al.’s () data set. That is, if intra-

feather variation in δD
f
 were driving the poor reproducibility ob-

served in the δD
f
 measurement of equivalent feather subsamples 

in Smith et al. (), differences in repeated δD
f
 measurements in 

these three species should average near zero once adjusted for the 

intra-feather variation described above. This is not the case (Fig. ),

which suggests that some factor other than the magnitude of intra-

feather variation observed in raptor body feathers is responsible 

for poor reproducibility. To compare reproducibility inside and 

outside the calibration range of keratin standards, we simply dis-

tinguished, also in Figure , between samples that were inside (i.e., 

average δD
f
 of repeated measurements greater than or equal to 

−‰) and outside (i.e., average δD
f
 of repeated measurements 

greater than −‰) this range. In general, poor reproducibility 

of nonhomogenized feather material existed whether the analysis 

occurred inside or outside the calibration range (Fig. ). System-

atic error was present and often severe regardless of how the data 

were summarized, with mean adjusted differences between origi-

nal and repeated analyses ranging from −.‰ to .‰ within 

the calibration range and from −.‰ to .‰ outside of the 

calibration range. Random error was larger outside the calibration 

range (Fig. ), as we noted previously (Smith et al. : fig. ).

Ignoring a substantive body of work.—Wunder et al. () 

claim that our work ignores a substantive body of work on δD
f

measurement error. We disagree, for there is currently a paucity 

of literature concerning the reproducibility of nonhomogenized 

feather material. Certainly, the repeatability and reproducibil-

ity of homogenized keratin standards have been well reported 

(Wunder and Norris b, Wunder et al. ), but the extent 

to which nonhomogenized δD
f
 measurements exhibit this same 

reproducibility remains largely untested outside of Smith et al. 

(). Intra-feather variation within a single analysis, which 

should reflect real biological variation in nonhomogenized 

feather material that is not confounded by the problem of repro-

ducibility, has been studied to a limited extent (e.g., Wassenaar 

and Hobson , Smith et al. ). However, these studies pro-

vide no information about measurement reproducibility among 

independent laboratory events. Thus, aside from Smith et al. 

(), we know of only a single, small inter-laboratory compari-

son of  nonhomogenized passerine feathers (Wassenaar ) 

that permits an assessment of δD
f
 measurement reproducibility. 

Although Wassenaar () did not quantify reproducibility, he 

presented a graph (fig. .) from which he inferred good compa-

rability of δD
f
 measurements among labs. Nonetheless, a close 

inspection of this figure indicates consistent systematic differ-

ences in δD
f
 measurements between some laboratories, ‰ on 

average and up to ‰, despite an apparent lack of intra-feather 

variation in passerine feathers (Mazerolle et al. , Wassenaar 

FIG. 1. Differences between two Df measurements from adjacent lo-
cations of a single raptor contour feather for eight independent sample 
groups measured during independent analysis events at Environment 
Canada’s Stable Isotope Hydrology and Ecology Laboratory in Saskatoon, 
Canada. Poor reproducibility is present for all sample groups. Substantial 
systematic error is present whether samples are “in” or “out” of the cali-
bration range of keratin standards used for Df value normalization (see 
text), whereas random error is large in both cases but larger “out” of the 
calibration range. Sample groups comprise feathers from three species of 
raptors (Merlin, Sharp-shinned Hawk, and Red-tailed Hawk) drawn from 
the data sets originally described in Smith et al. (2009). Differences in 
Df measurements are calculated as initial measurement minus repeated 

measurement, adjusted for natural intra-feather variation in these species 
(Smith et al. 2008; see text). The broken horizontal line at 0‰ indicates 
no systematic error (i.e., bias) between initial and repeated measure-
ments. Box plots indicate the median and the 25th and 75th percentiles 
of the difference, and whiskers indicate the 10th and 90th percentiles. 
Circles indicate outliers. Sample sizes are indicated in parentheses. The 
abbreviations along the abscissa correspond to those given in table 1 and 
figure 1 of Smith et al. (2009). Sample group species composition: ID (30 
Red-tailed Hawks), HW1 (16 Sharp-shinned Hawks), HW2 (6 Merlins 
and 5 Sharp-shinned Hawks), AR1 (30 Merlins), HW3 (12 Sharp-shinned 
Hawks), NA1 (7 Merlins and 7 Sharp-shinned Hawks), HM (17 Sharp-
shinned Hawks), and AR2 (19 Merlins).
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and Hobson , Langin et al. ). Thus, although we do not 

imply that researchers have failed to consider isotopic varia-

tion or δD measurement error, we suggest that ours (Smith et 

al. ) is the first published experiment to adequately address 

reproducibility in measurements of nonhomogenized feather 

material using the analysis protocol employed by many isotope 

laboratories (i.e., Wassenaar and Hobson ).

Evaluating reproducibility within the probabilistic frame-
work of Wunder ().—Recently, Wunder and colleagues (Wun-

der and Norris a, b; Wunder ) have taken great strides 

to put the problem of geographic assignment into a probabilistic 

framework that is well suited to partition and propagate indepen-

dent sources of uncertainty on predictions. We find this frame-

work a vast improvement over previous approaches for predicting 

the origins of migratory animals. However, Wunder et al. ad-

vocate using the reproducibility of keratin standards as an esti-

mate of total measurement error (e.g., Wunder and Norris b, 

Wunder ). Because geographic assignment is based on mea-

surements of feathers, not standards, and homogenized standard 

reproducibility is not necessarily representative of nonhomoge-

nized feather reproducibility, we suggest that the reproducibility 

of nonhomogenized feather material must be estimated directly 

and incorporated into this probabilistic framework concurrently 

with, but separately from, the reproducibility of keratin standards. 

The large magnitudes and variable directions of systematic error 

documented by Smith et al () complicate the specification of 

a probability distribution for the reproducibility of nonhomoge-

nized feather material within the probabilistic framework, par-

ticularly without an understanding of the mechanism(s) driving 

systematic error between analysis events.

Alternatively, the effect of random error in δD
f
 measurements 

on predictions of origin might be assessed using the probabilistic 

framework, despite systematic error, by considering the variation 

(e.g., SD) around the average of repeated δD
f
 measurements from 

the same feather, after adjusting for intra-feather variation. Such 

an approach is comparable to how Wunder and Norris (b) 

modeled the reproducibility of keratin standards and how Hobson 

et al. () modeled “within-population” SD. If “replicates” from 

independent analysis events are available from a large number of 

individuals, a distribution of standard deviations can be generated 

(sensu Wunder and Norris b) to represent feather δD repro-

ducibility. However, this approach will fail to address the problem 

of systematic error among analytical events. Regardless of how the 

reproducibility of nonhomogenized feather material is modeled, 

the negative effects of δD
f
 measurement error on the reliability or 

specificity of inferences regarding migratory origins and connectiv-

ity will be larger than what has previously been reported once this 

error has been addressed. For this reason, we question the conclu-

sion that δD
f
 measurement error has minor effects on the specific-

ity of geographic assignment from studies that based the input of 

measurement error on the relatively precise and, by definition, un-

biased reproducibility of keratin standards (Wunder and Norris 

b, Wunder ).

Suggestions for improving and demonstrating δDf measure-
ment reproducibility.—An important point on which Smith et al. 

() and Wunder et al. () agree, and which we hope has 

been clarified during this exchange, is that the widespread prac-

tice of analyzing a single subsample of nonhomogenized feather 

to represent the isotopic identity of an individual requires that as-

sessments of reproducibility account for real biological variation 

within feathers (as we have done with Fig. ). If nonhomogenized 

feather persists as the material on which inferences of migratory 

connectivity are based, documenting measurement reproducibil-

ity for nonhomogenized feathers will require correcting for intra-

feather variation on a case-by-case basis. After accounting for the 

relatively minor effects of intra-feather variation on Smith et al.’s 

() results, we conclude that Figure  provides robust docu-

mentation of the failure of current protocols for feather sampling 

and analysis to produce acceptably reproducible results for the 

measurement of δD in nonhomogenized feather material.

Where does this leave us? Given that homogenized keratin stan-

dards demonstrate adequate reproducibility to limit the effects of 

keratin standard measurement error on geographic assignment (e.g., 

Wunder and Norris b), we suggest that feather-sample homog-

enization may be an advisable next step toward improving δD
f
 mea-

surement reproducibility, despite the likely increase in processing 

time and per-sample costs. Homogenization offers several potential 

benefits. () Feather material is treated identically to keratin stan-

dards, in full accordance with the principle of identical treatment for 

stable-isotope analyses (Werner and Brand ). () True replicate 

samples are obtainable from the same feather (or multiple feathers 

from the same individual), given that homogenization would control 

for intra-feather or inter-feather variation. () It is thus possible to 

quantify the true reproducibility of δD
f
 measurements independent 

of biological variation in feathers, which would allow measurement 

error to be fully modeled within Wunder’s () framework. Regard-

less of how feathers are ultimately selected, prepared, and analyzed, 

we believe that demonstrably improved measurement reproducibil-

ity is necessary before we can fully understand the confidence with 

which we can infer migratory origins and connectivity using stable-

hydrogen isotopes. Additionally, we suggest that although it may 

be convenient to assess reproducibility in analysis events that are in 

temporal proximity but are technically independent (e.g., after shut-

ting down the furnace to replace the tube in the pyrolysis column), 

δD
f
 measurement reproducibility also should be demonstrated when 

replicate measurements occur at different times of the year under 

widely different ambient δD water-vapor conditions, before and after 

major modifications to laboratory equipment, and between different 

laboratories (using identical protocols and standards).

Pattern, prediction, and probabilistic assignment.—Wunder 

et al. (: ) point to the r value of . for a regression model 

of δD
f
 versus predicted δD in growing-season precipitation (their 

fig. ) as evidence that these patterns “provide an excellent basis 

for productive approaches to the geographic assignment of indi-

viduals.” This model, essentially identical to the model published 

in Lott and Smith (: fig. ), serves as a sobering reminder that 

pattern must not be confused with prediction. Assessments of 

predictive accuracy based on inverse prediction intervals from 

calibration data sets, such as that presented in Lott and Smith 

(), have suggested for years that the spatial resolution of this 

technique is quite poor, rarely capable of assigning an individual 

migrant with confidence to a narrow portion of its range (Mee-

han et al. , Kelly et al. ). This is problematic because it is 

the predicted origins of individuals that must ultimately inform 

population-level inferences of migratory origins and connectivity 

(Wunder ).
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The probabilistic framework advocated by Wunder et al. 

() has the potential to transparently illustrate the low geo-

graphic specificity that typifies transfer functions relating stable 

isotopes in feathers to precipitation. When () studies of migra-

tory origins or connectivity are framed at a priori spatial scales 

that might inform conservation or management (i.e., states, prov-

inces, bird conservation regions, or ecoregions) and () uncer-

tainty is propagated fully into predictions using Wunder’s () 

probabilistic framework, stable-isotope studies have little power 

to reliably infer source regions at these scales for individuals or 

populations (by summing assignments across individuals; e.g., 

Wunder ). This is not the result of any shortcomings in Wun-

der’s () probability framework, which is extremely useful, but 

follows from our present understanding of the variability that is 

inherent to the feather–precipitation isotope system. Wunder’s 

() framework will be useful in addressing the problems with 

reproducibility that were identified in Smith et al. () and dis-

cussed further in this exchange. However, it is our opinion that 

the fundamental variability of stable isotopes in precipitation 

(Dansgaard , Rozanski et al. , Farmer et al. , Bowen 

) and limitations to our current ability to construct reliable 

and case-specific transfer functions that describe how feathers in-

corporate this variability (reviewed in Lott and Smith , Wun-

der and Norris a, Wunder ) will continue to result in low 

specificity of geographic assignments using stable isotopes once 

the potentially tractable issue of reproducibility has been resolved. 

Although The Auk’s editors decided that presentation of the novel 

analyses required to substantiate this claim was beyond the scope 

of this rebuttal, we encourage interested readers to check this 

claim with their own data using the methods outlined in Wunder 

() to propagate all of the error that is inherent to transfer func-

tions describing the relationship between isotopes in feathers and

precipitation (e.g., the  ‰ residual variation inherent to the 

data set of Lott and Smith [: fig. , replicated as fig.  in Wun-

der et al. ]).

Moving forward with tempered expectations.—We disagree 

with Wunder et al.’s () claims that Smith et al. () was 

counterproductive, inappropriately alarmist, or a call for inac-

tion. On the contrary, we hope that Smith et al. () and this 

exchange generate greater interest in studies that seek to explain 

the sources of variation that most limit the specificity with which 

migratory origins can be predicted. We agree that compartmen-

talizing the variation in δD
f
 associated with different sources (e.g., 

Wunder ) is an important step in identifying those sources 

that are most limiting. However, since the foundational publica-

tions of Hobson and Wassenaar () and Chamberlain et al. 

(), applied hydrogen–stable-isotope studies (which we think 

have routinely overstated their inferences, given considerable un-

certainty) have greatly outnumbered studies designed to improve 

our understanding of basic specificity-limiting patterns such as () 

sources of variation in δD
f
 measurements, () spatial and tempo-

ral variability in the distribution of δD in precipitation (δD
p
), and 

() the mechanisms, and case-specific variation, of δD
p
 incorpo-

ration into feathers. Even if problems of δD
f
 measurement repro-

ducibility are resolved, probabilistic assignment of an individual’s 

origin will still have remarkably low geographic specificity given 

our current understanding of the relationship between δD
f
 and 

δD
p
, particularly when assignments are made with a reasonable 

level of credibility. Thus, we believe that researchers should dis-

cuss their inferences of migratory connectivity with the level of 

confidence (or skepticism) that might reasonably characterize a 

field in which independent validation of results is rarely possible, 

and that other fundamental issues that likely limit the specificity 

of predicted origins, described above, remain largely unexplored 

within the probabilistic framework of Wunder ().
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