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Molt-migration in the American Redstart (Setoph-
aga ruticilla) revisited: Explaining variation in feather δD 
signatures.—At least once a year, birds face the energetically de-
manding task of molting all their flight and body feathers. As a 
result, most birds avoid an overlap between molt and other costly 
activities during the annual cycle (e.g., raising young, migrating). 
Most Nearctic–Neotropical migratory birds undergo an entire pre-
basic molt at the end of the breeding season, before fall migration, 
and some also go through a second, pre-alternate molt of body feath-
ers on the wintering grounds to refurbish their breeding plumage 
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before reproduction (Pyle 1997, Froehlich et al. 2005). Even so, some 
birds employ a strategy of molt-migration, delaying some or all of 
their prebasic molt until after fall migration begins (Stresemann 
and Stresemann 1966). This phenomenon is relatively common in 
shorebirds, and nearly half the Neotropical migrants molt at least 
some feathers south of the breeding grounds (Leu and Thompson 
2002). However, molt-migration is not nearly as frequent in passer-
ines (e.g., only 7 of 53 wood warblers are reported to complete at 
least some of their prebasic molt outside of the breeding grounds: 
Vermivora peregrina, V. celata, V. luciae, Dendroica petechia, 
D. pensylvanica, D. kirtlandii, and Protonotaria citrea; Pyle 1997), 
and it also appears to vary geographically, occurring more com-
monly in western North America (Rohwer et al. 2005). 

In a recent study, Norris et al. (2004b) suggested that molt-
migration is a conditional strategy in American Redstarts 
(Setophaga ruticilla) whereby individuals investing in late-season 
parental effort (i.e., birds fledging more young late in the breeding 
season) delay part of their molt until sometime during migration. 
Using stable-hydrogen isotopes (δD) in tail feathers to infer the 
latitude of molt, Norris et al. (2004b) showed that reproductive 
effort was positively correlated with δD values the following year. 
Additionally, birds that fledged young had tail feathers with more 
positive δD values (indicative of molt at a southerly stopover site) 
than individuals that did not fledge offspring. Birds presumed to 
be molt-migrants also had less red plumage (lower red chroma val-
ues), which suggests a tradeoff between current and future repro-
duction, if plumage is an important sexual signal. 

Since the publication of Norris et al.’s (2004b) paper, stud-
ies examining isotopic variation have determined that δD is more 
variable within populations than was previously assumed (Wunder 
et al. 2005, Powell and Hobson 2006, Rocque et al. 2006, Langin et al. 
2007). For example, in the same American Redstart population stud-
ied by Norris et al. (2004b), Langin et al. (2007) reported 22‰ varia-
tion in δD (first primary [P1], range: –92 to –70‰, mean = –82 ± 
4‰ SD, n = 42) among feathers grown by different individual birds 
that bred within 2 km of each other during the year of molt, sug-
gesting that some birds Norris et al. (2004b) presumed to be molt-
migrants may have grown their tail feathers locally using hydrogen 
sources with more positive δD values than expected (Norris et al. 
[2004b] estimated a range of –88 to –72‰).

In the present study, we report additional data on the re-
lationship between reproductive effort, molt location (as in-
ferred by δD analysis), and feather color to test the robustness 
of these relationships and to further document the frequency 
of molt-migration. We also test an alternative hypothesis that a 
high degree of variation of δD on the breeding grounds, coupled 
with inadvertent feather loss during the non-breeding period, can 
explain the occurrence of individuals returning to the breeding 
grounds with more positive δD signatures and tail feathers with 
lower red chroma.

Methods

Breeding population.—Work on the breeding grounds was con-
ducted May–July, 2004–2007, at the Queen’s University Biologi-
cal Station, Chaffey’s Lock, Ontario (44°34′N, 76°19′W), using 
the same study population of American Redstarts as Norris et al. 
(2004b) and Langin et al. (2007). All birds were captured and 

processed following Norris et al. (2004b). One difference, how-
ever, is that none of our nests was experimentally depredated as 
was done with a subset of birds by Norris et al. (2004b; see Langin 
et al. 2006). We also collected the first primary (P1) from all indi-
viduals and a second rectrix from individuals with regrown tail 
feathers (i.e., feathers that appeared less orange than the rest of the 
feathers, were unworn and had narrow growth bars).

Overwintering population.—American Redstarts were also 
studied at a wintering site consisting of high-quality (dominated 
by Black Mangrove [Avicennia germinans]) and low-quality 
(second-growth scrub dominated by Logwood trees [Haematoxy-
lon campechianum]) habitats from January to March, 2004 and 
2005, at Font Hill Nature Preserve, Westmoreland Parish, Jamaica 
(18°02′N, 77°57′W; see Marra 2000). We studied birds overwin-
tering in Jamaica because populations breeding in the northeast-
ern United States and southern Ontario appear to overwinter in 
the Caribbean (Norris et al. 2006), which suggests that conditions 
in Jamaica should be similar to those experienced by our breeding 
population during the non-breeding season.

We tested the hypothesis that birds previously reported as 
molt-migrants may have lost and subsequently regrown tail feath-
ers on the wintering grounds and that feather regrowth may be 
condition-dependent. To do this, we captured birds in Jamaica 
during January–February, weighed them to the nearest 0.1 g, and 
plucked a single tail feather (R3). Before spring departure, we re-
captured the same individuals to determine overwinter change in 
body mass and whether they regrew the plucked feather. Feathers 
were defined as “regrown” if they extended >1 cm from the feather 
sheath. For a subset of birds (n = 10 ASY males), we then plucked 
the regrown feather for comparisons of δD and color between the 
original and regrown feathers.

Stable-hydrogen-isotope and color analyses.—Details of our 
stable-hydrogen-isotope analysis are reported in Langin et al. 
(2007) and are the same as those employed by Norris et al. (2004b). 
Reflectance spectra from tail feathers were obtained by measur-
ing percent reflectance from 320–700 nm using an Ocean Op-
tics USB2000 spectrometer attached to a PX-2 xenon pulsed light 
source. The sheathed probe was held at a 90° angle to the feather 
surface. All feathers were mounted on minimally reflective (<5% 
reflectance) black paper (Colorline no. 142 Ebony). To standardize 
our measurements, we took dark and white (spectralon) standard 
readings between each measurement and the next. Twenty-five 
measurements were taken haphazardly within the yellow–orange 
region of each tail feather, avoiding the rachis. We then averaged 
across the 25 reflectance spectra and quantified plumage coloration 
by calculating standard measures of brightness, hue, and chroma 
(Montgomerie 2006). Our measure of red chroma is the same as 
that reported by Norris et al. (2004b): brightness = mean R320–700, 
hue = arctan([(R415–510 – R320–415)/R320–700]/[(R575–700 – R415–575)/ 
R320–700]), UV chroma = R320–415/R320–700, and red chroma = R575–700/ 
R320–700.

Data analysis.—Following Norris et al. (2004b), reproduc-
tive effort was calculated as a combination of the number of young 
fledged and fledging date, where birds with reproductive-effort 
scores of 0 did not fledge offspring and birds with the highest re-
productive-effort scores fledged more offspring later in the season. 
All statistical analyses were performed in JMP 7.0 (SAS Institute 
2007).
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Results

Isotopic signatures.—Adult males known to have bred at our study 
site in 2004 and 2005 returned the next year with tail feather δD 
values that ranged from –92 to –64‰ (n = ���������������������   26), with an average 
value of –78 ± ���� ��� �������������������������������������������        7‰ SD. Two of these males had δD values that fell 
just outside the previously reported range of variation at our study 
site (–92 to –70‰; Langin et al. 2007), with δD values of –64‰ 
and –69‰. We found no difference in δD between the first pri-
mary (P1), which should always be molted first on the breeding 
grounds (Pyle 1997), and tail feathers (R3; t15 = –1.59, P = 0.13).

Reproductive effort.—There was no relationship between re-
productive effort in year x and δD the following year (r2 = 0.02, 
P = ������0.58, n = 16), no difference in δD between birds that did and 
did not fledge offspring the previous season (t14 = –0.71, P = 0.49; 
7 no, 9 yes), and no relationship between fledging date in year x and 
δD the following year (r2 = 0.22, P = 0.29, n = 7). We also found no 
relationship between reproductive effort in year x and red chroma 
(r2 = 0.0005, P = 0.91, n = 26), UV chroma (r2 = 0.001, P = �����0.86, 
n = 26), hue (r2 = 0.0006, P = 0.90, n = 26), or brightness (r2 = 0.08, 
P = 0.16, n = 26). Finally, there was no relationship between δD 
and red chroma (r2 = 0.02, P = 0.38, n = 50), UV chroma (r2 = 0.06, 
P = 0.08, n = 50), hue (r2 = 0.05, P = 0.14, n = 50), or brightness (r2 = 
0.03, P = 0.23, n = 50). 

Feather regrowth.—From 2005 to 2007, 7% (4 of 56) of adult 
males captured at our study site in Ontario had one or more tail 
feathers that were clearly regrown, which also had more posi-
tive δD values (–42, –48, –49, and –54‰) in relation to mean δD 
value of locally grown adult flight feathers (–82 ± 4‰; Langin et 
al. 2007). In the feather regrowth experiment on the wintering 
grounds, the δD of the original feather plucked from adult males 
averaged –73� ± ���� 3‰ (n = 10). By contrast, δD of regrown feathers 
from the same individuals plucked when recaptured later in win-
ter averaged –35� ± ���� 2‰ (n = 10; t8 = 11.68 , P < 0.0001; Fig. 1A). Those 
same feathers had significantly lower red chroma values (t8 = �������–3.70, 
P = ���������� �� �������������   0.005; Fig. 1B) and hue (t8 = �������–6.61, P < 0.0001), but not UV 
chroma (t8 = 1.13, P = ���������������������   0.29) or brightness (t8 = ������0.61, P = �������0.56). 

The probability of regrowing an experimentally plucked tail 
feather during the non-breeding season in Jamaica was higher 
among American Redstarts that maintained or gained mass be-
tween captures (Wald’s c2 = ������6.42, P = ������� ����������������������  0.01). Variation among birds 
in the time elapsed between capture and recapture did not influence 
the probability of feather replacement (Wald’s c2 = ������0.00, P = 0.98).

Discussion

Over the two years of the present study, we found no substantive 
evidence of molt-migration in American Redstarts and no support 
for a reproductive tradeoff. Only 2 of 26 return breeders had feath-
ers with δD values (–64 and –69‰) that were marginally outside 
the known range of variation at our study site (i.e., values greater 
than –70 ‰; Langin et al. 2007). Furthermore, no American Red-
starts that returned to breed had tails with highly positive δD sig-
natures and low red chroma. 

Unlike the previous study by Norris et al. (2004b), which sug-
gested that molt-migration could be driven by reproductive effort, 
we found no difference in δD between males that did and did not 
fledge offspring the previous season and no relationship between 

reproductive effort and δD. One of the major implications of Norris 
et al.’s (2004b) study was that late-season parental effort could re-
sult in a tradeoff between current and future reproduction, given 
that birds with more positive δD signatures (presumed molt-
migrants) also had feathers with lower red chroma values. We 
found no relationship between δD and red chroma and no rela-
tionship between reproductive effort in year x and red chroma the 
following breeding season. 

Results from our feather regrowth experiment demonstrated, 
as expected, that feathers regrown in Jamaica have significantly 
more positive δD signatures and lower red chroma values (Fig. 
1). This pattern is consistent with observations from our breed-
ing population and from the Powdermill Avian Research Center 
(Rector, Pennsylvania), where a few individuals arrive with one 
or two yellow tail feathers that are clearly distinguishable from 

Fig. 1. (A) δD signatures and (B) red chroma of original (open circles) and 
regrown (closed circles) feathers of adult males originally captured in 
January–February on the wintering grounds in Jamaica and subsequently 
recaptured before spring departure (n = 10). 
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the orange tail feathers (R. S. Mulvihill pers. comm., M. W. Reud-
ink and K. M. Langin pers. obs.). During the present study, 7% of 
the birds had clearly regrown a tail feather (see above), which also 
had highly positive δD signatures, which is consistent with over-
winter regrowth. We suggest that the pattern observed by Norris 
et al. (2004b) was more likely driven by adventitious molt during 
the overwintering period in a few individuals, resulting in feathers 
with highly positive δD signatures and low red chroma (consistent 
with the regrown feathers in our feather regrowth experiment). 

Regardless of the mechanism that results in highly posi-
tive δD signatures and low red chroma, the fact that Norris et al. 
(2004b) detected a relationship between reproductive effort and 
δD–feather color is intriguing. One explanation for this result 
may be condition-dependent feather regrowth on the wintering 
grounds. In Jamaica, individuals that maintained or gained mass 
during winter were more likely to regrow feathers than individu-
als that were unable to maintain mass in winter. Previous research 
indicates that differences in mass-change during the overwinter-
ing period are driven by habitat quality (Marra and Holmes 2001, 
Studds and Marra 2005). Furthermore, birds in high-quality habi-
tats have lower corticosterone levels (Marra and Holberton 1998), 
depart the wintering grounds earlier (Marra and Holberton 1998, 
Studds and Marra 2005), arrive on the breeding grounds earlier 
(Marra et al. 1998, Norris et al. 2004a, Reudink et al. unpubl. data), 
and ultimately fledge more offspring and have higher reproductive 
success (Norris et al. 2004a, Reudink et al. unpubl. data). There-
fore, these birds would have been more likely to be classified as 
molt-migrants according to Norris et al. (2004b). We suggest that 
birds in good condition during winter are more likely to fledge 
offspring the following breeding season and are also more likely 
to have regrown any feathers lost during winter on the wintering 
grounds (as opposed to not regrowing lost feathers). On the other 
hand, birds that do not regrow lost feathers during the overwinter 
period are likely to have been in poor condition during winter and 
are less likely to fledge offspring. Thus, individuals arriving with 
adventitiously molted feathers are more likely to be high-quality 
birds that fledged offspring. 

Finally, the results in the Norris et al. (2004b) study were 
driven primarily by three individuals with extremely high δD val-
ues and low red chroma. It is possible that the observed relation-
ship with reproductive effort may be a spurious result driven by 
a small number of birds with adventitiously molted feathers that 
happened to fledge young late in the season.

Our inability to find evidence of molt-migration in our breed-
ing population of American Redstarts, combined with the results 
of our feather regrowth experiment, suggest that molt-migra-
tion is unlikely to play a role in structuring American Redstart 
life history. Furthermore, our results are consistent with a lack of 
evidence of molt-migration at banding stations. In nearly five de-
cades of capturing fall-migrating American Redstarts at both the 
Powdermill Avian Research Center and Long Point Bird Observa-
tory (Long Point, Ontario), investigators have not detected a single 
molt-migrant among the thousands of American Redstarts cap-
tured (R. S. Mulvihill pers. comm., D. J. T. Hussell pers. comm.).
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