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exposure to different ecological conditions at different winter 
areas could impact age- and/or sex-specific vital rates, such 
as survival or productivity in the subsequent breeding season 
(Webster et al. 2002; Calvert et al. 2009; Taylor and Norris 
2010; Betini et al. 2015). Consequently, knowledge of how 
migration patterns vary within species and populations and 
of the factors underlying this variation is important for our 
understanding of the ecology of migratory species.
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The breeding population on Kent Island has been 
monitored annually since 1987 (Wheelwright et al. 1992; 
Wheelwright and Mauck 1998; Mitchell et al. 2012; Wil-
liams et al. 2013). Each year from late May to the end of 
July, nests within an approximately 10-ha study plot are 
found during the egg-laying stage and monitored every 
second day until fledging or failure. Nestlings are banded 
on the seventh day after hatching with a USFWS/CWS 
aluminum leg-band and single-color leg-band. Nestlings 
that return to Kent Island to breed in subsequent years are 
recaptured with mist-nets and given a unique three-color 
leg-band combination. Un-banded immigrants that enter 
the breeding population are also captured and banded 
with a USFWS/CWS aluminum leg-band and a unique 
three-color leg-band combination, such that all breed-
ing individuals in the study population are marked and 
uniquely identifiable. Wing chord (unflattened ±1 mm), 
tarsus length (±0.1 mm), and body mass (±0.1 g) are also 
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R 3.1.1 (R Core Team 2014). We defined sunrise and sunset 
times using a light threshold value of 3. Erroneous sunrise 
and sunset times caused by shading events during the day 
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Results

Based on 42 geolocators recovered from 38 individu-
als (14 adult males, 15 adult females, 7 juvenile males, 2 
juvenile females) between 2012 and 2014, we identified 
the winter range of Savannah sparrows from Kent Island to 
be centered in North Carolina (median latitude 34°), with 
a range from southern Florida (minimum latitude 26°) to 
Pennsylvania (maximum latitude 41°; Fig. 1). For 16 indi-
viduals from which we had geolocator and stable hydro-
gen isotope data from the same year, winter latitude and 
δ2H were found to be weakly negatively correlated (i.e., 
higher latitudes corresponded to more negative δ2H values; 

Spearman’s rho = −0.22, 95 % confidence interval −0.59 
to 0.38). Adult males (median departure date 03 October, 
n = 14; Fig. 2a) departed the breeding grounds in the fall 
approximately 6 days later than adult females (median 
departure date 27 September, n = 15; Fig. 2a), and adults 
of both sexes departed later than juvenile males (median 
departure date 22 September, n = 7; Fig. 2a).

Latitudinal distribution during winter

We found significant differences in winter latitude and δ2H 
values between males and females and in δ2H values between 
adults and juveniles. Although there was a substantial amount 
of overlap in winter latitude and δ2H values between sexes, 
both datasets suggested that males wintered further north than 
females. Based on estimates of winter latitude from geoloca-
tors for 38 individuals, we estimated that males overwintered 
(β ± SE) 2.5 ± 1.1° north of females (t33 = 2.3, d = 0.81, 
P = 0.03), which corresponds to a difference of approxi-
mately 275 km (Fig. 1). We found no evidence for a relation-
ship between age and winter latitude (β ± SE: 0.22 ± 1.3, 
t33 = 0.2, d = 0.07, P = 0.87). Based on feather samples 
from 106 individuals, males were found to have δ2H values 
that were (β ± SE) 5.6 ± 2.2  ‰ more negative than those of 
females (t99 = −2.5, d = −0.50, P = 0.01). In addition, adults 
had δ2H values that on average were (β ± SE) 6.2 ± 2.5  ‰ 
more negative than those of juveniles (t99 = −2.4, d = −0.51, 
P = 0.02), suggesting that adults wintered further north than 
juveniles. Both winter latitude and δ2H varied among years, 
but not significantly so (see Table 1 for full model results).

Within each sex and controlling for age and year effects, 
we found no evidence for relationships between tarsus 
length and winter latitude [males: 1.76 ± 1.01 (β ± SE), 
t16 = 1.7, r = 0.40, P = 0.10; females: −1.21 ± 1.15 
(β ± SE), t12 = −1.1, r = −0.29, P = 0.31] or δ2H val-
ues [males: −0.70 ± 3.03 (β ± SE), t44 = −0.23, r = 0.03, 
P = 0.82; females: = 3.34 ± 3.70 (β ± SE), t42 = 0.9, 
r = 0.14, P = 0.37] nor between wing length and winter 
latitude [males: 0.79 ± 0.53 (β ± SE), t16 = 1.5, r = 0.35, 
P = 0.15; females:  −0.17 ± 0.52 (β ± SE), t12 = −0.32, 
r = −0.09, P = 0.76] or δ2H values [males: −1.73 ± 0.99 
(β ± SE), t46 = −1.7, r = −0.25, P = 0.09; females: 
0.00 ± 0.98 (β ± SE), t43 = 0.0, r = 0.00, P = 0.99]. Full 
model results are presented in Electronic Supplementary 
Material Table S1.

Timing of migration and breeding

Arrival time at the breeding grounds differed by sex 
(Fig. 2b), and we found some evidence for a negative cor-
relation with winter latitude in males (Fig. 3a). Adult males 
(n = 12) and juvenile males (n = 7) returned to Kent 
Island at approximately the same time (median arrival date 
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with possibly the simplest being that early-arriving males 
are able to start breeding earlier because they pair up 
with the earliest arriving females. However, in our study, 
there was very little overlap in spring arrival of males and 
females (i.e., only 2/17 female arrival dates were earlier 
than the latest male arrival date), suggesting that the vast 
majority of males arrived before the first-arriving females. 
A likely alternative explanation is that males which arrive 
earlier are able to acquire higher quality breeding territo-
ries than those which arrive later (Bensch and Hasselquist 
1991; Lozano et al. 1996; Aebischer et al. 1996; Smith and 
Moore 2004). Early-arriving males may also be preferred 
by females because they are in better condition—having 
migrated shorter distances and/or having had more time to 
recover from migration prior to female arrival—than males 
which arrive relatively later (Holberton and Able 2000; 
Dale and Leonard 2011).

Although the observed pattern of males wintering far-
ther north than females provided support for the body 
size hypothesis, we did not find evidence for a direct rela-
tionship between body size and winter latitude or δ2H 
values within either sex. Similarly, Dale and Leonard 
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