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Abstract In the shorebird subfamily Calidridinae, one of
the parents shortens parental care and initiates southward
migration before the other. We estimated the difference in
passage date between male and female western sandpipers
(Calidris mauri) at their first major stopover on the south-
ward migration from breeding areas in Alaska, in 18 years
between 1978 and 2000. Overall, adult females preceded
adult males by 1.22 days. A novel finding was that among
juveniles, which migrate approximately a month later than
adults, females preceded males by similar magnitude (1.14
days). There was wide variation among years, however,
and males actually preceded females in years with late
hatch. We relate these findings to hypotheses for female-
first southward migration in sandpipers.

Introduction

In the context of avian migration, the order with which
males and females migrate has long been of interest. Males
generally precede females on northward migration among
shorebirds (Myers 1981; Ketterson and Nolan 1983; Butler
et al. 1987) and passerines (Chandler and Mulvihill 1990;
Swanson et al. 1999), presumably due to the importance of
early arrival in acquiring good breeding territories (Kokko
1999). Supporting this hypothesis, females precede males
on northward migration in role-reversed shorebird species,
such as spotted sandpipers (Oring and Lank 1982) and
phalaropes (Reynolds et al. 1986).
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Among shorebirds, the order of migration when south-
bound is associated with the pattern of parental care (Myers
1981). Generally the non-caring parent departs the breed-
ing grounds and initiates migration first. The evolutionary
reasons for this pattern are not clear, and Reynolds and
Székely (1997) and Myers (1981) both state that infor-
mation on intra-specific variation in these factors would
be especially revealing. Here we report on the difference
in southward migratory timing between male and female
western sandpipers (Calidris mauri) in 18 years between
1978 and 2000.

Methods
Migratory timing

Western sandpipers were mist-netted from 1978-2000
in the Strait of Georgia, British Columbia (49°05" N,
123°00"W). This is the first stopover on southward migra-
tion after breeding (Butler and Kaiser 1995), and follows a
~2900 km migratory jump over the Gulf of Alaska. Mist-
netting began with the onset of adult migration early in July,
and continued through the end of the juvenile migration pe-
riod in late August. Methods are described by Butler et al.
(1987) and Ydenberg et al. (2004). We restricted analyses
to years in which at least 20 individuals of a particular age
class were captured over at least 10d, admitting 14 years
with on average 317 adults, and 18 years with on average
383 juveniles.

Passage timing

Migration timing (DeLong and Hoffman 1999; Swanson
et al. 1999) is usually estimated based on median passage
dates. However, the median date can easily be biased when
capture effort is episodic, which, because good conditions
are critical, is often the case when mist-netting shorebirds.
We used a method developed by Morbey (2000) that esti-
mates the difference in passage timing as the area between



the cumulative percent distributions of female and male
captures (termed D.,). We express female-first migration
as negative values, and male-first migration as positive val-
ues. Dy, can be interpreted as the expected number of days
by which the capture of a randomly-selected male pre-
cedes that of a randomly-selected female. The likelihood
that the value of Dy, occurred by chance can be estimated
by comparing the estimated value of D, with a null distri-
bution (i.e. that expected if the order of arrival were random
with respect to gender). The null distribution is generated
by randomly assigning a gender to each successive cap-
ture in proportion to each gender’s representation in the
data set, computing Dy, and repeating 1000 times (Morbey
2000). We expected female-first migration, and therefore
report the proportion of the null distribution lying below
(i.e. females further ahead) the measured value of D,—
effectively a one-tailed test that more extreme values could
arise by chance.

This procedure is inadequate to test the hypothesis that
males are significantly advanced when, as we unexpect-
edly observed, they preceded females. In these cases the
proportion of the null distribution lying below the mea-
sured value of Dy, is large and may approach 1.00, but this
does not mean that the difference is random. To better and
more conservatively test whether males ever significantly
preceded females, we took the inverse (i.e. 1 minus the
probability), and doubled it to make a two-tailed test. The
estimates of Dy, and the associated one-tailed probability
levels are summarized in Table 1.

Table 1  The table shows hatch (Julian date) from the data of
Bowman et al. (2001), sample size, D,, (male—female timing differ-
ence) and the one-tailed probability level that D,, arose by chance®

Year Hatch Adults Juveniles
N Dy, P N Dy, P

1978 118 —-2.11 0.167 372 -2.43 0.037
1979 487 —0.12  0.585 699 0.53 0.759
1980 1,221 1.5 1.00 626 —0.87 0.076
1981 310 2.62 1.00 524 —0.79 0.106
1982 181 762 -0.3 0.284 1734 0.28 0.853
1983 686 —-093 0.038 1,297 —1.79 0.002
1985 184 217 —-044 0324 88 1.21 0.843
1989 175 57 —0.70  0.103
1990 176 103 —0.98 0.265 129 1.05 0.836
1992 178 38 —0.60 0.443
1993 172 138 —4.04 0.004
1994 169 93 —1.20 0.137
1995 170 34 —-7.83 0.009 142 —-5.08 <0.001
1996 171 113 —1.82 0.112 415 —0.62 0.183
1997 163 124 -3.69 0.001 238 —3.18 0.013
1998 173 38 —4.68 0.015 97 0.89 0.708
1999 176 23 2.31 0.895 55 —3.08 0.040
2000 174 199 —-0.66 0.24 154 —-0.13 0432

2Procedure described in the text. No data were collected in 1984,
1986-1988, or 1991

333

Hatch timing

In 1982 and 1985-2000, intensive nest surveys were con-
ducted in coastal areas of the Yukon-Kuskokwim Delta in
western Alaska (Bowman et al. 2001), at the heart of the
breeding range of western sandpipers. We used the data
reported for ‘small shorebirds’ to estimate the hatch date of
western sandpipers. On average, 9.4 (£3.7 95% CI) nests
were found. We used general linear models with nested age
classes to evaluate the relationship between hatch date and
Diy.

Bowman et al.’s (2001) methodology was not designed
specifically for shorebirds, and their ‘small shorebird’
group includes the nests of several species (C. mauri,
C. pusilla, C. alpina, C. ptilocnemis, Phalaropus spp.,
Arenaria spp.), which could not always be distinguished.
Although Arctic shorebirds breeding in the same locale
exhibit similar temporal patterns of breeding (Sandercock
1997), and the reported hatch dates are similar to those
based on breeding studies of western sandpipers (Holmes
1972; Sandercock 1997; Neville 2002; Ruthrauff 2002),
the estimated hatch dates may not be very accurate.
Bowman et al.’s (2001) data show strong correlations
in hatch date among almost all species, indicating that
large-scale (likely weather-related) factors drive the timing
of breeding for most avian species. To be less dependent
on the accuracy of Bowman et al.’s estimated hatch dates,
we also classified years merely as ‘early’ or ‘late’, relative
to the mean hatch date of Julian day 173.9, and compared
hatch in early and late years with #-tests.

The data used in our analyses are summarized in Table 1.
Note that estimates for all parameters are not available
for every year, accounting for the sample size differences
between the comparisons that follow.

Results

As expected, the southward migration of western sandpiper
adults was female-firstin 11 (79%) of the 14 years in which
Dy, could be estimated, and was significant in 4 years. A
surprising result was that male-first migration was observed
in 3 of 14 years (significant in 2 years). The latter outcome
is not a sampling error, as both significant years have good
samples, and one (1980) has the largest sample (n=1221)
of all. The overall annual average value of Dy, is —1.22d
(n=14), not significantly different from zero (95% CI =+
1.44). The annual estimates range from —7.83 (female-
first) to +2.82 (male-first).

The southward migration of juveniles shows similar pat-
terns, with female-first migration observed in 12 (68%)
of 18 years, attaining significance in 6 years (and near-
significance in 3 other years). Male-first migration was
observed in 6 of 18 years, but was significant in none.
The overall annual average value of Dy, is —1.14d (n=18),
which is significantly less than zero (95% CI % 0.83). An-
nual estimates vary from —5.08 to 1.21. Using a two-tailed
procedure instead of the one-tailed tests reported above
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Male-female difference

160 170 180 190

Hatch Date (Julian Date)
Fig. 1 The relation between hatch date and male-female migratory
timing difference (Dy,), for adults (solid dots, lower line; slope =
0.27; r=0.56) and juveniles (open dots, upper line; slope = 0.22;
r=0.58) showing that the effect is similar within each age class.
Statistics are reported in the text

when males were significantly advanced does not change
any of the results (see Table 1).

We have estimates for both hatch date and Dy, in 9 years
for adults and 13 years for juveniles. Using a general lin-
ear model with age class nested within hatch dates shows
that the effect of hatch date on the value of Dy, is positive
and significant (F,2;=4.93, p=0.019; i.e. females further
ahead in years with earlier hatch). The value of D, is posi-
tive (i.e. males-first) in years with late hatch. If we restrict
the analysis to the 9 years for which we have estimates of
Dy, for both adults and juveniles, the result remains sig-
nificant (F; 17=3.92, p=0.035). Figure 1 plots the relation
between hatch date and Dy,, showing that the effect is sim-
ilar within each age class.

This conclusion does not change if hatch is more simply
classified as ‘early’ or ‘late’. The mean adult male-female
difference in early years is —3.4d (SD=1.44, n=3), while
in late years the difference is —0.7d (SD = 0.34, n=S5;
t=4.34, p<0.01). In early years the male-female difference
among juveniles is —2.2d (SD = 2.27, n=6), while in late
years the difference is —0.32d (SD = 1.41, n=8; 1=2.84,
p<0.02). If we pool age groups the differences are —2.6d
(SD = 2.02, n=9) in early years, and -0.48d (SD = 1.12,
n=13; t=3.15, p<0.01) in late years.

Discussion

The southward migrations of both adult and juvenile west-
ern sandpipers are on average female-first, and by simi-
lar magnitude. Female-first southward migration of adults
has been previously described for western sandpipers and
other calidridines (Butler et al. 1987; Jehl et al. 1979;
Gratto-Trevor 1991; Butler and Kaiser 1995), but we could
locate no reports on this phenomenon for juveniles of any
calidridine species (though see Butler et al. 1987). A sec-

ond discovery was that the timing difference varied widely
among years in both adults and juveniles, and in some years
male-first migration was observed. Finally, the data indicate
that females are further ahead in years with early hatch.

Niehaus (2003) reviewed five main hypotheses to explain
why females migrate first. Briefly, these are the breeding
recovery hypothesis (females must recover from breeding),
the territoriality hypothesis (males stay to defend territo-
ries), the migration distance hypothesis (females migrate
further), the molt deadline hypothesis (molt must com-
pleted by a deadline), and the escape performance hypoth-
esis (females have poorer predator-escape abilities). She
concluded that the case was strongest for the escape per-
formance hypothesis, which states that female (both adult
and juvenile) western sandpipers have relatively poor es-
cape performance due to their larger size. They therefore
terminate arctic residence sooner than do males in order to
migrate southward earlier in the face of seasonally-rising
predation danger (see Lank et al. 2003, their Fig. 3).

Based on his comparative analysis, Myers (1981) con-
cluded that “... these [parental care] patterns are consistent
with a hypothesis that through early departure an individ-
ual can decrease the risks of long-distance migration . ...”
Myers evidently associated ‘risk’ with the challenges of
accumulating large energy reserves, but the idea that the
risks stem from the danger posed by predators during or
after migration (Lank et al. 2003) fits well into this basic
hypothesis. However, neither Myers (1981) nor Reynolds
and Székely (1997) explicitly considered predation danger
as a possible cost of extended Arctic residence for long-
distance migrants.

Our observation of female-first migration among juve-
niles weakens the case for hypotheses invoking molt, breed-
ing or territorial defense, as juvenile western sandpipers do
none of these. The wide variability in passage timing among
years indicates that the conditions underlying the decision
to initiate migration vary widely between years, weakening
the case for the migration distance hypothesis. Finally, our
finding that the difference in male-female timing is associ-
ated with hatch date suggests that whatever the changing
conditions are, they differentially affect males and females.
This observation could be explained if migration was more
dangerous in years with early hatch, so that females ter-
minated Arctic residence sooner (relative to males) than in
late hatch years.
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