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Abstract

Sexual segregation outside the mating season is common in vertebrates. This has been shown to arise through resource partitioning in a
number of taxa, but never in avian migrants. Western sandpipers (Calidris mauri) are migratory shorebirds that mainly breed in Alaska and
overwinter along the coast in western and eastern North America down into South America. Females are slightly larger than males but have
substantially longer bills. They migrate further south, resulting in a latitudinal bias in sex ratio. Resource partitioning could contribute to this
pattern if (1) males and females forage on invertebrates buried at different sediment depths, and if (2) average prey burying depth changes with
latitude. In accordance with the hypothesis, it was shown that female western sandpipers used a probing foraging mode more than males.
Comparison of individuals overwintering in California, Mexico and Panama revealed that length of tarsus did not change among sites, while
bill length increased in both males and females towards the south. Bill length residuals, corrected for length of tarsus, were also larger at a
southern site. Between and within sexes, individuals with longer bills are thought to be favoured at southern latitudes because of a postulated
general increase in invertebrate burying depth with higher ambient temperatures at lower latitudes. The implications of these findings for the
evolution of sexual bill size dimorphism in shorebirds are discussed.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Spatial segregation of males and females outside the mat-
ing season is common among vertebrates (Ruckstuhl and Neu-
haus, 2000). Evidence from a number of taxa shows that this
can arise through resource partitioning. In three-spined stick-
lebacks (Gasterosteus aculeatus), resource partitioning pro-
motes morphological diversification (Schluter, 1994), result-
ing in habitat segregation between males and females
(Reimchen, 1980). Likewise, resource partitioning contrib-
utes to sexual segregation in ungulates (Ruckstuhl and Neu-
haus, 2002) and breeding birds (Petit et al., 1990; Phillips et
al., 2004), and was shown to underlie sex-specific occupancy
of territories of resident birds (Peters and Grubb, 1983). In
avian migrants, spatial separation of the sexes during the non-
breeding season is common (Cristol et al., 1999), but resource

partitioning does not figure in any of the hypotheses aiming
to explain those patterns (Berthold, 1996; Cristol et al., 1999).

Here, I investigated whether sexual segregation during the
nonbreeding season in an avian migrant can be attributed to
resource partitioning. Western sandpipers (Calidris mauri)
are small, migratory shorebirds that breed in western Alaska
and eastern Siberia. They spend the nonbreeding season along
the west and east coast of North America down into South
America (Wilson, 1994). The species shows pronounced
sexual segregation during the nonbreeding season (Nebel et
al., 2002). At the northern end of the nonbreeding range
between southern Canada and northern Mexico, 70–80% of
western sandpipers are male, while towards the southern end
in Ecuador and Columbia (both > 9,000 km Great Circle dis-
tance from breeding areas), 70–80% are female.

The three most common hypotheses on differential migra-
tion cannot fully explain the pattern observed in western sand-
pipers (Nebel et al., 2002). The ‘body size hypothesis’ argues
that larger individuals can survive longer periods of fasting
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and are therefore better suited to survive the colder and less
predictable climates at higher latitudes (Ketterson and Nolan,
1976). In western sandpipers, however, members of the larger
sex, females, winter further south. Alternatively, dominant
individuals may monopolize areas closer to the breeding
grounds to lower migration costs (Gauthreaux, 1978).Assum-
ing that the larger sex dominates the smaller sex, one expects
higher proportions of females at more northern sites, which
is the opposite of the pattern observed in western sandpipers.
However, the assumed dominance hierarchy remains to be
verified with behavioural data of nonbreeding western sand-
pipers, which are currently unavailable. Finally, the ‘arrival



80.4°W, Feb. 2002). Data on foraging behavior were only
collected at Bodega Bay, Bull Island, Upper Bay of Panama
and Chitré. Morphometrics were measured at the Californian
sites, at Bahía Santa María, Mexico, and at the Upper Bay of
Panama, Republic of Panama. Data reported here are restricted
to the period Nov.–Feb. in order to exclude recently arrived
southward migrants, and individuals preparing for northward
migration.

2.3. Statistical analysis

Observations on foraging individuals were transformed into
a score expressed as the proportion of probes: (number of
probes/(number of pecks + number of probes)). This score
was arcsine transformed prior to analysis to stabilize vari-
ance. All data were analysed using General Linear Models
(GLM) in the statistical package Systat 11. (SYSTAT, Soft-
ware Inc. 2004). Interaction terms were only reported when
p > 0.05.

3. Results

Female western sandpipers used the probing foraging mode
more than males at all sites except California, where data on
a single female only were collected (Fig. 1; Bodega Bay:
F1,13 = 2.88, p = 0.11; Bull Island: F1,44 = 20.54, p < 0.001;
Chitré: F1,53 = 10.21, p = 0.002; Panama Bay: F1,155 = 16.54,
p < 0.001).

In females, foraging score differed among sites
(F3,166 = 5.28, p = 0.002), but not in males (F3,99 = 2.40,
p = 0.07). In females, this effect appears to be attributable to
the South Carolina data point, where the proportion of probes

is high, but foraging behaviour is overall much more variable
than at the other sites (Fig. 1). A pairwise comparison among
sites, using the Bonferronie correction, showed that the only
sites that differed in female foraging score were South Caro-
lina and Upper Panama Bay (p = 0.004).

A GLM testing for the effect of sex, age and site on bill
length showed that female bills were significantly longer than
male bills (F1,402 = 1251.11, p < 0.001), that bill length did
not vary among age classes (F1,402 = 3.59, p = 0.059), but that
it did change among sites (F2,402 = 10.82, p < 0.001; Fig. 2a).
Pair-wise post-hoc analysis of site-differences, using the Bon-
ferroni correction and taking into account the effect of sex
and age, showed that bills were shorter in California than in



in South Carolina than in the Upper Bay of Panama. How-
ever, the sample of females observed in South Carolina was
much smaller than at the two sites in Panama and variance in
foraging behaviour was much higher. This raises the possi-
bility that females, like males, do not significantly alter their

foraging behaviour between sites, but more data are needed
to provide a satisfactory answer. Having failed to detect a
latitudinal trend in foraging behaviour may seem counterin-
tuitive at first, but can likely be attributed to the increase in
bill length towards southern sites. Even without adjusting their
foraging mode towards more probing, individuals at south-
ern latitudes can reach invertebrates buried at greater depth
due to their longer bills.

A possible explanation for the advantage of having a long
bill at southern latitudes is provided by an observation made
at a major tropical nonbreeding site, the Bay of Panama. West-
ern sandpipers were observed to change their foraging mode
with increasing sediment temperature from pecking on the
surface towards probing for more deeply buried invertebrates
(Nebel and Thompson, 2005
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