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The prebasic moult of western sandpipers into basic
(dull non-breeding) contour plumage occurs on the non-
breeding grounds between August and December, and
the pre-alternate moult into bright breeding (alternate)
contour plumage occurs between February and May, in
preparation for northward migration (Wilson 1994). The
breeding plumage includes variable numbers of rufous-
centred or rufous-edged contour feathers (crown, cheeks,
mantle, upper scapulars, and tertials) and coverts (Prater
et al. 1977). In Panama, we scored the contour plumage
coloration during prealternate moult in the spring for
recaptured (previously aged) individuals as follows:
1 =no rufous anywhere, 2 =trace of rufous on any tract
such as the mantle, upper scapulars, tertials, or crown,
3 =traces of rufous on more than one tract, 4 =presence



through to the start of the premigratory period. The
premigratory period began on 1 February, at which time
mass started to increase and the alternate plumage
became visible (Fig. 1-4). This timing was consistent
among years. We analyzed patterns of temporal varia-
tion separately for each period, and in order to visualize
trends we applied cubic spline curves with four degrees
of freedom (S-Plus 2001). Within sites, masses were
compared among sex-age categories and years with an
ANCOVA (proc ‘MIXED’; SAS 1999), using data from
each individual only once per year (i.e. no replicates per
individual per year). We included exposed culmen length



end of February (approximately) and migratory depar-
ture in the spring (Fig. 2; Wald y*=96.5, df-






intercepts at the beginning of the period (Fj 4751 =2.71,
P =0.10).

Juveniles may also maintain lower mass during the
premigratory period in Panama as adult foraging
intensity increases. We tested for changes in rates of
mass loss within the juvenile category between resi-
dency and premigratory periods in Panama. Overall,

rates of juvenile mass change did not vary between
these periods (Fj2ss2 =0.21, P=0.64) and this was
consistent among years (F,sg0 =2.27, P =0.10). How-
ever, intercepts differed between periods and the size
of this difference varied with season (F; 581 =9.91,
P <0.001). In 1995-1996 least squares mean mass
increased by 0.54 g in juveniles but in 1996-1997
decreased by 0.34 g, while there was no significant
change in 1997-1998, possibly due to the relatively
small sample size for juveniles that year (Table 3).
Although juvenile mean mass may have been affected
by increased foraging intensity in adults during the
premigratory period, this possible effect was not
consistent among our study years.
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Our results suggest that migration distance influences
the probability of deferred migration in young western
sandpipers and are consistent with the hypothesis of a
similar effect on young waders of other species (Sum-
mers et al. 1995). In México, both adult and juvenile
western sandpipers prepared for northward migration
(during the spring season). Both age classes gained
substantial mass and approximately 70-80% of all
individuals present 1 April had acquired colorful alter-
nate plumage during the premigratory period
(Fig. 1 and 2). Adults in Panam4, gained mass sig-
nificantly during premigratory periods in the first two
years of this study (Fig. 3), and approximately 55-65%
of adults present had moulted into a contour plumage
score of four or higher by 1 April (Fig. 4). However, in
the final year (1997-98), adults did not show a
significant gain in mass during the premigratory period
and only 40-45% of those present 1 April had a plumage
score of four or higher. In contrast, juveniles in Panaméa
did not gain mass significantly during any of the
premigratory periods and 5% or less of those present



analyses demands that we temper our conclusions,
allowing for a potential age difference in mass gain in
Meéxico. Nevertheless, age-specific differences in mass
gain are much clearer in Panama, which is consistent
with the latitude dependent hypothesis for migration
northward in the first spring. Artificially inflated sample
sizes for the plumage score comparisons in México
further support this reinterpretation, suggesting that
there is an age-dependent difference in prealternate
plumage coloration, but that a far lower proportion of
juveniles in Panama moult into a bright breeding
plumage than in México. Also, our analysis of 10000
random subsamples of Panama plumage scores indi-
cated that there was a strong age-dependent difference
despite considerable variation among individuals.

We conclude that a major life history difference exists
between juvenile birds spending the non-breeding season
at these locations. Those in northern México migrate
and presumably attempt to breed in their first spring of






a season with an exceptionally strong EI Nifio/Southern
Oscillation (ENSO) event, with widespread effects
throughout most of the eastern Pacific (for reviews see
Chavez et al. 2002, Fiedler 2002). This ENSO affected
populations of several taxa including macrophytes
(Carballo et al. 2002), invertebrates (Raimondi et al.



O’Hara (2002) has documented clearly that wear in-
creases with migratory distance and that migratory
versus residency behaviour of adults can be modified
with experimentally simulated primary feather wear.

In short, we do not know whether breeding birds
segregate non-randomly with respect to non-breeding
areas, or vice-versa, or whether migratory distance in
some way reflects body “‘condition/state” of an indivi-
dual. Neither do we know what role chance events play
during a bird’s first migration, nor whether individuals
would alter their pre-migratory preparation if experi-
mentally transported to different latitudes. These ques-
tions all represent fruitful directions for future research.
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