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Effects of predation danger on migration strategies of sandpipers
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We examine the potential selective importance of predation danger on the evolution
of migration strategies of arctic-breeding calidrid sandpipers. Adult calidrids truncate
parental care for reasons not obviously related to levels of food abundance on the
breeding areas or at migratory stopover sites, suggesting that a different trade-off
occurs between providing additional care and adult survivorship. The southward
migrations of adult western sandpipers precede those of migratory peregrine falcons
by almost a month. By moving early and quickly, adults remain ahead of migrant
falcons all the way to their non-breeding areas, where they rapidly moult flight
feathers. They complete the moult just as falcons arrive in late September–October.
By migrating early, they avoid exposure to falcons when they are unusually vulnera-
ble, due to the requirements for fuelling migratory flight and of wing feather moult.
Juvenile western sandpipers migrate south just as falcon numbers start to increase,
but do not moult flight feathers in their first winter. Pacific dunlin use an alternative
strategy of remaining and moulting in Alaska after falcons depart, and migrating to
their overwintering sites after migrants have passed. East of the Rocky Mountains,
the southbound migration of falcons begins 4–6 weeks later. Southbound semipal-
mated sandpipers make extended migratory stopovers, but their lengths of stay
shorten prior to falcon migration to the sites in September. Predation danger also
may affect the evolution of migration routes. Southbound western sandpipers fly
directly from Alaska to southern British Columbia, in contrast to the multi-stage
journey northward along the Alaska panhandle. We estimate that a direct flight
would be more economical on northward migration, but may be avoided because it
would expose sandpipers to higher mass-dependent predation danger from migratory
falcons, which travel north with sandpipers. By contrast, few raptors are present in
Alaska during preparation for the southward flight. A temporal and spatial window
of safety may also permit semipalmated sandpipers to become extremely vulnerable
while preparing for trans-Atlantic southward flights. Danger management may
account for the these previously enigmatic features of calidrid migration strategies,
and aspects of those of other birds.
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Alerstam and Lindström (1990) identified time, energy,
and safety as three primary considerations governing
avian migration strategies. The preponderance of theo-
retical and empirical recent research in this field has
concentrated on quantifying effects of and testing hy-
potheses derived from the first two factors, examining
in what ecological situations predictions of ‘‘time-

minimisation’’ versus ‘‘energy rate maximising’’ appear
to be strategies used by migrants in different ecological
conditions (Gudmundsson et al. 1991, Lindström and
Alerstam 1992, Lyons and Haig 1995, Farmer and
Wiens 1999, Weber et al. 1999). The few studies focus-
ing specifically on safety concentrate on how sensitivity
to predation danger may alter local stopover foraging
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and habitat use, resulting in slower (Lindström 1990,
Ydenberg et al. 2002) or faster (Fransson and Weber
1997) fattening rates (Bednekoff and Houston 1994),
and thereby altering migration speeds (Weber et al.
1998). The effects of safety have been thought of pri-
marily as modifying time or energy considerations,
rather than considered in their own right. In this paper,
we explore situations in which safety and its opposite,
danger, may account for some quite general features of
calidrid sandpiper migration that appear enigmatic
from the perspective of temporal and energetic consid-
erations alone, as well as accounting for certain quite
specific aspects of the migration behaviour of three
species. Our general thesis is that spatial and temporal
patterns of the presence of falcons and other raptors
have profoundly influenced the evolution of the sand-
piper migration, in ways not previously considered. We
apply the general paradigm outlined by Lima and Dill
(1990), and refer to adaptive strategies of ‘‘danger
management’’, parallel to the term ‘‘energy manage-
ment’’ used to describe allocation decisions in that
dimension (Ricklefs 1996). We are not ignoring other
factors, and consider shifting trade-offs between preda-
tion danger and feeding opportunities as essential to
our understanding of migratory and non-breeding habi-
tat choice (Ydenberg et al. 2002). However, in this
paper, we are primarily developing and testing predic-
tions from danger-based explanations, bringing to-
gether data from the literature and our own results
from a variety of studies. Topics considered include: the
timing of parental abandonment of young; the timing
of southward migration and post-breeding wing moult
of adults; seasonal variation in residence times at mi-
gratory stopovers; and differences in migration strate-
gies, includings8
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Fig. 2. The latitudinal progression of southward migration dates of peregrine falcons across North America, with respect to peak
migration timing of western and semipalmated sandpipers. The dashed line at the top represents falcons on their breeding
grounds. West coast data are depicted in grey, central mid-continental data are black, and open bars and the dotted line are
eastern birds. The grey line for western peregrines is based on passage dates recorded in six regional field guides (Bent 1927,
Jewett et al. 1953, Ridgely 1976, Campbell et al. 1990, Contieras 1998, Raffaele et al. 1998). The black line for passage down
the central flyway is taken from Schmutz et al. (1991, their Fig. 3), based on recovery times of banded peregrines of the migratory
races anatum and tundrius, marked predominantly in the Canadian arctic north of 60°. The dotted line of eastern passage is
anchored at Hawk Mountain, Pennsylvania (Heintzelman 1975), with a rate of southward migration as measured by
satellite-telemetry (172 km d−1; Fuller et al. 1998) from a sample of central and eastern migrants. The timings of migration by
adult and juvenile sandpipers are depicted as bars of 14-day periods centred on reported peak abundances; methodologies varied
among studies. Western sandpiper data are from 2789 birds captured in southern British Columbia between 1985–2001



Fig. 3. An index of seasonal
variation in peregrine
abundance measured in the
Strait of Georgia, British
Columbia, and the passage
timing of northward adult and
juvenile migrant western
sandpipers. Small solid dots:
George C. Reifel Migratory
Bird Sanctuary on the Fraser
estuary; open dots: Sidney
Island. See map in Lissimore et
al. (1999) or Ydenberg et al.
(2002) for locations. At Reifel,
a near-daily 1h lunchtime watch
has been mounted since 1986.
The index reported here is the
mean number of daily peregrine
sightings, calculated over 5 d
periods, and averaged over all
years (1986–2000). The Sidney
Island data show the number of
peregrines sighted per party
field hour during sandpiper
mist-netting operations in July
and August, averaged over 2
week periods. Both methods
show a steep rise in the
frequency of falcon sightings in
late July.

Schneider and Harrington 1981). Several authors have
emphasised the importance of considering the intercon-
nectedness of conditions at different stages of the an-
nual cycle when attempting to interpret such
phenomena (Myers 1981, Weber et al. 1998). We will
review and compare details of the breeding and south-
ward migration of these three calidrids, and consider
potential ecological regimes that may favour migration
strategies and differences in strategies between species
and populations.

Western sandpipers

Western sandpipers arrive on breeding grounds in west-
ern Alaska in mid-May (Holmes 1972, Sandercock
1997). Territorial males display on and over the tundra
(Lanctot et al. 2000), and paired females lay clutches of
four eggs as the snow recedes. Mean nest initiation
dates range from 20–24 May near Nome (1993–1996:
Sandercock et al. 1999, 2000), 25 May to 5 June in the
central Yukon Kuskokwim Delta (1966–1969: Holmes
1972; 1999–2000: Ruthrauff 2002), 8–10 June at Cape
Espenberg, at the northern tip of the Seward Peninsula
(1976–1979 and 1994–1998, Schamel and Tracy, pers.
comm.), and ca 10–15 June on the Chukchi Peninsula
in Siberia (1978–1980: Tomkovich and Morozov 1983).
Both parents usually incubate for 20–22 days and eggs
hatch in mid-late June.

Miller (1985: p. 1599), states as a generalisation that
‘‘In the Scolopacidae it is normal for at least one parent
to attend the chicks until they are past the age at which
they can make sustained flights’’, and cites appropriate
literature. For western sandpipers, this is more the case
for earlier than later hatching clutches. The duration of
parental attendance by both parents declines over the
season (westerns: Neville 2002, Ruthrauff 2002). Male
westerns typically accompany broods for up to three
weeks, for early hatching nests, but only 10 days for
those hatching at the end of the season, leaving unfl-
edged young on their own. Females typically accom-
pany broods for up to 10 days at the start of the
season, but leave late broods within a few days of
hatch. This suggests that the benefits to chicks of care
and biparental care decrease later in the season, and/or
that the costs to parents increase.

Why do parents migrate early, and what apparent
deadline causes later breeders to further truncate
parental attendance of pre-fledged young? We have
examined the birds’ behaviour at subsequent stages of
their southward migration in search of potential an-
swers. Following departure from the breeding grounds,
western sandpipers move to marine migratory staging
periods in coastal southwestern Alaska (Gill and Han-
del 1990). From there, they appear to make a direct
flight to temperate latitudes (Fig. 4, Butler et al. 1996,
see below). The first migrants from Alaska, all adults,
arrive in southwestern British Columbia in late June,
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northern areas in early June (Gratto and Cooke 1987,
Fig. 4). Males establish territories, and females lay
clutches of 4 eggs as the snow recedes. Mean laying
dates were 17–18 June near Churchill, Manitoba,
1980–1983, and 17–18 June at Barrow during the late
1960–early 1970s. Near Nome, mean nest initiation
dates were 25–29 May, ca 5–8 days later than western
sandpipers breeding on exactly the same study site
(1993–1996: Sandercock et al. 1999, 2000). Across their
entire range, semipalmated sandpipers are thus starting
to breed a week to 10 days later than westerns.

Both parents incubate for 20–22 days, and eggs
hatch in late June and early July. As with western
sandpipers, the duration of biparental care decreases
for later hatched nests, with females usually abandon-
ing the brood first (Gratto-Trevor 1991). Adults leave
the tundra, shift to feeding on beaches or mudflats, and
begin southward migration in mid-July (Fig. 2). Many
adults from central and western Canada stage along the
shores of James Bay in the last half of July, before
proceeding to stopover sites further south. Adult fe-
males precede males by about five days on average in
southern Canada (McNeil and Cadieux 1972, Morrison
1984), in contrast to westerns, where the sexes become
more synchronous. Juveniles migrate later, with peak
passage in temperate North America falling between
late August and early September (Fig. 2).

Lank (1983) studied the temperate-zone behavioural
ecology of southward migrant semipalmated sandpipers
at a mid-continental inland staging site (Sibley Lake,
North Dakota, in 1978), and an eastern coastal site
(Kent Island, Bay of Fundy, in 1977; Fig. 4). The
inland and coastal sites fall on quite different migratory
routes. Birds arrived at Sibley Lake from Alaska and
the western Canadian arctic, and continued their migra-
tion southeasterly across the continent towards Florida
and the West Indies, with many en route stopover
possibilities (Lank 1979). Birds arrived at Kent Island
principally from the central and eastern Canadian arc-
tic, and after staging, they initiated a non-stop trans-
Atlantic flight to the West Indies or South America
(McNeil and Cadieux 1972, McNeil and Burton 1977,
Richardson 1979, Stoddard et al. 1983).

Despite substantial differences in feeding ecology,
migration routes, and seasonal timing, the stopover
residency periods at the two sites show an intriguing
similarity. At both sites, birds arriving early in the
season have lengthy residency periods, while those ar-
riving later in the season move on more rapidly. Such
lengthy residency periods of semipalmated sandpipers
have puzzled a generation of researchers (Page and
Middleton 1972, Lank 1983, Morrison 1984, Dunn et
al. 1988, Pfister et al. 1998). Early migrants had mean
minimum stopover periods as long as 25 d, compared
to 5–10 days late in the season. Potential fattening
rates, estimated at over 1.3 g/day, indicate that the
mean stopover periods early in the season at both sites

were substantially longer than necessary simply to fat-
ten up as quickly as possible for the next flight, even the
trans-oceanic fl



Fig. 5. Stopover durations of
semipalmated sandpipers at
Sibley Lake, North Dakota
(lower), and Kent Island, in
the Bay of Fundy (upper),
with respect to season, and
the timing of migratory
movements of falcons. At
both sites, sandpipers were
mist-netted daily throughout
the migratory period,
colour-marked, and censused
daily to determine minimum
stopover residency periods,
defined as date captured
through the date last seen
(Lank 1983). Each horizontal
bar shows the capture and
mean date last seen of
successive daily cohorts of
marked sandpipers. The
bottom of the lower panel
plots the southward migratory
progression of prairie falcons
(from Fig. 1 in Schmutz et al.
1991). The bottom of the
upper panel shows the
cumulative passage of
peregrines at Hawk
Mountain, Pennsylvania
(from Fig. 6 in Heintzelman
1975).

west to east may be related to the longer time window
of safety created by the later falcon migration at mid-
continental and eastern areas (Fig. 2). The eventual







studies of seasonal dynamics will be needed to further
evaluate the generality of seasonal patterns and assess
the potential effect of migrants in competition for a
resource base (see also Piersma et al. 1994). Under the
simplest hypothesis that food was being substantially
depleted over the season at these sites (Schneider and
Harrington 1981), we might expect later migrants to
remain longer to accumulate sufficient fuel stores for
the overwater flight, rather than moving through more
rapidly, assuming that individuals achieved similar
masses prior to departure, rather than seeking alterna-
tive feeding areas. If alternative areas are available,
however, the strength of the food limitation argument
is lessened.

A further extension of a food-based hypothesis might
consider the difference in moult patterns of adult and
juvenile sandpipers after arrival on non-breeding
grounds. Since rapid moult by adults may be energeti-
cally stressful, adults may gain more than juveniles by
utilising food rich areas immediately following migra-
tion. However, there is little evidence in general for
substantial depletion of relevant foraging resources for
small shorebirds in sub-tropical or tropical wintering
habitats (Schneider 1985, Kalejta 1993, Piersma et al.
1993, van der Meer et al. 2001, Zharikov 2002).

In summary, although the data are few, we see little
evidence that changes in food abundance on breeding,
stopover, or wintering grounds are a major general
selective agent favouring earlier departures of adults
and seasonal decreases in the duration of parental care.
Any theory accounting for the early departure of adults
will have to be quite general, since the pattern is so
widespread across shorebirds, despite a range of feeding
habits and migration distances, through both freshwa-
ter and marine sites. Within semipalmated sandpipers,
for example, birds migrating through North Dakota
foraged in and along shallow fresh and saline lakes,
while those passing through the Bay of Fundy foraged
on intertidal mudflats. While the database is regrettably
scanty, we conclude that seasonal changes in food
availability are unlikely to account for these
phenomena.

Pacific dunlin and western sandpipers co-occupy in-
tertidal areas of Alaska in July and early August, after
which the western sandpiper leave and dunlin remain,
while adults moult. Holmes (1971a) suggested that the
dunlin’s longer bills provide them with greater effi-
ciency in harvesting marine resources, and also that the
species’ shorter migration distance facilitated remaining
longer in the north, which we also believe, but possibly
for a different reason. The dunlin’s larger size might
also provide it with a relative metabolic advantage in
remaining longer at a more arctic site. Adults stay and
take time to moult, utilising abundant resources (Aler-
stam and Högstedt 1982), and juveniles also persist for
some time. However, a food-based hypothesis would
have to demonstrate that comparable resources are not

available in areas the birds do migrate to, and where
studied, this does not appear to be the case, at least
later in the winter (Kelly 2000). We suggest that re-
maining in a relatively predator-free zone, a shorter
migration distance, and avoiding the southward wave
of predators provide a cogent explanation for this
difference in pattern.

Northward versus southward migration
strategies

Semipalmated sandpipers

Many species of birds have different flight strategies on
northward versus southward migration. Those of semi-
palmated sandpipers are particularly well documented.



quite sensible that the birds instead move northwest-
ward towards the southeastern U.S., and progress far-
ther north overland.

We accept this basic argument, but also suggest that
predation considerations also have influenced the sea-
sonal difference in semipalmated sandpiper migration
strategies in three major ways. First, the minimal preda-
tion danger for adults at stopover sites during July and
early August permits the accumulation of the large fuel
loads needed to make long southward flights without
excessive risk. Semipalmated sandpipers preparing for
transoceanic flight are exceedingly vulnerable. Lank
(1979) noted that herring gulls (Larus argentatus) cap-
tured sandpipers preparing for transoceanic flight,
which indicates their increased vulnerability, but also
noted that no attacks on migrant shorebirds from
raptors were seen despite daily field work throughout
July and August of 1977.

Second, many young eastern birds take a more
southerly migration route, moving to Virginia or the
Carolinas rather than the Canadian Maritimes (Mor-
rison 1984). This shift accounts for the relatively small
number and short duration of passage by juveniles in
the Maritimes (c.f. upper and lower panels in Fig. 5,
Dunn et al. 1988) compared with North Dakota, which
shows a more even age distribution. This shift from the
route taken by most adults could be an attempt both to
lessen the fuel load needed, since the overwater flight is
shorter from more southerly sites, and to stay further
ahead of migrant falcons.

Third, and more speculative, crossing the ocean may
be safer than moving south along the coast. While
transoceanic flights carry risks with respect to weather
conditions and a lack of refuelling possibilities, they
also completely avoid the possibility of being preyed
upon at stopover sites along the coast.

Western sandpipers

Western sandpipers have a similar, if less dramatic,
difference in northward and southward migration
strategies, at least near the breeding grounds. In spring,
hundreds of thousands of western sandpipers make a
series of relatively short flights (e.g. 700–1000) km



Table 2. Comparison of the energetic and time costs of migrating directly from Nome, Alaska (great circle route) versus
following a coastal route with stopovers between Alaska and southwestern British Columbia. Similar values are obtained if
starting from the Yukon-Kuskokwim Delta. The coastal route is comprised of legs from Fraser – Stikine River (909 km), Stikine
– Copper River (929 km), and Copper River – Nome (1050 km, Butler et al. 1997). Calculations are described in the text.

NorthwardSouthward

Direct 2 stopovers Direct 2 stopovers

distance (km) 2852 28882888 2852
% wind favourable days 32.0139.7 12.5 32.01

mean wind speed (kmh−1) 45.7 49.2 58.71 58.71

flight time (h) 33.9 29.7232.9 29.3
total fat required (g) 7.88.9 8.6 7.7
total fat loading time (d) 26.1 25.3 22.6 22.9
waiting time per stopover (d)3 1.4 2.16.5 2.1
total time (d) required 28.9 46.2 25.9 30.4

1 Northward wind strengths and directions are given in Butler et al. (1997), coded in compass quadrants.
2 Butler et al. (1997; see their Table 2) calculate each leg of the flight separately, and arrive at fi



ing conundrum in shorebird biology has been why
parental care is male biased in so many socially bi-
parental species, or why females often leave first
(Gratto-Trevor 1991, Currie et al. 2001). For western
and semipalmated sandpipers, Erckmann (1981)
showed experimentally that single parent incubation
was non-sustainable. Thus both parents remain with a
breeding attempt through hatch. After hatch, however,
females of both species, and of dunlin, typically aban-
don broods a week or more prior to the departure of
males. In western sandpipers, but possibly not in the
other two species, females also spend the non-breeding
season farther south (Nebel et al. 2002), suggesting an
association between migration distance and early de-
parture. Furthermore, among calidridine sandpipers,
species with longer migrations tend to show reduced
parental care compared to short distance migrants, and
have promiscuous or polygamous, rather than monoga-
mous, social mating systems (Myers 1981, Reynolds
and Székely 1997, see also Pitelka et al. 1974). Myers
(1981) concluded that this co-varying pattern of mating,
parental care and migration patterns is consistent with
the hypothesis that ‘‘



MacNamara who emphasised annual cycle thinking on a visit
to Sidney Island in the summer of 1997. Bob Elner of the
Canadian Wildlife Service (CWS) assembled the reference
collection of sandpiper prey items. Barry Smith, also of CWS,
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