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High-tide flight by wintering Dunlins (Calidris alpina):
a weather-dependent trade-off between energy loss and predation risk
Dick Dekker

Abstract: Migratory shorebirds wintering or staging on ocean coasts collect at high tide on roosting sites that remain above the
flood line. However, some species of Calidris sandpipers spend the high-tide interval in flight over the ocean. In the winters of
2006–2012, the characteristics of high-tide flight by Dunlins (Calidris alpina (L., 1758)) were studied at Boundary Bay, British
Columbia, Canada. At wind speeds of 1–6 m/s, flocks of Dunlins remained airborne over the ocean for up to 4 h at altitudes
of >30 m. If winds were >10 m/s, the Dunlins coursed low over the waves. Ambient t-266
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qui rentrent tôt d’un vol à marée haute présentent le risque de prédation le plus élevé. [Traduit par la Rédaction]

Mots-clés : bécasseaux variables, Calidris alpina, vol à marée haute, dépendance de la météo, faucon pèlerin, Falco peregrinus, risque
de prédation.

Introduction
When flood waters inundate their intertidal feeding grounds,

flocks of sandpipers wintering or staging on ocean shores are
known to assemble on roosting sites that remain above the
high-tide mark (Hicklin 1987; Rogers 2003; Conklin et al. 2008).
However, if safe roosting sites are distant from the foraging loca-
tion, themetabolic cost of flying back and forth twice daily can be
high (Piersma 1994). Instead of sitting out the high-tide interval on
land near their foraging grounds, some species of sandpiper aban-
don the shoreline and remain airborne over the water until the
tide has turned. Such high-tide flight by Dunlins (Calidris alpina
(L., 1758)) wintering along the Pacific coast of British Columbia
was termed over-ocean flocking by Dekker (1998). Hotker (2000)
observed wintering Dunlins in high-tide flight off the north coast
of Germany and called it airborne roosting. During their fall mi-
gration, Semipalmated Sandpipers (Calidris pusilla (L., 1766)) stag-
ing in the upper Bay of Fundy engaged in high-tide flight when all
beach habitat had been flooded (Dekker et al. 2011).Western Sand-

pipers (Calidris mauri (Cabanis, 1857)) staging at Boundary Bay in
British Columbia flew out over the ocean in high-tide flight for-
mations in August of 2011 (D. Dekker and N. Hentze, personal
observation).
The hypothesis that high-tide flight is a strategy to reduce pre-

dation risk was tentatively suggested by Brennan et al. (1985). To
test the hypothesis, Dekker (1998) presented a large data set of
attacks on Dunlins by falcons. In flight, the sandpipers were less
vulnerable to surprise attacks by Peregrine Falcons (Falco peregrinus
Tunstall, 1771) and Merlins (Falco columbarius L., 1758), which com-
monly hunt low over the ground or water and hide their approach
behind shoreline vegetation (Page and Whitacre 1975; Dekker
1980, 1988; Cresswell 1996). Dunlins that did not engage in high-
tide flight and instead remained on shore were subject to the
highest rate of raptor predation. Peregrines hunting Dunlins over
the salt marsh had a success rate of 44%, compared with 10%–11%
for falcons attacking Dunlins over the tide flats or ocean away
from the shore (Dekker 1998, 2003).
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High-tide flight by Dunlins wintering at Boundary Bay has been
timed at a maximum duration of 6 h (Ydenberg et al. 2010). As-
suming that flood waters rise at the same speed as the ebb sub-
sides, the width of tide flat before and after high tide should be
equal, which suggests that Dunlins can be expected to stay air-
borne just as long before as after high tide. However, flight re-
quires energy and energy loss rises as the temperature drops. The
purpose of this study is to test the following three hypotheses:
(1) wind speed and ambient temperature are critical determinants in
the occurrence and duration of high-tide flight; (2) high-tide flight
lasts just as long before as after high tide; and (3) Dunlins that do not
engage inhigh-tideflightor returnearly fromsuchflights are subject
to the highest rate of predation danger. This study enlarges the da-
tabase of Dunlins killed by peregrines reported in similar research
projects at Boundary Bay (Dekker 1998, 2003; Dekker and Ydenberg
2004). A long-term objective of these field studies has been to test
the hypothesis that the primary objective of high-tide flight is to
reduce predation risk for wintering Dunlins.

Materials and methods
The studywas conducted at Boundary Bay in southwestern British

Columbia (49°5=N, 123°0=W). The bay is 16 km across and the inter-
tidal zone is approximately 4 km wide at the lowest ebb. The tide
flats are bordered by a 0–150 m strip of salt marsh. A gravelled road
on a 2 m high dike separates the coastline from low-lying agricul-
tural fields and meadows inland. Dunlins begin arriving in October
and are estimated at circa 40 000 (Ydenberg et al. 2010). The only
other shorebird to winter in numbers (circa 1000) is the Black-
bellied Plover (Pluvialis squatarola (L., 1758)). Bald Eagles (Haliaeetus
leucocephalus (L., 1766)) and other diurnal raptors occur year-round.
Migrating and wintering Peregrine Falcons are common from Au-
gust to April (Dekker 1998). For a detailed description of the Fraser
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significant relationship between log duration of high-tide flight
and mean temperature (� (SE): 0.17 (0.024); F[1,52] = 48.1, P < 0.0001;
R2 = 0.48; Fig. 2).

High-tide flight did not occur on 9 days in January of 2012 when
the temperature was between –2 and –9 °C, and the daily mean
ranged from 2.2 to –5.7 °C. Themean temperature of January 2012
was 1.0 °C, the lowest monthly mean recorded during the study
(Table 1). On days when shore ice formed, the Dunlins sat out the
high-tide interval on the ice 300–500 m away from the snow-
covered salt marsh.
Peregrines launched 494 attacks on Dunlins, of which 81 (16%)

ended in capture. The respective number of kills made before and
after high tidewas 34 and 47. Correlating kill times over the 6 h on
either side of the high-water mark showed a prominent peak of
0.28/h during the second hour after high tide (Fig. 3).
During a cold spell in January of 2012, the Dunlins roosted on

shore ice >300m away from vegetation. Peregrines attacked these
flocks on two occasions, each resulting in the immediate capture
of one of the Dunlins. The roosting flock flushed in a moment of
panic, but instead of flying away, the birds at once descended
again onto the same spot.

Discussion
Migratory sandpipers staging or wintering in coastal habitats

can be expected to spend as little energy as possible towait out the
high-tide interval, and there can be no doubt that the metabolic
cost of high-tide flight is greater than it is for birds roosting on
land. However, as reported above, in the interest of minimizing
energy loss, flocks of Dunlins fly at lower speeds than during
transit flight and use lateral airflows for brief moments of sailing
(



alarms were frequent (Beauchamp 2010). At Boundary Bay, an
incentive for early landing was that the invertebrate prey base is
most abundant closest to the salt marsh shore (Pomeroy et al.
2006



the edges or bottom of Dunlin flocks (Dekker 2003). Based on prey
remains found, researchers have collected evidence that first-year
shorebirds indeed make up the largest percentage of raptor kills
(Whitfield 1985; Warnock and Gill 1996).
The results of this study support the hypothesis that the occur-

rence and duration of high-tide flight is contingent upon weather
conditions, as well as tide height. Regarding the second hypothe-
sis to the effect that flight duration is symmetrical around high-
tide, this too is dependent upon local weather conditions. The
overall mean flight duration of 2:32 h/day found here is lower
than the 3:20 h/day reported by Dekker (2009) and Ydenberg et al.
(2010), a disparity which may well be related to a difference in
wind speed, ambient temperature, and tide height during those
respective studies.
In addition to lending support for the general principle that

flocking in prey species is an antipredator strategy, this study
presents evidence, based on an unprecedented large sample of
Dunlins seen to be captured by peregrines, that staying airborne
for as long as the metabolic cost allows is a trade-off with preda-
tion risk.
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