July 2001]

Short Communications

755

The Auk 118(3):755–759, 2001

Diving Depths of Shearwaters
ALAN E. BURGER1
BirdLife Seychelles, P.O. Box 1310, Mont Fleuri, Seychelles
ABSTRACT.—Maximum diving depths were measured for shearwaters breeding on Cousin Island,
Seychelles. Eighty-three percent of 23 Wedge-tailed
Shearwaters (Puffinus pacificus) dived, and their
mean maximum depth was 14 m (SD 5 23 m, range
1–66 m, N 5 19). All Audubon’s Shearwaters (P. lherminieri) dived, and their mean maximum depth was
15 m (SD 5 12 m, range 6–35 m, N 5 7). These data
contradict the hypothesis that tropical shearwaters
should not specialize in underwater foraging. They
are capable of exploiting deep prey unavailable to
most other tropical seabirds. Five Puffinus species
(temperate and tropical) attained allometrically
scaled maximum depths comparable to those of penguins and alcids.
It has long been known that shearwaters dive beneath the ocean to forage, using their feet and wings
for propulsion (Brown et al. 1978, 1981), and show
anatomical adaptations for this mode of foraging
(Kuroda 1954, Warham 1990). Simple depth gauges
measuring the maximum depths indicate some remarkably deep dives attained by shearwaters (Wei-
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merskirch and Sagar 1996, Weimerskirch and Cherel
1998, Keitt et al. 2000). More sophisticated timedepth-recorders (TDRs), which indicate time spent at
various depths and trace individual dives, have revealed much of the underwater foraging behavior of
penguins, alcids, and cormorants (Kooyman 1989,
Croll et al. 1992, Wilson 1995, Watanuki et al. 1996),
but have not been applied to shearwaters. I report
maximum depths attained by two tropical shearwaters, Wedge-tailed (Puffinus pacificus) and Audubon’s
(P. lherminieri) shearwaters, breeding on Cousin Island, Seychelles (48209S; 558409E), and review data on
diving depths of other shearwaters. I examine the
hypothesis that tropical shearwaters should not specialize in underwater foraging (Brown et al. 1978),
and discuss the role of diving in tropical
shearwaters.
Methods. Maximum-depth gauges were made
from flexible plastic tubing with internal diameter
0.8 mm, lined with a thin layer of icing sugar and
sealed at one end. Gauges were 70–120 mm long on
Wedge-tailed Shearwaters, and 70–90 mm long on
Audubon’s Shearwaters. As the gauge is submerged,
the increasing pressure forces water into the tube,
dissolving the sugar and leaving a record of the
deepest dive (Kooyman et al. 1971, Burger and Wilson 1988, Hedd et al. 1997). The equation provided
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by Burger and Wilson (1988) was used to calculate
maximum dive depths.
Cousin Island supports breeding populations of
;13,000 pairs of Wedge-tailed and 5,000–10,000
pairs of Audubon’s shearwaters (Burger and
Lawrence in press). At the time of this study (7–17
June 1999), Wedge-tailed Shearwaters were returning nightly to nest cavities for courtship, but did not
have eggs or chicks. Audubon’s Shearwaters breed all
year round on Cousin Island and the status of those
used in the study was not known. Adult shearwaters
sitting in or near nest cavities were caught and banded at night. Each gauge was firmly tied to the base of
a single tail feather with a thread (dental floss). Once
attached the gauges were surrounded by feathers
and created no impediments to the birds. Handling
time was 10–15 min. Gauges not recovered would
eventually work loose or be lost when the birds molted. Each bird was sampled once. I made no attempt
to collect food samples, and none of the captured
birds regurgitated food.
Prolonged deployment increases errors in these
devices (Burger and Wilson 1988). I included gauges
recovered within two days of deployment, and all except two (one for each species) were recovered after
one day. I encountered an unusual problem in the
form of tiny ants that crawled inside the tubes and
removed the sugar. Ants removed sugar unevenly, in
contrast to the sharp boundary created by water, and
so with careful inspection I was able to reject gauges
affected by ants.
Results. Out of 23 undamaged gauges recovered
from Wedge-tailed Shearwaters, 19 (83%) indicated
some diving activity (Fig. 1) and their mean maximum depth was 14 m (SD 5 23 m, range 1–66 m). All
7 gauges recovered from Audubon’s Shearwaters indicated diving, and the mean maximum depth was
15 m (SD 5 12 m, range 6–35 m). Most Wedge-tailed
Shearwaters remained within 20 m and most Audubon’s Shearwaters within 10 m of the surface (Fig.
1).
Discussion. Many procellariiform species dive to
capture prey, but most species remain within 1–5 m
of the surface (Warham 1990, Prince et al. 1994, Hedd
et al. 1997), with the exception of the specialised diving petrels, Pelecanoididae (Prince and Jones 1992,
Chastel 1994, Zavalaga and Jahncke 1997). Some
shearwaters of the genus Puffinus regularly use pursuit diving for foraging (Brown et al. 1978, 1981;
Warham 1990). They show adaptations for underwater swimming, including flattened tarsi and humeri, and shorter wings and higher wing-loading
than most other petrels (Kuroda 1954, Warham 1977,
1990). Maximum diving depths have been measured
using gauges in five species of Puffinus (Table 1).
Some published depth records unavoidably came
from prolonged foraging trips. There is a greater
chance that those gauges overestimate maximum
depths with repeated submersion and prolonged de-
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FIG. 1. Frequency distribution of maximum
depths attained by Wedge-tailed and Audubon’s
shearwaters on Cousin Island, Seychelles. X-axis labels indicate the upper limit of each 5 m depth
category.

ployment, although the error with dives .20 m was
likely to be ,10% (Burger and Wilson 1988). There is
also a greater probability of recording an exceptionally deep dive during a long trip. Those data are
compared with depths measured in Cory’s Shearwater (Calonectris diomedea) and White-chinned Petrel (Procellaria aequinoctialis), which share many
similarities with Puffinus but seem less morphologically adapted to diving (Warham 1977, 1990).
All five Puffinus shearwaters demonstrated remarkable diving abilities (Fig. 2). Their maximum
diving depths clustered close to the allometric equation derived from maximum diving depths of penguins and alcids (maximum depth (meters) 5 75.905
M0.316, where M is body mass in kilograms; Burger
1991). Maximum depths of Calonectris and Procellaria
fell well below that regression. The diving abilities of
Puffinus shearwaters require more detailed study, using TDR and activity data-loggers, to confirm whether deep diving forms a significant part of their foraging routine. It will be fascinating to discover
whether they show convergent anatomical, physiological, and behavioral adaptations for prolonged
diving to those being revealed for penguins, alcids,
and cormorants.
Kuroda (1954) regarded smaller species of Puffinus
as morphologically more specialized for diving than
most other shearwaters. Visual observations of small
shearwaters (Brown et al. 1978), including Audubon’s Shearwater (Harris 1969), confirmed that they
dived, but this study is the first to confirm that diving occurs regularly (in all foraging trips made in my
small sample), and that they are proficient, deep
divers.
Keitt et al. (2000) speculated that shearwaters
might be most efficient at diving during wing molt,
when the reduced wing area would produce sufficient propulsion but less drag. None of the shearwaters in my sample showed any sign of primary

Weimerskirch and Cherel 1998
Weimerskirch and Cherel 1998
Monteiro et al. 1996
Huin 1994
1–12

70.6
30
1.4
13
9–17
1–3

12.1
1.3
No data
5.8
8
14
19
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Reference

58 6 11
13 6 7
0.3 6 0.3
663

6
6
6
6
13
15
21
39
66.4
35.4
52
67

Range

1–2
1–2
1–5
1–14
1.1
1.4
3.4
4.1
19
7
30
35
426
168
406
850

Mean
Species

Wedge-tailed Shearwater Puffinus pacificus
Audubon’s Shearwater Puffinus lherminieri
Black-vented Shearwater Puffinus opisthomelas
Sooty Shearwater Puffinus griseus
Short-tailed Shearwater Puffinus tenuirostris
Long trips
Short trips
Cory’s Shearwater Calonectris diomedea
White-chinned Petrel Procellaria aequinoctialis

Mean
Maximum
maximum
depth (m) depth 6 SD (m)
Duration of gauge
deployment (days)

No. of
Body mass depth
(g)
records

Maximum diving depths in shearwaters and petrels measured with depth gauges.
TABLE 1.

This study
This study
Keitt et al. 2000
Weimerskirch and Sagar 1996
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FIG. 2. Puffinus shearwaters had maximum diving depths similar to those of alcids and penguins.
This log-log plot of maximum diving depths against
body mass compares five species of Puffinus shearwaters (squares), including Audubon’s (AU), Blackvented (BV), Sooty (SO), Short-tailed (ST), and
Wedge-tailed (WT) shearwaters, with Cory’s Shearwater (triangle) and White-chinned Petrel (diamond), and the allometric regression of maximum
depths predicted for penguins and alcids (Burger
1991).

wing molt and all appeared to have recently replaced primaries.
Maximum diving depths are generally determined
by allometrically scaled physiological limits (Kooyman 1989), whereas the depths of most foraging
dives are determined by distribution of prey. Typical
foraging dives are much shallower than maximum
limits (Kooyman 1989, Burger 1991, Wilson 1995).
That applies to the Puffinus shearwaters; their mean
maximum dives were generally far shallower than
the overall maximum (Table 1). More accurate depth
profiles will emerge with deployment of TDRs that
show the depth distribution of all underwater activities, and not just the deepest dive per foraging trip.
Brown et al. (1978) speculated that shearwater species specialized for diving should be restricted to
richer, cold, or cool-temperate seas. The sparse distribution of prey and presence of predatory fish in
the tropics was believed to favor shearwaters with
more efficient gliding flight rather than specialist divers. Shearwaters specialized for diving tend to have
somewhat shorter wings and higher wing loading
and hence rely more on flapping flight (Warham
1977, 1990), which is normally associated with highly productive temperate and polar seas.
My data do not support the hypothesis that tropical shearwaters avoid diving in preference for surface foraging. Both Wedge-tailed and Audubon’s
shearwaters were proficient, deep divers, and most
(83%) Wedge-tailed and all Audubon’s shearwaters
employed diving on foraging trips. Diets of those
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species in Seychelles have not been recorded, but Pacific Wedge-tailed Shearwaters primarily take small
schooling fish and squid (Harrison et al. 1983), and
Audubon’s Shearwaters take planktonic fish larvae
and crustaceans (Harris 1969). Depth distribution of
likely prey in Seychelles is not known, nor is it
known whether shearwaters were restricting their
foraging to concentrated prey patches. Neither species was restricted to the most productive water masses in the tropical Indian Ocean (Bailey 1968, Pocklington 1979).
Both Wedge-tailed and Audubon’s shearwaters
regularly feed at the surface (Harris 1969, Harrison
et al. 1983, Warham 1990), as do most tropical seabirds (Ashmole and Ashmole 1967, Harrison 1990,
Ballance et al. 1997). The shearwaters’ diving abilities give them access to additional, deeper prey inaccessible to most other tropical seabirds. Even
plunge-diving boobies and tropicbirds seem restricted to the upper 13 m (Le Corre 1997). More intensive
research is needed to elucidate foraging behavior of
tropical shearwaters, to confirm whether they fill a
similar pursuit-diving niche to that occupied by penguins, alcids, and cormorants in cool-temperate and
polar seas.
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