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Preface

When beginning this companion volume to The Petrels back in 1990 I would have
been alarmed to know that 5 years’ steady work would be needed to review topics
ignored or only touched upon in the earlier book. In practice, the amount of
information proved to be very extensive and scattered, added to which some
aspects, such as the study of tubenoses at sea, have been intensively researched
recently and it has been difficult to keep abreast of developments.

On account of page limitations the text is quite condensed, so that some topics
may seem to be treated rather summarily and discussion curtailed, while other,
perhaps lesser-known, aspects are given more prominence. However, [ have tried to
ensure that ample referencing points the reader to the appropriate literature in such
instances.

I have been greatly helped by others who have provided data, tape-recordings,
and preprints of work in the press, and to many workers and their publishers who
have permitted the use of their illustrations: these are acknowledged in the text.
Colleagues in the Zoology Department have continued their support and I am also
indebted to our University Librarians for help over many years. A particular debt is
owed to colleagues who have commented on parts of the text. These include D. G.
Ainley, W. R. P. Bourne, V. Bretagnolle, J. C. Coulson, M. E. Forster, R. Gales, M. P.
Harris, J. A. L. Hector, M. J. Imber, J. Jacob, G. R. Martin, D. B. Peakall, L. McPherson,
K. A. Nagy, D. T. Parkin, A. M. Paterson, C. ]. Pennycuick, P. A. Prince, D. R.
Thompson, B. M. Wenzel and G. C. Whittow. Errors are my own, and I hope not to
have passed any on—’from one naturalist to another as an heir-loom’ —to use F. W.
Hutton’s words from long ago!

My final gratitude goes to my wife Pat, who can now look forward to a husband
free to tackle rather more mundane tasks, such as painting the house, and even find
time for a holiday.

References to the earlier volume take the form The Petrels, p. 00. Statistical means
are £1SD unless otherwise stated, and nomenclature remains that of the checklist in
The Petrels, pp. 424433, except that I have used Pseudobulweria for aterrima, rostrata
and macgillivrayi.

John Warham
Christchurch
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I Introduction

Judging by their worldwide distribution, numbers and biomass, the Procellarii-
formes are the most successful of all seabirds. Petrel populations vary in size from
the very small to the very large.

Biggest aggregations occur at high latitudes, particularly in the subantarctic.
Although some northern hemisphere birds such as the storm petrels Oceanodroma
leucorhoa and O. furcata reach large numbers, and Fulmarus glacialis about 4.3 million
pairs, most of the rather few species there have relatively small populations, perhaps
due to past and present competition from the auks. For example, Lensink (1984)
estimated that the three breeding Alaskan petrels totalled about 11 million birds, the
12 species of auks amounting to some 35.6 million birds. It seems more likely that
their competition has held down the northern petrel radiation rather than a lack of
protection from predators, since burrowing auks do well.

Some estimates of world populations of petrel species have been given, mostly of
the easily counted surface nesters. For instance, almost all Laysan Albatrosses
Diomedea immutabilis breed on islands of the Hawaiian Leeward Chain which,
according to Fefer et al. (1984), support 759 000 breeding birds plus an estimated
1771000 non-breeders, that is, a total of about 2.5 million albatrosses (Table 1.1).
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Other estimates of world populations include those for Macronectes giganteus of
some 209000 birds (76 200 breeders; 26 700 non-breeders, 87 100 prebreeders and
19000 chicks, and for M. halli of 47 200 birds (17 200 breeders; 6000 non-breeders;
19700 prebreeders and 4300 chicks)—Hunter (1985). The Tasmanian Muttonbird
Puffinus tenuirostris was calculated to have a total breeding stock of about 23 million
birds (Skira et al., 1985), to which must be added an undetermined number of non-
breeding, mainly 1-7 year-olds.

The biggest populations, running into many millions of pairs, are of small animals,
the great albatrosses numbering only a few thousands of pairs; for example D.
exulans c. 36 000 breeding pairs and D. epomophora c. 16 000 breeding pairs (Robertson,
1975a).

On the basis of its wide distribution in all the oceans, Wilson’s Storm Petrel
Oceanites oceanicus has been mooted as the world’s most abundant seabird. This
seems unlikely, and being a talus and crevice nester, is one of the most difficult birds
to census—the numbers of prions and diving petrels probably far outnumber that
species, though less wide-ranging at sea.

At most breeding places the total biomasses of these smaller birds may also exceed
those of the larger species, but few data are available. Nor does this generalization
always hold; for example, the 390000 breeding pairs of Black-browed Albatrosses
D. melanophrys (3.7 kg) at the Falkland Islands would be approximately matched by

Table 1.1 Estimated numbers of breeding and non-breeding seabirds in the Northwestern
Hawaiian Islands. From Fefer et al. (1984)

Estimated Estimated Estimated Estimated

% of number of number of number of
non-breeders breeders non-breeders birds

Black-footed Albatross 50 98 820 98 820 197 640
Laysan Albatross 70 759 140 1771330 2530470
Bonin Petrel 50 662 500 662 500 1325000
Bulwer’s Petrel 50 206 250 206 250 412500
Wedge-tailed Shearwater 66 522 800 1014850 1537650
Christmas Shearwater 56 5920 7530 13450
Sooty Storm-petrel 31 15000 6740 21740
Red-tailed Tropicbird 50 22470 22470 44940
Masked Booby 27 4740 1750 6490
Brown Booby 30 950 410 1360
Red-footed Booby 45 10220 8360 18 580
Great Frigatebird 69 19700 43 850 63 550
Sooty Tern 63 2661000 4530890 7191890
Gray-backed Tern 50 102 000 102 000 204 000
Blue-gray Noddy 50 8000 8000 16 000
Brown Noddy 45 185 600 151850 337450
Black Noddy 63 32550 55 420 87970
White Tern 63 29860 50840 80700

TOTAL 5347520 8743860 14091 380
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the mass of about 11 million pairs of prions (130 g), considerably more than those
islands support.

II Colony sizes

Sklepkovych and Montevecchi (1989) estimated 3.36 million pairs of O. leucorhoa
breeding on 523-ha Baccalieu Island, Newfoundland, where 62% of burrows held an
adult, a chick, or an egg. The next largest colony of this species is at Daikokujima
Island, Japan, with about 2 million birds (Hasegawa, 1984). In the southern hemi-
sphere some 3-5 million pairs of Antarctic Prions Pachyptila desolata together with
about 1 million Thin-billed Prions P. belcheri breed in various parts of the Kerguelen
Archipelago (Jouventin, 1994a), as do 2-5 million pairs of South Georgian Diving
Petrels Pelecanoides georgicus and perhaps 1-3 million pairs of P. urinatrix (Table 1.2).
In the 98 ha of forest on South East Island there are an estimated 1.3 million burrows,
63% of them housing Pelagodroma marina (West & Nilsson, 1995). At The Snares
Islands, some 2.75 million pairs of Puffinus griseus may breed (Warham & Wilson,
1982). Although here, as elsewhere, nest density varies with vegetation cover and
substrate, and the whole island can be regarded as one big colony, doubtless many
subcolonies are contained therein, as with Calonectris diomedea (Thibault, 1994).

Congregations of larger petrels may also reach impressive sizes. There are some 2
million pairs of Shoemakers Procellaria aequinoctialis at South Georgia (Croxall et al.,
1984b) and about 166 000 breeding pairs of D. melanophrys on Steeple Jason, Falkland
Islands (Thompson & Rothery, 1991).

There are few data on the variations in colony sizes. Skira et al. (1985) showed that
Tasmanian colonies of Puffinus tenuirostris are quite compact. Their size distributions
were: covering <1 ha, 62 colonies; 1-10 ha, 76 colonies; 11-100 ha, 25 colonies and
>100 ha, 4 colonies. The largest colony, on Babel Island, covers 380 ha and had an
estimated 2.86 million burrows.

A Estimating the sizes of petrel populations

Estimation of population sizes for group-breeding species such as petrels would
appear to be easy when the colonies are discrete and data are needed solely on
breeding pairs, but if an assessment of a total population at a particular colony is
required, then the non-breeders and chicks must be counted, and as the younger
birds probably do not visit the colony at all, estimates for these are difficult to
acquire. Failed breeders too may often be at sea, and some birds will probably be on
‘sabbatical leave’ (The Petrels, p. 223). The time for making a census will vary with the
objective: if to obtain annual production then counts of chicks at or approaching
fledging will be needed; if for checks on year-to-year variation, then fairly crude
estimates may suffice. Recently, at-sea counts have been used to estimate population
sizes of several tubenoses by Spear et al. (1995).

1 Surface nesters

Albatrosses and giant petrels lend themselves readily to direct counting of indi-
vidual birds or indirectly from photographs, particularly if taken from the air.
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Table 1.2 Numbers of breeding pairs of seabirds at the French subantarctic
islands. From Jouventin (1994a)

Saint-Paul &

Species Amsterdam Crozet Kerguelen
A. patagonica - 455000 120-140 000
P. papua — 9000 10-15000
E. chrysolophus — 2-3 x 10° 1.5-2 x 10°
E. moseleyi 55000 — —
E. chrysocome — 120-150 000 150-200 000
Diomedea exulans 10 1960 800-900
D. melanophrys - 980 3300
D. chrysostoma - 5940 7860
D. chlororhynchos 37000 7030 50
D. cauta — 5 -
Phoebetria fusca 240 2620 3
P. palpebrata — 2280 4-5000
Macronectes halli — 1017 10001500
M. giganteus - 1313 3-5
Daption capense — 200-300 1000-2000
Pachyptila belcheri - 10-20 500 000-1 x 10°
P. desolata — 100-200 3-5 x 10°
P. salvini 150-200 6-8 x 10° -
P. turtur 5-10 20-30000 1000-2000
Halobaena caerulea — 40-60 000 1-2 x 108
Pterodroma macroptera — 60-100000 100-200 000
P. lessonii — 100-200 10-30 000
P. mollis 10-50 30-50 000 -
Lugensa brevirostris — 40-60 000 50-100 000
Procellaria aequinoctialis — 20-30000 30-60 000
P. cinerea 5-10 2-5000 10-20 000
Puffinus carneipes 400600 — —
P. assimilis 10-20 - -
Oceanites oceanicus — 10-20000 400-800000
Fregetta tropica — 5-6000 5-10000
F. grallaria 10-20 — -
Garrodia nereis — 500-1000 1000-2000
Pelecanoides georgicus - 2-3 x 10° 2-5 x 10°
P. urinatrix - 1-2 x 10° 1-3 x 10°
P. albiventer — 815 20-50
P. verrucosus - - 10-12000
Anas eatoni - 600-700 15-20 000
Chionis minor — 2-3000 3-5000
C. lonnbergi 16 500-600 500-1000
L. dominicanus - 600-800 3000-5000
S. virgata — 150-200 1000-2000
S. vittata 200 100-120 1000-2000
S. fuscata 1 - —
Number of breeding
species 14 37 35
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However, this method is less suitable with surface-nesting species in the tropics as
the birds tend to shelter beneath coral heads or vegetation.

Counting birds on eggs raises the problem of birds in nests and apparently
breeding that actually lack eggs and will never lay that season. Often such birds can
be detected and eliminated from the true breeders by their postures and behaviour,
though some errors are likely, none the less. With ground counts of petrels on cliffs
or mountain sides there is usually ‘dead ground’ where pairs are known to nest; in
that event, without aerial or boat surveillance, estimates may have to be made on the
basis of vocal and aerial activity in relation to similar but visible areas nearby, for
example Warham and Bennington (1983). Nest densities were discussed in The
Petrels, pp. 215-216.

2 Burrow nesters

Most estimates are based on counts of burrow entrances within marked quadrats to
get mean burrow densities for the different vegetation types followed by the
integration over the burrowed areas, these latter determined by ground or aerial
surveys and vegetation maps. Techniques have been discussed by Wormell (1976),
Hunter et al. (1982) and others. The line transect method has also been used.
Naarding (1980) used 100-m? transects. A 100-m line was stretched across the colony
and a PVC tube, 1-m long, threaded on to the line through a small hole drilled at the
0.5 m mark. While moving the tube along the line, every burrow within its
extremities was scored.

It is usually easy to get raw data of this kind from randomly sited quadrats, but
much more difficult to determine burrow occupancy with statistical accuracy. Often
the presence or absence of a nesting adult, an egg or a chick is hard to detect—the
burrow is too long, too twisted, is that of another kind of petrel, a non-breeder or
prospector, of a rabbit or an auk, two nests may have one entrance and one nest more
than one entrance, and so on. If only short or straight-tunnelled nests are selected,
for example for using fibre-optics or video probes (Dyer & Hill, 1991, 1992), then a
bias may be introduced, perhaps favouring young birds. For such reasons, reliable
burrow-occupancy figures are seldom available —see also The Petrels, p. 209. Dyer
and Hill (1992) by direct examination at two islands, found that only 43 and 56% of
Puffinus pacificus burrows held birds on eggs during the incubation stage. Later they
developed a new approach for comparisons between seasons (Dyer & Hill, 1995).

Hunter et al. (1982) used tape playback of the appropriate species to establish
burrow occupancy, judging from the sizes of the entrances which species’ tape to
play. Pachyptila desolata and Halobaena caerulea, whose similar-sized entrances were
indistinguishable, responded to each other’s calls. Where these occurred together,
checks were made when H. caerulea was incubating and later when the prion was
incubating.

Tape playback may be useful and save time but, at least for some petrels at some
stages of the season, calls of both sexes are needed as only males respond to males,
females to females, for example with Puffinus puffinus (Warham, pers. obs.; Brooke,
1990, p. 189), but James and Robertson (1985e) got consistent results with this
species. Otherwise, the effectiveness of playback for establishing burrow occupancy
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has not been determined and the responses need study, for example do chicks react
to calls of either sex independent of their nutritional state?, etc.

Wormell (1976) and Thompson and Thompson (1980) calculated the surface areas
of shearwater ‘greens’ (Section XI below) from aerial photographs, correcting for
altitude. From sample ground plots, they calculated burrow densities correcting
these for slope to give burrow density per unit planar area and hence total burrow
numbers.

Other estimates have involved modified Lincoln Index techniques based on
recaptures of marked birds. Orians (1958) attempted this from ringing and recover-
ies of P. puffinus marked as nestlings and as adults. However, as Orians suspected,
petrels do not ‘randomize’. He also thought that another source of bias was that
young, non-breeding birds spent more time on the surface and were thus more often
captured, and Harris (1966b) showed that adults of known age caught on the surface
were younger than those incubating below it, that is, many surface birds were non-
breeders. Furthermore, Perrins et al. (1973) concluded that established nesters that
had already been handled learnt to avoid subsequent capture.

Non-breeding birds from other colonies may be quite plentiful at times, are often
well represented in mist-net catches of storm petrels, and most have feathered brood
patches (Furness & Baillie, 1981). The presence of such wandering birds is another
factor precluding simple capture-recapture population estimation (Love, 1978).

3 Crevice nesters

Petrels nesting beneath boulders, in scree and talus breakdowns may be impossible
to count with any degree of precision. Here, little can be done except to get some idea
of numbers using mark-recapture techniques, quantifying responses from play-
backs in the prelaying or incubation stages, or from other indices of abundance.

Copestake et al. (1988) mist-netted Oceanites oceanicus at various stages of the laying
cycle, identified breeding females by the state of the cloaca, and estimated their
numbers by capture-recapture and hence the number of breeding males and also the
number of birds of unknown status without breeding partners.

III Coloniality
A Introduction

Although petrels are often solitary at sea, when on land they are seldom, if ever, so
dispersed as to be beyond the sight or hearing of conspecifics. The most dispersed
are probably some storm petrels, such as Fregetta tropica and Garrodia nereis.

There are few records of single pairs nesting successfully. The Wandering
Albatross with a chick at Heard Island (Johnstone, 1982) and Fulmarus glacialis on
Surtsey may be exceptions. Another example may be the single pair of Puffinus
puffinus that had a downy chick at Penikese Island, Massachusetts in 1973 (Bierre-
gaard et al., 1975).

As most young petrels are philopatric (The Petrels, p. 228) and, especially after they
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have bred, very seldom shift to other colonies, new settlers are presumably non-
breeders or older prebreeders. As a colony grows, the mean age of its members may
be expected to increase. There may well be a minimum size for a colony to succeed
and this could be important with endangered species. As nesting islands are often in
short supply, philopatry helps reduce the risks of birds getting ‘lost’ or scattered and
tends to keep colony numbers above any possible failure level (Fisher, 1975b, p. 296).

Discussions on coloniality in seabirds (Lack, 1968; Wittenberger & Hunt, 1985;
Siegel-Causey & Kharitonov, 1990) mostly focus on diurnally active, surface-nesting
species but most petrels are nocturnally active when on land. Why are they colonial?

One possibility is that colonies act as information centres. For example, the
predawn mass departures of burrowing species could well enable inexperienced
birds to follow older ones to distant, perhaps ephemeral, food concentrations.

That colonial breeding reduces predation seems unlikely except as regards the
‘swamping’ effect, where the petrels are too numerous for predators to affect
productivity, and those with extended laying periods, and therefore at greater risk
from natural predators, often nest when these are missing; for example Pterodroma
macroptera and Puffinus assimilis breed in the southern winter when skuas are mostly
absent. Undoubtedly, predation may have considerable impact at times, particularly
on small birds such as Oceanodroma leucorhoa and prions, but generally such losses to
natural predators while ashore seem relatively unimportant.

There is some anecdotal evidence for a ‘swamping’ effect. At the Snares Islands
many Puffinus griseus come ashore in broad daylight despite a significant population
of breeding and non-breeding Catharacta skua lonnbergii (Warham & Wilson, 1982).
The number of skua-killed birds left on the ground is minute in relation to the huge
shearwater population. The skuas appear to be overwhelmed by the masses of birds
alighting near them: perhaps they have easier prey available —penguin eggs and the
smaller, less obstreperous prions and gadfly petrels.

That coloniality is forced on petrels because of a shortage of breeding space within
range of other necessary resources seems generally unlikely (Fisher, 1954), particu-
larly at large islands such as South Georgia, Gough, Kerguelen or the Aucklands.
Sometimes saturation may indeed be achieved. The shearwaters Puffinus gravis at
Nightingale Island and P. griseus at the Snares Islands seem to occupy all the
available ground not already taken up by other species, with many eggs laid on the
surface (The Petrels, p. 300).

What may prove to be a key factor in colonial breeding is mutual stimulation, as
shown by the attractiveness of taped playbacks (see Chapter 12.VIL.E.1).

Whatever the stimuli involved, they may at times be so effective that first-time
breeders persist in attempting to find space in crowded colonies and apparently
ignoring suitable habitat nearby. Rowan (1965) reported that despite acute conges-
tion of P. gravis at Nightingale Island there was ample space available at Inaccessible
Island a mere 32 km away where there was a sparse population with few, if any,
surface eggs laid. Rowan’s question as to why such areas remain unexploited,
resulting in an annual wastage of reproductive potential, remains unanswered.

Not all petrels are so rigidly conservative, for example Fulmarus glacialis, and
Oceanodroma leucorhoa and O. furcata re-established thriving colonies on some
Alaskan islands where they had previously been exterminated by foxes (Lensink,
1984) and see Section VII below.
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B Colony characteristics

Petrels aggregate to nest in places adjacent to the sea—on islands, headlands and
coastal mountains where the birds have a view of the surrounding ocean. In the
rather few instances of inland breeding, such as some F. glacialis in northern Britain
and Greenland today (see Fig. 9.7) and some Procellaria and Pterodroma formerly in
inland New Zealand, the sea has generally been but a few minutes flying time away,
though not visible from the nest site. The major exceptions are the Snow and
Antarctic Petrels Pagodroma nivea and Thalassoica antarctica which may nest far from
open water (The Petrels, p. 64).

A prime requirement is that the site be isolated from predatory land mammals. In
the northern hemisphere this means that species such as fulmars use cliffs inaccess-
ible to foxes and hazardous to others, such as mustelids. Some birds none the less get
taken, for example where colonies of O. furcata coexist with predatory River Otters
Lutra canadensis (Speich & Pitman, 1984).

A further essential need is that the colony must be within feeding range of
adequate food resources. As most petrels can fly long distances when off their nests,
and they and their chicks survive long fasts, most are not restricted to inshore
feeding. :

In the Southern Ocean suitable islands seem to be in short supply, particularly in
the Pacific Ocean sector. Those within range of adequate food may carry huge
populations of many species. The prize must go to the Crozets with about 25 million
breeding seabirds of 37 species, 26 of which are Procellariiformes (Table 1.2), a
richness ascribed partly to a varied and complex oceanography.

Suitable breeding areas must also have the right substrates —broken talus break-
downs for crevice nesters, deep soils for the big burrows of Procellaria petrels, ledges
for sooty albatrosses, and relatively flat ground with exposed ridges for take-offs in
calms for the great albatrosses Diomedea exulans and D. epomophora, etc. Bare rocky
islands support fewer species but even mollymawks like D. cauta salvini and D. c.
eremita nest successfully on rocky stacks with little nesting material except scraps of
vegetation, tiny pockets of soil, old bones and a few stones. Where there is no
vegetation stones alone suffice, for example with Daption capense; or even frozen
stomach oil —Pagodroma nivea.

C  Colony development

Young petrels are less philopatric than old ones and in their early years may turn up
in colonies very distant from their own. A few even settle there as did the Laysan
Albatrosses described by Fisher and Fisher (1969). Harris (1972) analysed recoveries
of Manx Shearwaters at distant colonies; many were young birds and others, ages
unknown, he suspected were non-breeders. They could have been attracted by the
night-time din ashore and/or have joined offshore evening rafts and flown in with
these after dark.

The parties of shearwaters and storm petrels that call and mill around at night over
headlands where they may land but not nest, for example of Puffinus puffinus
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(Coward, 1895) and P. griseus (pers. obs.), presumably also consist of young birds
during this exploratory phase. Very few of about 10000 O. leucorhoa mist-netted at
Kent Island have ever been seen again (Huntington, pers. comm.) and he concluded
that most were probably prebreeding visitors from elsewhere. And although most
such birds evidently return eventually to their natal colonies, it is from their ranks
that the vanguard of any expansion seems likely to be drawn.

Some such displaced birds may become imprinted to their new location like the
lone Short-tailed Albatross Diomedea albatrus born on Torishima Island in March 1964
that appeared on Midway Atoll each winter breeding season from 1972 to 1983
without ever attracting a partner. Had it done so there is little to suggest that it could
not have bred and perhaps started a new colony many kilometres from its birthplace.

The growth of some new petrel colonies has been documented, for example that of
the small colony of D. epomophora sanfordi in New Zealand (Fig. 1.1), this being
unusual in that the age and status of most of the colonists have been known. Fisher
(1954) found that small colonies of F. glacialis produced relatively fewer eggs than did
large ones but thought that much of the improved success with increasing colony
size could have been attributable to the bigger colonies having more old and
experienced birds.

Storey and Lien (1985) described the developmentof the P. puffinus colony atMiddle
Lawn Island, Newfoundland. In 1974 some were heard on land, 2 years later flocks
were noted offshore and some birds found onshore were evidently not breeding.
Burrows were first seen in 1977 when three eggs were laid and a chick hatched.
Thereafter growth was rapid and by 1981 there were 221 burrows and a population
estimated at at least 350 birds. Many of the early nests were in rock crevices and only
when these had been occupied were burrows dug. These were grouped in distinct
subcolonies as more recent arrivals excavated between existing burrows, suggesting
the influence of mutual stimulation. That many of the shearwater colonists were
young birds born in West Wales was shown by recoveries of 10 bearing rings. Five
wereyearlings, one was 2 years old, three were 5 years old and one 6 years old, only the
last four having reached the normal age for first breeding,.

100 -
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é 80 - b
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Figure 1.1 The growth of the Taiaron Head colony of Northern Royal Albatrosses Diomedea
epomorpha sanfordi, New Zealand. From Robertson (1993a).
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IV Population structure
A Introduction

Petrel populations have a high proportion of birds of quite advanced age owing to
reproduction being delayed until as late as a mean of 13 years in the larger
albatrosses (Table 1.3). Their Jow productivity rate is balanced by a high adult
survival rate; that is, they are all K-'strategists’. Birds that survive to breed have high
expectations of further life. Because the young birds remain at sea for 1-7 years, the
proportions of these age classes in a population cannot be determined —most can
neither be recovered nor recognized as members of a particular age group. Those
that do not come ashore to be identified are usually assumed to have died, although
some still alive will have shifted permanently elsewhere unbeknown to the demo-
grapher.

This section of the population can be regarded as a strategic reserve’ helping
ensure the survival of the species in the face of natural catastrophes such as the
volcanic eruptions of 1902, 1939 and 1941 at Torishima Island, or unnatural ones like
the slaughter of D. immutabilis by the plume hunters early in the 20th century.
Although their natal colonies may be shattered, these younger birds may form a
nucleus from which a population can rebuild, as has Calonectris diomedea borealis at
Grand Salvage Island.

Some of the long-term studies of petrel populations have involved repeated
handling of the study birds, so that their component compositions may be atypical of
undisturbed populations. Examples are the 27-year study of the Fisher Island
population of P. tenuirostris (Wooller et al., 1989) and the 34-year study of F. glacialis at
Eynhallow in the Orkney islands (Ollason & Dunnet, 1988). It is suspected that
recruitment of birds born at these colonies was affected by handling, some young
birds, discouraged from staying, nesting elsewhere.

Intermittent breeding among petrels was once considered to be restricted to the
‘great’ albatrosses, which, if successful, breed every other year. However, substan-
tial proportions of the breeders in some populations miss a year now and then, for
example C. diomedea (The Petrels, p. 223) and Pagodroma nivea (Chastel et al., 1993). In
the Basque population of the storm petrel Hydrobates pelaguicus, Hemery et al. (1986)
reported that about 31% of mature adults did not breed in successive years. Wooller
et al. (1990) found that 10-11% of Puffinus tenuirostris that had formerly bred were
absent each year and 15-18% were present without being known to produce an egg.
Both absentee and non-laying rates decreased with older birds. Such intermittency,
which may vary from year to year, obviously complicates calculations of mortality
rates and population structures.

To categorize the members of a colony or population depends on long-term
examinations of birds marked as chicks and without loss of marks. Few such colonies
exist and the best information tends to derive from work on albatrosses and
fulmars —their diurnal activities and erect postures help individual recognition at a
distance. Burrowing birds generally need handling to check identities.

Major year-to-year changes might arise, for example when some category suffers
heavy mortality for some reason— perhaps when a mammalian predator has gained
access to the colony or when breeders are killed at their nests by tidal waves or
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sandstorms, so that prebreeders, then absent, become a higher proportion of the
whole.

B Cory’s Shearwater at Grand Salvage Island

Changes to the population of C. d. borealis at this Atlantic island have been described
by Mougin et al. (1987). The birds had been harvested since at least the start of the
19th century and poaching continued even after the birds gained legal protection.
After the 1975 and 1976 debacles only about 5000 breeders were left. Fortunately
these, and the reserve of prebreeders then at sea, took advantage of the guarding of
the island from 1977. This led to a dramatic turn-round in the fortunes of the colony.
There was a marked shift in the proportions of breeders, advanced prebreeders (4-8-
year-olds) and immature prebreeders (1-3-year-olds). In 10 years, according to these
researchers, the proportion of breeding birds has increased steadily (Fig. 1.2A), and,
in the next 10 years, is predicted to stabilize (Fig. 1.2B).

C The Sooty Albatross at Possession Island

Phoebetria fusca lays biennially if successful and, on average, does not do so until 11.9
+ 1.5 year (n = 22) atlle de la Possession, Crozet Islands (Jouventin & Weimerskirch,
1984). Figure 1.3A shows their calculated breakdown of the community structure in
October, the month of egg laying. On shore 29.3% of the population (B) consists of
couples that have laid, 6.3% (C) are potential reproducers, birds that have yet to find
their partners or pairs yet to lay, and 6.2% (D) are advanced prebreeders regularly
visiting the colony. At sea are (A) 21.8% of birds that bred successfully the year
before, (E) 33.1% of prebreeders and (F), 3.2% of birds aged 14+ years that are not
breeding. Later, in February (Fig. 1.3B), the birds ashore consist only of 17.2% of the
population that is raising chicks plus 4% (D) of advanced prebreeders. All the rest,
including a large proportion (B) of birds that have lost egg or chick, are now at sea.

D Non-breeders and prebreeders

Assessment of the non-breeders (those not currently breeding but physiologically
capable of doing so0) in a population is difficult, not only because many prebreeders
are at sea and unaccounted for, but because it is seldom that all the original chicks,
evenin arestricted area, were marked, and so separable from immigrants or visitors.
Even marked birds that shift to breed elsewhere will often never be reported.
Prebreeders (birds that have never attained sexual maturity) may be recognizable
by their behaviour and by the timing of their visits to the colonies. Serventy (1967)
tabled occurrences of known-age Puffinus tenuirostris (The Petrels, fig. 12.8), but
pointed out that as search-efforts varied over time his figures did not show the
precise frequencies of the visitors to the colony. Usually the younger prebreeding
petrels return later than the non-breeders. Many prebreeders have no attachment to
particular sites but wander around, calling vigorously and displaying with other



Table 1.3 Ages at first breeding, adult survival rates and expectations of further life for petrels

Age at first breeding
(years)
Species Min. Mean Sx ex Locality Reference
Diomedea exulans 7(F) 9.6(F) 0.97 33 Crozet Is. Weimerskirch (1992)
7M)  10.4(M)

D. epomophora 6 8.5-10.6 0.94 New Zealand  Robertson (1993a)

8 0.97 36 New Zealand Richdale (1952)
D. irrorata 3 3-11 0.96 25 Galapagos Harris (1979)
D. immutabilis 5(F) 8.9(F) 0.95 19 Midway L van Ryzin & Fisher (1976);

6(M)  8.4(M) Fisher (1975b)

D. melanophrys 6 10 0.88 7.8 Kerguelen Jouventin & Weimerskirch

8 10 0.93 13 S. Georgia (1988); Prince et al. (1994)
D. chrysostoma 10 12 0.95 19.5 S. Georgia Prince et al. (1994)
D. chlororhynchos 5 8.9 091 10.6 Amsterdam I. Weimerskirch et al. (1987)
D. bulleri - — 0.89 8.5+ Snares Is. Richdale & Warham (1973)
Phoebetria fusca 7 12.2 0.95 19.5 Crozet Is. Weimerskirch et al. (1987)
P. palpebrata 9 12.0 0.97 33 Crozet Is. Weimerskirch et al. (1987)
Macronectes giganteus 6 — 0.90 9.5 S. Georgia Hunter (1984b)

5 8.3 — — S. Orkney Is. Conroy (1972)

6 114 — — Macquarie I. Woehler & Johnstone (1988)
M. halli 6 9.7 - - Macquarie I. Woehler & Johnstone (1988)

0.90 9.5 S. Georgia Hunter (1984b)



Fulmarus glacialis
F. glacialoides
Daption capense
Pagodroma nivea

Bulweria bulwerii
Pterodroma phaeopygia

Pachyptila desolata
P. turtur
Calonectris diomedea
Puffinus griseus

P. tenuirostris

P. puffinus

Oceanites oceanicus
Hydrobates pelagicus

Oceanodroma leucorhoa

Pelecanoides urinatrix

10.3(F)
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6
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30+
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5.9
22
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4-16

9-10

10.4
7

3.5

Orkney Is.

Terre Adelie
S. Orkney Is.
Terre Adelie

Salvage Is.
Hawaii

S. Georgia
New Zealand
Salvage Is.
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Bass Strait

Wales

S. Orkney Is.
Wales

E. Canada
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Ollason & Dunnet (1978,
1988)

Mougin (1975); Guillotin &
Jouventin (1980)

Beck (1969); Hudson (1966)

Chastel et al. (1993)

Mougin (1989)
Simons (1984)

Croxall (1982a)
Richdale (1965b)
Mougin et al. (1987)
Richdale (1965b)
Bradley et al. (1989)

Brooke (1990)

Beck & Brown (1972)

Scott in Cramp & Simmons
(1977)

Huntington (pers. comm.)

Richdale (1965b)

M, male; F, female
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prebreeders or with breeders lacking partners. With nocturnally active species such
birds are responsible for much of the calling after dark, and, if commonly calling in
flight, non-breeders tend to do so vigorously as they overfly their colony whereas
established nesters tend to be more cryptic, and are often quite silent until entering
their nests. Prebreeders and non-breeders may dominate the ground surface after
dark while the breeders are engaged below it. This predominance may be shown
from mist-net catches. Absence of abrood patch is not diagnostic of non-breeding, of
course, as advanced prebreeders also develop them, though not swollen cloacae as
with breeding females. Non-breeders often have both nest sites and partners and so
may be unrecognizable as never having bred until it is clear that they have failed to
produce an egg.

In some studies the proportions of birds that have previously bred but fail to do so
the following season, despite coming ashore (i.e. not having taken ‘sabbatical’
leave), is high. Hunter (1984b) found that from 27 to 57% of breeding giant petrels
that were colour-banded in one season were ashore without laying during the next 2
years. Brooke (1990, p. 184) found that about 20% of breeding P. puffinus miss
breeding each year.

Richdale was the first to categorize petrels by status. He estimated that in the 1953/
54 season, out of 512 P. griseus, 29% were breeding, 26% were 'keeping company’,
28% were found alone in a burrow without an egg and 17% were birds caught on the
surface evidently of unknown status; that is, no less than 71% of birds ashore were
non-breeders or prebreeders, a very high figure except for a young, growing colony
(Richdale, 1963, p. 68). Equivalent figures for Pelecanoides urinatrix were breeders
73%, 'keeping company’ 9%, alone in nest 4%, caught on surface 7.5%, known to
have been missed 7% (Richdale, 1965a, p. 41). As he pointed out, this high
proportion of breeders is partly a consequence of some P. urinatrix breeding in their
second year, so that a greater proportion of the prebreeders would be expected
ashore than with a species with a long period of immaturity. Richdale also noted that
birds that lost their partner quickly obtained a new one. Another complicating factor
here may have been that some birds relayed after losing their egg as established by
Astheimer and Grau (1990).

From a 5-year study of Alaskan F. glacialis Hatch (1989) found that non-breeders
comprised 30-35% of the population in the spring, 17.3% of which had nests but no
egg; the others—‘prebreeders’—lacked nests and moved around a lot. For Puffinus
tenuirostris, Wooller et al. (1989) also determined the proportions of past breeders still
alive but absent or that failed to lay (see Table 1.6).

Woodward (1972) counted albatrosses on Kure Atoll and in 1969 the breeding
D. nigripes were marked with coloured streamers facilitating their identification
when off their nests. Birds without nests comprised 0-55% of the breeding popu-
lation of 235-335 D. nigripes pairs, according to the time of the year. Among 309 of
these unattached birds 12.6% were non-breeders, 34.3% were prebreeders born on
Kure, 3.9% had been banded elsewhere, 6.8% of unknown status had been banded
on Kure, and the remaining 42.4% were unmarked birds of unknown origin and
status, thought to be from another island. If so, 53% of those lacking nests were
immigrants. A rather similar situation was found with the D. immutabilis population
of 800-1600 pairs that bred annually.

The very high proportions of immigrants lacking nests in this albatross population
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would be expected of an expanding one. Woodward attributed this to two main
developments—to bulldozing activities that had increased the available nesting
habitat, and to disturbance on the Midway Island colonies where attempts were
being made to eradicate albatrosses from military runways. Many D. immutabilis
born on Midway were recovered on Kure, some staying to breed.

V Age structures of petrel populations

There have been numerous attempts to categorize particular petrel populations by
age class, based on analyses of birds marked as chicks, but because of the absence of
true figures from a petrel’s early years at sea, life tables such as those of Westerskov
(1963), Tickell (1968), Fisher (1975a) and Mougin (1989) involve assumptions that
may be invalid. These include the proposition that once breeding has begun the
annual mortality in a stable population is constant. This results in tables in which a
proportion of birds is theoretically still alive at 80 years old, for example Tickell (1968)
and Table 1.4.

Table 1.4 Life table for the Sooty Albatross Phoebetria fusca at Pos-
session Island, The Crozets. From Weimerskirch (1982)

Age % in the % surviving to
(yr) No. of Birds population this age
0 650 eggs laid — —
0.5 234 6.35 36.0
1 147 3.99 226
2 141 3.83 21.7
3 135 3.66 20.8
4 130 3.53 20.0
5 125 3.39 19.2
6 120 3.25 18.4
7 115 3.12 17.7
8 110 2.99 17.0
9 106 2.88 16.3
10 102 2.77 15.7
1 98 2.65 15.1
12 94 2.54 14.5
15 83 2.25 131
20 68 1.85 10.6
25 55 1.49 8.6
30 45 1.22 7.0
35 37 1.00 57
40 30 0.81 4.6
45 24 0.65 3.8
50 20 0.54 3.1
60 13 0.35 21
70 9 0.24 1.4

80 6 0.16 0.9
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Table 1.5 Age structure of a population of banded Laysan Albatrosses
D. immutabilis at Midway Atoll in 1972-73. From Fisher (1975a)

Recaptures Recaptured at minimum ages (years)

Total no.* 10-14 15-19 20-24 25-29 30-34 35-39 40+

14 420 7979 790 30 13 23 18 11

*Birds fewer than 10 years of age at time of recapture are excluded.

Other workers have drawn up tables of the proportions of birds of known
breeding experience, ignoring those lost at sea before first return to their natal
colony. Fisher’s figures for D. immutabilis (Table 1.5) were based on 14 420 recaptures.
However, as Fisher pointed out, his population was increasing rapidly, so that his
estimated age structure may have been skewed towards the younger age classes.

In a ‘model’ to simulate the population composition and factors regulating the
population of the Hawaiian Petrel Pterodroma phaeopygia, Simons (1984) calculated
that, at stability, about 52% of the population would be immature (<6 years old),
19% 6-11 years, 12% 12-17 years, 8% 18-23 years, 5% 24-29 years and 3% 30-35
years old. His variables included breeding frequency, yearly adult mortality, yearly
fecundity, breeding success and immature survival.

A Age at first return to the colony

Larger species with extended longevity also stay at sea longer before making their
first landfalls, have longer prebreeding periods and more delayed sexual maturity
than the smaller species and, in a stable population must breed repeatedly just to
replace themselves. However, the diving petrel Pelecanoides urinatrix, though not the
smallest, appears to make its first landfall at an earlier age than the rest: some return
as yearlings and these breed the next season (Richdale 1965a, p. 43). In contrast both
sexes of Pagodroma nivea returned at 8.1 * 3.0 year (Chastel et al., 1993). Medium-
sized Puffinus puffinus and P. tenuirostris first appear as 2-year-olds (Serventy, 1967;
Perrins et al., 1973), whereas, at The Crozets, first visits of 187 D. exulans were at an
average age of 7.8 years (4-14 years) according to Weimerskirch and Jouventin
(1987). A few D. immutabilis reappear as 2-year-olds (The Petrels, p. 254).

B Age at first breeding

Petrels breed for the first time when aged from 2 years in Pelecanoides urinatrix
(Richdale, 1965a) to 12.1 (9-16 years) for male D. exulans and 11.2 (7-16 years) for
females (Weimerskirch & Jouventin, 1987) to a mean of 13 years for D. chrysostoma
(Croxall, 1982a). Most medium-sized species take 5-7 years before producing their
first eggs (Table 1.3). With some of the larger species there are significant differences
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between the sexes as with D. exulans and D. immutabilis, but in others no sexual
dimorphism in this respect has been demonstrated, for example in Puffinus tenuiros-
tris (Wooller et al., 1988).

Although smaller petrels do tend to breed for the first time when they are younger
than do the larger ones, the trend is not constant. For example, among the
albatrosses, Phoebetria tends to delay breeding more than does the much larger D.
exulans (Fig. 1.4). With D. immutabilis more males of 9 years or less bred over 9 seasons
(Fig. 1.5), but by age 10 years and thereafter the number of female breeding recruits
was greater in each age class. This figure also shows how the increase in 10-year-olds
in 1966 carried over to the 11- and 12-year-olds in 1967 and 1968. Likewise, the fall in
10-year-olds in 1968 was reflected in that of the 11- and 12-year-old classes of 1969
and 1970.

The mean age at first breeding may also vary from colony to colony and from time
to time. Weimerskirch and Jouventin (1987) found that recruitment into the Wander-
ing Albatross population at The Crozets took place at a successively younger age
during their 10-year study (Fig. 1.6), an effect, not a consequence of sampling
variation. This fall in the average age of first breeders corresponded with a decline in
the Crozet population. A similar situation was found at South Georgia where the
population has also fallen (Croxall et al., 1990a) as has the time between first
returning and first breeding (Pickering, 1989). By reducing the age at first breeding
some compensation for increased mortality occurred, as has been documented for
other vertebrates. On the other hand, figures given by Brooke (1990, p. 170) suggest
that Skokholm Island Puffinus puffinus in the 1970s started to breed about 1 year later
than during the previous decade. Brooke suggested that increased competition for
burrows excluded 5-year-olds from nesting.

Figures for the ages at first breeding of burrowing petrels tend to be higher than
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Figure 1.4 Proportions of five albatross species at the Crozet Islands breeding for the first time in each
age class. From Jouventin and Weimerskirch (1988).



PETREL POPULATIONS 19

10T MALEe—— Ao
FEMALE®—-——-@ (12)
"
x
o
{3 104+ - — (11)
x // ‘\\ //
ID / \\ //
. 54 /,
< /,
5 g
o] -
it ___ =
L o
(o]
0
&
g 10t
= (10)
Z
w
O
m 5--
w
a

YEARS

Figure 1.5 Percentages of young breeders in a Laysan Albatross colony over a 10-year period. From
Fisher (1976).

the true means because it is seldom that the field worker can be sure that a bird first
found with an egg had not previously laid elsewhere.

C  Fecundity

The fecundity of petrels, as measured by the number of chicks fledged annually,
obviously varies from year to year because of environmental factors, because of
changes of mates, etc. Richdale (1965a, p. 44) reported that all of 17 Pelecanoides
urinatrix in one sample of mainly 2- and 3-year-olds fledged a chick—a very atypical
pattern. Hatch (1987a), over a 9-year study of F. glacialis, had a more typical result: his
birds fledged 0.41 chicks annually on average over that period.
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Figure 1.6  Proportions of Crozet Island Wandering Albatrosses breeding for the first time at different

ages in each cohort of fledglings banded from 1966 to 1976. From Weimerskirch and Jouventin (1987).

Wooller et al. (1989, 1990) and Bradley et al. (1989) showed that those Puffinus
tenuirostris that started breeding very young were relatively unsuccessful at first
compared with those that deferred breeding more. Table 1.6 also shows changes in
mean fecundity with breeding experience, increasing from 0.43 chicks per year for
first attempts to about 0.7 at about the tenth attempt and with an apparent decline
towards the end of their breeding lives. Their total production varied with their
mean lifespans (Fig. 1.7A); those that started early produced more young in their
lifetimes. Birds that produced high numbers of flying chicks also produced more
that returned themselves to breed (Fig. 1.7B). Overall, 71% of all the birds that had
completed their reproductive lives produced no offspring that returned to their natal
island. Thus only a small part of the breeding stock was responsible for most of the
next generation. How many bred elsewhere is not known.

Jouventin and Weimerskirch (1988) determined population variables for five
albatrosses. Pairs of D. melanophrys and D. chrysostoma fledged a chick about every
second year, those of D. exulans one chick about every third year, and the sooty
albatrosses about one every fourth year.

D  Longevity and survival

That some petrels are long-lived has been known for many years. For example,
Harting (1887) reported the capture of an ‘immense’ albatross (doubtless D. exulans)
that had been marked about 38 years previously.

Petrels not only live longer than most other seabirds of similar sizes, but larger
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Table 1.6 Mean annual mortality, breeding success, percentage attendance and percentage
laying of Short-tailed Shearwaters according to breeding experience. From Wooller et al.
(1989)

% of breeding % of breeding
Mean (£SE) % of eggslaid birds knownto birds present at

Years since  annual %  thatresulted in be alive but not colony that ~ Sample
first bred mortality young fledged present at colony did not lay size
0 12.8+1.7 43 — — 470
1 9.6+1.6 49 15 25 345
2 8.3%x1.6 59 17 24 297
3 5.0%1.3 60 17 20 268
4 51+14 66 11 19 264
5 7.8%1.8 60 15 16 233
6 6.0£1.7 69 9 21 228
7 9.1+2.2 69 11 16 201
8 8.3+£2.3 74 11 19 172
9 8.0x2.4 71 10 12 154
10 14.9+3.5 79 11 18 126
11-12 11.1+3.2 72 1 13 195
13-15 10.8+3.9 69 8 16 212
16-19 10.1+4.8 65 9 24 168
20-27 20.6x£10.0 56 10 10 134

species tend to survive better than small ones (Table 1.3). Using mean values for 16
species, Croxall and Gaston (1988) found that:

y =0.79 + 0.019 log. x, » = 0.27, P < 0.05

where y is mean annual adult survival rate and x is mean adult mass (g).

Although there are no direct data for survival during their early years at sea,
various estimates suggest that, as expected, a higher mortality rate obtains then than
later. In samples totalling 3821 prebreeding D. exulans born over 6 years at South
Georgia, 49% were estimated by Croxall et al. (1990a) to have survived to age 5
years—45% being known males, 48% being known females (Table 1.7). The 3%
differences for the sexes was not significant, although female adults survived
significantly poorer by about 2% than males. Weimerskirch et al. (1987, p. 1051)
calculated that at the Crozet Islands this same albatross during its prebreeding years
(1-9) survived at an annual rate of 0.31 which rose to 0.97 when breeding. Another
analysis by Weimerskirch and Jouventin (1987) of data for annual survival from
fledging to 5-year-old for 9 yearly cohorts (1966-1974) averaged 0.72, but between 5
and 11 years rose to 0.92. Survival of breeders was significantly higher during 1977-
1983 than during 1968-1976, probably owing to mortality in fishing nets during the
latter period. Throughout, the annual survival of females (0.90) was significanily
lower than that of males (0.94), as at South Georgia. CrozetIsland breeders >28 years
old survived less well (0.93) than 16-22-year-olds at 0.97 (P < 0.01, n=256) (Weimers-
kirch, 1992).

Calculating survival rates for biennial breeders is complicated because not all
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Figure 1.7 For Short-tailed Shearwaters known to have completed their breeding careers: (A) The
relationship between the mean duration of a bird’s completed lifespan, from the time it first bred until final
disappearance, and the mean number of free-flying young that it produced during that period. (B) The
relationship between the mean number of free-flying young produced in a lifetime and the mean number of
those young that returned to the colony to breed. (C) The relationship between the mean duration of a
bird’s completed lifespan and the mean number of reproducing offspring produced during that period.
From Wooller et al. (1989).
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Table 1.7 Estimated survival rates of juvenile Wandering Albatrosses at South Georgia.
From Croxall et al. (1990a)

Estimated percentage survival to age 5 years (SE)*

Known males Known females All birds
Birds
Cohort ringed Crude Adjusted Crude Adjusted Crude  Adjusted
1972 368 39.6 43.5 (6.6) 35.3 41.5(5.7) 389 45.3 (4.6)
1973 75 24.0 24.0 (7.0) 45.3 60.0 (16.8)  36.0 42.8 (8.6)
1975 854 403  418(26) 457  469(25) 455  47.2(1.8)
1976 847 38.0 39.2 (2.6) 38.4 40.2 (2.6) 39.8 42.5 (2.0)
1977 806 46.9 48.4 (2.7) 51.3 52.6 (2.6) 50.4 52.5 (2.0)
1978 871 503  524(2.6) 493  531(27) 506  53.9(L9)
Meant - — 44.6 (1.1) ~ 47.7 (1.3) - 48.9 (1.0)

*Crude estimates based on birds known to be alive. Adjusted value obtained by capture-
recapture analysis.

tWeighted mean of the individual survival estimates with weights inversely proportional to
the estimated sampling variances.

successful pairs miss one year. For example, in large samples of D. chrysostoma 1%
bred the next year, 61% 2 years later, and 14% bred 3 years later. Likewise 58% of
failed breeders tried again the next year, 22% not until 2 years later and 8% not until
3 years had elapsed (Rothery & Prince, 1990). These authors developed a model for
calculating survival in such circumstances which was further developed by
McDonald and Caswell (1993). Annual survival rates for adult mollymawks over 14
years are shown in Fig. 1.8.

Significant differences in adult survival rates have been demonstrated for some
petrels nesting in different locations. For the albatross D. melanophrys breeding at
Kerguelen the mean annual rate was 0.881, those breeding at South Georgia
surviving better, annual rate 0.920 (Jouventin & Weimerskirch, 1988). These authors
ascribed the difference to an increased mortality at the hands of Indian Ocean
fishermen from which the population at South Georgia was largely exempt.

For the albatross D. immutabilis, Fisher (1975b) reported that mean annual survival
in the first 3 years of reproduction was high, and the rates increased after the 14th
year of life (the sixth and seventh of breeding). After 20 years of age there was some
evidence of a decrease in survival. Fisher found that annual survival for breeding
males averaged 94.7%, of females 94.6%. Nor were there significant differences in
the survival of adult male and female P. puffinus (Brooke, 1990, p. 186), P. tenuirostris
or F. glacialis (Dunnet & Ollason, 1978; Bradley et al., 1989).

There are few data for the survival of the smaller petrels. Richdale’s figures for
Pelecanoides urinatrix varied considerably between four seasons, but his preferred
annual mortality rate of 18.2% breeding birds for two normal years gives a low value
of 0.82 for the survival rate and a mean expectation of further life of about 5 years
(Richdale, 1965a, p. 48). These are the lowest values recorded for a tubenose and tie
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in with this bird’s ability to breed when much younger than is known of any other
petrel. Inshore feeding when breeding may also be a significant factor here.

Bradley et al. (1989) detailed statistical problems in estimating age-dependent
survival and analysed rigorously selected samples of data for Puffinus tenuirostris
breeding from their first to their 27th nesting attempts. They found that birds laying
for the first time experienced relatively high rates of mortality which fell in
subsequent years but after 10 years of annual breeding began to rise again (Fig. 1.9),
suggesting an old-age effect.

A senility effect had been mooted earlier for this species by Serventy (1967), and
operates in other seabird populations like those of the Kittiwake Rissa tridactyla
(Coulson & Wooller, 1976). In his 31-year study of Oceanodroma leucorhoa, Huntington
(pers. comm.) found that survival (73%) was below average after the first year of
breeding, slightly higher (82%) after the second year, but very constant at between
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Figure 1.8 Average survival rates (+SE) for Black-browed and Grey-headed Albatrosses. Dotted lines
show arithmetic mean survival 1976-1988 inclusive. From Prince et al. (1994).
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Clayton (1980). From Bradley et al. (1989).

85 and 91% from the third to 17th year. There was a marked decline among birds that
had bred for more than 25 years and these birds were less successful. A similar effect
is indicated for D. epomorphora sanfordi. Robertson (1993a) found an apparent decline
in survival for birds >25 years old, particularly among females; that is, for 20-24-
year-old males (females) s, = 0.986 (0.972), for 25—41-year-old males (females) 0.943
(0.894).

Unfortunately, the delayed maturity of tubenoses combined with their long lives
means that even where the initially marked cohorts are of substantial size and no
ring loss has occurred, after 30 years or more so few still remain that random errors
may mask senility effects. Richdale and Warham (1973), for example, noted a decline
in the survival rate of D. bulleri 22+ years after ringing, but ascribed this to the
difficulties of tracking down the few birds still alive and to decreased search effort. In
fact, later recoveries did not correct the steepening of their curve, but too few birds
were still alive to justify assuming that the increased mortality was real. Ollason and
Dunnet (1988) reported that analyses of the survival of cohorts with histories of
breeding ranging from 2.5 to 19.5 years, failed to reveal any evidence of increasing
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mortality with age, although the 95% confidence limits inevitably widened for old
birds. In any event, in their final years the few very old birds probably contribute
little to the population’s production.

Even if there is a consistent decrease in the survival of old birds, their potential
longevity is considerable. The greatest longevities are to be expected from large birds
like albatrosses, and the oldest known wild bird is still the female D. epomophora, in
1993 aged atleast 61-62 years (Robertson, 1993a). Fisher (1975a) gave particulars of 15
D. immutabilis aged 3542 years and Sagar and Warham (1993) a D. bulleri at least 51
years old. Among smaller, nocturnally active species one Hydrobates pelagicus storm
petrel was 20 years old (Cramp & Simmons, 1977, p. 164), a male O. leucorhoa was
recovered when 29 years old, a Bulwer’s Petrel Bulweria bulwerii at 22 years (Clapp et
al., 1982), and a P. puffinus 40+ years old (Mead & Clark, 1990).

Long-lived birds in a stable population must breed repeatedly to replace them-
selves. This system confers resilience on the species. The delayed breeding that is a
concomitant of longevity insures against extinction by a catastrophic density-
independent event, while a failure of a population to breed in a particular year has a
much reduced long-term effect than for a short-lived species with little opportunity
to recoup before death intervenes.

VI Mortality

Few adults or prebreeders die on the colonies: most die at sea. Direct data on such
losses are rare but Pelecanoides urinatrix is recorded as being eaten by ‘snapper” with
up to three birds in one fish. Because of their philopatry and colony tenacity the
deaths of established breeders are inferred by their absence from the breeding
territories. Many causes of mortality for birds of the various genera are given in The
Petrels, chapters 2--10.

On land, the loss of adults occurs mainly during the breeding season when
substantial losses of eggs and chicks may also take place. These latter tend to be
greater with young, inexperienced birds, as has been shown for D. immutabilis by
Fisher (1975b), for D. exulans by Du Bost and Segonzac (1976) and for C. diomedea by
Mougin et al. (1987), among others. Losses of eggs and chicks vary greatly between
pairs, colonies, habitats and seasons, for example with D. irrorata (Table 1.8).

A Loss of eggs

As soon as they are laid, eggs begin to be lost through a wide variety of causes.
Precise figures are difficult to obtain. It is impracticable to monitor adequate samples
of nests continuously and frequent direct inspections may increase egg loss. In most
studies there is a category ‘egg disappeared, cause unknown’.

A major cause of egg loss is abandonment by one or both parents. Most of this
occurs early in incubation. Abandonment during the first 10 days accounted for over
50% of the egg mortality in nine species of Procellariidae studied by Mougin (1975,
p- 134), and a similar pattern has been found with F. glacialis, Puffinus tenuirostris and
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% eggs lost

% chicks lost

Species (n) (n) Reference

Diomedea exulans 15.6 (45) 15.8 (38) Mougin (1970c)

27.8 (385) 18.7 (278) Tickell (1968)

28.2 (262) 10.6 (188) Du Bost & Segonzac (1976)
D. irrorata 65.2 (262) 49.5 (91) Harris (1973)

48.5 (134) 49.3 (69) Harris (1973)

51.0 (316) 38.1 (155) Harris (1973)

44.2 (258) 52.1 (144) Harris (1973)
D. immutabilis 45 (350) 9 (193) Fisher (1975b)
D. bulleri 22 (90) 27 (51) Sagar & Warham (in press)
Phoebetria palpebrata 29.4 (34) 30.0 (10) Mougin (1970a)
P. fusca 29.9 (784) 49.0 (549) Jouventin & Weimerskirch (1984)
Macronectes giganteus 14 (100) 9.4 (86) Hunter (1984b)

39.7 (174) 31.4 (105) Conroy (1972)
M. halli 63 (147) 22 (54) Mougin (1975)
Fulmarus glacialoides 14 (200) 12 (171) Norman et al. (1992)
F. glacialis 45.6 (103) 16.1 (56) Mougin (1967)

37 (1778) 19 (1196) Hatch (1993)
Pagodroma nivea 49 (75) 55 (18) Brown (1966)

36.7 (1555) 16.7 (1555) Chastel et al. (1993)
Pachyptila salvini 20.8 (72) 31.6 (57) Derenne & Mougin (1976)
Calonectris diomedea 32 (many) 14.6 (many) Mougin et al. (1987)
Procellaria aequinoctialis 21.4 (14) 45.5 (5) Mougin (1970b)
Oceanites oceanicus 64.6 (82) 72 (22) Beck & Brown (1972)
Hydrobates pelagicus 38 (214) 33 (133) Cramp & Simmons (1977)
Oceanodroma castro 51 (154) 33 (76) Allan (1962)

57 (268) 40 (107) Harris (1969a)

O. monorhis 49 (many) 20 (many) Lee & Pyong-Oh Won (1988)
O. furcata 27 (85) 6 (62) Hatch (1986)

others (Dunnet ef al., 1963; Serventy & Curry, 1984). Much of this neglect may arise
from the inability of new breeders to lay down adequate reserves or perhaps to
environmental deterioration. For example, irregularity in the return of storm petrels
to their nests because of contrary winds, leading to egg neglect, has been suggested
by Boersma and Wheelwright (1979) and Ainley et al. (1990). Selected data for egg
loss, chosen from good samples, are given in Table 1.8.

Egg losses often vary greatly from one season to another. Thus out of 4691 eggs of
D. immutabilis laid over eight seasons, losses varied from 3.4 to 16% with a mean of
7.2% (Fisher, 1971, p. 37). This author also listed causes of loss during 1962-1965 as:
desertions 20-30%; storms 0-5%; researcher activity 1-3%; direct effects of man 2—
5%; and interference from other albatrosses 1-2%. The causes of desertions were:
nests too close together 1-3%; egg broken by parents 2-4%; egg missing, cause
unknown 5-8%; failure of living mate to return on time 10-20%; death of mate 1-
3%; interference by second pair trying to take over the nest 1-4%; confusion of pairs
from adjacent nests 0-1%; storms 0-38%; unknown 10-30% and handling of birds
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by researcher 2—4%. Fisher (1971, p. 39) illustrated the impact of bad weather on egg
loss and in relation to the biological activity of the colony as a whole (Fig. 1.10).

In recent years the Royal Albatrosses on the Forty-Fours Islets have been forced to
nest on rocky substrates owing to the loss of vegetation. Considerable egg mortality
from cracking ensues and helps account for 53% of the lay being lost in 1993
(Robertson, 1994). Sometimes egg loss is total. In 1983 only about 15% of the Waved
Albatrosses D. irrorata on Hood Island attempted to breed and torrential rain
associated with El Nino caused all to desert (Rechten, 1985).

B Loss of chicks

Many chicks die at hatching, for example in Diomedea epomophora (Sorensen, 1950),
Daption capense (Pinder, 1966), and Diomedea immutabilis (Fisher, 1975b). Tiny chicks
expire for unknown reasons; some are trampled on by clumsy parents. Another peak
in losses occurs around fledging when naive birds are taken by predators, but the
precise extent of this is mostly unknown and clearly hard to quantify.

The figures in Table 1.8 are very heterogeneous, and it is difficult to draw general
conclusions from them. Clearly there is much variation from place to place, for
example in the figures for Diomedea exulans. Any trends such as differences between
surface and underground nesters are not apparent and may require much longer
study for elucidation.

C Adult losses on land
1 Losses from environmental factors

Unseasonal weather conditions comprise a major source of deaths of petrels on land,
mainly to chicks and to eggs. Important among these are snow blockage of nest sites
and the freezing of eggs and chicks of birds like T. antarctica, Pagodroma nivea and
Oceanites oceanicus (Roberts, 1940; Pryor, 1964; Brown, 1966; Beck & Brown, 1972).
Flooding in heavy rain is probably the most widespread and important natural
hazard for burrowing species, but may also affect surface nesters like Diomedea
immutabilis (Fisher, 1971). The mortality mainly hits the chicks as these seem more
susceptible to chilling than the eggs (The Petrels, p. 252). Royal Albatrosses on Middle
Sister Island, Chathams Group have been blown off their nests and their eggs lost
during violent storms. Conversely, three 26-29-year-old females of this same species
at Taiaroa Heads, New Zealand died of heat exhaustion following atypical periods of
high temperatures, low humidity and little wind (Robertson, 1993a), and dehy-
dration is a common cause of chick loss for D. immutabilis (Sileo et al., 1990a).
Other density-independent sources of deaths include tidal waves, volcanic erup-
tions, sandstorms, and El Nino perturbations. For example, Duffy (1990) pointed to
unusually high numbers of beach-washed Puffinus tenuirostris, F. glacialis, Lugensa
brevirostris, Pachyptila turtur and Halobaena caerulea in Australasia and South Africa as
possible effects of El Nino Southern Oscillation (ENSO). These may reach to
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Figure 1.10 The cumulative impact of Laysan Albatross egg and chick losses in relation to the weather
and colony activity in 1964-65. Based on 350 fertile eggs. From Fisher (1971, p. 39).
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Antarctica where the poor breeding of Snow Petrels was ascribed to ENSO events a
year previously (Chastel et al., 1993).

Losses due to tidal waves, for example to Puffinus nativitatis, have usually been
inferred rather than documented, but Munro (1947) described the destruction of a
colony of P. pacificus by tidal waves in Hawaii. An eruption in 1952 at San Benedicto
Island, Mexico, exterminated all the seabirds there including any P. auricularis
(Brattstrom, 1963), but whether that species has re-established itself from a ‘strategic
reserve’ of prebreeders, is not clear (Jehl, 1982). Landslides at colonies of Pagodroma
nivea in Heimefrontfjella, West Antarctica, were believed to have destroyed many
nests in the 1963-64 summer (Bowra ef al., 1966). At Laysan Island, Willett (1919)
reported the mass smothering of nesting Sooty Storm Petrels Oceanodroma tristrami
by wind-blown sand. Chicks of beach-nesting D. nigripes are likewise lost by sand
burial during gales (Rice & Kenyon, 1962).

There may be natural hazards at the breeding places. These include blowholes as
are found at the Albatross Island colony of D. cauta (Macdonald & Green, 1963) and at
the Snares Islands where Puffinus griseus is the main victim. Birds that fall into these
pits and can neither fly out vertically nor scale the surrounding cliffs succumb to
predators or starve to death. Even aerially competent petrels may be trapped. Gun
pits on South Channel Fort Island in Victoria, Australia claimed the lives of many
White-faced Storm Petrels. This ceased when the pits were covered with wire
netting but resumed when it was stolen (Gillham & Thomson, 1961).

A special kind of an environmental hazard is provided by the mosquito Aedes
taeniorhynchus which took blood meals from D. irrorata by day and by night. These
insects abounded after heavy rains so that where the insects were at high densities at
least half the eggs were deserted. These then became encased in mud or were eaten
by the mockingbird Nesomimus macdonaldi (Anderson & Fortner, 1988).

The accidental entrapment and deaths of Pterodroma leucoptera by sticky Pisonia
seeds has been referred to (The Petrels, p. 107), but more bizarre are those of adult O.
leucorhoa whose plumage is contaminated in their burrows by the slime from slugs
that hide there. Unable to fly, the birds are eaten by gulls (Campbell & Stirling, 1968).

Pressure on space by conspecifics appears to be causing density-dependent
production losses in biennially-breeding Chatham Island D. epomophora sanfordi.
Because of the high egg losses already noted, in the following years large numbers of
birds return to renest and the colonies are excessively crowded. In the 1973/74 season
80% of the breeders were trying to nest and productivity has declined greatly since
then (Robertson, 1991).

2 ‘Wrecks’

Petrels usually predominate among beach-stranded seabirds, often driven to land by
strong onshore winds. These ‘wrecks’ are particularly common along the western
coasts of South America, South Africa, Australia and New Zealand where the
enormous fetch of the westerlies provides a huge catchment area and tubenoses are
the predominant birds.

The potential of such events in providing information on what species occur
locally was realized early by Alexander (1916) and Whitlock (1927) in Western
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Australia and by Falla (1922) in New Zealand, and many museum specimens have
been collected during beachcombing expeditions. Nowadays beach surveys are
regularly organized —see for example Ryan ef al. (1989) and Powlesland (1986).

Strandings may occur over a wide area. The 1952 wreck of O. leucorhoa docu-
mented by Boyd (1954), probably involved the whole Atlantic population, and while
most casualties were in Britain and Ireland, birds turned up in France, Holland,
Germany and even Switzerland. The principal cause of the mortality was deemed to
be persistent strong wind and the emaciated state of the victims with no subdermal
fat, little tissue glycogen and empty stomachs.

Storm-driven birds may end up far inland. Among many examples are the P.
macroptera 200 km from the sea in Western Australia, Procellaria aequinoctialis 250 km
up the Amazon and Puffinus griseus 480 km inland in North Carolina. In eastern
North America such birds have been seen flying around lakes and rivers—up to
hundreds of O. leucorhoa at a time. In one North Carolina wreck thousands of these
petrels dead or dying formed ‘a blanket from the water’s edge into the grass’ and
fishermen carried baskets of the birds home to eat (Pearson, 1899).

A major irruption during 1984 into South African waters of Lugensa brevirostris,
Halobaena caerulea and Pachyptila belcheri, birds seldom seen locally, was analysed by
Ryan et al. (1989). Although the strandings were related to passages of cold fronts
with strong onshore winds, the birds had appeared at sea at least 2 weeks earlier and
these authors believed that the wind was only a proximate factor in their deaths.
They speculated that the irruption of these more southerly species into local seas
resulted from a major physical or biological perturbation in the Southern Ocean. The
wrecks occurred a year after the 1983 ENSO and there were similar wrecks in
Australasia (Powlesland, 1986). It was suggested that the ultimate cause was ENSO-
induced changes to oceanic circulation leading the birds to shift to seas to which they
were ill adapted, the winds taking a toll of already weakened birds.

Heavy mortalities also accompany the migrations of Puffinus griseus and P.
tenuirostris. These take place both in home waters and in their contranuptial quarters.
Beach-washed birds of both species peak on New Zealand coasts in November—
December and in May. The early birds seem most likely to be returned prebreeders;
the May ones are fledglings often still with down on their napes. They appear to have
fledged underweight and lack the strength to cope with strong onshore winds
(Stonehouse, 1964). Wrecks of P. tenuirostris occur mainly in eastern Australia at
irregular intervals. The biggest events are of birds back in Australian waters after
battling the South-East Trades and most are first-year birds. They may be so ravenous
for food asto try to steal fishermen’sbaits. Serventy et al. (1971, p. 35) believed that they
die because of the unreliable plankton of the Tasman Sea which, in some years, results
in a scarcity of Nyctiphanes australis on which the shearwaters depend. The inexper-
ienced birds perish in great numbers and are washed ashore from Queensland to
Victoria and even as far as Stewart Island, south of New Zealand.

Wrecks on Japanese shores mainly involve P. tenuirostris and O. leucorhoa and
locally breeding Calonectris leucomelas. Samples from the occasional mass deaths of P.
tenuirostris that occur in May and June proved to be mostly young birds (Oka &
Maruyama, 1986). These workers suggested that such birds had begun their
migration with inadequate fat stores and that the incidence of ‘wrecks’ in Japan
might correlate with fluctuations of N. australis in Australian seas. The birds’ physical
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condition was studied by Oka & Maruyama (1985) and their ages by skull ossification
(Sugimori et al., 1985). Nishigai et al. (1981) determined from pathological and
haematological examination that the young birds died of anaemia and malnutrition.

3 Predation

Natural predators of petrels on land have doubtless had important effects on the past
evolutionary history of the group, particularly in directing them into ecological
niches where such pressure is relaxed, such as nocturnality, burrowing, and use of
island sanctuaries.

a. Avian predators. Today natural predators are mainly avian, particularly gulls and
skuas. Gulls may have large appetites. One Larus marinus swallowed five adult O.
leucorhoa in 20 min (Gross, 1935). Such predation is readily detected as gulls typically
turn a petrel’s skin inside out. Few reports give quantitative information, and whatis
available is difficult to interpret.

Gynn (1984) counted P. puffinus corpses on Skokholm between 1957 and 1983.
There were more dead birds when many pairs of L. marinus bred than when few did
so. In 1957 2465 corpses were collected and 27 pairs of these gulls nested, in 1983
when 11 pairs bred 1373 corpses were picked up while in 1968 the counts were 841
dead birds and three pairs of gulls. Many of the victims were prebreeders or chicks,
but Brooke (1990, p. 48) estimated that, over the whole period, under 10% of the total
annual mortality was ascribable to gulls and he did not believe that this level of
predation threatened the population which may indeed be increasing.

Watanuki (1986) estimated that L. schistisagus took 13.2% of the annual population
of adult O. leucorhoa at Daikoku Island, Japan. The incidence of this predation was
high when the energy needs of the gulls and their chicks were at a peak (Fig. 1.11).
Watanuki thought that the reduction in petrel activity ashore on moonlight nights
was primarily in response to the risk of predation, and Bretagnolle (1990b) confirmed
that five other tubenoses behaved similarly, the non-breeders especially (cf. The
Petrels, p. 253).

In the tropics, gulls and skuas are generally absent and predation by other birds
slight. There is little information on the role of frigate-birds here but Shallenberger
(1973, p. 87) described Fregata minor at Midway Atoll forcing P. pacificus that flew
overhead before dark to disgorge and elsewhere some P. lherminieri have been
reported as killed by frigate-birds.

In high latitudes the very long, light nights add to the risks for petrels, especially
for non-breeders, although such conditions may aid food getting at sea. And, as most
gulls and skuas breed in the summer, winter-nesting petrels such as Pterodroma
macroptera and Puffinus assimilis largely escape their attention. Other winter
breeders, such as Pterodroma hypoleuca, experience no such predation either, as
neither gulls nor skuas share their breeding places. Why this bird should still be
entirely nocturnal on land is unclear but we know nothing of past predators that
might have enforced such behaviour.

Much skua predation seems to occur of birds on the surface at night and of birds
near their nests by day, for example Pagodroma nivea. The techniques used by skuas
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Figure 1.11  Seasonal changes in the diet of Slaty-backed Gulls Larus schistisagus as shown by dry-
weight percentages. (A) Adult Leach’s Storm Petrels. (B) Fish (dark line) and other foods (broken line).
From Watanuki (1986).

to take subantarctic petrels were described by Sinclair (1980). In the dry valleys of
Antarctica bones of skua-killed Snow Petrels have piled up over many years in the
middens of Catharacta maccormicki (Fig. 1.12).

From analyses of pellets, Jones (1980), Schramm (1983) and Ryan and Moloney
(1991a) determined the prey of C. s. lonnbergi at Macquarie and Marion Islands and
Tristan da Cunha. The skuas fed mainly within their territories and took the most
abundant small petrels there, for example Pachyptila desolata at Macquarie and
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Figure 1.12  McCormick’s Skua chick on nest surrounded by Snow Petrel bones. Photo: W.Richter.

P. salvini at Marion Island. Large petrels were thought to be under-represented in
the pellets. For example, the Shoemaker Procellaria aequinoctialis was abundant at
Marion Island yet evidently was seldom taken; presumably the prions provided
abundant and easier prey. These big birds may be eaten by skuas at times, for
example on Antipodes Island where a short study found that they comprised 21% of
the skua’s petrel diet (Moors, 1980) and where Warham and Bell (1979) described
daytime attacks by as many as eight skuas in consort.

Southern Skuas excavate shallow petrel burrows with their bills, trenching back
from the entrances to reach the chicks or adults of birds like Pachyptila desolata and
Pelecanoides georgicus. Small species are also taken by day on the wing, the straight
flight of diving petrels making their capture easy. The flight of prions is usually too
erratic for most skuas, but some are caught, and in the Antarctic Oceanites oceanicus is
taken on the wing (Burton, 1968; Beck & Brown, 1972).

Other natural avian predators, whose pressures may be locally important, include
sheathbills Chionis spp., while owls Asio flammeus, crows Corvus spp. and Bald Eagles
Haliaeetus leucocephalus prey on Oceanodroma leucorhoa (Abe et al., 1972; DeGange &
Nelson, 1982; Holt, 1987). Asio galapagoensis also kills significant numbers of O. castro,
O. tethys and Puffinus lherminieri at the Galapagos (Harris, 1969a,b). Harris saw this
owl hunting on the wing after dark but also taking the diurnally active O. tethys by
waiting near a nesting crack and jumping feet first onto the emerging petrel. At these
same islands the gadfly petrel Pterodroma phaeopygia, nesting in rocky recesses and
shallow caves, is dragged out and killed by a buzzard Buteo galapagoensis (Cruz &
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Cruz, 1987b). Manx Shearwaters are also taken by B. buteo (Warman & Warman,
1985), while at the Falkland Islands caracaras Phalcoboenus australis get some Pachyp-
tila belcheri (Strange, 1980).

Tristan Thrushes Nesocichla eremita are reported as killing adult Fregetta grallaria
(Ryan & Moloney, 1991b); even more enterprising is the mockingbird Nesomimus
macdonaldi, which not only attacks unattended Diomedea irrorata eggs and Kkills the
small nestlings, but also takes food directly from the parents’ bills as they disgorge to
their chicks (Brosset, 1963, p. 87).

The Weka Gallirallus australis, a flightless rail, can be an aggressive predator, has
been implicated in the deaths of small petrels at Macquarie Island and was largely
responsible for the decline of Pterodroma cookii and P. inexpectata on Codfish Island,
New Zealand (Blackburn, 1968) before being removed. On Laysan Island, Bristle-
thighed Curlews Numenius tahitiensis use stones to crack open uncovered (but not
necessarily abandoned) eggs of D. immutabilis and D. nigripes (Fig. 1.13).

b. Non-avian predators. The only invertebrates regularly implicated on preying on
petrels are crabs. Murphy (1924a) described how sand crabs Ocypode cursor hunted
young Pelagodroma marina in their burrows at night and Harris (1969a, p. 131)
reported Grapsus grapsus preying upon nestling O. castro.

Some petrels lose chicks or eggs to reptiles. Snakes take eggs and small chicks of
Puffinus tenuirostris, C. leucomelas and Pelagodroma marina (Jones, 1937; Serventy et al.,
1971, p. 130; Yoshida, 1981). According to Penny (1974, p. 122) the skink Mabuya
wrightii ate about 10% of the eggs of Puffinus pacificus on Cousin Island, Seychelles, in
1970. The Tuatara Sphenodon punctatus also eats young prions (Harper, 1976; New-
man, 1987), and nesting Green Turtles Chelonia mydas sometimes dig up burrows of
Wedge-tailed Shearwaters.

Apart from foxes, there are a few instances of native mammals eating petrels in
northern latitudes. The best documented is the case of the River Otters Lutra
canadensis that prey upon the storm petrels O. furcata and O. leucorhoa at Fish Island,
Alaska (Quinlan, 1983). The colonies at 60°N are the most northerly in the Pacific
with continuous daylight during most of the nesting season. Quinlan found that
otter predation on adult birds was high, much greater than that from raptors and
crows. The eggs were not eaten but most predation occurred during egg laying and
incubation, mainly of birds in burrows, few of those in crevice sites. It was estimated
that only 24% of 204 eggs of O. furcata produced chicks whereas, in an otter-free
exclosure, 68% of 25 eggs gave rise to fledged chicks. Once a nest in a high-density
area had been detected others were quickly found —a high cost for colonial breeding.

Unusual predatorsare the Red Deer Cervus elephas thatkillManx Shearwaters for the
calcium in their bones, a habit first noted by Wormell (1969). On the Scottish island of
Rum (Rhum), deer attack fledglings caught on the surface at daybreak. They bite off
their victim’s head and chew only the bones of wings and legs (Furness, 1988a).
Furness estimated that only about 4% of all the fledglings were taken. Such activity
has not been reported elsewhere, for example at South Georgia or Kerguelen where
introduced Reindeer Rangifer tarandus share habitats with many kinds of petrel.

c. Alien predators. Tubenosed birds are particularly vulnerable to attack by land
mammals introduced from mainland ecosystems. The birds mostly have evolved no
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effective direct protection from such attack apart from oil spitting and few burrow-
ing species do that effectively. Petrels tend to be noisy at night and their body odour
may guide nocturnal hunters such as cats to occupied nests. Particularly at risk are
the prebreeders as these display and call from the surface—in a burrow a bird is
reasonably protected if the tunnel is too small to admit the carnivore. But burrows

5

Figure1.13  Bristle-thighed Curlew using stone to open an albatross egg. From Marks and Hall (1992),
del R.A. Petty.
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Mammal

Figure 1.14 Results of analyses of fox scats from Cape Woolamai from September 1965 to August
1968. Scats have been separated into two samples based on whether Short-tailed Shearwaters were
(A) present or (B) absent from the nesting colonies. The samples have been subdivided into the five major
foods. 1, insects; B, birds. From Norman (1971).

that may provide protection from gulls and skuas give little protection from rats or
mustelids small enough to enter the tunnels, where the petrel is effectively trapped.
Large, surface-nesting albatrosses and giant petrels can defend themselves and
seem to be immune from any pest except dogs. A notable exception is the strange
case of D. immutabilis and Rattus exulans on Kure Atoll (The Petrels, p. 46).

General reviews of the effects of alien predators have been provided by Moors and
Atkinson (1984) and Johnstone (1985). Control and elimination of mammalian
predators is discussed in Chapter 12.VILB.

In the Aleutian Islands introduced Arctic Foxes Alopex lagopus drastically reduced
populations of petrels and other marine birds with large numbers of storm petrel
remains being found in fox dens (Sekora et al. ,1979). Norman (1971) investigated the
predation by European Foxes Vulpes vulpes at colonies of P. tenuirostris, one at Cape
Woolamai with rabbits present, the other at rabbit-free Benison Island. At Woolamai
the major victims were rabbits (Fig. 1.14). At the other location counts of shearwater
corpses peaked in October and fell in February-March. Norman concluded that with
rabbits present the effects on the birds were relatively unimportant, but where these
were absent fox predation was substantial, the main victims being the noisy, surface-
active prebreeders and non-breeders.

There are many more instances of damage by cats than by dogs. Some of the better
documented accounts include those of Imber (1987) for Procellaria parkinsoni and of
van Aarde (1980) and van Rensburg and Bester (1988) for various species at Marion
Island. Jones (1977, 1980) provided data on cat kills at Macquarie Island where, after
the rabbit, Pterodroma lessonii and Pachyptila desolata were the most frequent items in
both scats and stomach contents. The incidence of cat predation on Macquarie
Island petrels was also discussed by Brothers (1984) who estimated that they might
kill 26 000 prions annually.

Cats take adults, nestlings and eggs. When in their burrows big aggressive birds
like Procellaria aequinoctialis can probably keep cats at bay, but unguarded chicks are



38 BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

very vulnerable and the big burrows allow easy access. As hungry chicks tend to call
after dark, this too gives a further clue to their whereabouts. All young petrels are
particularly endangered during their exploratory emergences late in their develop-
ment to exercise their wings.

Introduced mustelids, for example Stoats Mustela erminea and mongooses Her-
pestes auropunctatus in New Zealand and Hawaii respectively, presumably speeded
the extinction of birds like Pterodroma inexpectata from the South Island and P.
phaeopygia from some of the Hawaiian islands.

Pigs can devastate petrel colonies by rooting out burrows and devouring their
contents. Howell and Webb (1990), for example, found that all the nests of the rare
Puffinus auricularis on the Revillagigedo Islands, Mexico, had been dug out, with
shearwater remains littering the destroyed burrows.

Except perhaps for the water rat Hydromys chrysogaster of Bass Strait, all the rats
(Rattus rattus, R. norvegicus, R. exulans) found in petrel colonies have got there with
the help of man. Their impacts on seabirds were reviewed by Norman (1975) and
Atkinson (1985). Norman pointed out that most accounts of rat predation on petrels
were circumstantial, with few local studies of rat foods having been made. In his
work on a colony of P. tenuirostris Norman (1970c) found that R. rattus was mainly
vegetarian and ate only unattended eggs and dead nestlings.

While many earlier accounts of the impacts of rodents on petrels lack firm data,
recent studies have established that rats may be very significant predators of petrel
eggs and chicks. For example, field experiments by Woodward (1972) and Grant et al.
(1981) revealed that Pterodroma hypoleuca lost many eggs to R. rattus. Tompkins (1985)
described methods of distinguishing predation by this animal on P. phaeopygia from
that due to dogs, cats, pigs, owls and hawks. The rats were the major causes of egg
and chick mortality.

4 Disease

Disease in petrels is well known only in Fulmarus glacialis and Puffinus puffinus.
Ornithosis in the Northern Fulmar was studied in some detail because it caused
human fatalities. The effects on the fulmar populations have not been assessed.
Fulmars certainly die from the disease but there seems to be no evidence of
associated mass mortalities.

Puffinosis in Manx Shearwaters has been described from the West Wales islands
(The Petrels, pp. 169 & 170) and Brooke (1990, pp. 144-167) provides a detailed
account of experiments to help understand its causes. It mostly affects nestlings
during the desertion period and Brooke found that about 15% of those with blistered
feet died before they flew.

Ornithosis also occurs in P. tenuirostris fledglings but consequent mortalities on
the nesting islands have not been seen during the postnuptial migrations (Mykyto-
wycz et al., 1955). Miles and Shrivastav (1951) suggested that this virus could not be
highly infective in man. However, while working with the 1954 strain, Mykytowycz
himself had a moderately severe attack, with symptoms of pneumonia.

The ‘limy bird disease” of P. tenuirostris is a non-infectious condition resulting in
the blockage of the lower alimentary tract with sodium urate concretions that causes



PETREL POPULATIONS 39

heavy chick loss in some seasons. The disease was studied by Mykytowycz (1963),
Munday (1966) and Munday et al. (1971), the associated gastrointestinal flora by
Mushin and Ashburner (1952). The cause of the blockages remains obscure.

Avian pox was reported in chicks of D. melanophrys at the Falkland Islands by
Thompson (1989), and was accompanied by considerable mortality, as has also
happened with D. immutabilis in the North Pacific.

VII Population changes

The numbers of petrels on land vary during the year, tending to peak just before egg
laying with many non-breeders ashore. The numbers of those species having
compressed laying periods may show a cyclic pattern reflecting on- and off-duty
stints, and this may carry over into the early chick stage. Minima are reached during
the contranuptial season when only biennial breeders and sedentary ones like
Macronectes are regularly ashore.

On a broader scale, seabird breeding locations, populations and their marine
habitats are not static, and Myers (1979) pointed out that new colonies formed by
young birds may represent a continual adjustment to changing conditions like shifts
in sea surface temperatures, with older colonies that are less well placed in the new
environment gradually fading away.

Following population changes requires comparable counts at the same time over
several years. For example, the Snares Island D. bulleri population in 1969 was about
4750 pairs (Warham & Bennington, 1983) as against 8460 pairs in 1992 (Sagar et al.,
1994), but two counts 23 years apart are quite inadequate to determine population
trends.

Most recent changes have been decreases due to human intervention, for example
to habitat destruction, the importation of alien mammals and commercial fishing
(e.g. Croxall et al., 1990a). Changes to southern species were reviewed by Jouventin
and Weimerskirch (1991).

A Population increases

Changes in the numbers of species with small populations may be difficult to
identify. For example, Pterodroma hasitata is being seen with increasing frequency off
southeastern USA, with 161 off Capes’ Lookout and Hatteras on 7 October 1980 (Le
Grand, 1981). Whether these sightings reflect a real population increase on the little-
known Caribbean nesting grounds, are due to a shift in migratory patterns in
response to changed oceanographic conditions, or simply result from more people
looking for seabirds at sea, is unclear.

1 The case of the Northern Fulmar

The most dramatic population increase of any petrel and perhaps of any bird, has
been that of F. glacialis. Like most increases, this has been accompanied by an
expansion of breeding range. Being a large, surface-nesting and diurnally active



40 BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

species, its change of status has been well recorded and was outlined in The Petrels,
pp- 65, 71-72.

The increase in the large-billed race F. g. auduboni was noted at the beginning of
this century and Harvie-Brown (1912a,b) published a survey of its distribution and
spread. Fisher (1952a, 1966) mapped the colonies and worked out their histories in
great detail and traced the expansion from Iceland in about 1640, thence to The
Faroes about 1839, to the British Isles in 1878 (except for St Kilda where it had long
been established). Fisher (1952a,b, 1966) showed that the mean annual increase for
all colonies except St Kilda varied from 6.4 to 16.5%. According to Cramp et al. (1974)
the overall increase in the British Isles between 1929 and 1949 was about 420%, that
between 1949 and 1969/70 about 280%. They calculated that, excluding St Kilda, the
British fulmar population was still growing at almost 7% per annum compounded.
The expansion continues, with small colonies becoming established in France
(Brittany 1960; Normandy 1971, Picardy 1979, Pas de Calais 1983). All these colonies
are small and confined to cliffs. Mercier (1987) reviewed the increases in occupied
sites in Picardy between 1972 and 1986 and described the breeding cycles there.
Small numbers have also bred in Heligoland since 1972.

The hypothesis that expansion of the fulmar’s range and its use of non-traditional
sites is partly induced by a shortage of natural ones is not supported by the results of
a recent study. Olsthoorn and Nelson (1990) evaluated the quality of fulmar nesting
sites at a colony on the Aberdeenshire cliffs and considered that there were plenty of
suitable ledges still unoccupied.

In 1970, the Northern Fulmar became the first bird to become established on
Surtsey, the volcanicisland off Iceland that was born in 1963, and in Iceland there are
fulmar colonies 50 km from the sea (see Fig. 9.7). This ability to breed far inland is
shared by the southern fulmars Pagodroma nivea and Thalassoica antarctica which
succeed under much more severe conditions. Why does the Southern Fulmar F.
glacialoides not do that too?

Salomonsen (1935, pp. 251-252) pointed out that a prerequisite for a fulmar
‘explosion” would be a reduction in the species’ attachment to its nesting places and
suggested that some individual birds experienced a genetic mutational change
affecting their philopatric behaviour. Fisher (1952a, 1966) ascribed the increase to the
appearance of a new source of food—offal from Arctic whalers and, later, from
fishing trawlers. However, Salomonsen (1965) believed that the initial expansion
occurred independently of human activity as he could find no evidence for any
increase in fishing or whaling in Icelandic waters when the expansion is deemed to
have begun. He proposed that the shift of genotype better adapted the subspecies to
warmer southern waters, and particularly to feeding on the macroplankton of
offshore seas in winter, a hitherto unexploited niche for the bird.

Brown (1970) concluded that availability of fish offal does not control the fulmar’s
distribution in the western Atlantic even of birds belonging to the eastern Atlantic
expansionary population allegedly linked to the offal supply. He postulated that
changing oceanographic conditions will be found to be responsible for the popu-
lation increase. Further light may be thrown on the matter as light-phase birds now
breed on islets off Newfoundland (Nettleship & Montgomerie, 1974; Montevecchi et
al., 1978; Cairns et al., 1986); others prospecting around St Pierre et Michelon
(Desbrosse & Etcheberry, 1989).
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The role of filter-feeding by fulmars (The Petrels, p. 49) has yet to be examined.

The expansion of the boreal population of the Northern Fulmar shows that,
despite a long period of immaturity, a clutch size of one egg, no relaying (i.e. no
ability to increase production within the same year with a sudden improvement in
conditions) and some tendency to take ‘sabbatical’, non-breeding years (Ollason &
Dunnet, 1983), the potential for a rapid build up is high once some key restraint is
relaxed.

A fulmar expansion may also be taking place in the North Pacific. At least four
colonies there may be new, and these are growing, but figures for the large colonies
are as yet inconclusive (Hatch, 1993).

2 The case of the Laysan Albatross

The range expansion of this albatross is less dramatic and more recent than that of
the Northern Fulmar. The data have been analysed by Gould and Hobbs (1993) who
estimated annual growth rates at the various islands, for example at Midway Atoll
these were 7.1% for D. immutabilis (and 1.1% for D. nigripes). The change may
represent a rebound of a depressed population and a re-establishment of a former
range.

In recent years, the US Navy has taken good care of the Midway birds, the other
island populations have recovered, and the species has established (or re-
established) a foothold on the main Hawaiian Islands, particularly on Kauai, since
1970. A number of breeding attempts at various sites have been made—see also
Chapter 12.V. The expansion has carried some birds across the North Pacific to
western Mexico where small colonies have been founded (Pitman, 1985; Dunlap,
1988; Oberbauer et al., 1989; Howell & Webb, 1990; McDermond & Morgan, 1993).

That this expansion has been eastwards is not unexpected as the epicentres of all
the North Pacific albatrosses tend to shift eastwards during the non-breeding season
(see Fig. 2.16), with some birds reaching coastal waters from Zritish Columbia to
Mexico, and it is perhaps significant that D. immutabilis has not re-established
colonies to the south and southwest of the Hawaiian Chain, for example on Johnston
and Wake Islands and the Marianas. The colony on Guadalupe Island, Mexico
started just after the 1982/83 ENSO. Gallo-Reynoso and Figueroa-Carranza (pers.
comm.) suggested that the colonizers might be experienced birds forced to forage far
from their normal range and, having discovered the island, stayed.

Increased sightings of this albatross in the northern Gulf of California and in
inland California and Arizona (Newcomer & Silber, 1989) support the idea of birds
exploring for new territories and there seems to be no obvious reason why D.
immutabilis should not build up a self-sustaining population on islands off Mexico
and California, as suggested by Pitman (1985).

3 Some lesser expansions

A bird that is extending its range, this time in a southerly direction, is Pterodroma
nigripennis. Since 1980 it has bred on Mangere Island in the Chathams, and recently
has been increasingly in evidence flying around offshore islands and northern
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headlands. As far as is known, these exploratory birds do not originate from the
colonies on the Chatham or Three Kings Islands, but may have come from the
Kermadecs Group, where another gadfly petrel, P. neglecta, and P. nigripennis are
now abundant on Macauley Island with about 300 000 pairs nesting on Curtis Island
(Tennyson & Taylor, 1990a).

Two petrels that illustrate how a species can rebound once a restraint is lifted are
Buller's and Cory’s Shearwaters. Puffinus bulleri has only ever been known to nest on
the two Poor Knights Islands off northern New Zealand —Tawhiti (132 ha) and
Aorangi (68 ha). Harper (1983) detailed how at the latter island feral pigs ate out the
vegetation and routed out the several species of resident petrels so that none could
be found in 1924 (Falla, 1924). On the larger island P. bulleri flourished, free from
introduced pests. After the shooting of the last pig in 1936 the petrels reappeared on
Aorangi, presumably from Tawhiti, and by 1981 there were approximately 200000
birds on Aorangi. So far there is little sign of this species expanding its breeding
range.

Population changes of Cory’s Shearwater Calonectris diomedea borealis breeding on
Grand Salvage Island have been followed in detail (Zino, 1985; Mougin et al., 1987;
Mougin & Roux, 1988). This provides another example of a petrel’s ability to spring
back from a very low point, and where the long prebreeding period (7-13 years) may
have proved valuable—keeping a substantial part of the population beyond the
reach of vandals. It is also an instance of population increase without range
expansion.

Other extensions of range that may or may not reflect increases in populations,
involve the establishment of new, small colonies far from the customary breeding
places. Examples are the Manx Shearwaters already referred to (Section III.C above)
that have begun to nest in the Western Atlantic at Middle Lawn Island and are
prospecting Colombier Island (Mactavish, 1992), and the Shy Albatross at Penguin
Island, The Crozets, far from their nearest colony in Bass Strait (Jouventin, 1990). No
doubt such colonizations have occurred many times during the course of petrel
evolution and until quite recently would have gone unrecorded, particularly if they
involved small, nocturnally active kinds.

B Population declines

Clear instances of petrel populations in natural decline and uninfluenced by human
activity are hard to find outside the fossil record. Some species seem always to have
been rare in historical times, for example Pterodroma macgillivrayi, or to be in small
numbers, for example Pachyptila crassirostris. The latter may perhaps be restricted by
the availability of crevice-nesting habitat; the former could well have once been
eaten by tribesmen, although there seems to be no evidence for this, so that the
species may be heading for extinction.

VIII Population regulation

As with other animals, petrel populations may be regulated through some essential
need being in short supply at some critical phase in the annual cycle, so as to impose



Table 1.9 Estimated breeding populations (pairs) of seabirds at South Georgia.

PETREL POPULATIONS

From Croxall and Prince (1980) and Prince and Croxall (1983)

King Penguin A. patagonica 22000
Chinstrap Penguin P. antarctica 2000+
Gentoo Penguin P. papua c. 100 000
Rockhopper Penguin E. chrysocome 10-15
Macaroni Penguin E. chrysolophus 5 million+
Wandering Albatross Diomedea exulans 4300
Black-browed Albatross D. melanophrys 60 000
Grey-headed Albatross D. chrysostoma 60 000
Light-mantled Sooty Albatross Phoebetria palpebrata 5000
Southern Giant Petrel Micronectes giganteus 5000-6000
Northern Giant Petrel M. halli 2500
Cape Pigeon Daption capense 20000
Snow Petrel Pagodroma nivea 3000
Antarctic Prion Pachyptila desolata 22 million
Fairy Prion P. turtur small nos
Blue Petrel Halobaena caerulea 70 000+
Shoemaker Procellaria aequinoctialis 2 million
Wilson's Storm Petrel Oceanites oceanicus c. 600 000
Black-bellied Storm Petrel Fregetta tropica 10000
Grey-backed Storm Petrel Garrodia nereis Scarce
South Georgian Diving Petrel Pelecanoides georgicus 2 million
Common Diving Petrel P. urinatrix 3. 8 million
Blue-eyed Shag P. atriceps 2000-5000
Brown Skua C. lonnbergi 2000-5000
Dominican Gull L. dominicanus 500-1000
Antarctic Tern S. vittata 1000+
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a density-dependent mortality, cessation of breeding or recruitment, or through
predation or parasitism. The possible mechanisms have been reviewed by Croxall
and Rothery (1991) and Wooller et al. (1992) for seabirds in general but the complex of
regulatory factors is unknown for any tubenose population at present; their import-
ance no doubt varies from species to species, from time to time, from population to
population and from one colony to another. And, as many populations have been
drastically reduced by man, factors that formerly limited their growths should now
be relaxed and the potential for recovery with protection high.

In some instances, shortage of nesting habitat may be limiting further growth. For
example, the Phoebetria albatrosses choose grassy ledges for their nests, a habitat that
is not at all abundant in the subantarctic where they breed, so thatitis not surprising
to find that they are among the least plentiful members of their communities (Table
1.9). Here man'’s influences are negligible; the birds have not been eaten since the
sealing days and at their breeding stations they appear to experience little, if any,
disturbance. A small-scale example is the decline in success of biennially breeding
D. epomophora at the Forty-Fours following habitat degeneration and the resulting
overcrowding with nests only 1-1.5 m apart (Robertson, 1994). Because of the high
egg losses, large numbers of birds try to renest in the following years and in the
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1973/74 season 80% of the breeders were attempting to breed; productivity has
declined greatly since then (Robertson, 1991). Chastel et al. (1993) found that some
nest sites of Pagodroma nivea were very productive, others, partly through snow
blockage, fledged few chicks.

Shortage of space, however, has more usually been invoked as regulating
populations of burrow-nesting species. Rowan (1952) suggested that there was
insufficient room for more burrows of Puffinus gravis at Nightingale Island where
many eggs were laid on the surface and it was thought that all the burrows were
occupied. This may also be a factor at the Snares Islands P. griseus colony where all
suitable ground is burrowed and many surface eggs are laid (Warham & Wilson,
1982). Although Rowan believed that P. gravis did not defend its nest site except from
within, later work has shown that vigorous fighting over burrows is common at high
nest densities and that securing a site may not be easy, for example with P. puffinus
(Brooke, 1990, p. 90), but experimental proof of nest-site limitation is lacking.

Alternate use of scarce nest sites by two species that use them at different times
should reduce competition for them, for example the winter breeding/summer
breeding Pterodroma macroptera/Puffinus carneipes, Pterodroma hypoleuca/Puffinus pacifi-
cus and Procellaria cinerea/P. aequinoctialis. However, because of their long breeding
periods, well-grown chicks of the one species tend to be still in occupation when the
other arrives (Warham, 1956; Warham & Bell, 1979) and the benefits, if any, are
unclear.

Brooke (1990, p. 91) pointed out that where competition for nests exists, as he
believed holds for Puffinus puffinus, a density-dependent control could be exerted by
delaying the age of first breeding of those lacking a nest, hence reducing the
recruitment rate. Likewise, if a population is falling, a reduction in the age of first
breeding would help to compensate for the decline—as may be occurring with D.
extlans in response to ‘by-catch’ losses at sea (Weimerskirch & Jouventin, 1987;
Croxall et al., 1990a). Brooke also speculated on the role of nest quality as a regulatory
factor. In large populations relatively more pairs would be forced to use marginally
satisfactory sites, so that fecundity as a whole would decline and so would
recruitment.

Food shortage at a critical time—during the prelaying exodus, chick rearing or
postnuptial moult, for example —has often been mooted as the main factor maintain-
ing populations within current limits. Non-availablility of food might arise through
changes in oceanographic conditions whereby a food resource retreated into deeper
water or otherwise shifted out of range. Food could also become denied to a petrel by
intra- or interspecific competition for it, or by the birds themselves over-cropping
their prey populations (e.g. Ashmole, 1963). In these circumstances only the best-
adapted would feed well enough to breed and the proportion of non-breeders and
the mortality rates would increase.

Whether competition for food is usually of great significance and whether any
petrels deplete their food stocks is questionable. Certainly, where concentrations of
food occur, there are often concentrations of petrels and other predators, with
consequent intra- and interspecific competition, the most visible being the scaveng-
ing around fishing boats. Furthermore, segregation of feeding zones between the
sexes, age classes, and populations of some species, and between species, has been
suggested for southern albatrosses by Weimerskirch et al. (1985, 1988) and would
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support the idea of competitive exclusion (Cairns, 1989). Particularly when breeders
feed inshore, the size of the food resource may limit colony size. However, the
significance of competition at sea for population regulation for petrels in general is
unclear. That many search pelagic seas and are widely dispersed suggests little
competition. It may well prove that it is the ability of the birds to find widely
scattered foods, liable to change at short notice with local changes in oceanography,
that is limiting.

Brooke (1990, p. 172) believed that his study population of P. puffinus has increased
in the last 100 years but he thought that because young parents were as good at
feeding their chicks as older ones, it seemed unlikely that there was intraspecific
competition for food.

Predation on land by skuas, gulls and the like seems to have but a minor role in
depressing petrel populations under natural conditions. Although at high petrel
densities there may be more predators, their populations are often checked by the
absence of petrels during the non-breeding season—usually the winter months
when alternative foods are scarce —so that the ‘carrying capacity’ of the predator’s
habitat is limited accordingly.

The hypothesis that petrels control their own numbers in a Wynne-Edwardsian
fashion, that is, that ‘sabbatical years” are taken to help the success of their kin, has
proved controversial. It seems more likely that those that do not nest, either as
prebreeders or as past breeders skipping a year, do so because they are unable to
breed then. They may have failed to put on the weight needed to sustain them
during the long fasts required by the tubenose breeding system, a failure that could
have been caused by many things that make food harder to find, such as persistent
and unseasonal gales driving the birds far from preferred foraging areas.

The mutual stimulatory effects of calling and display activity may have a role in
population regulation, but have yet to be measured (see Chapter 4.VLE). For
example, in a declining population with nests getting further apart, the reduced
stimulation could conceivably delay gonad maturation and reduce fecundity, with
the lower levels of calling deterring young birds from being recruited. Or the effects
might be in the opposite direction, for example with high levels of the night-time
shearwater chorus deterring landfalls by the younger immatures and delaying their
onset of breeding, whereas at quieter colonies recruitment might begin at an earlier
age.

IX Petrel communities on land
A Introduction

Where essential needs on land and sea are available, breeding stations may support
many kinds of petrel, together with other seabirds and their associated predators.
The combinations of seabirds encountered today, however, often only represent a
sample of those present before human influences were felt. Finding examples of
breeding stations free from those influences is difficult; even apparently remote
islands may prove not to be in their pristine state, for example Henderson Island in
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the Central Pacific whose birds experienced heavy human predation in the past
(Steadman & Olson, 1985).

Under undisturbed conditions the natural partitioning of breeding space may be
readily apparent, the various spatial niches being occupied by particular species.
Associations of breeding birds often include a range of sizes reflecting the ordinal
adaptive radiation. Typically there are one or more large surface-nesting species
and, below ground, large and small shearwaters, gadfly petrels and probably one or
two species of storm petrel. In the southern hemisphere, particularly on islands
where the birds can forage to the convergences, the communities may be more
diverse being composed of a range of surface nesters—a great albatross (usually D.
exulans), several smaller Diomedea and a Phoebetria, one or both Macronectes—a ledge
nester (usually Daption capense), and a variety of burrowing nesters including several
shearwaters and Pterodroma, even more small species—prions Pachyptila, storm
petrels like Fregetta tropica and Garrodia nereis and a diving petrel (usually Pelecanoides
urinatrix).

That large numbers of tubenoses can breed below ground while others nest on the
surface allows full use of the limited terrain within range of adequate food, for
example at the Bounty Islands Diomedea cauta and the penguin Eudyptes sclateri
occupy surface sites, the prion Pachyptila crassirostris rock crevices below them.

There tends to be little interspecific contact between these various tubenoses, with
the bigger kinds ignoring the smaller unless their ‘individual distances’ or burrows
are violated. Burrowing forms tend to reduce competition by occupying different
physical niches and substrates (Table 1.10) and having different phenologies (Fig.
1.15). Species occupying the same terrain may compete, a larger bird taking over the
nest of a smaller one by scraping out its eggs or chick, as Puffinus pacificus may
dispose Pterodroma hypoleuca and Fulmarus glacialoides Thalassoica antarctica (Orton,
1968).

B Some major communities

The most populous petrel islands are The Crozets in the southern Indian Ocean. This
archipelago provides breeding places for 37 seabirds, 26 of which are tubenoses (see
Table 1.2). The data here illustrate the effects on communities of alien mammal
introductions. Ile aux Cochons lacks any gadfly or storm petrel: the birds suffer from
cats (Derenne & Mougin, 1976). In contrast, Ile de I'Est is in a pristine state and
supports a great range of small- and medium-sized species.

To some extent the number of species breeding on an island will depend on the
land area available—a larger island will probably have a greater variation in terrain.
The Crozets cover some 500 km? but Kerguelen, with some 300 islands and islets
totalling some 7000 km?, supports only 38 species, and with an almost identical
composition to that of The Crozets. Total numbers breeding at these two places also
appear to be rather similar. Why the overall population does not exceed that of The
Crozets is not clear.

At higher southern latitudes the species diversity declines and gadfly petrels
disappear: the situation at South Georgia, an island free of mammalian predators, is
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Table 1.10 Breeding habitat and dispersion of South Georgia seabirds. From Croxall and

Prince (1980)

Inter-nest
distance
Species Breeding habitat Breeding dispersion or density
A. patagonica Flat beaches Usually large colonies 1m
P. antarctica Beaches, slopes Medium colonies 0.75m
P. papua Flat beaches, tussock Small colonies 1m
E. chrysolophus Steep coastal slopes Very large colonies 0.5m
Diomedea exulans Tussock flats Loose aggregations 1020 m
D. chrysostoma Tussock slopes Medium colonies 1-2m
D. melanophrys Steep tussock slopes Medium colonies 1-2m
Phoebetria palpebrata Tussock cliffs Solitary—small groups 5-10m
Macronectes giganteus Tussock flats Loose aggregations 5-10m
M. halli Tussock flats (often Loose aggregations 5-10m
coastal)
Daption capense Ledges of coastal cliffs Small groups —
Pagodroma nivea Crevices of high (300m  Small groups —
above sea level)
inland cliffs
Pachyptila desolata Tussock flats, slopes Dense colonies 1400
Halobaena caerulea Tussock flats, slopes Locally dense colonies 720
Procellaria aequinoctialis ~ Tussock ridges, hills, Locally dense colonies 40
slopes
Oceanites oceanicus Coarse scree, rubble, Medium colonies —
cliff crevices
Pelecanoides georgicus Fine, high scree Small colonies 200

(100-250 m above sea
level)

Very steep coastal
tussock slopes

P. urinatrix Local medium colonies —

For burrow-dwelling species values are breeding densities (occupied burrows per 1000 m?) for optimum
habitats.

shown in Table 1.9. Here petrel numbers and biomass are high, but only 25 seabirds
nest, 16 of them being procellariiforms.

In the North Atlantic there are few islands, even remote ones like St Kilda, without
a history of human occupation and their present range of seabirds may not reflect
that of prehuman times. Presumably populations of albatrosses like D. anglica once
shared suitable islands with shearwaters and storm petrels.

Much the same is true of most petrel breeding stations in the North Pacific. Here,
typified by the much modified, but still very important, islands of the Hawaiian
Leeward Chain, we find communities with two albatrosses D. immutabilis and
D. nigripes, a shearwater Puffinus nativitatis and a gadfly petrel B. bulwerii all laying
on the surface and a small range of underground nesters—a large shearwater
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Figure 1.15 Reproductive cycles of petrels at the Crozet Islands. 1, Adults ashore; 2, incubation;
3, chick rearing. From Jouventin et al. (1982).
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P. pacificus, a small gadfly petrel Pterodroma hypoleuca and a storm petrel O. tristrami.
These birds share their habitats, but hardly interact with, a range of terns, boobies
and tropic birds.

This string of islands and atolls is the most important breeding station in the North
Pacific supporting among 14 million seabirds over 6 million petrels (see Table 1.1).
The species composition tends to be rather similar from island to island, but the
proportions of the components vary with the nesting niches available. Thus Nihoa,
although quite small, is high and rocky with abundant sites for crevice and cavity
nesters and supports the world’s largest populations of B. bulwerii and O. tristrami,
whereas the 13 low, sandy islets of French Frigate Shoals provide level sand for
burrowing species, while Lisianski is a large flat sand and coral island supporting
probably the world’s biggest colony of P. hypoleuca.

Table 1.1 shows that although the Sooty Tern S. furcata is the most abundant
species, its biomass totals only about 1.4 X 10° kg, whereas D. immutabilis equalsc. 7.8
% 10° kg so that tubenoses dominate in terms of biomass and therefore in their effects
on oceanic resources. As elsewhere, the breeding cycles of the seabirds are staggered
and conflicts between potential competitors reduced.

Tropical petrel communities consist of rather few species with smallish popu-
lations, at least as compared with many in middle and high latitudes. Presumably
this is partly due to a poorer and less seasonal food supply in surrounding seas. For
example, the seabird fauna of the Gambier Islands (23°S; 135°W) consists of five
tubenoses (Pterodroma arminjoniana, Puffinus nativitatis, P. pacificus, P. lherminieri and
Nesofregetta fuliginosa); two tropic birds (Phaethon rubricauda and P. lepturus); and a
booby (Sula leucogaster) (Lacan & Mougin, 1974). Habitat variety may also be limited
and many sites are low, sandy cays where an overlay of hard coral breccia hinders
burrowing. High cliffs may be available, for example in Fiji and Samoa. Some, such
as Nesofregetta and P. pacificus, may burrow but most tropical petrels lay on the
surface. These include three Pterodroma, aerial predators being absent.

The species’ compositions of the avifaunas of several islands where tubenoses
predominate have been examined, for example by Barrat and Mougin (1974) and
Hatch and Hatch (1990a,b).

Even when examination is restricted to the petrel faunas of islands in pristine
condition, there are unaccountable absences. For example, why does Procellaria
aequinoctialis not breed on Nightingale Island when it does so on nearby Inaccessible
and why no Calonectris diomedea on Little Salvage Island when it does so on Grand
Salvage, and so on? It seems remarkable that philopatry should be so rigid that ‘spill-
over’ populations have not developed long ago. Again, the Snares Islands, although
only 330 ha and heavily used by nine species of petrels, still have apparently suitable
habitat for storm petrels, yet have none. Some such anomalies may have arisen
through unknown historical factors, for example past disruptions from changing sea
levels and vulcanism.

C  Factors affecting distributions on land

The distribution of petrel colonies at any island tends to be governed by each species’
nesting requirements, for example by substrate preference, availability of take-off
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Figure 1.16 Zonation of nesting habitats of three petrels on Pig Island, The Crozets. From Derenne and
Mougin (1976).

points, shelter from sun, wind and rain, etc., so that quite clear zonation patterns
may develop. When similar-sized species share a habitat, competition may lead to
niche compression, whereas the same species elsewhere, nesting alone, may occupy
a much broader niche.

Mammalian predation may also simplify zonal patterns. Figure 1.16 shows these
for three small species on Pig Island, Crozet, where cats take a heavy toll. Here
Pachyptila turtur breeds solely at low altitudes in cliffs above the sea, P. salvini at
medium altitudes in heavy soils covered in vegetation, and Pelecanoides georgicus
higher up in stony rubble above the vegetation line and in a zone relatively free of
cats and skuas (Derenne and Mougin, 1976). Yet at pest-free Ile de I'Est in the same
group, the last two petrels cohabit at all altitudes. At The Crozets and elsewhere
where many species share a breeding place, temporal and reproductive segregation
may reduce competitive exclusion (Fig. 1.15).

X Habitat modification
A Introduction

Surface nesters may lay on bare ground, but the only species to burrow below such
ground routinely is P. georgicus. Otherwise, when ashore petrels influence both the
vegetation and the soil. They are important in transferring nutrients and biological
materials from the sea to the land in the form of faeces, egg shells, dead eggs and the
bodies of adults and chicks that die there. They also affect plant growth and soil
characteristics by trampling and their cropping of vegetation for nest-making and
burrow-blocking. The plant communities are often isolated and with relatively few
species and so are particularly vulnerable to external disturbance (Elton, 1958, pp.
77-81; Holdgate & Wace, 1961).

Petrels will dig under almost any kind of vegetative cover providing that the soil
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allows this. If not, they may lay on the surface sheltered by the foliage, but
sometimes too dense a ground cover deters both burrowers and surface nesters.
They may use otherwise unsuitable surroundings when these have changed since
they first bred. For example, some D. immutabilis nest in thickets of Casuarina on
Midway Island, presumably retaining nest sites established when the ground was
uncluttered by trees.

These influences may be beneficial or detrimental to the habitat, according to the
circumstances. Freshly ejected faeces kill seedlings so that the community around
the nests tends to be of quite a different composition from that beyond the birds’
influences. Prostrate and coprophilic plants often dominate and may become very
lush and green, standing out from the surrounding vegetation.

The enrichment of soils below bird cliffs by faeces has long been noted and the
plant associations examined, for example by Summerhayes and Elton (1923), but
studies of the relationships of petrels per se to vegetation, soils, and of the effects of
environmental factors, including those of introduced mammals, were pioneered by
Gillham (1956a,b) working in west Wales. She later extended her studies to Australa-
sia (Gillham, 1957, 1960a,b,c, 1961a,b,c, 1962; Gillham & Thomson, 1961) and to
Macquarie Island (Gillham 1961c). Further work in southern Australia, often on the
same sites as examined by Gillham, was done by Norman (1967, 1970a). Vegetation
associated with ground-nesting F. glacialis was examined by Hepburn and Randall
(1975).

The most detailed examinations of the effects of subantarctic petrel populations
have been carried out at Marion Island by Smith (1976,1977,1978,1979). Also, at that
island Williams (1978), Williams et al. (1978) and Burger et al. (1978) attempted to
quantify the minerals and energy transferred to the terrestrial ecosystem by cat-
killed carcasses, and of guano. Siegfried et al. (1978) examined the contributions of
albatross and giant petrel eggs to that system and Siegfried (1982) reviewed the roles
of the birds there.

B Effects on plants
1 Physical damage

a. Surface-nesting species. Smith (1990) followed the revegetation at and below a
former south Shetlands colony of Macronectes giganteus over 20 years. On the stony
ground once occupied by the birds the fructose lichen Usnea antarctica has flourished
while at the bird’s previous launching site the moss Polytrichum alpestre became
dominant at the expense of lichens epiphytic on other mosses. Joly ef al. (1987)
analysed the effects of trampling and nest-building on the vegetation around nests
of D. exulans at Possession Island, The Crozets.

On flat terrain mollymawk nest columns may stand on bare rock, most of the soil
between them having been washed out to sea. Hall and Williams (1981) recorded
that at Marion Island, where concentrations of Diomedea and Phoebetria albatrosses
bred on steep slopes, the combination of vegetation cropping and the impacts of
landings on saturated ground caused local slumping because the soil often lay
beyond the angle of repose, only bound in place by the vegetation. Similarly, at the
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Snares Islands, some pedestal nests of D. bulleri based on Poa stools sit on strata that
are inclined towards the sea. These stools are very easily toppled through undermin-
ing by Pterodroma inexpectata which may have several nests below a single plant.

b. Burrowing species. Burrowing petrels tend to line their nests with surface litter,
cropping grasses and herbs sometimes at appreciable distances from their burrows.
Shearwaters tend to snip off any seedlings near their burrows so that regeneration
occurs only where the young plants are protected, for example by fallen logs. Where
the birds nest at high densities beneath a forest canopy they may completely
suppress a ground understorey, the bare soil between the burrows looking as if
swept by a vacuum cleaner (Fig. 1.17).

Maesako (1985) considered mainly the physical impacts of C. leucomelas on the
Machilus thunbergii forest and its associated understorey. He found that the numbers
of species and individual plants declined with increasing nest density, trampling
and cropping resulting in a depauperate vegetative community and a simplified
stratification of the forest. Seeding M. thunbergii grew only among moist Carex
patches devoid of burrows.

Burrowing in peat opens up the surface layers which retain much of the rain and
tends to dry out the soil. Here long-rooted plants are favoured. Burrowing also
produces spoil that may be thrown 1-2 m from the entrance and up to 1 m? of soil
may be removed from a burrow (Hall and Williams, 1981, p. 19). Some plants are

Figure 1.17 Ground cleaned by Sooty Shearwaters at the Snares Islands. Note the leaning Olearia
trees undermined by the burrowing. Photo: Author.
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destroyed in the process, some are buried and some root systems exposed and
disturbed.

In the southern hemisphere many petrels breed among tussock grasses, for
example Poa spp. Soil eroding from around the plants aggravated by the birds’
activities leaves the tussock supported on peaty ‘stools’ (Fig. 1.18). Walkways
ramifying among the tussocks are kept open by trampling. On Antipodes Island, the
pillars are so crowded together and so honeycombed below with burrows that birds
moving on the surface are completely hidden, the maze of narrow passages used by
petrels and parrots forming a distinct ‘superterranean’ zone (Warham & Bell, 1979).

Most tussock grasses are tough and little affected by normal trampling, but at the
height of the nesting season the highways between them may be worn bare. This
was detailed by Gillham (1962) for the Bass Strait colonies of Puffinus tenuirostris
among Poa poiformis and she compared this pattern with that of Armeria maritima-
dominant vegetation on P. puffinus colonies of west Wales where burrows penetrate
the stabilizing mounds and tracks ramify between them (Gillham, 1956a). She
described the ‘bird evading’ plants of the southern Victorian colonies of P. tenuiros-
tris which take advantage of the stored nutrients during the winter when the petrels
are at sea, only to succumb later to bird pressure and die out during dry summers.

Because of their large numbers and concentration at the few places available for
take-offs, burrowing petrels can affect big changes in the vegetation below their
launching sites. Thousands may use a single boulder or tussock stool in an hour, and
this continues throughout a long breeding season. Many crash to the ground below.
Tussocks may be worn down to their stumps, killed and eventually eroded away. In
Bass Strait succulents like Carpobrotus rossi below launching rocks are often badly
damaged by P. tenuirostris. At the Snares Islands a swathe about 1.5 m wide was cut
through a dense belt of Hebe elliptica by the strikes of P. griseus. This is a very tough
bush, and few petrels succeed in burrowing below it, but the persistent bombard-
ments of falling bodies wiped the plants away leaving a mud smear ready to be
washed to sea in the next big rain (Warham, pers. obs.).

Intense burrowing in forests on peaty soils may cause tree fall in high winds. On
the ‘mutton-bird’ islands of New Zealand the trees of surface-rooted Olearia lyallii
and O. angustifolia are very susceptible to undermining by P. griseus and Pterodroma
inexpectata whose nests honeycomb the ground. In gales the branches sway and the
ground heaves as the roots rock to and fro. Many trees become semiprostrate (Fig.
1.17) and the fall of one often brings down others so that open areas are created
(Fineran, 1973; Johnson, 1982).

In some situations bared soil may become a seed bed and be revegetated during
the birds” absence. Norman (1970a) described how damaged Poa poiformis tussock
recovered following rains and a simplified ecosystem was maintained with the
invasion of ephemerals like P. annua and Senecio lautus.

2 Manuring: effects on plants
Petrel faeces and other biological products are rich in N, P, K and Ca. These may

either stimulate growth in some plants, or depress it in others. Guano-scorched
plants, particularly seedlings, often die. Soil pH is usually changed.
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Table 1.11 Percentage presence of plants growing on, or in vicinity of,
Wandering Albatross nests, July 1965 (100 nests examined). From Huntley

(1971)
Plants growing Plants ‘introduced’

on nest % to vicinity of nest %
Montia fontana 26 Poa cookii 82
Poa cookii 17 Montia fontana 71
Callitriche antarctica 14 Callitriche antarctica 55
Cotula plumosa 8 Cotula plumosa 20
Ranunculus biternatus 3 Poa annua 12
Poa annua 3 Ranunculus biternatus 8
Uncinia dikei 1

Some estimates of the annual production of guano have been made for larger
species at Marion Island (Burger et al., 1978). The contributions of four albatrosses
and two giant petrels were quite minor in comparison with that of the penguins, but
no figure for the outputs of the many burrowing petrels was given. Fugler (1985)
established the guano production by chicks of Halobaena caerulea, Pterodroma mac-
roptera, P. mollis, Procellaria cinerea and P. aequinoctialis and determined its chemical
composition. The large Procellaria produced about 1.8 g (dry wt) guano day !, the
smallest, H. caerulea 0.6 gday . The chemical composition of these faeces was
essentially similar to that of surface-nesting seabirds nearby.

Owing to this manuring a range of coprophilous plants tends to dominate the flora
of a petrel colony. Van Zinderen Bakker (1971) noted how the distribution of Poa
cookii at Marion Island coincided with old and new colonies of Macronectes, especially
downhill from them; in effect by nitrifying the soil and stimulating the growth of the
tussock, the birds were creating a more favourable habitat on the grey lava. Similarly,
stir~ 1lation by run-off from mollymawk colonies often leads to increased growth
and stool formation of tussocks which tends to improve conditions for burrowing
petrels.

Detailed analyses of the effects of manuring on the plants and soils around nests of
D. exulans in a Crozet Island bog were given by Joly et al. (1987). They describe the
pedological changes and the perturbation in the plant communities downhill from
unused nests. All the bryophytes had disappeared and Callitriche antarctica, Montia
fontana and Agrostis magellanica were dominant in turn, according to distance from
the nest. The open zone around the nest was first colonized by the foliose alga
Prasiola crispa. These authors also found that while the number of plant species fell in
the enriched soil, the number of soil invertebrates increased. On Prince Edward
Island, Huntley (1971) found that A. magellanica growing within the influence of D.
exulans had bigger leaves than when it grew without manuring. Where the albatross
nests were most dense the mire vegetation was replaced by a rich green association
dominated by P. cookii, C. antarctica and M. fontana as a result of nitrification (Table
1.11). On nearby Marion Island the vegetation around nests of D. exulans and both
Macronectes spp. is dominated by dark-green P. cookii which contrasts with the drab,
yellow-green surroundings (Smith, 1976).
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On Western Australian islands guano deposition stimulates the growth of the
succulent Zygophyllum fruticulosum which often forms a thick trailing mat over low
bushes on colonies of Puffinus pacificus and Pelagodroma marina, and birds may die
when trapped in its wiry stems (Gillham, 1961a). On these islands a range of annuals
springs up on ‘doormat’ areas of unoccupied burrows, as also occurs on Manx
Shearwater colonies in Wales. The plants are often the same in both places, for
example Poa annua, Stellaria media, Cerastium viscosum and Sonchus oleraceus (Gillham,
1961a). She also noted several algae, for example the diatom Navicula mutica,
common in shearwater burrows, with the lichen Cladonia pyxidata a characteristic
species of burrow mouths (Giltham, 1956b).

On some of the Bass Strait islands the storm petrel P. marina burrows at high
densities, commonly 2-4 m?. Gillham (1963) scored the occurrence of the associated
plant species. The birds nest under a mat of soft-leaved, nitrophilous Poa poiformis
(‘silver tussock’) whereas, for some unknown reason, when associated with Puffinus
tenuirostris this same species is stiff-leaved. Many storm petrels also nest under
sheets of the nitrogen-loving Carpobrotus rossi and Tetragonia implexicoma, at times
simply burrowing into masses of this latter herb and, in effect, laying on the surface.

Animal-soil-nutrient-plant relationships at subantarctic Marion Island have been
examined by Smith (1976, 1977, 1978, 1979). Inland slopes are carpeted with the fern
Blechnum penna-marina, which is replaced by luxuriant Poa cookii-dominated commu-
nities where petrels burrow. Acaena magellanica is also abundant here. The soils and
the plants in these communities contain higher N, P, and other minerals than do
these same plants in non-tussock areas. In subpolar soils the vegetation around
albatross and giant petrel colonies is more luxuriant than the same plants achieve
elsewhere.

Johnson (1975) looked at the colonization of old nests of D. bulleri at Little Solander
Island, and considered that as the nest disintegrates there seems to be fortuitous race
between scrub, fern or grass to become the sole occupier of the site. At subantarctic
Antipodes Island, a groundsel, Senecio radiolatus antipodus, has been considered an
associate of manured soils, but Godley (1989) found that, while it was often common
and luxuriant around the deserted nests of D. exulans and Macronectes halli, it also
occurred on open, apparently unmanured ground as well, although these could
have been on pockets of manured soil from extinct colonies.

On the Rockefeller and Alexandra Mountains of inland Antarctica, P. crispa
flourishes around meltwater below colonies of Thalassoica antarctica and Pagodroma
nivea (Broady, 1989; Broady et al., 1989) and at Signy Island very high algal counts
were found below nesting Daption capense and P. nivea (Broady, 1979). Close by such
nests, however, few algae occurred, presumably because of the toxicity of the guano
at high concentrations (see also Ryan & Watkins, 1989). On nunataks in east
Antarctica, these researchers found that plant cover was directly related to the
influence of breeding P. nivea, with soil concentrations of N, P’ and K being greater in
the colonies than elsewhere. A major plant associated with the manuring was the
lichen Umbilicaria decussata.

On Skokholm, west Wales, Gillham (1956a) reported that the soil above the
burrows of rabbits, puffins (Fratercula arctica) and Puffinus puffinus was dominated by
Armeria maritima, but if the latter was absent Rumex acetosa and R. acetosella were
plentiful. Gilham traced the course of even quite tortuous burrows by the strip of
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stimulated Rumex overhead or by the stunted nature of other plants. Part of the effect
was evidently caused by the ability of the long Rumex roots to reach moisture when
the roof of the burrow had dried out. Similarly, on some New Zealand colonies,
Disphyma australe survives around burrows because it is rooted at a distance from the
nests.

C  Effects on soils

The nutrient input often improves soil fertility and burrowing helps soil turnover
and aeration and, with the burying of plant litter, tends to improve soil structure and
its suitability to support vegetation. In sandy soils the spoil often accumulates before
burrow entrances to form bared ‘doormats’. Wind and water erosion often start at
the entrances and atmospheric conditions at the roots may be changed. Extensive
burrowing at the edges of cliffs with friable substrates may accelerate erosion as at
some colonies of P. pacificus at Norfolk Island.

Petrels have some direct effects on soils, apart from digging and burrowing.
Fineran (1973) described how the constant trampling and scratching of P. griseus on
New Zealand islands produced a thin layer of powdered peat which, in wet weather,
becomes rolled into small pellets by the webbed feet so that the surface acquires a
granular appearance.

1 The chemical compositions of soils

From her field experiments Gillham (1956b) worked out the roles of the various
components of guano (nitrates, phosphates, exchangeable calcium, carbonates,
acidity and the composition of organic matter) on soils of the west Wales islands.

In the breeding season the nitrate in the soil on the floor of a P. puffinus burrow
under Armeria was about twice that at the burrow entrance and four times that in the
Armeria hummock forming the roof. When the birds left for the winter the nitrate
diffused away and formerly bare areas developed a robust growth of Poa annua and
other coprophiles (Gillham, 1956b).

Analyses of the acid peat blanket burrowed by petrels on the Snares Islands were
given by Flint and Fineran (1969) who noted the low values of C/N (50-60%)
presumed to be due to fertilization by birds, and Smith (1976, 1977) analysed the soils
on Marion Island. Other analyses of similar petrel-manured substrates were pre-
sented by Kennedy (1978) and Okazaki ef al. (1993).

At South Georgia levels of Na, K, Ca, Mg, P and N in leaves of P. foliosa growing
among burrows of the prion Pachyptila desolata were considerably higher than those
from unburrowed ground or from the margins of seal wallows (Walton and Smith,
1979). They suggested that the high values came from aerial defecation by the birds
at night. Engelskjon (1986) recorded very high P levels in soils from around
Pagodroma nivea and T. antarctica colonies in inland Antarctica and Ryan and Watkins
(1989) give more detailed analyses of ornithogenic soils from the same area.

In the opposite hemisphere at Torishima Island the nitrogen content of the
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volcanic ash soils in the D. albatrus colony was found to have high levels of nitrogen
and high ratios of °N to *N, apparently due to evaporation of ammonia during
which fractionation occurs (Mizutani et al., 1986). They suggested that such high
ratios could be used to identify sites of abandoned colonies.

2 The chemical composition of petrels

Although under natural conditions a major means by which dead birds become
incorporated in soils and vegetation is predation by skuas and gulls, introduced
predators may have a larger effect. At Marion Island, Williams (1978) estimated that
the c¢. 2100 cats consumed about 400 000 burrowing petrels annually amounting to
some 35 t dry weight including 8 t of feathers. Williams analysed the mineral
contents of the principal species involved (Table 1.12). The contribution of the
feathers is noteworthy.

3 Effects on soil moisture and burrow microclimates

Gillham (1956a) found that there were much greater fluctuations in moisture content
in burrowed than in unburrowed soil. Burrowing generally makes dry soils drier and
wet ones wetter (Gillham, 1957). In hot weather the soil over burrows may dry out
rapidly, in wet weather they aid the percolation of water to lower levels and,
particularly in peaty or clayey soils, flooded burrows may remain waterlogged when
the ground elsewhere has dried out.

The air inside burrows is usually about 10% more humid than that outside and
burrowed soils tend to have more varied temperatures than those that are undis-
turbed. This may lead to drought at the nest entrance, an effect hastened by wind
and insolation —depending on the exposure of the opening. Light penetration down
the burrow affects the direction of growth of plant rhizomes, for example of Carex
arenaria.

Another consequence, probably ascribable to variation in soil moisture near the
burrow, is that burrowing may lead to the development of both moisture-loving and
xerophytic vegetation. Particularly in abandoned burrows, Gillham (1956a) found
that the accumulation of moist air suited the development of bryophytes and other
small plants. Variations in water content and temperature were greatest in porous
mineral soils and here xeromorphic plants above the burrows tended to be minute,
hairy rosettes, closely pressed to the surface and suffering little water loss.

XI Shearwater ‘greens’

In some areas where shearwaters nest that are subject to regular rains, wind and
frosts, the ground has a characteristically hummocky appearance (Fig. 1.19). This is
caused by burrowing, the piling up of ejecta and its erosion, as well as the life-form of
the overlying vegetation. This is often cushion-shaped. On the west Wales shear-



Table 1.12 Concentrations (ppm) of selected elements in petrels at Marion Island, (A) in the bodies of 12 species, (B) in the feathers of 11
species. From Williams (1978)

Species Micro-elements Macro-elements
Cu Cd Zn Mn Sr Mg K Na Ca P N

A

Pterodroma macroptera 25.02 18.85 106.45 3.52 147.36 890 6790 4930 42 500 14 980 65480
Lugensa brevirostris 10.29 5.00 84.80 2.83 68.63 1060 5540 4750 37 860 15560 108530
Pterodroma mollis 9.49 1.61 98.55 4.88 33.91 910 5740 5730 26 800 8430 96 400
Pachyptila salvini 15.36 11.50 108.85 3.88 93.12 1140 7640 6640 24 000 7890 82520
P. turtur 10.98 13.00 108.68 3.51 84.00 1110 8070 6880 51720 10000 97 090
Halobaena caerulea 7.96 4.60 71.50 2.57 48.98 700 4750 2040 16070 10760 126 070
Pelecanoides urinatrix 9.64 8.32 94 .46 3.32 86.31 940 7200 4850 58 590 11860 97090
P. georgicus 9.58 19.75 97.54 3.64 103.91 1080 7990 5680 42920 — 98120
Procellaria aequinoctialis 6.00 16.00 128.00 5.00 83.00 570 4990 4100 37 800 21000 84 060
P. cinerea 4.78 10.25 71.75 2.22 69.49 810 5240 4110 15210 21500 68760
Fregetta tropica 15.60 0.01 105.00 2.80 30.09 1010 — 4800 28450 18 050 65710
Garrodia nereis 17.78 0.01 94.35 4.18 43.93 1460 1050 1050 28700 15340 81760
B

Pterodroma macroptera 49.07 0.01 115.85 2.64 9.65 436 96 1058 1155 1492 107142
Lugensa brevirostris 14.17 0.16 88.24 1.07 17.38 1069 454 5164 1540 3166 90 877
Pterodroma mollis 14.42 0.27 103.99 4.06 16.15 303 367 1318 3188 2531 142971
Pachyptila salvini 15.41 0.01 110.00 5.15 16.05 524 422 2813 850 2526 121578
P. turtur 17.02 0.15 112.55 2.64 9.65 274 1118 1866 1099 2805 145572
Halobaena caerulea 16.64 3.44 364.00 6.00 15.72 752 592 3304 4238 5285 102666
Pelecanoides urinatrix 22.84 0.02 104.06 2.03 16.50 934 964 5076 850 1725 97742
P. georgicus 19.07 0.44 111.88 4.71 17.67 374 947 4079 8269 2496 102551
Procellaria cinerea 17.00 0.01 90.00 5.00 10.00 660 390 3900 850 22500 140000
Fregetta tropica 9.88 8.88 92.50 4.05 55.50 922 6234 5401 1160 37500 159905

Garrodia nereis 11.06 7.92 73.92 9.31 89.06 949 6519 4209 — — —
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Figure 1.19  Shearwater ‘green’ on Rizm. Photo. Peter Wormell.

water islands this hummocky habitat is the creation of shearwaters, puffins and
rabbits, the dominant plant being Sea Thrift Armeria maritima. On the nitrogen-rich
soils the plants are a brighter green than on unburrowed ground. The result is a belt
of ‘greens’, often extending inland from the cliff edges.

On the Scottish island of Riim ‘greens’ occur mostly above the 580 m contour and
are created by Puffinus puffinus digging in infertile soils derived from ultrabasic rock
(Wormell, 1976). The soil is enriched by the deposition of marine material by the
petrels, and it and the resulting vegetation support a range of beetles, Diptera and
earthworms and a pyralid moth Catopria furcatellus restricted to this habitat (Wor-
mell, 1976). Applications of NPK fertilizer to unburrowed and almost bare ground by
Ferreira and Wormell (1971) showed that the basically infertile soils could support a
herb-rich Agrotis/Festuca grassland similar to that created by the birds.

Such greenswards may be found elsewhere, for example on shallow soils at
Campbell Island where non-breeding mollymawks congregate to display in ‘clubs’
on small plateaux along the clifftops (The Petrels, cover photo).

XII Effects of farming practices

Farming and other human activities on land used by petrels is usually detrimental to
them; sometimes it may help. On Motuara Island, New Zealand, burrows of P.
griseus are restricted to ground that was formerly tilled when the island was farmed,
and on Heron Island, Queensland, Hill and Barnes (1989) found that burrow
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densities of P. pacificus were highest in areas with piles of debris from Pisonia trees
felled to make way for buildings.

A Grazing animals

The effects of petrels on habitats are often amplified by the parallel influences of
grazing mammals, particularly by rabbits, deer, goats and sheep. The usual result is
increased degradation of the plant and soil cover. Sometimes such animals help
petrels by opening up heavy vegetation to allow burrowing, for example tracks made
by grazing Cape Barren Geese Cereopsis novae-hollandiae allow Pelagodroma marina
access to ground from which they would otherwise be excluded by dense carpets of
Tetragonia (Gillham, 1963).

Rabbits and goats were often taken to islands as possible food sources. The results
have sometimes been catastrophic. Rabbit grazing on Laysan Island led to its almost
complete devegetation and then the rabbits evidently became extinct. The remnant
D. immutabilis albatrosses re-established themselves following the regeneration of
the plant cover (Bailey, 1956). Gillham and Thomson (1961) traced the combined
effects of rabbit grazing, trampling by man, wind, and flooding in high tides, in the
degradation of a colony of P. marina in Port Phillip Bay, Victoria. They also followed
the progress of the colonization of a small islet nearby that was not subjected to man-
made disturbance.

On the other hand, the removal of sheep from Campbell Island made no apparent
change to the population of D. epomophora there, although a reversion to a natural
ungrazed vegetation association has occurred (Dilks & Wilson, 1979).

Gillham (1956a) showed that high-density burrowing by rabbits at Skokholm had
detrimental effects on the soils and vegetation and, combined with the activities of
the petrels, could initiate soil erosion. She also assessed the effects of rabbit grazing
on seabird islands off the coast of Victoria (Gillham, 1961b). Norman (1967, 1970a) re-
examined one of these where the rabbits had almost been exterminated by myxoma-
tosis. Their denudation of the vegetation and their burrowing near a large colony of
Puffinus tenuirostris had caused extensive soil loss. Sheet erosion appeared to have
centred on an old abandoned shearwater colony, remnants of whose burrows were
present in the sand, and erosion gullies, caused by rain, had led to outwashes and
spills. But between 1965 and 1968 a previously eroded 6.5-ha area of blown sand was
revegetated by a succession of plant communities. Meanwhile the petrels spread out
from their stronghold in the Poa poiformis tussocks into the adjacent vegetated
ground, the probable cycle of events and return to a stable state being shown in
Fig. 1.20.

Domestic cattle have often been blamed for losses of petrel nests by burrow
breakthrough. However, the trampling tends to consolidate loose soils and thereby
lessen erosion. Sheep have also been considered deleterious, but experiments on
Puffinus tenuirostris colonies revealed that pairs nesting where sheep were excluded
neither produced more young than those in grazed areas, nor did the sheep prevent
the expansion of existing colonies or maintain a turf impenetrable to burrowing birds
(Norman, 1970b).



62 BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

Acacia-dominated central region
with coastal Poa poiformis.
Muttonbird colonies coastal.

fire,

clearing,
rabbits
Poa dominant across island. Poa dominant, scrub species
Colonies increasing towards increasing in centre.
tentre. A
rabbits,
birds
Localised erosion — Seasonal regrowth
within Poa. with temporary
birds invasion of annuals.
rabbits
Sand blow developed birds
in Poa. Collapse of

. . s c—t . .
colonies in blow. Senecio <— Poa dominating

blow with scrub
species appearing.
Colonies increasing.
rabbits
removed

Sand blow vegetated with annuals
and ephemerals, e.g. Senecio and
P. annua. Colonies increasing.

Figure 1.20 Schematic representation of changes in the vegetation of Rabbit Island, Wilson’s

Promontory, Victoria in relation to an area of sand blow and the distribution of the Short-tailed
Shearwater colonies. From Norman (1970a).
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B Fire

Fire has often been used on grassy islands to convert petrel-burrowed ground into
habitat more suitable for grazing stock. Some surface erosion usually follows a fire
and may cause the loss of the colony while fires during the breeding season kill birds
and fires in peat may be serious. One on Inaccessible Island, Tristan da Cunha, is
said to have burnt for a month (Hagen, 1952).

XIII Seed dispersal

Petrels have the potential to influence their ecosystems by importing seeds and
other propagules, a topic briefly reviewed by Godley (1989).

Falla (1960) discussed the (circumstantial) evidence for seed dispersal by petrels.
He cited instances where they nested at high densities in vegetation that produced
adhesive seeds and drew attention to the frequency with which fledglings left with
down still attached to their feathers, one young P. tenuirostris with a heavy ruff of
down being recovered alive at least 1600 km from its nest. On subantarctic islands
the barbed fruits of Acaena spp. seem particularly well adapted for dispersal by this
means. Such seeds have been seen embedded in the plumage of H. caerulea,
Pelagodroma marina and D. exulans (e.g. photo in Huntley, 1971), and Acaena is
commonly abundant around petrel colonies like those of Pachyptila desolata at
Macquarie Island (pers. obs.). Falla (1960) emphasized that many millions of petrels
leave their nests annually to disperse widely. As they have been doing this for many
thousands of years and probably on an even larger scale before their population
declines, the potential of petrels as seed carriers and of influencing plant distri-
butions seems considerable.
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I Introduction

Omitting those species such as Puffinus assimilis and Pelagodroma marina that nest in
both hemispheres, about 70% of the 103 species are southern birds. If the compari-
son were by numbers or biomass the difference in favour of the southern hemi-
sphere would be still greater due to the enormous contribution of prions,
shearwaters, diving and gadfly petrels in the south. The large populations in the
Southern Ocean arise because the shortness of their food webs allows a higher
proportion of the total productivity to reach upper trophic levels than obtains in
most other seas. Most southern seabirds have been isolated from terrestrial mam-
mals, whereas man'’s activities have been a major factor in the declines of many
populations in the north in recent times, although the fossil record shows that some
northern petrels became extinct before man evolved.

Allowing for those that nest in several oceans, such as Bulweria bulwerii, Oceano-
droma leucorhoa and Fulmarus glacialis (Atlantic and Pacific), Puffinus pacificus (Indian
and Pacific), Pterodroma macroptera (Indian, Atlantic and Pacific) and Puffinus griseus
(Pacific and Atlantic), the largest ocean, the Pacific, has the most resident species,
about 62% of the total, the Southern Ocean (seas >50°S) and the Atlantic, about 13%
each, the Indian Ocean 11%, and the Mediterranean about 1% of the whole. Some
21% of the species nest in the tropics and about 5% in the polar regions.

First reports of the relationships of petrels with the marine environment were in
the accounts of early voyagers such as Solander, the Forsters and Peale, who
recorded sightings and often collected specimens. Until recently, studies of oceanic
distributions were mainly of academic interest, but the increasing exploitation of
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marine resources such as oil and fisheries, and concerns about pollution, have led to
adramatic increase in work on the distributions, abundances and roles of seabirds in
marine ecosystems. Few such studies relate solely to tubenoses but in most of them
they feature prominently. The recent literature is massive and space permits review
of only some of the more revealing examples. For general reviews see Bourne (1963,
1980), Ashmole (1971), Brown (1980), Eakin et al. (1986) and Hunt (1990, 1991a).

Atlases of seabird distributions in various areas include those by Watson et al.
(1971), Gould et al. (1982), Powers (1983), Brown (1986), Pitman (1986), Harrison et al.
(1989), Webb et al. (1990), Morgan et al. (1991) and Tickell (1993).

Much information is also available from reports of species seen on ocean transects,
a pioneer of which was Wynne-Edwards’s (1935) paper on seabirds of the North
Atlantic. Those of Rankin and Duffey (1948) during wartime over the same seas,
complemented the earlier work, since when many other transects with much
information on petrels have been published.

II Recording petrels at sea

Most early voyagers who logged their sightings of seabirds also gave their noon
positions and often sea-surface temperatures (SSTs), but their identifications are
often unclear. Even today, a fair proportion of petrels seen from a ship or fishing boat
is unidentifiable because too far off or bad weather conditions hinder sustained
examination. Consequently, many reports include categories like “unidentified all
dark shearwater’ and so on (see, e.g. the problem of separating Puffinus griseus and P.
tenuirostris; Briggs et al., 1987, p. 22).

A major difficulty concerns the varying conspicuousness of different species:
single birds of camouflaged kinds such as prions, and birds sitting on the sea are
easily missed; albatrosses and giant petrels visible from afar particularly if on the
wing, etc. King (1970, p. 84) examined the effect of wind on sea counts, finding that
calm seas favoured sighting small, low-flying birds such as O. leucorhoa and B.
bulwerii, whereas medium to high winds favoured albatrosses and shearwaters such
as P. griseus, and as the higher the wind the higher such birds swung into the sky, the
greater the distance at which they were visible.

Breeding, non-breeding and immature tubenoses cannot usually be separated at
sea. Exceptions include some albatrosses whose young birds have duller bills
(mollymawks) and darker plumage than adults —(Diomedea albatrus, D. irrorata and
Macronectes). Adult D. exulans antipodensis (and presumably D. e. amsterdamensis) have
usually been scored as juveniles because of their dark plumages (e.g. Wood, 1992).
Nor can many subspecies be identified at sea. Exceptions include Spectacled
Shoemakers Procellaria aequinoctialis conspicillata (all from Inaccessible Island) and the
pale-eyed D. melanophrys impavida (all from Campbell Island).

Until recently, observers conducted their sightings differently so that compari-
sons between different censuses and transects were impossible. Standardizations of
counting practices, for example by the Royal Naval Bird Watching Society, helped.
Griffiths (1981) highlighted biases in different methods, Powers {(1982) the relation-
ships between two of these, and Tasker et al. (1984) recommended three methods for
different purposes. The latter’s suggestions have been widely followed, for example
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10-min counts of all birds seen within a defined band width, usually 300 m, this being
determined with the aid of a rangefinder (Cline et al. 1969; Heinemann, 1981; Zink,
1981): see also Gould and Forsell (1989), Spear et al. (1992a) and Spear and Ainley (in
prep.). Examples of censuses based on 10-min counts include those of Powers (1983),
Brown (1986), Stahl (1987), Ryan and Cooper (1989) and Morgan et al. (1991).

However, 10-min counts have been criticized by van Franeker (1994), who found
them giving densities about twice as high as from the instantaneous ‘snapshot’
counts of Tasker et al. (1984) Furthermore, where birds are infrequent and short
counts are impracticable, 30-min ones have been used (e.g. Ainley et al., 1984; Ribic &
Ainley, 1988/89).

Transect data are not continuous, being broken by night-time gaps or poor
viewing conditions. Another major difficulty with data collected from ships is the
varying responses of seabirds to the vessels, some unaffected, some being repelled
and others attracted, biases discussed by Griffiths (1981) and Duffy and Schneider
(1984), among others. In Antarctic seas biases are given by huge numbers of petrels
crowding to roost on icebergs and similar distortions arise around fishing fleets, for
example at least 1000 birds were attracted to each stern trawler in the Benguela
Current (Abrams, 1985a).

Aerial counts have also been used, for example by Rankin and Duffey (1948), these
having the advantage that they can provide estimates over large areas if the flight-
paths are appropriately designed. Aerial surveys have been used with F. glacialis by
Forsell and Gould (1981), Bourne (1982a) and Webb et al. (1990) and this and other
petrels off California by Briggs et al. (1987), and for Alaskan species by Harrison
(1982). Hunt et al. (1981) compared the results of shipborne and aerial counts. Gaston
and Smith (1984) and Briggs ef al. (1985a,b) discuss the problems arising with aerial
censussing.

Results are often given in birds km™2 Ainley et al. (1984) even estimated the
numbers and biomass of seabirds in the whole of the Ross Sea in mid-summer—3000
Macronectes giganteus, 2900 F. glacialoides, 5.04 x 10° Thalassoica antarctica, 1.61 x 10°
Pagodroma nivea and 0.36 x 10° Oceanites oceanicus, a total of 7.03 x 10° tubenoses
making 72% of the total birds present but a mere 17.9% of the total biomass due to
the weighting of penguins.

Some workers, such as Kuroda (1988, 1991), divided their sea areas into cells.
‘Marsden Squares’ —areas bounded by 10° latitudes and longitudes—have been
used, notably by Jespersen (1930) and Fisher (1952a, p. 298). Figure 2.1 is an example
of the mapping of Puffinus griseus, which revealed that only relatively small numbers
penetrate the North Sea, mainly by way of the northern approaches.

III Factors affecting distributions at sea

The occurrence patterns of petrels at sea depend on the locations of their breeding
places, the habitats to which they are adapted, their foods and food availability. A
feature that sets petrels apart from all other volant birds is their considerable ability
to fast so that breeding birds can search widely for trophic resources. The smaller
species have less freedom, at least when nesting, and their distributions then lie
closer to home.
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Figure 2.1 Distribution of Sooty Shearwaters in the North Sea, July to October. Shading gives the
numbers of birds seen per kilometre travelled; solid lines designate four zone boundaries, these being, from
north to south, northern North Sea, northern Scotland, eastern and southern Scotland, and England.

From Stone et al. (1995).

A complex of other factors (Bourne, 1981) determines where petrels occur at sea,
factors that complicate the unravelling of their importance to particular species in
particular places. These factors include the status of the bird, that is whether it is
breeding, a non-breeder or a recently fledged bird, these often being found in
different areas at a particular time of the year. Petrels may also search further afield
during the incubation stage than when rearing chicks, see Section 2.IX below. In the
African sector of the Southern Ocean, Griffiths’ analysis (1983) showed that both
species’ richness and total numbers of birds were markedly reduced during the
winter months, particularly at higher latitudes, presumably as a result of the
seasonal shift north with the extension of the sea ice (Figs. 2.2A & B). Numbers at sea
also vary according to the stage of the breeding cycle, for example with more at sea
during the prelaying exodus than when incubation has begun, and so on.

Season also exerts a major effect, particularly in open waters of higher latitudes
because the wintertime descent of the zooplankton reduces the food there and many
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petrels migrate. Others disperse so that spacial segregation may increase in winter
and spring as suggested by Stahl et al. (1985) and Fig. 2.6. Some factors are man-
made—fishing fleets and sewage outfalls that provide offal for scavengers, for
example, and these too may be seasonal.

As Bourne (1963) pointed out, apart from the atmosphere, the sea appears to be the
oldest and is still the largest and simplest habitat available to living things, and
because of the ease of dispersal through seawater the marine fauna is still rather
simple compared with similar areas of land. It supports only about 250 species of
birds, the land about 8500. The Procellariiformes comprise a very important part of
this marine biotope, whether considered on the basis of number of species, of birds
or of biomass.

Nevertheless, as Brown (1980a) emphasized, the ocean is far more than a flat, wet
surface separating birds from their food, and, even in the short term, the marine
habitat is neither uniform nor static. Seabird distributions and their habitat features
must be examined at appropriate scales of space and time (Hunt and Schneider,
1987): at the level of biogeographical regions—‘mega-scale’, at ‘macro-scale’ level
with features 1000—3000 km in size, ‘meso-scale’ of 100—1000 km, for example
within a feature like the Benguela Current, at ‘coarse scale’, 1-100 km in size, or ‘fine
scale’ patchiness of areas only metres to hundreds of metres across. For example, ina
study of patchiness of P. griseus, D. melanophrys, D. cauta and Procellaria aequinoctialis
in the Benguela Current, patch scale varied from 7 to 23 km and bird abundance was
not independent of the orientation of the transect through the current (Schneider
and Duffy, 1985).

It was in Murphy’s classic Oceanic Birds of South America (1936) that the principles of
oceanic biogeography were first applied significantly to marine ornithology. How-
ever, the relative importance of physical and chemical variables and food are seldom
clear, factors may operate simultaneously but on different scales, and species
transgress temperature or other boundaries when migrating or hungry. The various
hypotheses anent the importance of physical and biological factors were reviewed
by Ainley et al. (1994). Their work in Antarctic seas supports their view that a petrel’s
distribution is tied in with the physical characteristics of the habitat and prey
availability rather than prey preferences (e.g. Ainley et al., 1984).

A Latitude and longitude

The zonal nature of seabird distributions was appreciated by scientists such as
Gould (1865) and Hutton (1865) who recorded sightings of tubenoses during
voyages to and from Australia. A major early study of the link between latitude and
distributions was that of Dixon (1933) who analysed his records of the great
albatrosses, and of D. chlororhynchos, D. chrysostoma, D. melanophrys, Macronectes,
Procellaria cinerea, P. aequinoctialis, Pterodroma lessonii, F. glacialoides, Daption capense
and prions when covering 250000 miles under sail in the Southern Ocean. He
tabulated the seasonal distributions of 35295 birds within 10 latitudinal zones
between 20°S and 60°S. More recent studies, mainly of petrels, that emphasize
latitudinal zonations include those of Bierman and Voous (1950), Gould (1983),
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Harper et al. (1990) and Bretagnolle and Thomas (1990) in the Southern Ocean, and
Shuntov (1974) for the whole of the Pacific and Indian Oceans.

Jouventin et al. (1982) analysed sightings of tubenoses during transects across the
south Indian and Southern Oceans in summer. These revealed some clear segre-
gations, for example the distribution of Diomedea chlororhynchos being to the north of
its breeding place, The Crozets, with D. chrysostoma only to the south of there. The
two Phoebetria spp. were less clearly delimited (Fig. 2.3A) but Pterodroma mollis and
Lugensa (P.) brevirostris were (Fig. 2.3B), while D. exulans and Procellaria aequinoctialis
ranged widely across the convergences. Stahl (1987) examined later sightings based
on 10-min counts. The segregations of the two albatrosses and the two gadfly petrels
was not quite as clear cut as indicated by the earlier study. He found that within the
area surveyed the immatures of all three mollymawks had narrower and more
northerly ranges than those of the adult birds, with many along the Subtropical
Convergence and with quite a concentration of D. melanophrys, D. chrysostoma and
Phoebetria fusca half way between Crozet and Kerguelen.

The effects of latitude on day lengths and petrel distributions, for example long
nights favouring nocturnal feeders such as D. immutabilis and Pterodroma inexpectata,
short ones diurnal feeders such as D. nigripes, have not been examined. High
latitudes favour daytime feeders in summer but restrict them in winter, and this may
be one reason why some high-latitude species shift to lower latitudes during these
shorter days, for example F. glacialis (Section XI.C below), but others, such as
Pagodroma nivea, may stay in preferred habitats (Ainley et al., 1992).

B Sea-surface temperature (S5T)

Early students of marine birds realized that particular petrels and seabirds were
associated with cool, temperate or warm seas and SST has been used to define zones
of surface water and their associated seabird faunas, for example by Murphy (1936),
Kuroda (1960a, 1991), Ashmole (1971), Serventy et al. (1971) and Shuntov (1974).
Kuroda (1991) plotted the temperature preferences on a monthly basis of 36
tubenoses of the North Pacific. He found that Pterodroma inexpectata and Puffinus
tenuirostris tolerate SSTs to 2°C and 3°C respectively, P. griseus to 4°C, P. carneipes and
Pterodroma solandri to 7°C, Puffinus bulleri and Pterodroma neglecta to 9°C. Warm-water
species included P. pycrofti to 24°C, Pterodroma externa (17-20°C), P. longirostris to
18°C, P. nigripennis to 20°C, and P. cookii to 16°C. In Chilean waters in winter Jehl
(1973b) correlated seabird occurrences with SST from transect data and, further
north, he did this for birds off western Central America in April (Jehl, 1974a). He
noted two distinct assemblages there then: Puffinus creatopus, Halocyptena microsoma,
P. opisthomelas, P. auricularis, and probably Oceanodroma melania were wholly or
mainly restricted to waters above 27°C, P. pacificus, P. lherminieri, Sula sula, S.
dactylatra, Procellaria parkinsoni and O. tethys to water exceeding 27°C. In each group
there was one small and one large shearwater. Unseasonal changes in SST may also
be accompanied by unusual visitors as when mass immigrations of Puffinus opistho-
melas off California coincided with invasions of exceptionally warm water (Helbig,
1983). In the Southern Ocean Ainley et al. (1994) found a stratification of petrel
species outwards from the pack ice partly as a function of SST.
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Possible changes in the distributions of shearwaters in the Atlantic in response to
changes in SST were discussed by Brown (1991), and for the Pacific research on the
effects of changes in atmospheric circulation associated with changes in surface and
subsurface currents and upwellings —El Nino Southern Oscillation (ENSQO)~-on the
breeding of seabirds see Ainley et al. (1988), Ainley et al. (1990), Duffy (1990) and Ribic
et al. (1992).

ENSO of 1982-84 was quite severe. ENSO brings higher SSTs, deeper thermo-
clines, higher sea levels and heavier rainfall. Some birds such as Pterodroma alba and
Puffinus pacificus at Christmas Island and O. tethys and D. irrorata at the Galapagos
deserted their nests or did not try to breed during that event. Pterodroma phaeopygia at
the Galapagos lost many nestings from flooding and the chicks grew more slowly in
1983 (Cruz & Cruz, 1985), which they ascribed to poorer feeding conditions at sea.

When a petrel fails to appear at a regular nesting place during or after an ENSO
event we do not know whether the birds have simply shifted their feeding grounds
too far from the nest to allow breeding there, have remained in familiar waters
without finding enough food to put on the necessary weight to breed, or have died
unrecorded at sea. However, Ribic ef al. (1992) found that during ENSO 1986-87 the
common petrel species stayed in the waters of suitable characteristics and whether
they bred must have depended on the resources available there.

Where numbers quickly bounce back to pre-ENSO levels, the inference is that the
birds survived, but are these the same birds that formerly bred or drawn from the
‘strategic reserve’ of prebreeders? From transects in Galapagos waters during and
after ENSO 1982/84 Duffy and Merlen (1986) found Puffinus lherminieri and O. tethys
abundant at sea, whereas O. castro and Pterodroma phaeopygia were more plentiful
there during the event. They concluded that the shearwaters emigrated and then
returned but speculated that the gadfly petrels might have fed closer to the islands
during ENSO and thus gave high counts, or that many died then, depressing their
numbers in later counts.

C Currents and fronts

Murphy (1936) highlighted the importance of the circulation of air and seawater to
the distribution of seabirds. For example, he listed the petrels and other birds
endemic to the Humboldt (Peru) Current: these include Oceanodroma tethys, Oceanites
gracilis and Pelecanoides garnotii and others, mainly of southern origins, that congre-
gate there seasonally after nesting, for example Daption capense, F. glacialoides, M.
giganteus and Puffinus griseus, all attracted to the richness of the food made available
by this current.

Upwellings of nutrient and plankton-rich water attract high densities of petrels,
whether offshore or above seamounts and other subsurface irregularities, and where
drifting organisms are concentrated along lines of convergence. For example, high
plankton densities are found along the northern edge of the South Equatorial
Current where P. I. pycrofti is a plentiful planktivore (Spear & Ainley, in prep.). Veit
and Hunt (1992) found that the influence of the Weddell Sea—Scotia confluence was
important to tubenoses nesting on the South Orkney Islands nearby, but its
attractiveness varied considerably from species to species.
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Mixing may result from tidal streaming. For example, the seas over the Newfound-
land Banks are frequently mixed by strong tidal flows over shallows and shoals and
are consequently highly productive. Cool-water petrels such as Puffinus griseus, P.
gravis, Oceanites oceanicus and Oceanodroma leucorhoa are abundant there in the
northern and eastern parts, while warm-water ones like Calonectris diomedea and P.
lherminieri use the southwestern area and the Mid-Atlantic Bight within the influ-
ence of the Gulf Stream.

There are also well-developed divisions of the surface waters due to rather abrupt
changes in SST and circulation —the convergences and divergences. The degree to
which the distributions are restricted by the convergences varies with their intensity
and from place to place, but is often greatest in the Southern Ocean.

D Chemical composition

Levels of salinity and nutrients vary in different parts of the oceans but few attempts
have been made to link the distributions of petrels to particular water types.
Pocklington (1979), however, did examine relationships between some petrel distri-
butions and SST and salinity in the Indian Ocean. Figure 2.4A shows how two
closely related species B. bulwerii and B. fallax favoured different water types, B.
bulwerii being recorded only over ‘intermediate salinity’ (IS) water, B. fallax only over
the more saline part of this water and neither favouring the low temperature (LT)
water used by the three gadfly petrels (Fig. 2.4B). The environmental preferences of
the five or six storm petrels of that ocean were much less clear, with Oceanites
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oceanicus occurring in all Pocklington’s water types but with Oceanodroma monorhis
choosing warmer seas than O. matsudairae.

Brown et al. (1975) also used SST and salinity values in analyses of seabird
distributions of the Chilean fiords where both can change sharply over very short
distances and ranged between 2.9°C—15.7°C and 0.4—33.6%.. Here, among tube-
noses he found that Diomedea exulans/epomophora, Pelecanoides sp. and Puffinus griseus
preferred high salinity water, temperature being less important. D. melanophrys had a
broader salinity preference whereas Puffinus creatopus and Procellaria aequinoctialis
were most plentiful over warm, highly saline waters, but absent over cold, equally
saline seas. It appeared that temperature was the key factor. Wahl et al. (1989)
developed Brown’'s approach in a detailed analysis of summertime seabird distri-
butions in the North Pacific by water type and oceanographic region. They found
that many species used a broad range of water types with Puffinus griseus, O. furcata
and O. leucorhoa in all zones. During these censuses boundaries between regions
were seldom sharp except for the subarctic one, Pterodroma externa and P. cookii being
very concentrated on its colder, low salinity side.

Other studies that include SST and salinity data are those of Gould (1983) and
Blaber (1986). Ainley et al. (1993, 1994) found that SST was much more important
than salinity in ice-influenced waters of the Southern Ocean.

E Water depths

Petrels forage over shallow coastal waters, over seamounts, continental shelves and
in deep, blue water beyond the shelves. There are often higher densities of birds
along the shelf breaks.

In the Ross Sea, Ainley et al. (1984) also found bird densities in summer much
higher over the continental slope compared with shallower seas inshore or in deep
water further out. The petrels dominant over the shelf break were T. antarctica and
Pagodroma nivea; Phoebetria palpebrata, Pterodroma inexpectata and Pachyptila desolata
were only seen offshore of this region; inshore, in shallower seas, the common petrel
was O. oceanicus.

Briggs et al. (1987) used water depths as one variable in their examination by
principal components analysis of the seabirds off the California coast where the
varied currents, seafloor topography, SST patterns and upwellings produce a
complicated hydrological picture (Fig. 2.5). These workers found that the density of
Sooty Shearwaters varied inversely with water depth and distance from the shore
(Component I); the Principal Component (PC) space of Northern Fulmars and Black-
footed Albatrosses was particularly correlated with latitude and SST (Component II),
and the densities of Leach’s Storm Petrels and Buller’s Shearwaters varied as
distance from the shore and water depth increased (Component III}. In contrast, the
density of Pale-footed Shearwaters varied inversely on latitude with SST reflecting
their preference for warmer, southern waters. Figure 2.5A shows that D. nigripes
prefers coastal Californian waters, its numbers peaking from May through July
(15000-75 000 birds in early summer), being more abundant to the north. Briggs and
his fellow workers found these birds more plentiful over the continental slope than
over the shelf or deep waters with a northwards withdrawal from April on. The
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concentrations of birds were greater over areas with upwellings and warm Califor-
nia Current eddies that also attracted important trawl fisheries with offal for
scavenging albatrosses.

Other studies examining oceanic distributions of petrels in relation to water
depths include a cluster analysis by Stahl et al. (1985) of foraging zones in the Crozet
Island sector of the Southern Ocean (Fig. 2.6) and the patterns of distribution of four
albatrosses over the New South Wales continental shelf by Wood (1993).

F Wind and weather

The most obvious instances of alink between wind zones and petrel distributions are
provided by the albatrosses which need winds to allow progress by slope-soaring
and without which they rest on the sea to await a breeze. Presumably their ability to
fast then stands them in good stead, for even in the middle of the ‘Roaring Forties’
there are occasional calms and flat seas, often with fog. There are few detailed
observations on petrel behaviour under these conditions, but Manikowski (1971)
found a significant relationship between wind speed and the percentage of F.
glacialis sitting on the sea in the shelf slope area of the Labrador Current with more
swimming birds when the force fell below 4° Beaufort. Haney (1987a) noted that
most Pterodroma hasitata seen sitting on the sea were experiencing winds of =4 knots,
suggesting that flight occurs at higher wind velocities.

The lack of wind in the tropics has been used to explain the rarity with which the
southern albatrosses and giant petrels reach northern waters, but other major
barriers may be their difficulty of finding food and of thermoregulating effectively
since they are equipped for life where wind-chill is high. Similarly, slope soaring is
also impossible over ice shelves and broken pack (see Section V below)—a possible
reason for the scarcity of F. glacialis among large ice fields (Manikowski, 1971). This
author also proposed that these and other seabirds move round atmospheric
pressure systems in the North Atlantic to stay within conditions favouring feeding.
However, satellite weather photographs do not support this idea according to
Bourne (1981), who thought that too many variables were involved to form any clear
conclusions. Blomqvist and Peterz (1984) also related occurrences of cyclones to
clockwise movements of F. glacialis and Puffinus griseus off southern Sweden.

Ainley and Boekelheide (1984, fig. 7) compared average wind speeds relative to

Figure 2.6 Distributions of Crozet Islands seabirds in February and September. In February 80% of
species were feeding chicks, in September most species were not breeding. Breeding species, filled circles,
non-breeding ones, open circles. The 23 petrels plotted were Diomedea exulans (WDA);
D. melanophrys (BBA); D. chrysostoma (GHA); D. chlororhynchos (YNA); Phoebetria fusca
(SOA); P. palpebrata (LMA); Macronectes giganteus (SGP); M. halli (NGP); Daption capense
(CAP); Pachyptila belcheri (THP); P. salvini (SAP); P. turtur (FAP); Halobaena caerulea (BLP);
Pterodroma macroptera (GWP); P. lessonii (WHP); Lugensa brevirostris (KRP); P. mollis
(SFP); Procellaria aequinoctialis (WCP); P. cinerea (GRP); Fregetta tropica (BLS); Garrodia
nereis (GBS); Pelecanoides urinatrix (CMD); P. georgicus (SGD). From Stahl et al. (1985).
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1°C intervals of SST during transects through the tropics, subantarctic and Antarctic
seas. They found that compared with their respective average values, deviations
from the mean in southern seas still left 8-15 knots of wind, but only 2-5 knots in the
tropics, suggesting that flight there may be more energetically expensive.

The importance of other factors such as water clarity has yet to be evaluated and
just how, if at all, petrels use and respond to clues such as olfactory gradients is
inadequately researched.

IV Coarse-scale distributions

Murphy (1936, pp. 65-81, 1964) used oceanographic concepts based on the SST and
salinity discontinuities of water masses to describe three concentric life-zones in the
Southern Ocean, the Antarctic Zone from Antarctica north to the Antarctic Conver-
gence (Polar Front), the Subantarctic Zone between that convergence and the
subtropical one, and the Subtropical Zone extending into lower latitudes from the
Subtropical Convergence. These various broad-scale zones have characteristic
seabird faunas, with some species being restricted to particular zones, for example
T. antarctica and Pagodroma nivea to the Antarctic Zone, and so on.

Life-zones were used to classify seabirds and petrels by many later workers such
as Holgersen (1957), Carrick and Ingham (1967, 1970), Ashmole (1971), Serventy et al.
(1971), Watson et al. (1971) and Shuntov (1974).

Although the boundaries of life-zones can be sharp, at times they are quite diffuse
(hence e.g. Polar Front) and some petrels transcend them, notably birds such as
Pterodroma inexpectata, Puffinus griseus, P. tenuirostris and Phoebetria palpebrata which
nest in the Subantarctic Zone but also feed in the Antarctic one (see Fig. 2.22).

Other examples of ‘coarse-scale’ studies are those of Wood (1990a,b,c; 1992), who
examined the distributions of tubenoses off New South Wales over 2 years from 23
monthly transects extending seawards to 89 km. Of the 4710 albatrosses seen, 54%
were D. melanophrys, 34% D. chlororhynchos, 6% each of D. exulans and D. cauta, these
all peaking in winter and spring. Most were over the continental slope, but D. exulans
preferred the lower slope, depth 15004200 m. The bulk of the 18 612 shearwaters—
Puffinus carneipes, P. pacificus and P. tenuirostris—were in pelagic waters but the 375 P.
gavia/P. huttoni were inshore. The figures for P. pacificus, the most abundant
shearwater, showed a decline or absence from April to October coinciding with their
migration, and a peak in November coinciding with the prelaying exodus.

V Ice zones

Frozen or partly frozen seas comprise a special habitat. In the north polar region the
only tubenose affected is F. glacialis. Fisher (1952a, pp. 305-317) during his ‘beating
the bounds’ of the Northern Fulmar’s range, reviewed all the sightings in the pack-
and ice-bound seas. Even in May and June these birds are at their breeding colonies
in northeast Greenland and Franz Josef Land with the ice front still hundreds of
miles away, and Fisher considered that even if leads in the ice were lacking, the birds
could still reach the sea. His most northerly record was of two at 86°35'N on 6
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September. The ice is then at its furthest retreat but in October the sea quickly starts
to freeze and by November and December the petrels have made their greatest
withdrawal from polar waters. Brown and Nettleship (1981) pointed out that in
Arctic Canada and east Greenland, fulmar colonies are all within range of wide areas
of open water even when much of the sea’s surface has continuous pack-ice cover.

Pack-ice of medium density supports high densities of petrels in the seas around
Antarctica, but the range of species is small. The southern pack-ice is a bigger zone
than the northern one and forms the major feeding zone for T. antarctica and
Pagodroma nivea. It lacks shearwaters and albatrosses presumably because of the
difficulty of flight and take-off in calm waters —even loose pack dampens waves. The
avifauna was described by Murphy (1936), Routh (1949), Erickson et al. (1972), Zink
(1978, 1981), Ainley and Jacobs (1981), Ainley and Boekelheide (1984), Griffiths
(1983), Montague (1988) and Plotz et al. (1991) and Ainley et al. (1984, 1994), among
others.

Ainley et al. (1994) used a multidisciplinary approach to follow bird distributions in
the Weddell Sea ice in autumn, winter and spring, simultaneous collection of a wide
range of environmental data allowing subsequent cluster and other analyses. They
looked at the densities in various types of pack-ice, in a near-to-ice open water zone,
and in a far-from-ice region.

The pack-ice had permanent residents in P. nivea, T. antarctica and F. glacialoides,
these core ‘ice-birds’ being supplemented in autumn and spring by smaller numbers
of other species. The findings were cross-checked against a springtime study in the
Ross Sea (Ainley et al., 1984) where the “ice-birds’ were again P. nivea and T. antarctica,
but with Oceanites oceanicus a prominent member.

V1 Fine-scale distributions

From earlier, broad-scale studies, attention has extended to the examination of
mesoscale features revealed by satellite imagery such as ephemeral upwellings,
vortices, plumes, filaments and wind-streaks, for example off California (Briggs et al.,
1987). Such phenomena often bring nutrient- and food-rich water to the surface and
attract foraging petrels. Some of these features can be seen from the deck of a ship
when ‘tide-lines’ on the surface are marked by flotsam and feeding petrels, or the
birds alone may signal an anomaly, as when 1000+ O. oceanicus were feeding along a
line of scum off Arabia where the SST dropped from 30°C to 21°C. A parallel example
was furnished by Pitman and Ballance (1990) who encountered hundreds of
Oceanodroma leucorhoa concentrated where the salinity abruptly fell from 34%. to 33%o
and convergent flow was visible with a streak of foam about 1-km long. Brown
(1988b) showed that in summer the storm petrels O. leucorhoa and Oceanites oceanicus
off Nova Scotia are concentrated over eddies, ‘boils’, streaks and other small
turbulences partly formed by tidal streams crossing shallow reefs. Sampling re-
vealed that plankton densities along the streaks were significantly higher than
outside them. The storm petrels fed at the streaks, not in the adjacent water.
Fine-scale phenomena may also be long lasting, as, for example, zones of mixing
and vortices around seamounts, headlands and islands. Increased activity around
islands may not always be merely that of birds moving to and from their feeding
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Figure 2.7 Gulf Stream meanders and eddies off Florida and the Carolinas as revealed by satellite
imagery. From Haney (1989a).

grounds, nor result in a food-depleted ‘halo” as postulated by Ashmole (1963); there
may be fine-scale effects because of nutrient run-off of faeces of the birds themselves.
For example, downstream of the Snares Islands, which lie in a prevailing westerly
current, and where perhaps 6 million birds nest on 330 ha, one would expect there to
be alens of enriched water downstream supporting high levels of planktonic activity
and providing food ‘on the doorstep’ for birds such as diving petrels and prions. As
some species are ashore almost throughout the year, the leaching of nutrients seems
likely to be rather continuous and partly dependent on rainfall.

Fine-scale distributions of Oceanodroma castro, C. diomedea and Pterodroma hasitata at
fronts and eddies generated by the Gulf Stream off the southeastern United States
(Fig. 2.7) were investigated by Haney (1985, 1987b), Haney and McGillivary (1985)
and Haney (1987a). The birds were counted during transects across the outer
continental shelf where the warm, oceanic Gulf Stream water intermingles with
cooler shelf water so that productivity is enhanced and organisms normally at
greater depths tend to be trapped at shear fronts and thus available to the birds. A
range of physical variables was recorded simultaneously to characterize the marine
conditions. Food availability was not monitored but direct observations showed, for
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example, that Cory’s Shearwaters swam around pecking at the surface and dipping
their heads below water.

The occurrence of P. hasitata off the eastern United States peaked where upwell-
ings linked to Gulf Stream meanders and eddies occurred along the frontal bound-
ary (Fig. 2.8), particularly at the older and smaller eddies. Further east the petrels
were seen only over seamounts and submarine ridges where the current created
topographical turbulence.

Haney (1989a) used infrared radiometry to follow SST changes during a census of
P. hasitata over four types of marine habitat—resident shelf waters, warm filaments
from the Gulf Stream, the Gulf Stream itself, and a cold core. He found that the birds
did not use all these habitats equally, nor did they use the different habitats in
proportion to the area available. They preferred the cold ones.

Remote sensing techniques allow the instantaneous recording of sea-surface
conditions so that changes can be followed on the ‘meso’ scale and seabird
distributions can be checked by shipboard or aerial surveys as done by Briggs et al.
(1987). The implications and applications of these techniques to the study of seabirds
at sea are discussed by Haney (1989a,b) and methods for analysing the data by
Haney and Solow (1992).

VII Introduction: movements and migrations

The extent of petrel movements varies from limited circulations offshore, to the
commuting of breeding birds between nesting and breeding grounds, long-range
dispersal flights typical of fledglings, irregular irruptions and ‘wrecks’, to the regular
shifts of all or a major part of a population from one area to another and its return;
that is, true migrations.

During their first phase of pelagic life the young birds explore and learn the
characteristics and resources of the marine environment, the more remote bounds of
which they may perhaps never need to exploit again, as their range from the natal
island contracts and the bird’s knowledge of food-finding increases. Exploratory
movements during which birds visit colonies other than their own are discussed in
Chapter 4.V.

The nature of the various movements is being unravelled from recoveries of
marked birds of known age, from direct observations by seafarers and plotting of
individual birds by radiotelemetry. It may soon be possible to follow migrating flocks
with the help of satellite photography. Away from the breeding places, recoveries of
marked birds tend to be few and, while most deaths presumably take place at sea,
band returns are biased by most being from inhabited coasts: few petrels are taken at
sea except from fishing hooks and nets. Likewise those that tend to feed offshore,
such as D. melanophrys, D. chlororhynchos, C. diomedea and giant petrels, tend to be
recaptured; more pelagic species, such as the Phoebetria albatrosses, are seldom
recovered.

Age and status are usually indeterminable in a free-flying bird, but occasionally
this may be possible, for example with immature mollymawks. In the hand,
fledglings may still carry down on their napes, their feathers fresh, their skulls and
bills soft and their claws unworn, criteria useful in sorting out beach-wrecked birds.
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VIII Local circulatory movements

Watchers often see groups of petrels heading in one direction and others of the same
species flying in the opposite one. In some cases it is clear that the same birds are
involved, flying circulatory courses. These movements may suggest premigratory
restlessness, for example with Puffinus griseus and P. gravis (Collins, 1884), but often
no such shift is pending and the reasons for the flights are obscure. Bourne (1982a)
examined movements of seabirds off eastern Scotland in relation to wind strength
and direction. He concluded that foraging F. glacialis from the northern colonies can
be drifted downwind south into the North Sea and return in a concentrated
movement up the east coast of Britain. No doubt many similar local movements
occur in all the oceans.

Similar movements may also take place during migrations. Marchant (1977)
watched streams of P. tenuirostris off New South Wales returning from their annual
foray to the North Pacific. From the time that the main southward passage began he
saw a persistent northwards flow in which the individual birds and flocks main-
tained their directions and integrity in the face of the southwards stream (Fig. 2.9).
The birds were so tightly packed that he was surprised that no head on collisions
occurred. Observations further out showed that this was not part of a wider
circulatory movement. These counterflow movements were not seen in some later
years, suggesting fluctuations in marine conditions.

Another example is provided by the flights of the Levantine Shearwater P. puffinus
yelkuoan, the ‘damned souls’, that circulate through the Bosphorus and round the
Black Sea (Robel & Konigstedt 1976) (Fig. 2.10).

IX Movements between breeding and feeding places

The distances to which petrels fly when breeding have usually been inferred by
calculating ranges possible from flight speeds over the known periods of absence,
that is, during the prelaying exodus, incubation and chick rearing, ranges during the
last phase being judged to be shorter than during incubation. Even when a petrel is
feeding in seas hard by a nesting place it is a large assumption that that particular
bird breeds there.

Some past deductions of ranges have proved inaccurate. Lockley (1953) plotted
the inward- and outward-bound streams of Manx Shearwaters passing headlands
and islands and analysed recoveries of ringed birds mostly caught by Bay of Biscay
fishermen, 850 km away. He proposed that the birds that followed the movements of
the sardine shoals there were breeders from the Scillies and Wales. However, Harris
(1966a) found that 87% of the recoveries were of 14-year-olds, too young to be
nesting and only one was known to have had a chick. He concluded that the birds
could not reach the Bay, feed, and return in the 1.7 days between chick meals, and
that those feeding on the sardines were sexually immature non-breeders. Brooke
(1990), re-examining the recoveries, now of 339 birds, deduced that breeders from
west Wales were feeding no further than 400 km away, even during their 6-7 day off-
duty stints during incubation, whereas females during their prelaying exodus might
reach the main sardine nursery area in the southeast corner of the Bay.
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Figure 2.9 Daily passage of Puffinus tenuirostris off New South Wales during late September and early October 1974, showing average numbers passing
per minute by order of magnitude. Hours of watching per day along top, significant passages cross-hatched. Were the southbound birds newly arriving
migrants, the others already returned, and heading for feeding grounds? From Marchant (1977).
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Figure 2.10 Circulatory patterns of Puffinus puffinus yelkouan in the Black Sea during May to
July: hypothetical routes shown by dashed lines. From Robel and Konigstedt (1976).

Some feeding ranges have been deduced from diets when composed of foods with
restricted distributions; in one instance by the presence in the stomach of identifi-
able pumice whose nearest source at sea was known (Sutherland, 1965). Skira (1986)
deduced from their diet that Tasmanian P. tenuirostris fed locally when breeding,
citing the absence of Euphausia superba in their stomachs as evidence that they were
not travelling to Antarctic waters. Similarly Montague ef al. (1986) deduced from
their dependence on Nyctiphanes australis that the Phillip Island birds ranged only
within Bass Strait or over the continental shelf.

Dye marking of birds has helped to elucidate positions at sea. This has been used
with albatrosses, for example by Tickell, 1968. Weimerskirch ef al. (1988) marked
breeding D. exulans, D. melanophrys and D. chrysostoma at Kerguelen with various
dyes; with the last species, birds at two colonies were differently marked. The 3989
birds with chicks yielded 828 sightings. In general, most were of birds over the
shelves around Kerguelen, Heard and McDonald Islands at water depths <500 m.
With D. melanophrys, there was some suggestion that birds from different colonies
fed in different places. Most from Ile de Croy were seen over the northern half of the
Kerguelen Shelf or on a smaller shelf to the west and those from the mainland colony
over the south and eastern parts of the shelf and to the southeast as far as Heard
Island (Fig. 2.11). Birds from both colonies intermingled over the southeastern
section of the shelf. Unfortunately, where the birds were most abundant was where
the trawler fleets for notothenid fish were most active, and Black-brows, in particu-
lar, follow fishing boats. The few resightings of D. chrysostoma by the Weimerskirch
team suggest that these range much further afield when raising chicks than D.
melanophrys—over Antarctic as well as subantarctic seas as far as 1850 km from their
nests.
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Figure 2.11 Sightings of dyed breeding Diomedea melanophrys from two colonies at Kerguelen
around the Kerguelen—Heard Islands shelves. The amounts of black and white in a circle indicate the
proportions of birds from Ile de Croy (white) and from Canon des Sorcils Noir (black) in 15’ latitude
x 20" longitude squares. The total number of dyed birds seen in each square is given beside each circle; the
stars indicate no dyed birds. From Weimerskirch et al. (1988).

The first successful tracking by satellite seems to have been that of Southern Giant
Petrels in 1985 (Strickwerda et al., 1986). In preliminary trials one breeding bird
travelled over 2000 km off the Antarctic Peninsula in 30 days before transmission
ceased. The transmitter packages used also recorded external temperatures and
activity but none of the experimental birds returned to their colony.

After several false starts in various parts of the world using albatrosses (these
being large enough to carry the transmitters), excellent results are now being
achieved. In due course further miniaturization will allow movements of smaller
species such as the transequatorial migrants to be monitored, butif good, statistically
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satisfactory samples are needed, the cost seems likely to be substantial. Further-
more, the batteries now used are exhausted after 30-50 days and further develop-
ment awaits more powerful sources or efficient solar power generation. For technical
data see Prince ¢t al. (1992) and Weimerskirch et al. (1992).

Two D. exulans, breeding birds of either sex, were tracked from South Georgia
while rearing chicks. The female made three foraging trips totalling 13 951 km, the
male two, covering at least 9280 km (Prince ef al., 1992). The female searched seas
mainly to the north and on her longest trip of 6479 km spent at least 2 days of an 8-
day flight about 240 km off the Brazilian coast. The male tended to hunt further south
and on one trip spent 3 days in Drake Passage (Fig. 2.12). The minimum average
flight speed of the male (20km h™?) was less than that of his partner (35kmh™!),
perhaps because the male spent more time on the water. However, he reached
88km h™! during two successive fixes; she managed only 79km h™! under these
conditions. Most distance was covered by day, 58% for the female, 77% for the male
and they flew longer on nights when the moon was new than when it was full. These
ranges make quite feasible the suggestion that breeding birds from the New Zealand
subantarctic islands forage in eastern Australian waters.

The most detailed study to date is of birds from the Crozet Islands (Jouventin and
Weimerskirch, 1990a; Weimerskirch et al., 1992, 1993). These workers tested the
accuracy of the satellite fixes on an incubating bird, finding that 73% of the locations
given were within 1 km of the nest and only 6% were more than 3 km out. They also
checked the lengths of the foraging trips by birds with and without transmitters and
showed that there was no overt difference in behaviour.

During incubation, off-duty Wandering Albatrosses foraged in long loops of 2000
15000km, travelling mainly by day, some reaching polar seas. So too did five
telemetred Phoebetria palpebrata from Macquarie Island, moving to individual forag-
ing areas in pelagic seas not far from the Antarctic coast (Weimerskirch and
Robertson, 1994). During the guard stage, when they alternate frequently on the
nest, D. exulans fed over the continental shelf, while in the postguard stage they
mixed long pelagic trips with shorter inshore ones. Flight paths varied with wind
speed and direction, the birds generally keeping the wind on their quarter (Fig. 2.13).

Weimerskirch et al. (1993) found that the foraging ranges of D. exulans contracted as
hatching approached, shortened still more during the guard stage, but thereafter
extended outward again (see also Walker et al. (1995)). Weimerskirch et al. (1994a) and
Chaurand and Weimerskirch (1994) also measured the times that parents were absent
and their consequent changes in mass, as well as the mass of the meals delivered to
the chicks for six species — Pelecanoides urinatrix, Halobaena caerulea, Pachyptila belcheri,
D. chlororhynchos, D. melanophrys and D. exulans. With all except P. urinatrix and D.
melanophrys, both sexes undertook both long and short trips to get food. The two
burrowing species did this on alternate occasions, the others took more short forays
than long ones. The parent birds stored energy during these long trips, energy they
used to power the short ones foraging for their chick when they lost energy and their
mass fell. This system was seen as a compromise between the demands of the chick
and the need for the adults to forage without losing condition, and further
experiments indicate that parents can adjust their foraging according to their body
condition so as to avoid increased mortality (Weimerskirch et al., 1995). The two
petrels not using this system were feeding in neritic waters, the others were pelagic.
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Figure 2.12  Tracks followed by a female Diomedea exulans tending a chick at South Georgia on three
successive foraging trips. Open circles indicate daytime records, filled circles night-time ones, / means
date change. The trip to the Brazilian coast took her to a major area used by long-line tuna fishermen.
From Prince et al. (1992).

X Dispersal

Birds that shift seasonally but to no regularly occupied location may be said to
disperse, although the distinction from migration may be blurred. Those not tied to
returning to their breeding colony include some younger non-breeders, failed
breeders, and those taking ‘sabbatical years’ off (The Petrels, p. 123). Some such may
go to preferred feeding grounds on a regular basis; that is, they migrate. Another
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category is that of the contranuptial movements of sedentary species. Some estab-
lished breeders may visit their colonies outside the breeding season. These include
both Macronectes, some gadfly petrels such as Pterodroma macroptera, and prions (The
Petrels, p. 128).

Dispersal movements are most easily seen with southern species which have all
the Southern Ocean available to them —see Weimerskirch et al. (1985). On their first
flight petrels may leave in batches triggered by wind gusts (The Petrels, p. 376).
Whether any congregate offshore before final departure, as does F. glacialis, is
unrecorded. Weimerskirch et al. (1985) reported two Daption capense chicks from the
same Antarctic colony recaptured within 4 days of one another at the same place in
New Zealand. This could mean that immatures keep together in flocks and/or that
each colony has its particular wintering area.

The giant petrels provide good examples of apparently passive downwind
dispersal of fledglings, because large numbers have been ringed and recovery rates
for these big, obvious birds are relatively high. However, downwind flight is
unusual among petrels, and Spear and Ainley (in prep.) report that cross-wind
movement is the norm, upwind travel occasional.

Most giant petrels turn up on, or close to, land and are found near populated
coasts, particularly around Australasia which lies athwart the westerlies. Sightings
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Figure 2.13  Tracks of two male Diomedea exulans from The Crozets (C) at the same time, showing
wind directions and strengths in knots (numbers). The birds tended to fly with the wind on the quarter.
From Weimerskirch et al. (1993).
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of both species show that they are pelagic as well; perhaps, as Hunter (1984c)
postulated, older birds prefer deep water, younger ones neritic seas, and the latter
thus tend to end up more often in beach wrecks: certainly most of those found dead
are birds of the year. And, as Ingham (1959) pointed out, simple downwind drift does
not control all the fledglings for some of those from Macquarie Island escape the
westerlies, reaching low latitudes and dying on subtropical beaches.

Analyses of the recoveries of banded South Georgian birds were made by Hunter
(1984c), of those from Macquarie Island by Woehler and Johnstone (1988), and from
Crozet and Kerguelen by Voisin (1990). The recoveries support the view that most
young birds travel eastwards on leaving their nests. Furthermore, their mean ages
tend to increase the further to the east their recoveries (Conroy, 1972; Hunter, 1984c;
Weimerskirch ef al., 1985; Voisin, 1990). Robertson and Kinsky (1972) demonstrated a
similar effect with young Diomedea epomophora. Thus Woehler and Johnstone (1988)
showed that M. halli fledgelings from Macquarie Island tend to reach New Zealand
beaches in March, South American shores in May, South Africain June, but not until
July the Australian mainland, inferring that they have flown around the world to
reach there, as Dixon (1933) long ago suggested was true of southern albatrosses (see
also Robertson and Kinsky, 1972). Such circumstantial evidence awaits confirmation
from satellite telemetry.

Woehler and Johnstone (1988) found no banded M. halli south of 50°S which
supports the views of Bourne and Warham (1966) and Johnstone (1974), that in the
summer this bird mostly forages north of the Antarctic Convergence, M. giganteus
south of it. Both are more numerous in Australasian seas in the austral winter and
Hunter (1984c) suggested that these form a major wintering zone for both species.
Another factor may be that juveniles from Crozet, Marion and Kerguelen Islands can
reach these seas quite quickly before experiencing the heavy initial mortality (Voisin,
1990). Recaptures of immature M. giganteus in New Zealand show that some remain
in coastal waters for several months and even in a particular area during two
successive years (Kinsky, 1958).

Shaughnessy and Voisin (1981) found M. halli plentiful in Nambibian waters from
mid-August to January, that is, during their breeding season —being attracted by the
pupping of the fur seals. The nearest colonies are on Gough and the Prince Edward
Islands, all 3000 km away, but whether the scavenging birds were non-breeders or
nesters stocking up during their off-duty spells, was not determined.

Recoveries of older birds suggest a contraction of range towards the natal island
with age (Hunter, 1984c; Woehler and Johnstone, 1988; Voisin, 1990). Some older
birds have been found on islands remote from their own. Three M. halli born on
Kerguelen and The Crozets caught as non-breeders at South Georgia may have just
been passing through during their prebreeding wanderings (Hunter, 1984c), but the
female M. giganteus banded as a chick at Macquarie Island on 26 January 1961 and
recaptured at Cape Crozier, Antarctica on 7 February 1967 could have shifted
colonies, and at least one breeder from Macquarie Island has nested later at Cape
Crozier (Woehler and Johnstone, 1988).

Some very rapid movements take place. The fledgling travelling from Kerguelen
to Chile in 3 months (c. 14000 km directly or c. 21000 downwind) may have flown
against the westerlies. One M. giganteus from the Antarctic Peninsula reached Fiji
when only 6 months old and another from South Georgia evidently covered at least
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14 000 km to New Guinea in 10-12 weeks. Others reach low latitudes in cool waters,
as with those found off Peru in the Humboldt Current.

Other instances of dispersals of young birds are less easily separated from the
movements of adults which may shift seasonally to preferred feeding areas. For
example, Jouventin et al. (1982) suggested that in the Indian Ocean at least, immature
D. exulans fed in different zones from the adults, at least during the breeding season.
Whether, in their prebreeding years, birds return regularly to the same areas at
particular times of the year—that is, migrate—is unclear. Another complication is
that meteorological and other conditions vary from season to season: a lull in the
westerlies when a batch of chicks makes its first flight may mean fewer recoveries
downwind so that the pattern of dispersal may vary between years.

Banding of nestling D. melanophrys at South Georgia and the Falkland Islands by
Tickell (1966) showed that most moved north, 92% of the recoveries of South
Georgian birds being from South Africa with small numbers reaching Australasia,
while the Falkland Island birds ended up on South American beaches, the majority
far to the north. However, most recoveries came from fishermen and so revealed the
whereabouts of the fishing fleets rather than the birds’ ‘natural’ dispersal pattern.
Periods of high mortality occur on New Zealand beaches from April to September
(Powlesland, 1985). The first part of this was thought to be mostly fledgling D. .
impavida from Campbell Island. These disperse northwards to southeast Australian
waters and the Pacific, the later high casualty rates being maintained by a wave of
eastwards-drifted birds from colonies in the south Indian Ocean.

The oceanic distribution of the diving petrels Pelecanoides urinatrix and P. georgicus
when not breeding is virtually unknown and it has been generally assumed that they
disperse around and to the north of their nesting colonies in the southern winter,
but, atleast in summer, birds have been seen, if not identified to species, far from any
nesting place, for example towards the Ross Sea as far as 64°S (Ainley et al., 1984).
These must have been non-breeders. Bourne (pers. comm.) saw a large eastward
movement of P. georgicus west of South Georgia in the spring, apparently on a return
flight.

XI Migration
A Introduction

Regular seasonal shifts of a population from breeding to contranuptial areas and
back again are common among tubenoses. Other regular movements cover only
relatively short distances, for example, the wintertime northwards shift of most
Southern Ocean species such as D. exulans as documented by Shuntov (1974),
Jouventin ef al. (1982), and others. Even ice-loving Pagodroma nivea and T. antarctica
must move north with the pack-ice periphery where there is some open water.

In many cases the migrants completely desert their nesting islands after breeding,
but no migration is entirely complete and for all well-studied species there are
reports or specimens of birds that have remained in local seas at either end of the
migration.

Migration routes are not precisely known for any petrel. Complicating factors are
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that different age-classes may follow different paths which in any event may not be
fixed but vary according to conditions at the time, for example a migrant stream may
be wind deflected, while the numbers passing any place may vary from year to year
in response to variations in food distributions or upwellings, etc. Sometimes such
variations may lead to veritable invasions of birds seldom seen before, for example
Newell (1968).

The migrations of Procellariiformes can be categorized according to the kinds of
movements made (Serventy, 1953; Kuroda, 1957a). The biggest group comprises the
transequatorial migrants. Four species shift from the northern to the southern
hemisphere, but 17 move in the opposite direction—at least eight gadfly petrels,
seven shearwaters and two storm petrels.

How these navigate over wide stretches of apparently featureless sea is unclear
and there have been no major experimental investigations of navigation by tube-
noses since the homing trials with Puffinus puffinus by Lack and Lockley (1938) and
Matthews (1953, 1964) —reviewed by Brooke (1990, pp. 66-70), —with D. immutabilis
(Kenyon & Rice, 1958), and with Oceanodroma leucorhoa by Billings (1968) (Fig. 2.14).
Recently homing of C. diomedea has been studied using direction recorders (Dall’
Antonia et al., 1995). None of these tests involved crossing the Equator and
transequatorial migrants face many navigational problems. They encounter chang-
ing star patterns, sun movements and magnetic fields as they skim rapidly across the
latitudes. Some of Matthews’s birds indicated their ability to navigate by day over
unknown terrain using a sun-compass and internal clock, but seemed unable to do
so after dark. Do the migrating shearwater flocks continue their flights on dark
overcast nights?

Whether tubenoses can orientate to a magnetic field is unknown: their brains
appear not to have been examined for the presence of magnetite cells; but the ability
to detect the dip of the geomagnetic field, for example, has been mooted as a
navigational aid for birds and one that could perhaps be inherited genetically.

Another category is of birds that cross the latitudes, but only within their own
hemisphere. These latitudinal migrants include birds that shift southwards in the
contranuptial season, such as F. glacialis, O. leucorhoa and O. furcata on the Pacific
coasts of North America, and north, such as many Southern Ocean species.

B Longitudinal migrants

Birds that move to east or west, crossing the longitudes include Atlantic F. glacialis,
all the North Pacific albatrosses, O. monorhis, O. matsudairae, Pterodroma rostrata and
Puffinus huttoni. Likewise, most of the population of P. puffinus yelkouan leaves the
Balearic Islands to pass through the Straits of Gibraltar in May and June to feed in the
Bay of Biscay and off Brittany, returning to the Mediterranean in September and
November (Le Mao and Yesou, 1993). This bird is one of a group whose movements
may involve dispersion and longitudinal or transequatorial migrations. Bourne
(1982b) pointed out that P. p. mauretanicus, P. p. yelkouan, and P. gavia are mainly
coastal shearwaters that move north and east or west chasing shoaling fish while
they moult, whereas P. puffinus and P. huttoni take similar prey in the South Atlantic
and off northwestern Australia respectively.

With most of these petrels there is also a latitudinal component to their migration,
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Figure 2.14 Orientation of released Manx Shearwaters, vanishing bearings gathered into

compass points; shortest spoke = 1 bird. A, disorientated scatter when set free under heavy cloud;
B, homewards orientation when released in sunny conditions. From Matthews (1968).
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for example with the 300 000-2 x 10° O. leucorhoa that winter in the Bay of Biscay from
the North American colonies (Hemery and Jouanin, 1988). Similarly, P. huttoni
travels northwards from New Zealand’s South Island and across the Tasman Sea
towards Australia. Specimens and sightings off northern and northwestern Austra-
lia support the hypothesis of a circumnavigation around that continent (Warham,
1981). The birds return to New Zealand in October and November when in some
years many are beach-washed along the west coast of the North Island. The virtual
absence of dead P. huttoni there between April and August, when many dead P. gavia
are found, together with the numbers off northwest Australia (Halse & Halse, 1988),
suggest that P. huttoni is a total migrant. Most breeding P. gavia, however, seem to
stay around New Zealand throughout the year (Wragg, unpubl.), although some,
possibly younger birds, also visit Australian seas.

One of the best documented longitudinal movements is the east-west migration
of Wandering Albatrosses from their bases in the Indian and South Atlantic Oceans
to and from coastal New South Wales (The Petrels, p. 43). Many are ringed and of
known age and provenance. However, not all the breeders make this regular
journey: where do the others go during their off-duty years? And do all fly back
home from NSW upwind or downwind through Drake Passage? Some certainly do
go against the wind as evidenced by those tracked by transmitters from NSW around
southern Australia and into the Indian Ocean between 30° and 45°S, including one
that reached its nest on The Crozets just 103 days after the transmitter was attached,
having travelled about 20 000 km (Nicholls et al. 1995) (Fig. 2.15C). Four birds were
followed. One remained offshore for a week before its battery was exhausted. Some
foraged in the Great Australian Bight (Fig. 2.15 A, B) and one went as far as west of
Marion Island (Fig. 2.15C) and back towards the Crozets before contact was lost. The
plots suggest that the birds track round the edge of the rotating high and low
pressure cells to keep the wind to one flank and so progress against the prevailing
westerlies.

The aggregations off eastern Australia are not solely of adult birds, some immature
birds in dark plumage also go there regularly and with repeated capture over the
years their plumage development has been recorded.

In the North Pacific the centres of the populations of D. immutabilis and D. nigripes
also shift laterally, and the movements have been plotted from visual evidence and
from the recoveries of marked birds by Fisher and Fisher (1972), Sanger (1974a,b),
Shuntov (1974), Kuroda (1988) and Robbins and Rice (1974). These last authors based
their findings on 324 recoveries of D. immutabilis from 165 890 birds banded from
1937 to the end of 1969 and of 399 D. nigripes recovered from 48 727 banded from 1940
to the end of 1969. As usual, many pelagic reports came from fishing boats but that
bias affects D. nigripes much more than D. immutabilis. The birds were banded in the
Hawaiian Leeward Islands and included many of known age.

Figure 2.16 shows the ranges of adult birds (6 or more years old) on a bimonthly
basis. The migration of older non-breeders takes place in April and May, that of the
breeders in June and July, but few birds were recovered then, perhaps, as these
authors surmised, because they fly quickly to their summering seas and don’t get
caught by fishermen. In the contranuptial season the adult Laysans range mainly
north of 40°N and then overlap the Black-foots. At the gradual southward shift
starting in October their distributions tend to become even more distinct: the
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Figure 2.15 Satellite tracking of Diomedea exulans from New South Wales. (A) A female that flew
into the Tasman Sea, then to northeast Tasmania and back to NSW before heading round southern
Australia to the Indian Ocean. (B) Flights of bird 3 (a male?) and 4, a female, into the Tasman Sea and
back, thence past southern Australia to Cape Leeuwin, Western Australia. (C) Flights of birds 3 and 4
from there across the Indian Ocean. Contact with 3 was lost when north of The Crozets and with 4 when
at its nest on Possession Island. From Nicholls et al. (1995).

Laysans west of 180°E and north of 30°N, the Black-foots to the east of this meridian
and south of 30°N. Their ranges again tend to coincide in February when both are
foraging frequently and over shorter ranges while rearing chicks. Sanger (1974b)
thought that it was quite possible for breeding birds to forage off western North
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Figure 2.16 Comparative bimonthly distributions of adult Diomedea immutabilis (left) and
D. nigripes banded at Midway Atoll and other islands of the Hawaiian Leeward Chain. Shaded areas
enclose +1 SD from the mean co-ordinates of all pelagic band recovery locations. A, Aleutian Is.; K, Kurile
Is.; ], Japan; H, Hawaiian Is. From Robbins and Rice (1974).
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America and get back to their nests within 2-3 weeks, although most probably only
went 2400-3200 km.

Robbins and Rice’s (1974) data for younger birds were less extensive but showed
that their winter dispersion tended to be much wider than those of the adults. Young
birds of both species during their first summer and autumn at sea remain mostly
south of the adults and Laysans in their first winter are closer to Japan than the old
birds. Both species move east and west during their first year but by the end of their
first winter the Laysans have moved west towards Japan while the young Black-
foots shift to the east. In their next four summers the Laysans gradually shift from
Japanese seas to the adult’s contranuptial area and by their third winter at sea some
visit their natal islands in March. Young Black-foots in their later prebreeding are in
the eastern Pacific and closer to the coasts of North America than the adults.

Fisher and Fisher (1972) related the concentrations of Laysans in summer off
eastern Japan to highly productive waters where the Oyashio and Kuroshio
Currents converge and they also believed that the western Aleutians were a major
feeding ground in the summer, another region where turbulence generates high
planktonic activity. Sanger (1974b) also pointed out that the abundance of D. nigripes
off western North America correlated with seasonal changes in the upwelling
patterns along that coast and its preference there for cooler SSTs, the region
delimited by the 14°C and 22°C surface isotherms being much larger in the eastern
Pacific than in the west. The distribution of commercial fisheries is one confounding
problem.

C Latitudinal migrants

An example of a petrel that migrates seasonally across the latitudes without crossing
the Equator is Puffinus opisthomelas. This breeds off Baja California in the boreal
winter and its postnuptial migration is mainly northwards along the California coast
where the birds usually reach Monterey Bay from mid-October to late November. A
few travel as far as British Columbia during years when SSTs off California and
Oregon are unusually warm.

Another petrel shifting northwards after nesting is the Bonin Petrel Pterodroma
hypoleuca, a winter breeder. It leaves its nesting places in May and June to feed east of
Honshu but has gone by the end of August. During this northern migration it selects
waters with SSTs 16-29°C (Tanaka and Kaneko, 1983).

The Kerguelen Petrel Lugensa brevirostris may not follow the usual pattern of
Southern Ocean species in moving north in the winter. Lambert (1984) suggested
that after breeding the birds move down to the edge of the packice. Whitehouse and
Veit (1994) found it off the Antarctic Peninsula in winter and Ainley et al. (1994)
reported its year-round presence in open water of the Weddell Sea.

The Northern Fulmar F. glacialis is another species some of whose populations
move south during the boreal winter. Analysis of 300 recoveries of British ringed
birds by Macdonald (1977) showed that the fledglings disperse widely into the
Atlantic Ocean and European Arctic seas and in their second year reach the rich
feeding grounds off Newfoundland and to the south and west of Greenland, and not
until their fourth year does their range contract towards the breeding colonies. All
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the British birds in the western Atlantic appear to be prebreeders; the breeders must
remain much closer to their colonies (The Petrels, p. 238). Fisher (1952a, p. 447)
proposed that prebreeding European fulmars congregated in ‘nursery areas’ —that
is, the Newfoundland Banks and Varanger Fjord —but Macdonald’s data, admit-
tedly biased by the many returns from fishing boats, did not confirm this: it remains
unproven.

In the eastern Pacific Northern Fulmars shift south and appear in large numbers
off California from October through to March or April. The populations here reach a
peak in December and January (Fig. 2.17), with perhaps 225 000-360 000 birds. A low
in mid-winter of 35000-95000 birds indicates movements through Californian
waters of birds wintering off Mexico (Briggs ef al., 1987).

D Transequatorial migrations

The switch from one hemisphere to another allows migrants to enjoy perpetual
summer —feeding on seasonal food flushes when nesting and concentrating in the
opposite hemisphere after breeding where upwellings and fronts provide food to
support the large numbers without interspecific competition normally becoming
excessive. For a summary of the migrations of B. bulwerii, P. gravis, P. griseus and
C. diomedea in the Atlantic (Bourne, 1995).

1 North to South

a. Puffinus puffinus Manx Shearwater. Although something like 262603 Manx
Shearwaters had been ringed by the end of 1989 and over 3600 recoveries made, the
fine details of their migratory pathways have yet to be revealed, partly because very
few birds are recovered in mid-ocean and partly because most that are found are on
beaches in well-populated areas. Thomson (1965) and Brooke (1990) attempted to
unravel these patterns. A major segment of the population spends the northern
winter off the coasts of Argentina, Brazil and Uruguay. This includes many
fledglings in their first autumn and 1-year-olds (some of which spend the northern
summer there as well), together with older birds which alternate between their
northern breeding places and the South American wintering one.

The outward and return routes appear to differ, those leaving Europe passing
close to the bulge of Africa before cutting diagonally across the central Atlantic to
South America helped by the northeast Trades, and perhaps returning on pathways
more to the west and thence north through the central North Atlantic to the Welsh,
Irish and Scottish colonies. The evidence for these return routes could be much
stronger, however. In addition, there is a significant presence nowadays of birds off
the New England and eastern Canadian coasts. Some are 1-year-olds spending the
northern summer there and sharing the seas with masses of P. gravis and P. griseus.

b. Calonectris diomedea Cory’s Shearwater. Like the Manx, Cory’s Shearwater also
uses the offshore waters of the South American Atlantic coast as a contranuptial
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Figure 2.17 Comparison of monthly mean densities (birds km™?) of Fulmarus glacialis in three
regions off California. Three curves give mean densities *1 SE, shaded values lying >1 SE below the
mean. After winters of high abundance (1976 and 1981) some birds summered off California. From Briggs
et al. (1987).
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Figure 2.18 Possible routes taken by the two migratory subspecies of Calonectris diomedea as
deduced by Mougin et al. (1988). Thick arrows, C. d. borealis; thin arrows C. d. diomedea.

feeding ground. Mougin et al. (1988) concluded that the two migratory subspecies
had separate wintering grounds, the typical race leaving the Mediterranean to
winter off southern Africa with some penetration along the Agulhas Current into the
Indian Ocean, while C. d. borealis headed for South America to feed off the coasts of
Brazil south to Argentina (Fig. 2.18). The adults of both were thought to retrace their
steps in returning to the breeding places in March. Immatures of both are also found
in the southern regions, but Mougin et al. (1988) suggested that those of borealis head
north at the start of the southern winter, spend some time in warm waters off Central
America, moving still further north to coastal waters off eastern USA and Canada
before finally returning to the breeding places either via the North Atlantic and
Europe or retracing their flight to South America and thence northeastwards across
the central Atlantic. Immature C. d. diomedea retrace their flights back to the
Mediterranean although some spend the boreal summer off the North Atlantic
coasts of Europe (Yesou, 1982).
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Figure 2.19 Migration of Calonectris leucomelas. 1, Breeding places; 2, boreal summertime
distribution; 3, main concentration areas in summer; 4, postnuptial distribution. Adapted after Shuntov
(1974).

c. Calonectris leucomelas Streaked Shearwater. The Streaked Shearwater also moves
south after breeding, the bulk of the population evidently wintering in Philippine
and Indonesian waters. Some pass into the Indian Ocean and reach Sri Lanka, but
more appear to feed off the northwest coast of Western Australia and others off
Queensland and fairly regularly as far south as Sydney (Fig. 2.19).

d. Oceanodroma storm petrels. Two summer-breeding Japanese storm petrels also
shift south for the northern winter and like C. leucomelas some enter the Indian
Ocean. These are Oceanodroma monorhis and O. matsudairae. Both are adapted to
warm seas and both have been identified over the whole of the central Indian Ocean,
O. matsudairae as far west as Somalia, O. monorhis as far as the Arabian coast (Bailey
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et al., 1968). These authors suggested that O. monorhis might reach the Indian Ocean
via the Straits of Malacca, O. matsudairae by a more southerly route through the
Indonesian chain, anidea borne out by later sightings in the Timor Sea, off northwest
Australia, and by specimens from Christmas Island.

The storm petrel Hydrobates pelagicus is a distinct transequatorial migrant with
birds from the Scottish colonies having been recovered in South African waters and
the routes down the western seaboards of Iberia and Africa in both directions being
supported by many sightings (van Oordt & Kruijt, 1953; Cramp & Simmons, 1977).
The bulk of the population appears to spend the boreal winter in the cool Benguela
Current down to 38°S. Because specimens collected in mid-winter off West Africa
were all juveniles, it has been suggested that birds of the year winter north of the
Equator off West Africa rather than continuing south with the older birds.

2 South to north migrations

a. Oceanites oceanicus Wilson’s Storm Petrel. From its circumpolar breeding stations
this bird performs its transequatorial migrations through all of the world’s oceans,
being the only petrel to do that. It spends the austral winter in temperate and
subtropical seas, not in Arctic ones, as might perhaps be expected of an Antarctic
breeder. The ability of a sparrow-sized seabird to undertake such vast journeys on an
annual basis is the more remarkable as its low-aspect ratio wings limit its ability to
travel by dynamic soaring, although it uses slope-soaring extensively. It may also be
wind assisted for parts of its journey. Presumably, that the bird can find surface
plankton almost continuously makes this migration possible, but a relatively slow
crossing of the wide, food-poor tropical seas would seem particularly dangerous.
The pathways used appear to be quite complex and few birds have been ringed. The
birds are uncommon among beach-washed debris, their movements having been
deduced mainly from specimens and sightings at sea. In the Atlantic the migration
was described by Murphy (1918), for the Atlantic and Pacific by Murphy (1936), for
Australian seas by Serventy (1952) and Wood (1990c) and worldwide by Roberts
(1940).

It has been suggested that the younger birds winter at lower latitudes than the
older ones. Lee (1987) has shown that the species is plentiful over the continental
shelf off North Carolina in the austral summer, for example 351 were counted on an
offshore trip on 20 December, 1986 under normal weather conditions. At that date
breeders are back at their nests: it seems unlikely that these ‘summering’ birds were
breeders on a ‘sabbatical year’ off.

The ramifications of this storm petrel’s movements will be difficult to untangle.
There is not only the question of where the different age classes go but also whether
there is any sexual differentiation, as observations of 63 birds collected at the
Marshall Islands suggest (Huber, 1971). All proved to be adult but those taken in
April were predominantly female, May birds mainly male, suggesting different
timetables for the sexes.

One consequence of this migration pattern is that it removes the birds to warmer
climes posing fewer thermoregulatory problems and from seas subject to violent
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winter storms that might blow them far down wind and prevent feeding. Present
knowledge of the movements in each ocean is summarized below.

i. Atlantic Ocean. In April the vanguard moves rapidly northwards and by the third
week reaches the warm coastal waters of the USA evidently keeping to the west side
of the ocean with some birds entering the Sargasso Sea. By June they are abundant
along the whole of the Atlantic coast of North America with thousands to be seen off
vantage points like Cape Cod. The main concentrations are off Maine and the shelf
break off these northeast coasts as far as Nova Scotia. Some may cross the North
Atlantic to the Iberian coast, joining birds from a smaller movement that appears to
travel up the eastern Atlantic and concentrate in the Bay of Biscay.

Murphy (1918) judged that all 49 birds collected off Bahia between April 15 and
May 1, 1916 were but 2 months out of the nest and with others he determined as
juveniles, whereas those taken far offshore were adults, suggesting that these might
migrate pelagically, the young offshore.

The return begins in September, the movement being mainly back down off South
America and by November some birds are back in west Antarctic waters north of the
pack-ice. Bourne (1963) pointed out that as Oceanites oceanicus withdraws towards
the south its place is taken in central Atlantic waters by Oceanodroma leucorhoa and in
offshore West African seas by H. pelagicus.

ii. Indian Ocean. Birds fly north offshore past the coast of Western Australia in April
and May but the movement appears to be broadbased, the species being seen off
Amsterdam Island from February to April. Many winter in the Somali Current
during the Southwest Monsoon, especially along the edge of the shelf. Bailey (1968)
thought that the main migration was through the central region of the ocean and
arrivals in Sri Lankan seas are mainly of single birds, not of flocks (Phillips, 1955). He
found many wintering off Colombo, 51 birds being released from a ship on a single
night after being dazzled by its lights. The petrels depart from Sri Lanka during the
first 2 weeks of November after collecting in very large flocks, sitting on the water in
calm weather, and they concentrate similarly off the Arabian coast in September
before the southwards movement (Phillips, 1955; Bailey, 1968).

iti. Pacific Ocean. The main body here appears to move less far northwards than it
does in the Atlantic Ocean. In the eastern Pacific many travel north in April and May.
Pitman (1986) saw very few during his 4333 h of marine bird observations in the
eastern tropical Pacific and the birds are rare in Hawaiian seas so the movements are
evidently mainly west of 160°W. Huber (1971) recorded a northward movement past
the Marshall Islands and a similar passage has been seen off New Caledonia. The
return route seems unclear but large numbers are in the Humboldt Current in
August and Crossin (1974) considered that fat, healthy birds collected near the
Marshall Islands in October and November with somewhat enlarged gonads were
on their southward migration.

In the southwest, hundreds are seen in April flying off New South Wales in some
years but Wood (1990c) saw most over deep water there and speculated that the
main northwards movement on the west Pacific is in the pelagic zone. While many
appear to winter off northern Australia and New Guinea (Serventy, 1952; Coates,
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1985), there appear to be no big concentrations like those in the North Atlantic and
Indian Ocean. Some go further and presumably the few that reach Japanese seas
travel in the west Pacific too.

b. Pelagodroma marina White-faced Storm Petrel. This is also found in all the oceans,
but only the race P. m. dulciae is a clear transequatorial migrant, the southwest Pacific
form, P. m. maoriana, only marginally so, and the Atlantic forms not. A specimen of P.
m. maoriana was taken in the Gulf of Guayaquil at 2°35’S, 81°20'W, and the birds well
known as visitors in the boreal winter to the eastern tropical Pacific (Loomis, 1918;
Crossin, 1974), have been thought to belong to this race, a view supported by the
recovery of a banded Chatham Island’s bird at 9°52'S, 88°42'W (Imber, 1984). He
pointed out that this supports Crossin’s suggestion that the southwest Pacific birds
move to the Humboldt Current and then fly north and west of the Galapagos.
Pitman (1986) found them along the Equatorial Front with concentrations around
the Galapagos and between there and Ecuador. A more direct return route may be
taken to New Zealand, as many are back in home waters within a month of their peak
numbers in Galapagos seas (Imber, 1984).

Some from eastern Australia perhaps go less far. Imber (1984) documented
sightings of P. marina mainly in July in an area north of New Zealand towards
Norfolk, the Kermadec and Fiji Islands; others are in the Coral Sea in May, so that
part of the population may winter along the Subtropical Convergence here.

Western Australian birds winter in the northern Indian Ocean and Arabian Sea
between May and September, being found well offshore, often in small flocks
(Voous, 1965; Bailey, 1966). Birds banded on Mud Island, Victoria, have also been
recovered to the west suggesting that Bass Strait populations may also go to the
Indian Ocean but, in contrast, an adult P. m. dulciae was recovered far to the easton a
New Zealand beach in May, 1983 (Imber, 1984).

The movements of the Atlantic populations—P. m. hypoleuca (Salvage Is.); P. m.
eadesi (Cape Verdes) and P. m. marina (Tristan da Cunha and Gough Is.) are little
known but they appear to disperse rather than migrate after breeding. More data are
needed. Some cross the Atlantic towards eastern USA where they are found 70-650
km from the coast over the continental slope, between August and October, and
mostly north or west of the Gulf Stream (Watson et al., 1986).

c. The southern migratory shearwaters. Six species of Puffinus and one Procellaria cross
the Equator, some to the far north almost to the pack-ice. It was formerly thought
that Puffinus tenuirostris followed circular or looping pathways (e.g. Serventy, 1953),
but more recent studies indicate that broad-front, more direct routes are taken,
earlier results being biased by the greater likelihood of recoveries and sightings
around the peripheries of the oceans, most recoveries being of birds of the year.

i. Procellaria parkinsoni Parkinson’s Petrel. This is the only Procellaria to make
regular transequatorial migrations. It was first found in the northern hemisphere
during the Californian Academy of Science Expedition of 1905-1906 to the Galapa-
gos (Loomis, 1918) and was subsequently recorded widely in the eastern tropical
Pacific (ETP) and off the coasts of southern Mexico, Central America and Ecuador
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between c. 14°N and 5°S and out along the Equatorial Front to about 100°W (Jehl,
1974a; Pitman, 1986). Pitman and Ballance (1992) found it plentiful in areas of
upwelling associated with the Gulf of Tehuantepec and Panama throughout the year
except for January.

ii. Puffinus creatopus Pale-footed Shearwater. These leave their breeding stations on
the Chilean islands in March and April to spend the austral winter off western North
America, occasionally reaching the Bering and Alaskan Seas. Their numbers reached
about 130 000 birds off central California with about 400 000 off the southern sector.
They return to the nesting grounds in November and December. In the central
Pacific they occur as far as 160°W (Pitman, 1986), so that they are not confined solely
to offshore seas.

iii. Puffinus carneipes Flesh-footed Shearwater. Considerable numbers spend the
austral winter in the Arabian Sea and Gulf of Oman (Bailey, 1966). The birds
presumably mostly come from the Western Australian colonies; at least one of the
typical race has been identified from Colombo. The birds leave their breeding places
in late April and early May to appear in the Arabian Sea by late May, perhaps by
tracing a great circle route across the southern sector of the ocean. Whether those
that nest in the Recherche Archipelago off southern Australia join this movement is
not known.

However, there have been many recoveries of adults banded at Lord Howe Island
(ssp. hullianus), showing their migration to the northwest Pacific, most leaving the
island in May, but some are in Korean waters as early as late March and in the Sea of
Japan, the Okhotsk Sea and offshore Japan in June. According to Shuntov (1974,
p- 183), in June the birds are concentrated in the northwest of the Sea of Japan where
there are flushes of Cololabis fish and squid. In June through to August they are found
both over the shelf and in deep waters, both here and in the Okhotsk Sea, where the
species is common in the northern summer. Smaller numbers also occur off British
Columbia in April and May and again in August and September, suggesting a
separate route through the central Pacific to and from the breeding places, perhaps
mainly of New Zealand birds.

iv. Puffinus pacificus Wedge-tailed Shearwater. The movements of the many popu-
lations in the Indian and Pacific Oceans on both sides of the Equator are poorly
understood. Light-morph birds breed mostly in the northern hemisphere and with
few sightings south of the Equator, so that long-distance migration appears to be
mainly restricted to southern, dark-plumaged birds although both morphs are
present, for example, in the ETP (Pitman, 1986).

Recoveries of birds banded off NSW include seven from the Philippines during
the contranuptial period, including one found dead 17.5 years after banding as an
adult 6500 km to the south. Some eastern Australian birds perhaps travel further and
are among the dark-phase ones plotted by King (1974) in the central Pacific during
June and July. Jenkins (1979) reported that P. pacificus seems to leave and return
about the same time at the islands of the southwest Pacific, and he noted that their
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return in force at the end of October tallied well with King’s observation of the large
decrease in the eastern Pacific at the end of September.

Jenkins also pointed out that the NSW P. pacificus return about 6 weeks before
those of the southwest Pacific colonies, and that they must do so along a different
route, for the species is absent from those islands’ waters in August when the
Australian birds would be passing through.

Light-phase birds from the Hawaiian Islands evidently move south to the eastern
Pacific in the northern winter, perhaps out along the Equatorial Countercurrent,
returning via the North Equatorial Current (King, 1974).

v. Puffinus bulleri Buller’s Shearwater. This species nests in the austral summer. Itis
an easy bird to recognize at sea so most sightings there can be relied upon. In the
austral winter its main habitat is in subarctic seas and a notable feature is the marked
increase in sightings there in recent years almost certainly due to more observers but
also to a build up of numbers at the breeding ground.

The changing distributions around New Zealand were outlined by Jenkins (1988).
The birds return to northern New Zealand seas in September and the young birds
probably leave in May. This may account for the large rafts seen off the nesting
islands, near which there was a decline in birds in April, suggesting a departure of
breeding birds in that month. In June, July and August they are virtually absent from
local waters. A sighting of 15 on 31 August at 32°5, 175°W by Chapman (1981) may
have been part of the van of the returning stream.

In the northeastern Pacific the distribution of the birds and their timing have been
well documented by Wahl (1985). In June he already found small flocks resting on
the surface in the mid-Pacific between 35-45°N and 160-180°E. Guzman and Myres
(1983) reported 100 birds only 140 km west of the British Columbian coast on 29
August and 200 at 50°N, 145°W on 27 August, and the species is now a regular
autumn migrant off British Columbia (Campbell et al., 1990).

Throughout August, September and October considerable numbers feed offshore
from California to British Columbia. Wahl suggested that a flock of about 1300 that
joined other shearwaters in August 1976 off the Channel Islands, southern Califor-
nia, might have been the van of the southern leg of the migration of the breeding
birds, but later sightings must have mostly been of non-breeders. Peak numbers off
California were in August and September (Briggs et al., 1987). Here they feed over
upwellings along the shelf break but become concentrated more inshore when the
upwelling slackens and Briggs et al. suggested that numbers are lowest in coastal
waters there during years of warm SSTs.

In the northwest Pacific Buller’s Shearwater was unrecorded before 1951 when the
first specimen was collected near the Kurile Islands. Sleptsov (1960) found the
species fairly widespread between 150 and 160°E and 30 and 46°N. Nakamura and
Hasegawa (1979) reviewed the position and reproduced a photograph showing
some 50 birds of a flock at about 44°N, 173°E in July 1978. It seems that in the austral
winter this shearwater is widespread off northern Japan particularly around and
south of the Kuriles to about 30°N, but also as far east as 151°W.

The status of the birds seen off Peru and Central Chile in February and March is
unclear: Blake (1977) regarded them as only casual visitors, but Ainley (pers. comm.)
saw large flocks of moulters there in May 1978.
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The routes taken across the Pacific are unknown. Probably the movements are on
broad fronts in both directions, an easterly one taking the birds to the northwest
Pacific and a central one to the eastern areas.

vi. Puffinus gravis Greater Shearwater. There are many accounts of this species off
the eastern seaboard of North America, in the North Atlantic, North Sea and off
Greenland (Rees, 1963; Grafe, 1973; Cramp & Simmons, 1977; Brown et al., 1981; Lee,
1986) but the migratory pathways are still not completely defined, although recent
information seems to support the pattern mooted by Voous and Wattel (1963).

The birds leave the southern islands from about April and May with fledgelings
following from May until August (Rowan, 1952). Eakin et al. (1986) believed that they
encountered part of the northern movement in early May during a transit from
Buenos Aires to the northern edge of the Antarctic Convergence, when many were
flying north. The species has also been seen between 10 and 25°S and 20 and 35°W
flying north or northwest towards the Brazilian coast in May and June with others
further east heading northwest (Barritt, 1992). These and other sightings indicate
that these shearwaters fly northwest past the horn of Brazil and the West Indies,
where mass mortalities have been reported on Surinam and Trinidad (Collins &
Tikasingh, 1974; Mees, 1976), and then turn up off the Atlantic North American coast
in May and June. By then they are widespread in the western North Atlantic and in
July and August are as far as 66°N in Davis and Denmark Straits and have also spread
east to European coasts south to the Iberian Peninsula.

Very large numbers winter and moult off the Grand Banks, Newfoundland, Nova
Scotia and Greenland. An estimated 200000 over George’s Bank as late as 11
November, many satiated and sleeping, counted by Powers and Van Os (1979) must
have been non-breeders. These authors suggested that the birds were flocking ready
for migrating south. Bourne (pers. comm.) points out that the many along the shelf
break in the Bay of Biscay long after breeding has begun must be non-breeders too,
as must those moulting off Tierra del Fuego in January. Bourne also reports them
plentiful and moulting in Falklands seas in March to May. Probably some age classes
do not leave the South Atlantic.

Return routes are less clear. Some fly south in the western side of the ocean but
those seen apparently on their way south in mid-Atlantic in September (Bourne,
1970, 1995), in Azores seas, and at 34°N, 31°W may have been moving on a broad
front as suggested by Bourne. Large numbers seen off Rio de la Plata in mid- to late
November by Brenning and Mahnke (1971) may have been part of the late returning
stream.

vii. Puffinus griseus Sooty Shearwater. The Sooty Shearwater migrates to the North
Atlantic and North Pacific Oceans (Figs. 2.20, 2.21). Few have been ringed, most
being adults of unknown status from the Snares Islands, and all 10 birds recovered
from there and elsewhere in Australasia have been in Japan, seas south of the
Aleutian Islands, and off North America.

Successful breeders leave nesting areas in mid- to late April, fledgelings up to a
month later. Whether all start migrating immediately is not clear, but during April
birds stream northwards past the South Island of New Zealand and, according to
Shuntov (1974, p. 79) so do others far to the east. King (1970, p. 60) recorded the
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Figure 2.20 Possible migration pathways of Puffinus griseus in the Atlantic Ocean. Main areas with
concentrations out of the breeding season are shaded including one off the Valdez Peninsula that may be a
contranuptial feeding ground.

northward movement in the central Pacific, being most abundant in March, num-
bers declining in April, and the movement having almost ceased in May. The birds
move through this region en masse (Ainley, pers. comm.).

Most birds reach the North Pacific between the end of April and the beginning of
June, and Watabe et al. (1987) found many off Honshu 3-5 May, more than a month
before the main body of P. tenuirostris, which tended to concentrate further north off
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Hokkaido. Kuroda (1960a) also noted that P. tenuirostris preferred SSTs of 3.5-7°C,
P. griseus 11-12.5°C, the coastal waters off North Honshu, where currents meet,
being the main wintering quarters for P. griseus. Watabe et al. encountered some here
in June that were emaciated and floating helplessly on the sea, but more P.
tenuirostris were affected, with 55% of 1468 birds like this.

Some P. griseus enter the Sea of Japan and the Okhotsk Sea and reach both sides of
southern Kamchatka and the Aleutian Islands (Ogi et al., 1981). A major ‘wintering’
area lies east of Japan and off the Kurile Islands. By June many are in Alaskan waters
and south of the Aleutians, but these could well include South American birds.

The birds from the islands near Cape Horn apparently also fly north in the
Humboldt Current, pass through Californian seas and may appear off Oregon and
British Columbia, then reach the Gulf of Alaska, presumably returning by the same
routes. Numbers off California reach a peak in May to July, then tend to decrease
only to peak again in August and September, perhaps marking the northern and
return movements (Serventy, 1953), and/or the passing of different age classes.

Guzman and Myres (1983) saw the northwards movement in waves off British
Columbia in May. They were feeding furiously, even taking discards from fishing
vessels. As their peaks in numbers dwindled, groups of 1-100 birds flew low over the
water heading northwest to north, in long, snake-like flocks.

However, the occurrence of South American birds off California has been ques-
tioned because sightings off Central America are rare (Jehl, 1974a), while between
March and June many feed off Peru and Chile (Jehl, 1973b). Thus birds from colonies
on the west coast of South America may not move far. Possibly the huge flocks flying
off southern Chile at 44°S on 25 March were heading to join these feeding
aggregations (Bourne and Dixon, 1973).

The numbers off California can be vast. An ‘instantaneous’ estimate of 2.7-4.7
million during the early summer was given by Briggs et al. (1987) who pointed out
that the true figure could be 10 times more. Briggs et al. found rather few birds more
than 100 km out, and in June to September 1982 inclusive they saw none from 200 to
400 km offshore. Jehl (1973a) over the 1000 fathoms mark in mid-October, saw
virtually no P. griseus during cruises off southern California going out to 320 km.
Therefore, unless major migrations travel much further out, or 1982 was atypical,
most birds pass down the coastal upwelling zone rather than within the California
Current beyond the continental slope.

The southward movement from Alaska and Japan evidently begins at the end of
August. The great numbers passing down the coasts of western North America and
the recoveries of Australasian birds, show that these are not all from the South
American colonies. Shuntov (1974, p. 87) pictures the southward stream as dividing
off California with one arm proceeding down the South American coast, the other
southwest towards New Zealand, crossing the Central Pacific on a wide front. There
Pitman (1986) found many along the Equator between 160 and 130°W. In October,
King (1970, pp. 60,79) recorded the highest numbers flying south past Hawaii, but
there were only about half the birds that had been seen during the northward
passage and the return flights had almost finished in December.

Sightings of Sooty Shearwaters in the North Atlantic were reviewed by Phillips
(1963) and Cramp and Simmons (1977). We cannot be sure that the North Atlantic
birds all come from the South Atlantic, and the only recovery to the north to dateis a
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Falklands juvenile ringed on 3 May off Barbados, 9100 km away, on 1 June the same
year. There is at least one behavioural difference, however, in that the birds have
already moulted their flight feathers by the time they reach eastern North America;
those migrating to the North Pacific moult there (Brown, 1988a).

The Atlantic birds start to move north in March (Fig. 2.21) and evidently follow the
east coast of South America where flocks have been seen in April and May. The
species reaches the waters off eastern North America in April and most appear to be
concentrated off New England and Newfoundland in June. There is an eastwards
drift across the North Atlantic in July through into September. Some birds pass
round the north of Scotland to enter the North Sea (see Fig. 2.1), a movement that
may have increased in recent years. The position there was reviewed by Hall et al.
(1987) and Rasmussen (1985), among others. Most are found in the western North
Sea with a peak in August. Some evidently leave via the English Channel but most
cross back into the Irish Sea and are in good numbers off western Ireland in
September and October, possibly feeding up in readiness for the return flight.

From eastern North America the southwards movements begins in August and by
late August and early September birds are flying south off South America. There is
also a southerly passage off Africa, perhaps of birds that crossed the Atlantic earlier
and/or leave the North and Irish Seas. Where these birds come from is unclear.

Phillips suggested that all the Atlantic transequatorial migrants were non-
breeding birds. This raises the question of the status of those that Jehl (1974b) found
in June-August over the shelf waters off Argentina, mostly north of 45°S, and those
off the Valdez Peninsula in early August, with flocks as far as 150 km offshore (Fig.
2.20).

Some P. griseus occur at sea off the southwest corner of Australia and small
numbers reach the northwest reaches of the Indian Ocean, even as far as Eilat in the
Gulf of Agaba (see Fig. 4.1). They also inhabit South African seas, being rare off Natal

AT

Figure 2.21 Possible migratory routes of Puffinus tenuirostris (heavy arrows) and P. griseus
(dotted arrows) in the Pacific Ocean, nuptial and contranuptial feeding areas shaded. Partly from
Shuntov (1974) and Maruyama et al. (1986).
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but present throughout the year off the south and west coasts and abundant there in
the austral winter (Ryan & Rose, 1989). The provenance of these birds is quite
unclear. Some must be non-breeders or failed breeders, but whether of South
American or Australasian affiliations, or from the flocks off Antarctica, has yet to be
discovered. Liversidge and LeGras (1981), for example, noting the considerable
variation in numbers between years, suggested that birds from the South Atlantic
colonies moved first to Cape seas, then across towards South America with the
prevailing winds, thence to the North Atlantic.

Sooty Shearwaters are common among South African beachwashed debris. An
examination by Cooper et al. (1991) of 244 freshly dead revealed that 86% were in
primary moult, a process which these authors calculated began, on average, on 2
January and was completed on 10 June, so that, unless they had been moulting while
feeding chicks, the birds cannot have bred that year and they deduced that they were
prebreeders. This is not surprising: most beachwashed petrels are immature, which
does not mean that the flocks offshore are all of immatures too.

Cooper et al. (1991) hypothesized that the birds in the Atlantic, including those off
western South Africa are all prebreeders, including those migrating to the North
Atlantic, where Brown (1988) examined 603 taken at sea and deduced these as being
pre- or failed breeders. Cooper et al. further suggested that immatures of all
populations spend the austral winter in the Atlantic whereas all breeding birds do
that in the North Pacific. However, at least one of the banded birds recovered there
was noted as probably a non-breeder when ringed (Warham, 1964) and only one of
the other nine recovered in the North Pacific has been a known breeder. Further-
more, although P. griseus is a common bird in summer in the huge ‘aquatory’
between Australasia, Africa and Antarctica, there seems to be no direct evidence of
Australasian birds moving to South Atlantic seas, unless Falla’s birds flying west-
wards between 50° and 60°S in the Australian sector were such. The true picture
awaits more data, perhaps as a result of consistent banding particularly of the South
American birds, and identification of the various populations perhaps by biochemi-
cal ‘fingerprinting’.

The status of the flocks of Sooty Shearwaters off Antarctica (Fig. 2.22) is still
unresolved, although Falla (1937, p. 205) reported them long ago. He had problems
in identifying them, referring to ‘the supposed P. griseus’, but later workers who
have seen dark shearwaters there have mostly described them as this species,
unaware of the presence of P. tenuirostris in much the same areas. Given good views,
the birds can be separated at sea on a range of characters. However, the pale
underwing lining of P. griseus also occurs in some P. tenuirostris (Serventy et al., 1971).
Of 586 beachwashed P. tenuirostris examined in Japan, 14% had light underwings
(Oka, pers. comm.).

Falla’s (1937) records were at comparatively low latitudes—30-62°S. Although
recent sightings have confirmed the presence of P. griseus in these flocks, no
specimen seems to have been taken, whereas P. fenuirostris has been collected.
Shuntov (1974, p. 77) reported P. griseus plentiful in the Australian sector of Antarctic
seas and (p. 89) believed that some immatures of both species proceed immediately
south to the Antarctic Ocean on their return to the breeding grounds. He thought
that the earlier P. griseus in the south originated from Macquarie Island, but the
population there is too small for that role. Others who have plotted this shearwater
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Figure 2.22  Summertime concentrations of (1) Puffinus griseus (2) Pterodroma inexpectata, and
(3) P. tenuirostris in Antarctic seas. Records north of 55°S not shown, nor early ones that do not

differentiate between P. griseus and P. tenuirostris. Subantarctic Convergence ( = Polar Front) and
Subtropical Convergence shown as dotted lines.

around Antarctica south of 60°S include van Oordt and Kruijt (1953), Ozawa (1967)
and Ozawa et al. (1968) who reported the birds as far as the Greenwich meridian, and
Zink (1978) who listed 24 birds in 100 h of viewing in the Weddell Sea, some to 41°W.

More recent reports from observers separating these two shearwaters include
Ainley et al. (1984), Mochizuki and Kasuga (1985), Stahl (1987) and Ryan and Cooper
(1989). Stahl plotted >15 birds per 10-min count at around 60°S, 100°E and Ryan and
Cooper (1989) found it the most abundant bird in the Prydz Bay Region. These birds
were not seen to feed but were moving mostly from east to west as were those seen
by Falla (1937), by Naito et al. (1979) and by Ohyama et al. (1981). Flock size was
variable, for example a mean of 9.18 + 22.0 birds during one survey. However, not all
the movements of flocks off Antarctica are in a westerly direction.

Veit and Hunt (1991) identified many P. tenuirostris among icebergs south of



PETRELS AT SEA—DISTRIBUTION, DISPERSAL AND MIGRATION 113

Tasmania and some 100 000 on 28 January off Wilkes Land, 30% of which had dark
underwings. They questioned previous identifications of P. griseus close to the
continent and pointed out that in the North Pacific P. tenuirostris selects colder
waters than P. griseus and would be expected to be the south polar shearwater as
well, whereas, if previous identifications are correct, the reverse is true. However, as
usual, no specimens were collected and both species could well be involved.

As the shearwater flocks are off Antarctica when the breeders are rearing chicks,
those of both species have been assumed to consist mainly of younger birds and
failed breeders, because the mean time between chick feeds of 4 days would seem
too short for the parents to forage off Antarctica. However, Ainley et al. (1984) found
P. griseus the most abundant bird along the Polar Front north of the Ross Sea and as
far south as the first icebergs, reaching nearly 90 birds km~? in December. As this
front is here some 1700 km south of the southern New Zealand colonies, it may well
be within range of some birds with chicks.

viii. Puffinus tenuirostris Short-tailed Shearwater. The ringing of Short-tailed Shear-
waters has been extensive, with contranuptial recovery rates correspondingly
higher than those for P. griseus. The classical figure-of-eight loop pattern of the
movement, as deduced by Serventy (1953), was questioned by Shuntov (1974, p. 74),
Maruyama et al. (1986) and others and, like P. griseus, the birds are thought to fly on
broad fronts on both outward and return legs. In both directions P. tenuirostris
appears to take more westerly courses than does P. griseus (Fig. 2.21). In the Okhotsk
and Bering Seas it reaches higher latitudes than that species and it is unusual among
migrants in moving to seas cooler than those in which it breeds.

Immature birds are believed to lead the northwards flight around the end of
March, postbreeders in April and fledgelings from the end of that month into May.
Usually they fly well offshore in southeastern Australian seas and at first seem to be
in flocks, for example up to 1000 birds min~' passed Lord Howe Island on 25 April
moving at 40-50 knots and 3-15m above the sea (Cheshire, 1980). Whether flock
structure is maintained through the tropics seems to be unknown. A large number
passes between New Zealand and New Caledonia and then swings north to reach
the temperate North Pacific in mid-April, the South Okhotsk Sea in the third week of
April and the Aleutians about late April. Ainley (in Chu, 1986) saw part of the
northerly movement in March when vast numbers passed his ship in the central
Pacific heading northeast.

In the Sea of Japan, most stay in the northern part, and they are also plentiful off
Kamchatka and around the northern Kurile Islands. Around the Aleutians and in the
Bering Sea they are more abundant than P. griseus, P. tenuirostris generally choosing
higher latitudes. Late in the boreal summer many are in the eastern Bering Sea but
then move from the shelf there to deeper waters between the Pribiloffs and Unimak
Island, and some go as far north as Wrangel Island and the Chutki Sea (Shuntov,
1974, p. 86). Captain James Cook found them in August among the ice-floes. Shuntov
describes a shift of the population in April and early May north and northeastwards
to the Bering Sea, the Aleutians and the Gulf of Alaska but Guzman and Myres (1983)
believed that the birds approached the Gulf near Kodiak Island in late April and May
directly from the central Pacific. When wind-driven, they occasionally reach the
coasts of British Columbia.
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The southward movement begins in August. Shuntov suggested that adult birds
were in the van and that those still near Cape Barrow (71°N) in mid-November and
the Gulf of Alaska in December are immatures, the departure of non-breeders being
extended over along period, perhaps in waves. King (1970, p. 60) saw the movement
in November east and south of Hawaii, when they comprised 32.5% of the seabirds
seen. The movement ended in December and the shearwaters were not recorded
passing through on the northwards leg. Morzer Bruyns (1965), when at 7°N and
between 178°E and 166°W, estimated up to 400 000 birds in a day flying about 40-50
knots and heading southwest by south (190-200°) towards Fiji.

Shuntov’s ideas are supported by the sightings during 12 voyages between Japan
and North America in the boreal spring and autumn by Maruyama et al. (1986) who
encountered many birds moving through the western Pacific. Suzuki et al. (1986)
refined these findings using a computer simulation of the energy consumptions
involved for birds travelling peripherally and centrally. They concluded that the
loop pattern described by Serventy is probably used by birds of the year and requires
less energy per kilometre, with the adults and subadults taking more direct central
courses.

The return through Australian seas has been well documented and in most years
part of it is visible from the mainland in late September to October, though many
birds also pass further east, crossing the Tasman Sea on an oblique northeast-
southwest course.

Some P. tenuirostris also reach the Indian Ocean as far as Sri Lanka and the
Andaman Sea but whether this is part of a true migration, perhaps of birds from the
small western colonies or Antarctica, or just part of the exploratory wanderings of
young birds, is unclear. However, the recovery of a nestling from Ceduna that
reached the Bering Sea in about 6 weeks (Serventy et al., 1971, p. 130) shows that
some from the westerly colonies still enter the Pacific Ocean.

Routh (1949) was the first to report this species off Antarctica. He saw ‘many vast
flocks’ in the Indian Ocean sector between 64 and 65°5 mostly in the open sea 30-80
km from the pack-ice edge. They were feeding on krill and resting on icebergs
blackened by their numbers. Routh’s identifications were questioned when others
started reporting P. griseus in the same general area, a species not mentioned by him.
Shuntov (1974, p. 77) noted huge quantities of both species in the Australian sector
with some as far as 70°S in the Ross Sea and with some there as early as mid-
November, but he did not separate the two species. First proof of the presence of P.
tenuirostris came with the handling of 34 birds, 15 of which were collected, between
61°S and 65°30'S and 84-133°E in February and March, with thousands of similar
birds in the same general area (Kerry et al., 1983). On runs from Australia to east
Antarctica in January and February Mochizuki and Kasuga (1985) recorded both
species, finding P. tenuirostris very common between 53 and 57°S along 116°E and
150°E, rather north of the area where the specimens were taken (Fig. 2.23). Stahl
(1987) found that along his transects P. griseus was much the more abundant but he
also reported 11 P. tenuirostris at 61°S, 85°E in January and February, some close to
where Kerry et al. collected theirs. There is no suggestion from the records of any
segregation between the two species as in subarctic seas.

Thus P. tenuirostris does occur off Antarctica in late summer, and Routh could
indeed have seen them, and perhaps both species. Naarding (1980) also suggested
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that during their 3-week prelaying exodus most Tasmanian birds feed in Antarctic
seas. Sightings are plotted in Fig. 2.22.

None of the observers reports any specific direction taken by the flocks—the 15
specimens had regressed gonads and could have been non-breeders, failed
breeders, and perhaps even birds on ‘sabbatical leave’. Such birds could possibly try
to migrate north in the austral winter to form the source of those collected off
Thailand, Sri Lanka and Pakistan (Frith, 1978). That some birds do not migrate has
long been known and T. L. Montague (pers. comm.) has seen mid-winter flocks in
Bass Strait.

d. The Gadfly Petrels. In recent years intensified studies at sea have revealed that in
addition to Pterodroma inexpectata and P. cookii, a number of other gadfly petrels
migrates to the northern hemisphere. All breed on Pacific Ocean islands but whether
the whole or only part of their populations moves is not known. There are no records
of recoveries of known breeders, so these more experienced birds, perhaps more
able to feed in tropical and subtropical seas, may stay there and only the younger
ones migrate. Spear and Ainley (in prep.) classified P. externa cervicalis, P. e. externa, P.
longirostris and P. L. pycrofti caught in the ETP, as adult and ‘subadult’, these latter
recognisable from their uniformly fresh plumage. Adults varied from 43 to 74% of
the populations according to this criterion.

The status of some species that occur in the Pacific Ocean north of the Equator was
reviewed by Bailey ef al. (1989), Roberson and Bailey (1991), Spear et al. (1992b), Bartle
et al. (1993) and Spear and Ainley (in prep.). Some specimens have also been taken at
sea and around Hawaii. However, migratory pathways between the often widely
separated nesting places and northern waters have yet to be determined. The
distinction between migration and dispersal is blurred here: perhaps those migrat-
ing to northern waters are prebreeders during their exploratory years whereas
breeders disperse in home’ waters. Establishing the times of their appearance in
northern seas is complicated by the extended breeding seasons of some populations
such as P. neglecta. Breeding places and other data were summarized in The Petrels,
pp- 94 and 95.

Whether any of the gadfly petrels of the South Atlantic shift north is unknown but
there seems to be little evidence that southern P. mollis or P. incerta regularly cross the
Equator.

i. Pterodroma inexpectata Mottled Petrel. The movements of P. inexpectata are the
most extensive among gadfly petrels as the species ranges down to the Antarctic
pack-ice in the austral summer and makes the long haul to the subarctic for the
boreal one. Presumably the whole population undertakes this migration but we have
neither recoveries of banded birds from the northern hemisphere nor evidence that a
substantial number remains in southern waters.

Unlike many ‘Cookilaria” petrels, P. inexpectata is easily identified at sea. The birds
are found widely and commonly in the northern and eastern North Pacific and
around and south of the Aleutian Islands between May and October. Kuroda (1955a,
1960a, 1991) found them in cold seas (5-6°C) east of southern Kamchatka in late June
and early July in company with Oceanodroma furcata and Puffinus tenuirostris. Ainley
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and Manolis (1979) and Bartle and Stahl (in press) reviewed the oceanic distribution
and possible migratory pathways. In the Bering Sea during July to September
inclusive, Ogi ef al. (1986) found them abundant in pelagic waters at SSTs 5.0-10.9°C,
but not in the Arctic Ocean; that is, in warmer seas than those favoured around
Antarctica. They estimated some 1.5 million birds in the Bering Sea alone (Fig. 2.24).
Furthermore, Nakamura and Tanaka (1977) also encountered high densities in July
and August south of the Aleutians and Alaskan Peninsula. Birds in Gulf of Alaska
waters from November to May must be non-breeders and these are joined by
breeders from June onwards (Bartle et al., 1993) to reach perhaps 110 000 birds in the
summer (Gould et al., 1982).

Ainley and Manolis (1979) deduced the routes to and from the North Pacific from
sightings and specimen records. They believed that the pathways lay through the
central Pacific diagonally from New Zealand, the return being by approximately the
same route. Passage through the tropics is rapid. The birds have been seen flying
north through Hawaiian seas abundantly in the last week of March through to April
and May and going south in October and November. Pitman (1986) plots them along
the Equator mainly between 160 and 150°W and small numbers have been seen
flying north in March to May and south in October near Tonga, Samoa and Fiji
(Jenkins, 1980).

This petrel is also common during its breeding season off Antarctica from about
135°W to about 45°E, particularly along the ice edge and among the icebergs and as
far as the —0.5°C isotherm—details in Falla (1937); van Oordt and Kruijt (1953);
Ozawa et al. (1968); Watson et al. (1971); Rogers (1980); Nakamura (1982); Hunt and
Veit (1983); Ainley et al. (1984); Mochizuki and Kasuga (1985); Stahl (1987) and
Bretagnolle and Thomas (1990) (Fig. 2.22). It appears to be absent from waters
between Cape Horn and about 45°E.

Mottled Petrels are common south of New Zealand during the breeding season
but more so in Antarctic than in subantarctic seas. Warham et al. (1977) suggested
that these included off-duty breeders during their 12-14 day incubation spans and
Ainley and Manolis (1979) agreed that the 22004000 km trip would be easily
possible, although Harper et al. (1990) doubted its necessity. Three birds collected by
Ainley et al. (1984) at 68°41'S, 171°49'E in December were judged to be non-breeders.

According to Bretagnolle and Thomas (1990) the records reveal a shift to the east of
the birds off Antarctica between December and January, a concentration closer to the
Continent in February, followed by a return movement as the birds withdraw from
the east and the northwards shift begins, leaving Antarctic seas in March.

In the Australasian sector P. inexpectata is segregated on SST, being found mainly
in waters at 0.7-2.0°C, whereas P. lessonii is most plentiful in waters at 8-10°C.
Lugensa brevirostris, while regularly common down to the pack-ice in the Atlantic, is
not common in the Australasian or Pacific sectors, and neither it nor P. lessonii are
found in flocks off Antarctica. Bretagnolle and Thomas (1990) suggested that P.
inexpectata monopolized arich feeding area in the Pacific segment of Antarctic seas in
summer in the absence of congeneric competitors.

ii. Pterodroma neglecta Kermadec Petrel. This occurs over a wide range but mainly
to about 28°N in the east and central Pacific (Gould & King, 1967; King 1970, p. 21;
Pitman, 1986; Spear et al., 1992b). Birds have also been seen in the northwest Pacific
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Figure 2.24 Estimated Mottled Petrel Pterodroma inexpectata numbers during late (northern) summer 1985 in pelagic waters of the Bering Sea. Figures
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and Japanese seas at 37°N by Nakamura and Tanaka (1977). These latter also
reported an October recovery in the Philippines at 18°N of a bird banded as an adult
at the Kermadecs nearly 8 years earlier. Gould (1983) saw a few along the 158°W
meridian as far as 39°N with SST 15.6-24.7°C in early November and most sightings
north of the Equator have been from September to January.

iii. Pterodroma externa Juan Fernandez and White-necked Petrels. Both this species
and P. neglecta were recorded as transequatorial migrants as early as 1921 (Loomis,
1921) and King (1970, pp. 12-14) found both subspecies and collected P. e. externa in
his study area. Within 10-27°N and 160-145°W numbers in January to the end of
April were small, increased in May and climbed to a postnuptial peak in October but
fell rapidly thereafter as the birds left the area, presumably withdrawing to their
southern headquarters. Further south, Pitman (1986) and Spear et al. (1992b) plotted
1063 and 6470 P. e. externa, 73 and 244 P. e. cervicalis respectively in the ETP, mostly
between 0 and 20°N and 100 and 160°W.

Birds of the race P. e. cervicalis also reach northwest Pacific seas, perhaps flying
directly from the Kermadecs, a route that would help explain their apparent low
numbers in ETP counts. Tanaka and Inaba (1981), during voyages between 15 July
and 1 December, found these birds common to the southeast of Japan as far as 10°N
and 175°E but found none during May and June. The birds were most plentiful in
August and where the SST was 27°-30°C, often feeding in small groups with Puffinus
pacificus.

iv. Pterodroma solandri Providence Petrel. This species has been known from
Japanese seas since the sighting of birds and the capture of two moulting females off
northern Japan on 9 July 1954 (Kuroda, 1955a), and along the Kuriles Convergence in
June 1954 (Kuroda, 1960a). Subsequent sea counts by Nakamura and Tanaka (1977),
Wabhl (1978), Tanaka (1986), Kuroda (1991) and Bartle et al. (1993) show that this bird
is widely distributed in the North Pacific. During the austral winter, the breeding
season, non-breeding P. solandri are plentiful to the east of Honshu where SSTs are
16-21°C, and along the Polar Front and associated confluence zones, although
Tanaka (1986) saw 352 birds in May when the SST was only 8°C. During this northern
summer the range extends across the northeast Pacific and Gulf of Alaska with
sightings as far as 56°N, 145°W in July and August. In August and September, Tanaka
(1986) found the species in the northwest Pacific in warmer seas (14-26°C): these
may have been mainly breeding birds.

v. Pterodroma ultima Murphy’s Petrel. Although a few specimens were collected
over the past 30 years in the North Pacific, P. ultima was generally thought to be a
vagrant there (e.g. Bourne, 1967). Then between 1981 and 1988 three more speci-
mens turned up on Oregon beaches and in subsequent cruises off the western
United States the species has been found to be common, notably in waters deeper
than 1900 fathoms along the eastern edge of the North Pacific Gyre. The records
were summarized by Bailey et al. (1989). They counted 98 birds on a single trip and
caught one with the help of a cod-liver oil slick. Some were resting on the sea among
Sooty Shearwaters, but most were flying north-northwest parallel to the coast,
suggesting a northwards migration. Spear et al. (1992b) plotted 131 birds in the ETP.
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Sightings have been mostly from April to June inclusive, that is, during the breeding
season, and with some specimens completing wing moult, so that all may have been
non-breeders.

The most northerly records are of three taken in Hawaii and its Leeward Chain
with one even further north at 34°N about 630 km east of Santa Barbara (Clapp, 1975).
From the timings of sightings Bartle et al. (1993) suggest that these birds have an
anticlockwise circulation in the northeast Pacific during the breeding season.

vi. Pseudobulweria rostrata Tahiti Petrel. The status of this large petrel north of the
Equator is conjectural. Specimens have been taken as far as 25°N off Taiwan and
birds collected in the central Pacific in November, June, and April (Gould and King,
1967). At sea the species is easily confused with P. alba, but Spear et al. (1992b)
separate the two and plot 916 sightings of P. rostrata between 170 and 100°W, as well
as 192 observations of P. alba between the Equator and 10°N and 170° and 130°W,
overlapping the range of P. rostrata.

Some P. rostrata reach eastern Australian coasts, mainly from December to April,
again presumably non-breeders. Birds have also been identified off northwestern
Australiain October, off the northern Australian coasts in July and August, off Papua
New Guinea in November, and in the Coral Sea between May and November. The
extent of the movements and what part of which population is involved awaits
further investigation.

vii. The ‘Cookilaria’ petrels. At least parts of the populations of these small gadfly
petrels reach the North Pacific. The status and characteristics of the six species that
cross the Equator to the eastern Pacific are analysed by Roberson and Bailey (1991)
and Spear et al. (1992b).

Pterodroma cookii Cook’s Petrel

Loomis (1918) recounted the shooting in July of 19 birds at 22°25’N, 112°40'W that he
considered were on their ‘exodus’ migration. All were passing through a complete
moult and birds taken subsequently from Peru to Alaska have been in heavy moult
from late April to the end of July, suggesting that their migration had ended. Pitman
(1986) mapped a major concentration off Baja California, where 3000—4000 birds
were estimated over a 16-km stretch on 31 July 1989, supporting the belief that these
seas form a major overwintering place. Further north off central California a cruise to
145 km offshore on 29-30 April raised 98 P. ultima and 113 P. cookii. The latter were
seen closely and possible P. defilippiana and P. I. pycrofti eliminated (Erickson et al.,
1989). Others have been seen in the central Pacific between 35 and 45°N and 160°E to
160°W and two came on board ship south of Adak Island, Aleutians, during the first
week of August. Bartle et al. (1993) interpreted sightings in the central Pacific as
marking movements between temperate and subarctic seas. Most sightings of this
species have been over deep water beyond the continental shelves and around
upwellings.

That large numbers of Cook’s Petrels are found in northern seas is unexpected
considering their depleted populations at the breeding places. With recent conser-
vation measures they may be expected to pick up rapidly and perhaps the sightings
off California reflect this.
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Pterodroma l. longirostris Stejneger’s Petrel

This petrel has long been known as a transequatorial migrant, Rollo Beck having
collected five birds about 1000 km off California in 1906 (Loomis, 1918). The birds
also appear to cross the Pacific diagonally to reach Japanese seas where several
specimens have been taken.

Tanaka et al. (1985) analysed the distribution east of Japan between 140° and 180°E.
They were first seen there in May and by June were in the area 50°N, 150°-180°E, but
by late July the centre of distribution had shifted west to seas off northeastern
Hondu where in mid-August 60-90 birds hr ! could be seen feeding on the surface
and tending to flock in the evening with Oceanodroma castro, O. tristrami and
Calonectris leucomelas. In September the birds moved west between the 35 and 40°
parallels with flocks of 200 seen. One of about 500 birds in November was at 32°12'N,
171°23’E, which these authors interpreted as part of the October/November return
migration from Japanese seas. The numbers involved suggest that offshore Honshu
is a major wintering area for the species. The birds spend the contranuptial season in
warmer waters than those around its nesting colonies. On arrival in May the SST was
19-21°C, in June 18-24°C, in August off the coast 25-27°C, but in September as they
spread east it was 23-26°C. The birds were densest in seas around 24°C.

Roberson and Bailey (1991) envisaged a clockwise movement through the North
Pacific bringing the birds heading southeast past Hawaii by September and off
California in November, and Spear et al. (1992b) plotted 579 birds in the ETP south
and east of Hawaii. The bird breeds only on Mas Afuera Island off Chile during the
austral summer.

Pterodroma nigripennis Black-winged Petrel

This easily recognized petrel nests in the austral summer and some are seen in the
central Pacific from May into November. King (1970, pp. 16-19) plotted it throughout
the year but it was uncommon between December and April, building up its
numbers in May and June, peaking in October, then declining rapidly. King detected
a tendency for the birds to arrive from the southeast and leave towards the
southwest. Overall, it was the most abundant small Pterodroma during his study.
Pitman (1986) scored 691 sightings in the ETP, particularly around 10°N; Spear et al.
(1992b) 1930 birds in the same general area. Many occur in Japanese seas, which
Tanaka et al. (1985) believed are reached towards the end of June and into July but
probably most were to the east of their study area. They detected a spread
northwards in September but in late November 40 at about 19°N, 146°E were
believed to be heading back towards their breeding grounds.

Other ‘Cookilaria” species

Of the remaining small southern Pterodroma, P. leucoptera brevipes is said to disperse
into the central Pacific and to occur regularly in October and November in the
Equatorial Countercurrent southeast of Hawaii to about 10°N and 130°W (Roberson
& Bailey, 1991, Spear et al., 1992b). Pitman (1986) plotted no P. . brevipes north of the
Equator but 705 he identified as P. leucoptera in the eastern Central Pacific, some to
10°N. Meeth and Meeth (1983) logged birds in September and October mostly
moving south or southwest between 100 and 130°W and 0 and 10°S, none north of
the Equator. Spear et al. identified 1334 P. I. leucoptera in the ETP, mostly within 10° on
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either side of the Equator. These, and those seen by Pitman, presumably were P. I.
caledonica, as the numbers recorded are too great to stem from the tiny Cabbage Tree
Island colony. None of the 1788 birds banded there to 1986 had been recovered at a
distance. Imber and Jenkins (1981) already deduced that P. I. caledonica undertook a
broad front migration between the western and central South Pacific.

The populations of P. I. pycrofti are also small, its contranuptial feeding grounds
undetermined, and although it has occurred in the North Pacific, its status there is
also unclear but Spear et al. (1992b) recorded 100 sightings in the ETP and 223 birds
further north, mainly off South and Baja California. These birds, P. defilippiana and
P. 1. longirostris, are very easily confused particularly if flying with P. cookii.

XII Vagrancy

A very small proportion of mostly immature birds turns up quite outside the species’
usual range. Various factors have been invoked as facilitating escape to pastures
new, including displacement by storms, being caught up in mass migrations of other
tubenoses, or simply by disorientation due to failure of their navigation systems.
Bourne (1967) reviewed the topic and points out (pers. comm.) that birds capable of
undertaking long migrations may also have a greater capacity for displacement than
those only shifting for shorter distances.

All else being equal, the chance of vagrancy is greater with those species with huge
populations. Body size may also be a factor, fasting capacity being greater for bigger
species. The high powers of endurance when crossing unsuitable habitat may help
explain how southern mollymawks can reach the North Atlantic, perhaps without
feeding through the tropics, whereas prions, far more abundant but small, do not.

Away from the nesting grounds, petrels sometimes fly over land either acciden-
tally like the Puffinus puffinus found on Lake Geneva (Poncy, 1926), or apparently
deliberately, as with the Laysan Albatrosses and Sooty Shearwaters on the Salton
Sea evidently by flying north from the head of the Gulf of California, and the Sooty
Shearwaters seen to be heading for the Mediterranean by flying inland from Eilat
towards the Dead Sea (Shirihai, 1987). This ability might explain some of the
vagrancy to the ‘wrong’ ocean. Did the New York State Mottled Petrel (The Petrels, p.
105) cross the Isthmus of Panama to get into the Atlantic Ocean or the Greater
Shearwater that reached Monterey Bay (Stallcup, 1976) cross in the opposite
direction, or did they simply start their northwards flights from the wrong sector of
the Southern Ocean?

Vagrants can become imprinted on features of their new ‘homes’ and return there
year after year, demonstrating that the marine habitats within range are suitable at
least for their survival, and probably also for breeding. Examples include the
Diomedea melanophrys mollymawks that have summered in the Shetlands and other
northern locations—‘half pairs” as Bourne (1977) put it. The pair of O. leucorhoa that
occupied a burrow on the Chatham Islands and on St Croix Island off South Africa
(Imber & Lovegrove, 1982; Randall & Randall, 1986), were thousands of kilometres
from the nearest colony and even in a different hemisphere, suggest how great
changes in distributions can occur.

Even in today’s world of fast shipping, the possibility still arises of petrels being
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carried out of their usual range by seamen and ships; ‘rains of petrels” attracted by
ship’s lights on misty nights still occur, the bodies, dead or alive being sluiced
through the scuppers in the morning —if not eaten! Odd birds may be missed, hiding
by day in a lifeboat perhaps, to get overcarried before escaping, possibly even into a
different ocean.

Many further examples of long-distance vagrancy have been reported since
Bourne’s review. These include two cases of D. immutabilis over the Indian Ocean, P.
gravis from the South Atlantic reaching south Australia, California and Central
America, P. puffinus from the North Atlantic in New Zealand and California and
Bulweria fallax from the Indian Ocean in the northwestern Hawaiian Islands.

Finally, one can anticipate some vagrancy not so far reported, for example P.
tenuirostris in the Atlantic. This bird reaches the Indian Ocean and probably sooner
rather than later one will turn up on a beach in the North Atlantic where any
previous examples at sea will have been logged as P. griseus.
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In earning a living from the sea, tubenosed birds employ a range of techniques to
find and capture their prey. Food seems to be detected visually either directly or by
noting the behaviour of other birds, occasionally perhaps by hearing their calls or the
breaching of whales. The diets and feeding ecologies were reviewed by Prince and
Morgan (1987) and Imber (1991) and many food analyses tabulated in Marchant and
Higgins (1990) and Ridoux (1994).

I Feeding behaviour
A How do petrels find their prey?

It is often by no means clear how petrels find their prey. Sometimes searching is
hardly necessary. Breeding birds may be able to get an appreciable part of their food
close at hand where headlands and tidal fluxes over irregular bottoms cause ‘boils’
and upwellings, carrying plankton to the surface.

Away from predictable resources and outside the nesting season, the clues used
appear to depend on a range of factors—the degree of patchiness and dispersal of
the food species, its association with other animals, the conspicuousness of the prey,
whether the petrels forage solitarily or in their own or mixed flocks, and whether the
preferred foods are associated with detectable physical features of the marine
habitat.

When foods are concentrated in time and place each year, as with the spawning
Capelin Mallotus villosus off Newfoundland eaten by Puffinus gravis or Sepin apama off
New South Wales favoured by Diomedea exulans, or over permanent upwellings over
seamounts, then presumably the memory of past feeding is involved. And that
albatrosses from as far away as South Georgia come regularly to take Sepia off eastern
Australia shows how petrels can exploit very localized food resources.

For the many adapted to foraging in pelagic seas whose food is patchy and scarce,
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trial and error searching seems indicated. The characteristic sinusoidal flight paths
of tubenoses may help them scan wide areas of surface water. When such birds are
encountered feeding, however, several species are often involved at a restricted
resource. It seems probable that a gadfly petrel towering into the sky scans the
horizon to follow the movements of others: when any of them drops to the surface
on sighting food, neighbours converge to partake of the feast, their movements in
turn drawing in more distant birds. If the resource is large or persists long enough a
melee may result. Haney et al. (1992) have calculated the theoretical upper (20-
30 km) and lower (0.7-6.2 km) limits to the horizontal distances from which seabirds
could be drawn to flocks in the open ocean.

Satellite telemetry has confirmed this picture of far-ranging petrels searching for
widely separated food patches, at least for albatrosses, for example the D. exulans
that ranged up to 3600 km from their nests to feed on spawning squid which were
distributed independently of oceanographic features (Weimerskirch et al., 1993).

The colour of the preferred prey may also play a part. From experiments
Bretagnolle (1993) found that Pagodroma nivea strongly preferred red, orange, yellow
and beige but ignored blue, green, white and black prey, and Harper (1979) found
that all eight species studied, except Phoebetria palpebrata, first investigated orange or
red objects, those of pink, yellow, blue, white and green being in descending order of
preference. Blue items attracted P. palpebrata, the colour of that bird’s sulcus. Harper
pointed out that krill swarms appear as reddish patches when seen from above; thus
the responses to orange and reddish lures are not unexpected. These colours are
probably also significant to mollymawks as they occur in their bills. That grey
pumice seems so attractive (Section E below) is perhaps unexpected in view of
Harper’s findings.

Although the movements of conspecifics often alert petrels to feeding opportuni-
ties, they may also use other birds, predatory fish, seals and cetaceans to guide them
to surface swarms of potential prey, or to flying fish. Hoffman et al. (1981) described
how a flock of Puffinus griseus streaming in long lines through Alaskan waters
diverted to investigate a plunging Kittiwake Rissa tridactyla, the whole of the
following stream perhaps following suit (Fig. 3.1). Similar behaviour occurs in
southern seas although here common indicators, at least in inshore waters, are often
Red-billed Gulls Larus novaehollandiae.

Some concordance between petrel prey and petrel abundance has been demon-
strated, for example by Ryan and Cooper (1989) and Veit ef al. (1993) of Thalassoica
antarctica, Fulmarus glacialoides, Daption capense, Pagodroma nivea, Diomedea melano-
phrys, Fregetta tropica, Macronectes and Pelecanoides spp. and krill. Similar correlations
have not been demonstrated in other studies. Obst (1985), for example, found that
the presence of tubenoses was a good indicator of the presence of krill, but there was
no correspondence between the density of the prey and of the predators. Similar
results were obtained by Heinemann et al. (1989). They established that significant
spatial associations between krill and petrels occurred only with D. capense and F.
glacialoides, with only the former numerically concordant with krill density, these
birds being krill specialists. These workers considered that most krill patches were
unexploited at any given time—foraging petrels simply missed them as was
concluded by Obst (1985) and McClatchie et al. (1989) and Hunt (1991a) believed that
seabirds have great difficulty in finding a patch once they have left it.
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Figure 3.1 Response of a stream of shearwaters, (A) moving towards the top of the figure to the
plunging of a Kittiwake or shearwater nearby (arrowed), (B) nearby birds turn aside and (C) plunge for
food while following ones rejoin the column (D) as do the emerging birds when the food is exhausted (E).
From Hoffman et al. (1981).

It has also been proposed that seabirds may use physical features as clues for food
such as the temporary smear lines along which Oceanites oceanicus may congregate or
birds like T. antarctica and P. nivea that fossick along the edge of the pack-ice
concentrating on old, multi-year intrusions of ice where many prey animals tend to
be concentrated (Fraser and Ainley, 1986).

B Feeding equipment

In capturing live elusive prey a petrel uses its wings, feet and particularly the bill, its
only holding device. Bill shape and structure is variable and has been related to diet,
from the razor-sharp nails of albatrosses which may produce stab marks on intact
fish and squid, and their tomia that seem ideal for slicing through squid flesh and
tentacles, to the thin bills of fish-eating shearwaters and the pincer-like mandibles
with which storm petrels snip single zooplankters from the surface. Apart from such
general observations there are no detailed studies of the relationship between bill
structure and food and feeding methods, although Imber (1981) made some
observations on the relationship of bill form with food for some prions. Many
questions may be asked on bill form/food relationships. What, if any, is the
significance of the difference between the bill shapes of Diomedea irrorata and the
similarly sized southern mollymawks? Is it food related?

Food, once caught, has also to be ‘handled” and the tongue is obviously important
here. Its structure is more varied than that of the beak (see Fig. 10.8) but the role of the
tongue in controlling caught prey has not been investigated apart from its use by
shearwaters (The Petrels, p. 165).
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Small food particles may be pumped into the oesophagus directly, but large prey
may need dismembering. Pieces are torn off with the bill and the webs and feet may
be spread and braced against the sea or ground to increase leverage. The bird bites
and pulls backwards, shaking its head to tear and cut flesh and skin with the sharp
hooked upper nail. In swallowing, the gape is expanded and the head raised
allowing gravity to help the process. Diving species like shearwaters often bring
their catch to the surface where it is swallowed hastily —if it has company. Presum-
ably fish are taken head first but Rees (1961) found that the squid Iilex illecebrosus in
the stomachs of Puffinus gravis had evidently been swallowed tail first as all lay with
head and arms towards the bird’s mouth.

Attempts have been made to relate plumage colour to feeding styles, for example
by Jouventin ef al. (1981) and Simmons (1972), with dark dorsal plumage and pale
underparts from the ‘plimsoll line” down being regarded as an adaptation to make
diving species less conspicuous to their prey. It is difficult to see this applying to
petrels. The fish-eating shearwaters, for example, include countershaded forms
such as Calonectris leucomelas, P. puffinus and P. assimilis, but also dark plumaged ones
such as P. griseus and P. tenuirostris, both of which seem extremely competent in
underwater pursuit (p. 397). Dark dorsal surfaces may have evolved as an anti-
predator device to decrease conspicuousness when on land after dark.

C Feeding styles

The various ways in which seabirds capture food once they have found it were
categorized by Ashmole (1971) and The Petrels, p. 12, and the feeding styles of the
various petrel genera summarized in chapters 2-10 of that work. Ashmole’s termi-
nology has been largely followed, although sometimes elaborated, for example by
Ainley (1977), Jouventin and Mougin (1981), Cramp and Simmons (1983, pp. 2-3)
and Harper et al. (1985).

Ashmole was also the first to tabulate the feeding styles used in different marine
habitats. Later presentations include those for 10 spp. of the North Pacific (Ainley
and Sanger 1979), for 6 spp. of the Ross Sea (Ainley et al., 1984), for 46 southern
petrels by Harper et al. (1985), and for 20 and 76 spp. respectively by Harper (1987)
and Prince and Morgan (1987). Harrison ef al. (1991) detailed the styles for eight
petrels in multispecies flocks around South Georgia.

About 80% of the 103 species take their food by surface seizing. A variation is to
pick at floating debris—dead fish, Sargasso Weed and algal rafts. F. glacialis,
Pachyptila desolata or O. oceanicus peck items, probably small crustacea, from kelp.
Forster, in his Resolution Journal at 71°5 on 30 January, 1774 wrote ‘The evening before
abundle of Seaweed with some Barnacles on it passed the Ship & some Petrels were
seen feeding on it’ and recently grazed Lepas barnacles have found to be significantin
the diets of Garrodia nereis, Puffinus griseus and Pachyptila crassirostris.

Other styles widely used are momentarily submerging from a floating position to
grab subsurface food —’surface diving’—or, from the same position, chasing the
prey under water —‘pursuit diving’—and picking food at or near the surface with at
most only the bill, breast or head momentarily touching the water—‘dipping’.
Rather fewer species use ‘pattering’, familiar of storm petrels that push off from the
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sea with their feet to maintain a more or less constant distance from it. Their wings
are raised into a 'V’ so that when feeding over a concentrated food patch ‘they
appear like so many butterflies on a wet sand bar’. (Crossin, 1974). Leach’s Petrel
does not normally dabble its feet but feeds while swimming with wings raised ready
to shift to a new position.

‘Pursuit plunging’ from flight into the sea directly to follow prey under water is
rather unusual but reported for Puffinus tenuirostris and T. antarctica (Morgan, 1982;
Ainley et al., 1992), and by the gadfly petrels Pterodroma inexpectata and P. hypoleuca,
perhaps reflecting their use of fish. Shearwaters generally splash down, breast and
spread feet hitting the water, and then submerge immediately. Much surface diving
by shearwaters is done after the swimming bird has put its head below the surface
with its wings raised, presumably to look for suitable prey within striking distance
(see Fig. 9.5). The water volume scanned is much greater than that visible to a bird
flying overhead. This style is also used by Bulwer’s, Snow and Antarctic Petrels.

Ainley ef al. (1993) introduced the term ‘ambush feeding’ for a specialized mode
used by Pagodroma. Resting undetected at ice-floe edges, they drop down to take
surfacing prey. High densities of copepods and amphipods are found under old,
corrugated ice, and these become available to the birds as the ice disintegrates.

Although feeding styles for some 30 or 40 species are either not or very incom-
pletely known, none appears to rely solely on one method, but quantitative data on
the relative usage of the various styles are scarce. However, Ainley et al. (1984) and
Harper et al. (1985) analysed 201 and 4926 feeding attempts respectively of a range of
southern species and Prince and Morgan (1987) tabulated diets and methods for 76
of them.

Until recently, only Diomedea irrorata, Pterodroma ultima and Puffinus pacificus have
been recorded as attempting piracy, but Spear and Ainley (1993) report kleptopar-
asitism by Kermadec Petrels Pterodroma neglecta. About half of their feeding attempts
were to rob other petrels—P. externa, P. rostrata and Puffinus pacificus and, once,
Oceanodroma hornbyi. Spear and Ainley, pointing out the similarities in flight style
and plumage of P. neglecta to those of skuas, particularly the white patches at the
bases of the inner primaries, hypothesized that this was a case of Batesian mimicry.

Switches of feeding modes can readily occur, for example a Cape Pigeon indus-
triously pecking surface copepods like a pigeon picking up seeds, abruptly surface
dives when some larger morsel appears. Harper (1987) gave some figures for a
number of species. For example, of 1709 observations of Pachyptila turtur feeding, 901
(53%) were by surface seizing, 756 (44%) by dipping, 48 (3%) by pattering and 4 by
surface diving.

All albatrosses and giant petrels can ‘surface dive’ and Harrison ef al. (1991)
measured 80 such dives by D. melanophrys to last from 0.5t0 5.8 s, mean2.9+ 1.3s,a
method used in 32% of 431 feeding attempts. Hunger may also elicit unusual feeding
styles (see Fig. 4.1), but generally the human observer cannot judge how hungry a
petrel is except that those resting or sleeping when food abounds around them are
presumably satiated.

Dipping is the mode favoured by gadfly petrels and by fulmars such as Daption
capense and Pagodroma nivea making only momentary contact with the water and
swallowing their catch on the wing. In dipping, the petrel must identify surface
items as food very quickly, so it is not surprising that unsuitable flotsam such as
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plastic are taken nowadays. Birds such as Puffinus pacificus that dip to take flying fish
in mid-air may not even touch the water, but if the prey is too large to carry the petrel
must alight to secure and disable it. Aerial capture by dipping has been recorded of
some apparently unlikely species, for example by Diomedea cauta, D. chlororhynchos
and Calonectris diomedea taking leaping mackerel, pilchards and flying fish respect-
ively. Giant petrels, the only tubenoses regularly feeding on land, are helped to do
that by the nimbleness of their footwork. Small fulmars rarely venture onshore, but
Longstaff (1924) described Fulmarus glacialis in the Aleutians landing on ice and
hobbling on their tarsi with wings extended to scavenge bear or seal carcasses. They
mantled over these with extended wings evidently in the style of Macronectes,
keeping competing gulls at bay. Both T. antarctica and Pagodroma nivea will also land
on ice to manipulate food caught nearby.

Hydroplaning, where the petrel rests lightly on the surface facing the wind, wings
raised and half spread to create lift, while being propelled forwards with the feet and
snatching food items from side to side, was first described by Murphy (1936, p. 621)
of Pachyptila desolata. This method is used also by P. vittata and P. salvini, occasionally
by Daption capense and the shearwaters Puffinus lherminieri, P. griseus and P. tenuiros-
tris and probably by others (see also Chapter 9.VILE).

Filter feeding by straining water against the bill lamellae is used by prions and by
fulmars such as Macronectes and Fulmarus (The Petrels, fig. 3.2.). Kritzler (1948) noted
that by ‘treading water’ his captive fulmars created a swirl below them and he
speculated that in the wild this might be a means for drawing water and food
particles within reach. These actions were common after food had been swallowed,
with the belly raised from the surface, and, as Kritzler surmised, could have helped
the passage of large lumps into the proventriculus. Similar foot treading actions by
D. capense may have been for the same purpose.

There is evidence that certain feeding styles are used more often and are more
appropriate in some marine habitats than in others. Ashmole (1971) noted that in
polar and subpolar seas most birds fed at or just below the surface on fairly passive
prey like euphausiids and pteropods, and Ainley and Boelkelheide (1984) noted that
volant pack-ice species tended to feed by dipping. At low latitudes dipping is also
very widespread, perhaps because surface prey are scarce and many petrels follow
tuna and cetaceans that drive small fish to the surface and flying fish out of it, making
them vulnerable to Pterodroma petrels and Puffinus pacificus. Harrison and Seki (1987)
suggested that the feeding methods used by tropical seabirds minimize the risk of
being eaten by predatory tunas, sharks and billfish, plentiful in these waters. Storm
petrels, Procellaria parkinsoni, Puffinus nativitatis and P. pacificus use dipping in
tropical seas but hydroplaning is not commonly seen there. This feeding method
seems to require a reasonable wind for giving lift to raise the body and reduce its
drag against the water and, in tropical seas, water-rich plankton suitable for filter
feeders is seldom available.

D When do petrels feed?

There are few data on the times when petrels feed, particularly when not breeding.
Kuroda (1957a) thought that P. griseus fed close to the Japanese coast morning and
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evening, spending the rest of the day well offshore. Hoffman ef al. (1981) also found
P. tenuirostris and P. griseus flocking to take swarming euphausids from the surface in
the Gulf of Alaska in the evening and early morning. An analysis of seabird activity
in the Pacific during austral summers and autumns showed that these too tended to
feed morning and evening, when light levels were low and microneckton, zoo-
plankton and their predators were still near the surface (Ainley and Boelkelheide,
1984). In the Ross Sea, Ainley et al. (1984) made 16 847 sightings under overcast skies
of the feeding of F. glacialis, T. antarctica, Pagodroma nivea, Pterodroma inexpectata,
Oceanites oceanicus and Fregetta tropica, and found that peak feeding occurred from
0600 to 1100 h and from 1800 to 2300 h. Evidently here at c. 75°S the reduction in light
at ‘night’ is enough to maintain the daily vertical migration. Only in open waters
near the shelf break did the birds feed to any extent during the middle of the day.

That petrels are active at sea by night has long been known, sailors finding that
they could often be captured more easily after dark than by day, and Fisher (1904)
suggested that Diomedea immutabilis fed after dark. The topic was reviewed briefly by
Brooke and Prince (1991).

Harper (1987) watched petrels feeding at night beyond the ship’s illumination
with the aid of a signalling light fitted with shutters that he could suddenly open up
on unsuspecting birds.

Much other evidence is circumstantial, as with observations on circadian activity
of Fulmarus glacialis by Lovenskjold (1954) in the dark nights of the Spitzbergen
winter that suggested nocturnal foraging. There are many observations of petrels
feeding by night at sea but as the observers could see them with the help of the ship’s
lights, presumably the birds were also helped in that way, particularly as squid, a
major food, also tend to be attracted to lights. Harper (1987) saw feeding D. exulans
chopping their cephalopod prey to pieces with their sharp bills and head shakings.
In 11 cases it took 30 s (14.5 s-2.6 min) to handle the squid before swallowing. He
noticed that on calm nights these albatrosses hunted by stealth, remaining quietly on
the water and grabbing their prey with sudden snaps at the sea.

The other main line of evidence for night-time feeding as normal practice is
inferred from a consideration of the prey found in stomachs (e.g. Imber, 1973);
Harrison et al., 1983). These include many deep-water forms believed to be unavail-
able at the surface except after dark. For example, Ealey (1954) found large numbers
of Euchaeta copepods were eaten by the diving petrel Pelecanoides georgicus off Heard
Island but he noted that as this is only in deeper water in daylight its presence
implies some feeding at night, whereas the crustacean prey he found in Pachyptila
crassirostris captured at dusk were so well preserved that they must have been taken
that day. Further evidence is provided by albatrosses fitted with activity recorders
(Prince and Morgan, 1987). These birds spent more time on the sea by night and, as
they must alight to take their prey, this implied that they mostly fed or slept then.

Petrels that have been seen feeding by night either by moonlight, ship’s lights or
spotlights by Harper (1987) include D. exulans, Macronectes, Daption capense, P.
inexpectata, Lugensa brevirostris and Pachyptila vittata. He also considered P. belcheri a
predominately nocturnal feeder (Harper, 1972), but P. desolata entirely, and P. turtur
(99% of 1709 observations) mostly diurnal ones. He saw Phoebetria palpebrata,
Procellaria cinerea, Fregetta tropica and O. oceanicus feeding only by day. Other night-
time sightings by various observers have included Puffinus pacificus, P. carneipes and
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Procellaria westlandica, but often only doing so when ship’s lights attracted plankton
to the surface. In the north, Diomedea immutabilis, Pterodroma hypoleuca, Oceanodroma
tristrami, Bulweria bulwerii and D. irrorata have been regarded as nocturnal feeders
(Harrison et al., 1983). Many of the fish taken have photophores.

Species that dive for their prey are presumably less likely to do so at night as those
of their foods that migrate vertically will be within reach longer than for species
using surface-seizing or dipping. Furness and Todd (1984) invoked nocturnal
feeding to explain the invertebrate diets of St Kilda fulmars, which fed their chicks
shortly after sunrise, whereas Foula birds fed their chicks fish throughout the
daylight hours.

From an analysis of 9994 cephalopods of 61 species given by D. exulans to the
chicks, Imber (1992) found a disproportionate frequency of bioluminescent vertical
migratory species and he concluded that the birds had been feeding at night.
Previously he had deduced that Pterodroma macroptera and Procellaria parkinsoni were
nocturnal feeders, again from analyses of squid beaks (Imber, 1973, 1976a). He
suggested that the light of their photophores could help the petrels detect the squid
at night when they reached the surface.

Further circumstantial support for night-time feeding comes from the finding that
the retinae of D. immutabilis have more rhodopsin than do those of D. nigripes
(Silliman in Harrison ef al., 1983) and so are better adapted for night vision, which
might explain the greater proportion of squid, many of which are bioluminescent, in
the Laysan'’s diet. The same investigator found quite high values of rhodopsin in the
retinae of Pterodroma hypoleuca and Harrison et al., (1983) considered that this bird’s
reliance on mid-water fish—unusual in gadfly petrels—also suggested nocturnal
feeding.

Many species deduced as feeding mainly by night also do so by day, for example
D. exulans, O. leucorhoa and Procellaria parkinsoni, and thus it has been questioned
whether nocturnal feeding is widespread. For example, Gibson and Sefton (1955,
1959), watched hundreds of D. exulans devouring Sepia apama by day off New South
Wales. One bird, flying about 5 m above the water, suddenly baulked, dropped
down and almost submerged to grapple with a writhing cuttlefish that vigorously
ejected ink into the bird’s face. Wood (1993) noted that S. apama taken by D. exulans
over the eastern Australian shelf were dead or moribund. Other accounts also show
that squid may be plentiful at the surface by day (e.g. Collins, 1884, p. 316).

A study by Lipinski and Jackson (1989) based on the cephalopods taken from the
stomachs of 279 petrels of 14 species showed that many kinds of squid float when
dead or dying and they hypothesized that such animals form the main source of
squid in petrel diets and are usually taken by day. Croxall and Prince (1994)
concluded that surface scavenging such animals may be important to D. exulans and
Pterodroma palpebrata, but was unlikely to be so for D. melanophrys and D. chrysostoma,
at least at South Georgia.

Further light is being thrown on this problem with the use of stomach sensors
which record abrupt falls in temperature when the bird ingests food or water (Fig.
3.2) and of activity recorders (e.g. Afanasyev & Prince, 1993). Stomach sensors were
used with D. exulans by Weimerskirch and Wilson (1992), Cooper et al. (1993) and
Weimerskirch ef al. (1994b). In one study over 29 days, the birds took a food item
every 3.6 h, an estimated 89% of the total mass being ingested by day and from areas



132 BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

TEMPERATURE (°C)

42 . '

40 |

38 | /AV\
36 }
34 |
32}
30 }
28 |
26 |
24 L

42
40
38
36 |
34 |
3|
30 |
28 |
26 |
24
72 78 84 90 96 102 108 114 120 126 132 138 144
TIME (HOURS)

Figure 3.2 Stomach temperatures of a male Wandering Albatross during a 6-day foraging trip, the
start and end of which are arrowed, dashed lines periods of darkness. Sudden declines represent ingestion
of cold food followed by slower rises as ingesta warm to body temperature. From Weimerskirch and
Wilson (1992).
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not used by fishing vessels, so presumably being of natural foods. The work of
Croxall and Prince (1994) also indicates that most albatrosses feed mainly by day,
resting for most of the night on the surface.

E Feeding flocks

Petrels often forage in single species flocks, a familiar habit with shearwaters, prions
and storm petrels, but also reported of Pelecanoides urinatrix by Weimerskirch et al.
(1989a) who saw flocks of >1000 feeding over shallow waters off Kerguelen. Crossin
(1974) used as an ‘Index of Sociability’ the number of birds seen divided by the
number of sightings of the species in question. The figures for the 14 hydrobatids he
examined ranged from 1.1 to 6.7, this latter being for Oceanites oceanicus. The next
most likely to be seen with another of its own was Oceanodroma furcata (4.0). The
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figure of 1.6 for O. leucorhoa (14 355 birds scored) was more typical of the storm
petrels generally.

Petrels that are usually dispersed can aggregate quickly when a food patch is
revealed by roughened water, and melees may develop as birds ‘belly flop to grab
their prey. In the Gulf of Alaska, Hoffman et al. (1981) noted that these onslaughts
usually only last for 20-60 s in each location, suggesting that the birds” activities
disperse or decimate the prey. The shearwaters also suppress flock formation as
other bird species also disperse. Or the shoals may move and the birds move with
them, shearwaters often forming long windrows that creep forwards as birds
surfacing at the rear swallow their catch and leapfrog forward to flop down towards
the head of the column and resubmerge. Social feeding in this way is very common
with Puffinus tenuirostris and P. griseus in both hemispheres and has been described
of P. puffinus, P. lherminieri and P. gavia. Feeding flocks of Daption capense may creep
forwards in the same way, evidently tracking the movements of their prey.

Interspecific flocking is common and several species of petrel may feed with
pelecaniforms, auks, gulls and terns. If tubenoses do use olfaction to find prey, they
may be the initiators of some mixed feeding flocks. In northern waters the petrels
tend to be on their postbreeding migration, the rest from closer breeding places; in
the south, tubenoses generally predominate. Multispecies flocks are common in the
tropics, perhaps because of the greater patchiness of prey there. However, even
when several different petrel species are swimming or feeding within sight of one
another, each may retain its integrity for much of the time. For example, in the North
Pacific P. griseus and P. tenuirostris tend to form separate flocks but mingle when food
is abundant (Gould et al., 1982).

Aggregations often form when a localized source of food is discovered. Anthony
(1895) recounts how the cries of gulls hovering over a floating cod attracted a Short-
tailed Albatross which ‘with a groaning note settles down by the floating fish,
keeping all trespassers away by a loud clattering of the mandibles’.

Ainley and Boekelheide (1984) worked out ‘Coefficients of Interspecific Associ-
ation’ for seabirds in the South Pacific. Most were tubenoses. Where the sea surface
temperature (SST) was <4°C, that is, in the pack-ice, the significant associations
were negative —the birds avoided each other, although with Pagodroma nivea and the
skua C. maccormicki this may have resulted from deliberate shunning of the skua, and
few flocks were seen in Antarctic pelagic seas. In the Subantarctic Zone (SST 3.0-
13.9°C) most associations were positive with slightly more species in feeding flocks
there than in the Antarctic. In the subtropics (55T 14.0-21.9°C), 11 species were
positively associated with Puffinus creatopus, 13 with P. griseus and 14 with Procellaria
aequinoctialis, while in tropical seas (SST >22°C) 11 species were associated with
Puffinus pacificus. In all four regions, shearwaters, especially P. griseus, were import-
ant and Ainley and Boekelheide (1984) considered this species’ role as an initiator of
flock formation more important than its role as a suppressor. Briggs et al. (1987)
performed similar calculations for seabirds off California, showing that P. griseus,
P. creatopus and P. bulleri often associated together but were avoided by phalaropes
and alcids.

That flocking over food may have drawbacks is illustrated by the feeding of a Grey
Seal Halichoerus grypus on adult P. puffinus. Four birds were taken from below while
the rest of the flock, engrossed in feeding, ignored the disturbance (McCanch, 1981).
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F  Roles of tubenoses in seabird communities

Just as some kinds of seabird tend to nest in the same communities or ‘guilds’, so
species favouring particular kinds of ocean habitat tend to be found together and can
be regarded as forming marine communities.

Hagerup (1926) and Murphy (1936) and many later workers identified the species
characteristically exploiting various marine habitats, usually taking the large-scale
perspective and often recognizing similar communities in opposite hemispheres or
oceans. Bourne (1963) compared the compositions of two subtropical communities,
one off West Africa, the other off southern Arabia, Hunt and Nettleship (1988) high-
latitude northern and southern ones, and Duffy (1989) those of two southern
upwelling regions.

The members of these groups are drawn together by a community of interests,
seeking the same or similar foods in the same places and/or being physiologically
adapted to similar environments. Some are more or less permanent members, others
may be transients or seasonal members only. This is particularly true of the migrant
shearwaters whose presence or absence because of their numbers, may have large
effects on community structure and biomass (Fig. 3.3). For example, in the Bering Sea
from June to the end of September P. griseus and P. tenuirostris are dominant,
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totalling some 8.7-20 million birds according to Shuntov (1974) and Hunt et al. (1981)
respectively.

Another factor affecting community composition is the presence or absence of
whales and large predatory fish such as tuna or of man-made diversions such as
fishing boats (Section 1I.C.4 below) to which many petrels are attracted. Such
variables and seasonal changes tend to make marine seabird associations dynamicin
space and time (e.g. Fig. 3.4).

At megascale considerations associations can also be long-lasting as shown by
Ribic and Ainley (1988/89) and Ainley ef al. (1994). The community of the Humboldt
Current (Peruvian upwelling region) was spatially confined, consisting of Salvin’s
Mollymawk, Waved Albatross, Peruvian Booby and four local storm petrels which
remained together even during the 1976 El Nino Southern Oscillation (ENSO). Also
persistent was the association of six open-water species of subantarctic and Antarctic
waters — Black-browed Albatross, Shoemaker, Antarctic Prion, White-headed Petrel,
Sooty Shearwater and Black-bellied Storm Petrel.

Ainley and his colleagues (Ainley et al., 1992, 1993, 1994) performed cluster
analyses of the foods of seabirds in winter and summer in the Antarctic pack-ice
(where food is plentiful year-round) and in open water to the north. They found that
the diets broadly overlapped regardless of species, habitat or year, with little
segregation of prey size according to predator size. When the birds of the open water
shifted north in winter those of the pack did not move into the vacated habitat. It was
concluded that the specialized feeding styles of Pagodroma nivea and Thalassoica
antarctica were ineffective in open water and, as the open water birds ate the same
foods, the petrels were selecting for the habitats to which they were best adapted
rather than for the types of food found there. It would be interesting to learn how P.
niveq breeding distant from the pack at South Georgia take their prey: there can be no
‘ambush feeding’ in the open sea.

In their study of the foraging zone of seabirds around The Crozets, Stahl et al.
(1985) identified a correlation between ocean depth and the distribution and
composition of petrel flocks feeding over the shelves and deep water (Fig. 3.5). Bird
abundance and biomass were higher over the shelves and the composition of the
flocks differed with Diomedea melanophrys, D. chrysostoma and Procellaria aequinoctialis
being found mainly over the shelves, Fregetta tropica, Pterodroma mollis and P.
macroptera mostly over deeper water.

Petrels are carnivores and/or scavengers, and once their diets have been ascer-
tained the trophic levels can be used to throw light on community organization, their
partitioning of food resources, competition and the like.

Ainley and Sanger (1979) made a provisional examination of the trophic levels at
which seabirds of the northeastern Pacific, Bering Sea and coastal waters of western
America feed. Many species are involved, but by virtue of their numbers the
Procellariiformes are ecologically dominant. As with many birds, some petrels fed at
more than one trophic level. The levels used were secondary carnivores —birds that
fed on crustacea, polychaetes, coelenterates and fish, tertiary ones those taking fish
and squid, and scavengers those eating carrion, offal and detritus.

Feeding at secondary and tertiary levels as well as scavenging were D. nigripes,
Fulmarus glacialis, O. furcata and O. leucorhoa; at secondary and tertiary levels Puffinus
griseus, P. tenuirostris, P. carneipes and P. bulleri; at tertiary level D. immutabilis which
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specializes on squid and probably by night, in contrast to D. nigripes; and at tertiary
level and scavenging, Pterodroma inexpectata. There was much overlap in the prey
taken, competition being lessened among mixed feeding flocks by the use of
different feeding methods, the choice of different sized prey and by feeding at
different depths and at different times, for example O. furcata and D. nigripes took
surface prey, shearwaters took these but also descended several metres into the
water column, but at shallower depths than puffins and guillemots, and so on.
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Figure 3.5 Feeding distributions of two associations of petrels off the Crozet Islands. Open circles,
Diomedea melanophrys-D. chrysostoma-Procellaria aequinoctialis association, mainly in shelf
waters; closed triangles, Fregetta tropica—Pterodroma mollis—P. macroptera association over deeper
water; 300 m contour is contour marked. From Stahl et al. (1985).

The technique of determining trophic levels by measuring the ratios of isotopes
13C and N to '2C and *C was used with Weddell Sea vertebrates by Rau et al. (1992),
and included analyses of muscle from nine kinds of tubenose. Values for "N
overlapped, indicating shared prey and trophic levels. The data for Oceanites
oceanicus and Lugensa brevirostris, however, showed little overlap and the authors
surmised that this reflected earlier feeding outside the Weddell Sea, perhaps during
their migration. (See also Minami ef al. (1995) for the North Pacific.)

The communities of the Benguela Current were analysed by Abrams and Griffiths
(1981) and Abrams (1985a), that of the African segment of the Southern Ocean by
Griffiths et al. (1982). The birds were classified on their main diets into planktivores
(mainly prions, Blue Petrel, Cape Pigeon and storm petrels), squid eaters (alba-
trosses, gadfly petrels and Procellaria spp.), fish eaters (shearwaters, terns, cormor-
ants and gannets) and omnivores (giant petrels, gulls and skuas).

The Southern Ocean studies extended throughout the year, and of the 42 volant
species only eight were not tubenoses. The prions amounted to 34% of the 75 779
birds counted (estimated biomass 39 662 kg), Halobaena caerulea 13%, Puffinus gravis
14%, L. brevirostris 7%, T. antarctica 6.6% and Pterodroma mollis 6.8%.

When crossing the Subtropical and Antarctic Convergences species richness and
diversity reached their peaks (Fig. 3.6A) and abundance and biomass also reached
their maxima near these current boundaries (Fig. 3.6B). Numbers were at their
lowest near the warm Agulhas Current at only 7.2 birds per station. Near the
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Subtropical Convergence large squid-eating birds, albatrosses and gadfly petrels
predominated, but near the Antarctic Convergence most were small prions and
storm petrels taking planktonic animals. Griffiths et al. (1982) speculated that the
squid eaters, being larger, could fast longer and are better equipped for surviving on
scattered, irregular food resources and may avoid high latitudes in summer as the
short nights restrict nocturnal feeding on surfaced squid. The planktivores, on the
other hand, being small, needed the reliable and renewable resources obtaining near
the convergence where birds such as O. oceanicus and Fregetta tropica appear to feed
almost continuously. The omnivores were most plentiful near the Antarctic Conver-
gence, the main player here being L. brevirostris.

Ateach station in the Benguela Current birds of one guild dominated, interspecific
competition being reduced by differences in feeding behaviour and temporal
separation. For example, Puffinus griseus chase underwater fish unavailable to
gannets and surface seizers such as gadfly petrels and albatrosses, while the latter
can swallow prey too big for shearwaters.

Following enhanced productivity in spring and summer due to nutrient upwell-
ing, fish and squid numbers peaked and then mainly subantarctic species such as
Procellaria aequinoctialis and albatrosses were most plentiful rather than planktivores
and omnivores (Abrams and Griffiths, 1981).

However, a major ‘unnatural’ factor has operated in recent times here, and in most
oceans—the vast development of commercial fisheries: in the present instance a
stern-trawl industry. Abrams (1985a) attempted a comparison of the ecological
structure of the avifauna of the southern Benguela Region in 1950 with that of 1980.
The distribution of seabirds has always been patchy here but more food is now
available, though only around the trawlers where Southern Ocean species—D.
melanophrys, D. chlororhynchos, D. exulans, P. aequinoctialis and Macronectes spp.
predominate, together with some Cape Gannets, cormorants, terns and gulls. At
least 1000 birds escort each trawler, while away from them multi-species ‘rafts’ of
>50 birds are scattered in the fishing zone.

Ryan and Moloney (1988) were critical of the ‘guild” approach. These workers
counted the seabirds and seals attending trawls by their research vessel in mid-
winter. They collected a range of environmental variables, introduced an index of
recent trawling activity near each observation station, and calculated a ‘radius of
attraction’ for every species. Their analyses suggested that the distributions of D.
melanophrys, D. cauta, Daption capense and P. aequinoctialis are influenced by the
fishery, prions, Puffinus griseus and O. oceanicus little affected. Diomedea melanophrys,
Daption capense and P. aequinoctialis were most abundant round trawlers near the
shelf edge, but O. oceanicus, Diomedea cauta and D. chlororhynchos, although more
plentiful near there, were best correlated with distance offshore. Ryan and Moloney
agreed that trawling has altered the distributions of some seabirds but they
questioned whether it has increased the population sizes.

G Feeding competition

Interference between petrels and other seabirds is obvious when several forage at a
restricted and localized food resource like a swarm of krill or shoaling fish. A
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hierarchy is established where the largest species dominates the rest. In the
Southern Ocean this will often be an albatross, usually D. exulans or D. melanophrys
with smaller birds like Daption capense dodging about between them (Table 3.1). The
very nimble prions and storm petrels often work assiduously on the fringes without
danger of attack but those swimming too close may be killed (and perhaps eaten) by
a sideways sweep of an albatross’s or giant petrel’s bill. Shoemakers and giant
petrels are particularly pushing, use their weight to good advantage, and may
dispute possession with mollymawks. Prince and Morgan (1987) suggested that the
more aggressive D. melanophrys might be able to exclude D. chrysostoma from krill
swarms off South Georgia and that this may help explain why the former ate more
krill, the other more squid.

Voisin (1991) drew attention to the relative shyness of Macronectes giganteus
compared with M. halli: he considers that this is one reason why the latter can dodge
among Elephant Seal harems and feed more efficiently on dead pups and placentae
than the other. On land, a typical hierarchical sequence is male giant petrel, female
giant petrel, skua, Weka/Dominican Gull L. dominicanus. Athough both sexes will
feed at carcasses, the smaller billed and presumably weaker females are often absent,
and Hunter (1983) showed that during their breeding seasons the males of both
species ate more carrion, the females more marine food (Fig. 3.7).

Whether competition plays a major role in regulating population sizes or distri-
butions at sea is debatable. For example, there seems no evidence that the locations
of colonies of tubenoses are sited to lessen prey depletion within feeding range as
Furness and Birkhead (1984) suggested for some northern seabirds. However, this
idea has not been tested for tubenoses.

There are many mechanisms making for a reduction in competition for food at sea.
Those operating during the breeding season were discussed by Croxall and Prince
(1980). The range of bill shapes and body sizes reflects their differing diets and
feeding methods, the prions forming a classic example (Harper, 1972; Harper et al.,
1985). Petrels, such as shearwaters, that take much of their prey underwater would
appear to compete little with surface seizers or dippers. The preference of Puffinus
tenuirostris for euphausiids and of P. griseus for fish may reflect the comparatively
short bill of the former and the longer, more pincer-like one of P. griseus. Congeners

Table 3.1 Competition between large petrels for a food item—as the percentage of
observations when a ‘dominant’ species excludes another from the food. Number of
observations in parentheses. From Weimerskirch et al. (1986)

Dominant
Diomedea D. melano- D. chrysos- Phoebetria  Macronectes
Excluded exulans phrys toma fusca spp-
Diomedea exulans - 0(99) 0(17) 0(8) 9(64)
D. melanophrys 100(99) - 0(13) 0(13) 61(38)
D. chrysostoma 100(17) 100(13) - 0) 100(4)
Phoebetria fusca 100(8) 100(1) 0) - 100(7)

Macronectes spp. 91(64) 39(38) 0(4) 0(7) -
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Figure 3.7 Diets of giant petrels at Bird Island, South Georgia during the 198081 season. Stippled
areas, penguin and seal carrion; lined areas, krill, squid and fish; blank areas, small birds. From Hunter
(1983).

of similar size may search in different places or take different prey. Others feed at
different times, and pressure on resources within feeding range is obviously
lessened by the different species having different breeding timetables (The Petrels, p.
218), so that all are not raising chicks simultaneously. The case of the two giant
petrels illustrates this. Although often breeding sympatrically and, sex for sex,
taking much the same foods in similar places, they lessen competition when nesting
by well-marked differences in phenology (The Petrels, p. 55).

The mass migrations of high-latitude southern populations to rich feeding areas in
the northern hemisphere lessen the pressures on the reduced surface foods conse-
quent on the winter descent of the plankton for birds such as albatrosses, prions and
fulmars that remain. Seasonal distributions may be complementary: Bourne (1963)
pointed out that when Oceanites oceanicus off West Africa moves south during the
northern winter, its place close to the shore is taken by Hydrobates pelagicus and
probably by Oceanodroma leucorhoa in deeper seas, both from the North Atlantic.

Some dietary differences between petrels of similar size seem to be because the
birds foraged in different places. Prince (1980a) found that, while both Halobaena
caerulea and Pachyptila desolata took mainly Euphausia superba in the breeding season,
the prion also caught many copepods (one bird contained c. 41118 of them),
apparently by hydroplaning. Prince deduced that the prion was feeding offshore,
the Blue Petrels further out, thus reducing competition between them.
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H Associations of tubenoses with marine vertebrates

That marine birds often associate with whales, seals and fish has long been known
and fishermen still use seabirds as indicators of fish shoals. For example, the Manx
Shearwater was known to Irish fishermen as ‘Mackerel Cock’ from their association
(Watters, 1853) and the term ‘whale bird’ for prions and Blue Petrels seems to have
arisen not only because these were among the most abundant birds flocking to feed
around captured whales, but because ‘it is of no use looking for whales where no
birds are seen’ (Bierman and Voous, 1950, p. 11.).

Although Bent (1922, p. 145) reported flocks of shearwaters and Leach’s Petrels
with schools of whales in Alaskan seas, Wynne-Edwards (1935) the association of
pilot whales and Puffinus gravis, and Routh (1949) that of whales and P. tenuirostris in
Antarctic waters, it is only in recent years that the widespread natural association of
tubenoses with marine mammals and fish has become evident, although not all
cetaceans attract seabirds. Petrels mainly involved are albatrosses, fulmars and
shearwaters, some gadfly petrels, Bulweria fallax, and occasionally storm petrels. The
associations at times seem accidental, with both petrels and mammals looking in the
same places for the same prey, but more often tubenoses follow whales to feed on
their faeces and vomit of partially digested squid and other prey, or even on air
bubbles which trap food particles. Such associations arise because both partners
prey on the same foods although they do not necessarily select prey of the same size.
The behaviour is more common in tropical seas, but is also seen at high latitudes in
both hemispheres.

These relationships are one-way, facultative commensal ones: although some get
eaten by seals and Killer Whales, the benefits seem to accrue to the birds alone. There
usually seems to be enough for both partners and should the prey sink beyond the
petrels” reach, it will not be beyond that of the mammals or fish. At times the
available food appears superabundant. Au and Pitman (1986) reported apparently
satiated P. pacificus resting on the sea near dolphin herds while others continued to
feed.

Instances of birds associating with cetacea were reviewed by Evans (1982),
Enticott (1986) and Pierotti (1988) and Au and Pitman (1988).

Whales and dolphins are conspicuous animals and presumably easily recognized
by seabirds and they may fly around the pods even when the mammals are not
feeding. Sometimes only a single species is attracted. Martin (1986) described the
feeding of Calonectris diomedea with dolphins, mainly Stenella frontalis, around the
Azores. He noticed how the shearwaters would cease random flying and head
directly to where the dolphins were feeding as indicated by a halo of circling birds.
The aggregations were sometimes large, for example about 1000 shearwaters and
200-500 dolphins around a shoal of Horse Mackerel Trachurus picturatus. Under-
water observations revealed a dark, spherical mass of fish. The dolphins took fish
from below, the shearwaters hovering overhead pecking at surface items or landing
to feed with submerged heads. Food fragments left by the mammals were eaten
rather than whole fish.

Around the Salvage Islands, C. diomedea flocks are good indicators of Tunny and
Bonito (Katsuwonus pelamis), and are so used by local fishermen (Zino, 1971).

In the Bering and Chutki Seas seabirds associate with Grey Whales Eschrichtius
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robustus. In summer an estimated 10 000 of these feed on the sea floor, slurping the
muddy sediments through their baleen to remove benthic amphipods and when
they breach the mud plumes they carry with them are conspicuous and provide
ephemeral feeding opportunities for gulls, auks and petrels, particularly Fulmarus
glacialis, P. griseus and P. tenuirostris (Harrison, 1979; Grebmeier and Harrison, 1992).
Obst and Hunt (1990) noted that the fulmars stayed longest at the plumes, often >30
min, paddling along slowly and pecking amphipods from the surface film (mean 75
pecks min~!, n=4, s = 11).

In tropical seas not only cetaceans but predatory fish, particularly tuna, that force
smaller fry to the surface and excocoetids and some ommastrephid squid to flight,
are attended by marine birds. As Ainley and Boekelheide (1984) pointed out, having
such predator assistants driving deep-sea animals into range, compensates to some
extent for the lack of diving seabirds and makes these seas more productive for
surface feeders. In the central Pacific, tuna schools are frequently accompanied by
the shearwaters P. pacificus and P. nativitatis together with Common Noddy, Sooty
and White Terns (A. stolidus, S. fuscata and G. alba).

Seabird interactions with tuna and cetaceans were described by Au and Pitman
(1986, 1988) and Au (1991). Flocks of birds accompanying herds of five species of
dolphins are common in the eastern tropical Pacific (ETP) and are used by tuna
fishermen to locate the schools and the Yellowfin Tuna Thunnus albacares and
Skipjack K. pelamis that swim with them. Both birds and cetaceans apparently take
food made available by the tuna and between 5 and 30°N, 43-53% of bird flocks
scored by Au and Pitman (1986) were associated with dolphins.

In contrast to the flocks accompanying the fast-moving cetaceans, the very
pronounced, almost obligatory, association of Parkinson’s Petrel revealed by Pitman
and Ballance (1992), was almost entirely with slower Melon-headed Whales Pepono-
cephala electra and False Killer Whales Pseudorca crassidens. The mammals apparently
dismembered large, subsurface prey, providing debris available to the petrels. Of 618
of these birds seen, 76% were associated with the whales, with from 1 to 300 birds to
aherd. The largest flock of 300 birds represented nearly 10% of the world population
of Procellaria parkinsoni.

Pitman and Ballance (1992) described the petrel’s scavenging style as landing near
the mammals and submerging its head with wings raised and partly extended, often
surface diving to retrieve bits of dismembered prey. Pitman and Ballance considered
that P. parkinsoni was particularly well adapted for this feeding role as it could stay
submerged for up to 20 s and was estimated as descending to at least 10 m.

In the Southern Ocean, Enticott (1986) tabulated seven albatrosses, four fulmars,
four gadfly petrels, prions, two Procellaria, three Puffinus shearwaters and Fregetta
tropica associated with seals and cetacea. Associations with the Right Whale Dolphin
Lissodelphis peronii were the most common, prions and Antarctic Petrels its most
frequent companions. The largest group consisted of ¢. 220 cetaceans (c. 20 Pilot
Whales B. acutorostrata and c. 200 Lissodelphis) and c. 130 petrels — Phoebetria palpebrata,
Pterodroma macroptera, L. brevirostris, H. caerulea, Procellaria cinerea, P. aequinoctialis and
prions. However, at least over the 8 years of this survey that involved 13 767 10-min
observations, only in 0.18% of these were seabirds noted as accompanying whales or
dolphins, so that this is not a particularly common feeding behaviour, at least for
petrels in the Africa Sector of this ocean.
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Around the coast of Possession Island, The Crozets, associations of seabirds with
Killer Whales Orcinus orca were described by Ridoux (1987). Seven tubenoses and
prions were involved when the whales were feeding, Macronectes sp., Daption
capense, Diomedea melanophrys and P. aequinoctialis being the most usual.

Near Bird Island, South Georgia, the non-volant associates were seals Arctocepha-
lus gazella and penguins, particularly Eudyptes chrysolophus. Penguins and seals were
part of 97% of the multi-species flocks seen 25-26 February 1987 by Harrison et al.
(1991). Black-browed Albatrosses, prions and giant petrels were in every flock, the
albatrosses usually being the initiators of these, but subsurface seals and penguins
seemed essential to flock formation. These may have been driving the euphausiid
prey to the surface giving the birds access to them or to debris of damaged or dead
prey. These appeared to be available only briefly so that immediately penguins or
seals surfaced there was a rush of birds (Fig. 3.8) and a feeding frenzy, but prions and
the storm petrels F. tropica and O. oceanicus continued to take small items long after
the rest had dispersed.

Another kind of association between fur seals, penguins and giant petrels around
South Georgia was described by Bonner and Hunter (1982). They watched A. gazella
taking E. chrysolophus, many of which were not eaten but left to be scavenged by the
petrels with Cape Pigeons often as hangers on. The seals were never seen to attack
the petrels. Bonner and Hunter thought that, in the breeding season at least, the
penguins were first maimed or killed by the seals.

Some associations are unexplained. Why, for example, would resting flocks of
Puffinus griseus form around sunfish Mola mola as reported by Burger (1988)? In
Monterey Bay, 85% of the shearwater flocks were associated in this way and
particularly over the larger specimens.

The benefits to the petrels of feeding in association with other birds, fish and
mammals seem to be most evident where prey are only patchily available, where
there are other indicator species whose movements can be seen from afar and can
lead the petrels to patches they might otherwise miss, and/or where the prey species
are normally too deep to be reached.

II Foods

To be available to petrels, prey must be at or reasonably close to the surface, hence
the importance in high latitudes of the diurnal migration of mesopelagic plankton
and their predators to and from the surface layers. Breeding petrels need to have an
assured supply within range of their nests but may need long flights to reach
preferred feeding grounds (e.g. see Fig. 2.12). When feeding chicks many seem to
work closer to home but parents may still be away for days. In such circumstances
how can they ensure that the food is not digested before reaching the chick? Does
the stomach oil expressed from captured animals delay digestion (Warham et al.,
1976), or, if digestion has occurred, does the chick then have to rely on the oil still
retained in the parent’s proventriculus? In general, one would expect the amount of
oil to be higher and the protein lower the longer the parent has been away.

In recent years, data on foods from casual and opportunistic sources, such as the
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Figure 3.8 Numbers of feeding attempts by (A) giant petrels and (B) Black-browed Mollymawks
relative to the emergences of penguins and seals. From Harrison et al. (1991).

examination of stomach contents of birds collected as museum specimens, have
been superseded by systematic sampling and a number of detailed listings of prey
animals have been published.

A Sampling

Many analyses derive from regurgitations from parent birds as they arrive to feed
their chicks or from the chicks themselves. Fewer are from the stomach contents of
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Figure 3.9 Measurable prey lengths of Hawaiian seabirds showing means, 95% confidence limits
around the means, and ranges. Larger birds, including petrels, tended to take larger prey. From Harrison
et al. (1983).

birds caught at sea. None provides a detailed all-year-round picture of a petrel’s diet
and clearly the foods taken during breeding may tell little about those used between
breeding seasons, times when food may be critical for survival. Albatrosses also
throw up castings of undigested matter that can be used to identify the animals from
which they originate, as done by Berruti and Harcus (1978) and Brooke and Klages
(1986).

Ashmole and Ashmole (1967) recommended summarizing the data under three
heads: (i) by total number of prey items in each food class; (ii) by weight or volume of
the different types of food in each sample; and (iii) by frequency of occurrence
(f.0.0.); that is, the proportion (%) that each kind of prey bears to the whole. Their
system has been widely followed and some workers have also measured identifiable
and intact organisms. Figure 3.9 provides such data for Hawaiian seabirds.

Diet analysis from live birds induced to vomit, for example Schramm (1986), by
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Figure 3.10 Percentage of the mass of squid Loligo reynaudi, Light-fish Maurolicus muelleri and
krill E. superba recovered from Shoemaker stomachs at increasing intervals after feeding. Fish could not
be counted after 4 h, krill were digested slowly at first but after 12 h proportionately more squid remained
and beaks recovered after 3 weeks were unworn and must have been swallowed before captivity. From
Jackson and Ryan (1986).

water offloading (Wilson, 1984, Ridoux, 1994), or by fibre-optic endoscopy (Jackson
and Cooper, 1988) all have limitations. These and other problems have been
discussed by Ashmole and Ashmole (1967), Harrison et al. (1983), Sanger (1983),
Duffy and Jackson (1986), and Croxall et al. (1984a, 1988a). For example, most
techniques do notreveal gizzard contents, so data on these are only available, if at all,
from killed birds. Ainley ef al. (1984) found that the oesophagus and proventriculus
held everything from fresh prey to exoskeletons and otoliths but few squid beaks,
the gizzard held the ubiquitous squid beaks and crustacean carapaces, indicating
that using gizzard contents alone would overestimate squid, while using proven-
tricular contents alone would underestimate squid.

The varied digestibilities of the different prey pose a major difficulty. Fish otoliths,
for example, evidently disappear from proventriculus and gizzard within 24 h of
ingestion and they are also lost in formalin-preserved material. The chances of
finding recognizable coelenterates, salps and similar soft-bodied prey also seem low
unless captured shortly before sampling.

On the other hand Furness ¢f al. (1984) found that ommastrephid squid beaks
lasted at least 50 days and L. reynaudi at least 38 days in a captive Diomedea cauta, with
little signs of digestion. Jackson and Ryan (1986), after a 12-day period of condition-
ing to force feeding, gave captive Procellaria acquinoctialis chicks food of their natural
prey —the fish, squid and Euphausia superba. The fish were the most rapidly digested
with nothing identifiable after 12 h, the squid and crustacea taking longer (Fig. 3.10).
No doubt the repeated stomach washes were traumatic for the birds but even if this
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led to digestive changes presumably it would not affect the relative rates of
digestion.

B Weights of stomach contents

Figures for the total stomach loads carried by tubenoses—that is, food plus liquid—
show no clear relationship to body weights. Mean values given by Prince (1980a,
1980b) for Pachyptila desolata (10.9 g), Halobaena caerulea (18.5 g), Diomedea chrysostoma
(612 g) and D. melanophrys (433 g) represent 7.0, 9.2, 14.1 and 11.7% of their body
masses. But at the extremes of the ranges some figures are very high—a 200-g
maximum for Puffinus tenuirostris given by Montague et al. (1986) represents nearly
32% of the body weight of 634 g, a maximum of 850 g for D. chrysostoma about 23.5%
of a 3625-g bird (Hunter and Klages, 1989), and a 17-g load for 59-g Oceanodroma
furcata nearly 29% of its weight (Vermeer and Devito, 1988).

Ainley et al. (1992) estimated reconstituted food masses for Antarctic species: the
figures rarely exceeded 25% of body mass, mean values varying between 1.5 and
7.9%. Very high maxima explained instances of gorged birds unable to fly. These
workers also gauged feeding success from fullness of stomach and body mass and
concluded that birds feeding in their preferred habitats did best: that is, Daption
capense, H. caerulea, L. brevirostris, Pachyptila desolata and Oceanites oceanicus in the
open sea; T. antarctica and Pagodroma nivea in the pack-ice.

C  Prey categories
1 Fish

Few petrels ignore fish if readily available, and even in Antarctic seas, where krill
have customarily been thought the mainstay of avian populations, the work of
Ainley et al. (1992) shows that the myctophid Electrona antarctica may be more
important, at least in the Scotia-—Weddell Sea Confluence Region.

All albatrosses seem to include some fish in their diets. Among the North Pacific
ones, Harrison et al. (1983) found that Diomedea nigripes ate fish from four families.
Eggs of flying fish were the most prominent items, a food on which this bird appears
to specialize, at least when breeding: the eggs occur in clusters, the largest weighed
314 g and contained >156 000 ova. D. immutabilis also took these eggs as well as a
wide range of fish from at least nine families. Fish remains were also identified in
40% of the 259 chick regurgitations of D. irrorata obtained by Harris (1973): most
were surface-living carangids and clupeids, 30-340 mm long, and they were
important foods for the species.

In the southern hemisphere the fish diets of albatrosses show marked variations
between species. At the Crozet Islands chicks of D. chlororhynchos and D. melanophrys
were mostly fed fish, with reduced amounts evident in regurgitations from those of
D. exulans and D. chrysostoma (Weimerskirch ef al., 1986). Analyses for South
Georgian birds are given by Croxall and Prince (1980), Prince (1980b), Prince and
Morgan (1987) and Croxall et al. (1988b) (see Fig. 3.14).
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Table 3.2 Inter-island and inter-year variation in the composition of Grey-
headed Albatross samples at the Prince Edward Islands. From Hunter & Klages

(1989)
Proportion of total mass (%) Fish/
cephalopod
n Fish Cephalopods ratio
1985
Marion Island 20 77.1 17.2 4.48
Prince Edward Island 21 443 39.7 1.12
1987
Marion Island 26 51.5 39.6 1.30
Prince Edward Island 21 53.7 46.3 1.16

Based on the identification of otoliths, chicks of D. exulans were given 45% of fish
by weight and Croxall ef al. (1988b) reasoned that most were not obtained from
fishing boat ‘by-catch’. Only six species were identified, all common over the local
continental shelves, but Croxall et al. noted that myctophids, also common offshore,
were surprisingly absent from the samples.

Fish amounted to 48% by f.o.0. in 27 regurgitates from adult and chick D. bulleri
(West and Imber, 1986) and very similar figures were gained for D. melanophrys and
D. chrysostoma at South Georgia (Prince, 1980b) and for D. cauta at Albatross Island
(Green, 1974). Hunter and Klages (1989) found that fish were important for D.
chrysostoma at the Prince Edward Islands. Nearly 60% by weight of its diet there was
fish but there were differences between Marion and Prince Edward Island, with a
much higher proportion of fish from Marion in 1985 (Table 3.2). Fish were also the
dominant prey of this bird at The Crozets (Weimerskirch ef al., 1986). Hunter and
Klages suggested that the differences from the foods of the South Georgian D.
chrysostoma arose because the Prince Edward ones fed to the north whereas the
South Georgian ones fed further south where abundant E. superba provided an
alternate food.

Fish do not feature prominently in the diets of Phoebetria and Thomas (1982)
thought that the myctophids he found in samples from P. palpebrata might have been
ingested only incidentally.

For some fulmars, fish constitute an important resource. Little quantitative data
are available on the ‘natural’ food of Fulmarus glacialis but Furness and Todd (1984)
collected adult and chick regurgitations over several years at two widely separated
colonies —on St Kilda and at Foula. Despite some offal from fishing boats, most of the
food identified seems to have been caught by the birds directly. The diets at these
two places differed remarkably: 72% of those from Foula had eaten sand-eels
Ammodytes marinus, whereas only 8% of the birds from St Kilda had disgorged fish:
these were either Herring Clupea harengus or Sprattus sprattus. The Foula birds were
reliant on the sand-eels, the St Kilda ones on invertebrates such as Meganyctiphanes
norvegica and Munida bamffica. These authors judged that the dietary differences
arose because of differences in the resources of the marine habitats within range
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during the nesting season. Basically, however, this bird is an omnivore here and in
the North Pacific. There fish may feature but little in the diet or be quite important
and feature Sand Lance, Capelin, Walleye Pollock and lanternfishes (Schneider et al.,
1985; Hatch, 1993).

Winter diets may be rather different. In the Barents Sea fish were of major
importance to F. glacialis and other seabirds, the petrel taking cod (Gadus morhua) and
Boreogadus saiga, and particularly Redfish Sebastes marinus and S. mentella (Erikstad,
1990). Those eaten tended to be from the smaller and younger size classes, median
length 51.0 mm (n = 155), and this worker related prey sizes to the gapes (taken at the
feathers) of predator species, 20.8 mm for F. glacialis, which presumably does bear
some relationship to the opening when the gape is fully extended.

Excepting giant petrels, which in captivity may refuse fish, the southern fulmarine
species have considerable dependence on adult Pleuragramma antarcticum, a surface-
living notothenid. Arnould and Whitehead (1991) analysed theirs and earlier studies
based on chick and adult food samples. While raising chicks, fish tended to dominate
the diets of F. glacialoides and T. antarctica, but were less important for Daption capense
and Whitehead (1991) found that Pagodroma nivea differed from T. antarctica and F.
glacialoides in consuming the myctophid Electrona antarctica which was also taken by
D. capense.

The Southern Fulmars ate significantly larger P. antarcticum (mean length 142 mm)
than did the Antarctic Petrels (125 mm) and the difference seems most likely to arise
because the latter fed closer to the ice and F. glacialoides in deeper water where the
fish were larger. Antarctic Petrels can take the bigger-sized fish and do so further east
where they give their chicks the same fish averaging 193-mm long (Klages et al.,
1990). There are other regional variations, for instance F. glacialoides at Adelie Land
relied less on fish during a study by Ridoux and Offredo (1989), and no differences in
fish sizes were apparent in a parallel study of T. antarctica and F. glacialoides by
Norman and Ward (1992) (Fig. 3.11).

Snow petrels foraging off Adelie Land ate mainly fish. These were too well
digested for Ridoux and Offredo to identify, but analyses of birds in the Ross Sea
showed them as extensive feeders on P. antarcticum when over the continental shelf
and slope, but not when they fed in deeper water (Ainley et al., 1984).

Prions are customarily regarded as crustacean feeders but adult P. salvini at
Marion Island in the summer contained 42% by weight of fish (Gartshore et al., 1988).
Fish also occurred in 83% of the samples from Halobaena, amounting to perhaps 50%
by weight (Prince, 1980a). Most were small animals, probably myctophids, and these
were also identified in Marion Island birds by Steele and Klages (1986) whereas they
were rare from those at The Crozets and absent from birds beach-wrecked in
Australasia.

Most gadfly petrels take fish from time to time although they seldom feature
prominently in stomach analyses. Exceptions are Pterodroma hypoleuca and P.
inexpectata. The former appears to be a major fish eater with at least 12 identifiable
families in 144 samples, mainly from adult regurgitations (Harrison et al., 1983). In
the vomits of 69 P. inexpectata chicks, myctophids at 39% were the major items by
weight (Imber, 1991).

Bulwer’s Petrels in Hawaiian seas ate mainly fish, seven families being rep-
resented, amounting to 71% by volume of the stomach contents (Harrison et al.,
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Figure 3.11 Size—frequency distributions of the euphausiid and fish prey of Antarctic Petrels and
Southern Fulmars at Rauer Bay, east Antarctica. (A) Euphasia superba (n =241 & 1166), (B) E.

crystallorophias (n =75 & 249), and (C) P. antarcticum (n = 92 & 107). From Norman and Ward
(1992).
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1983). There were lanternfishes Argyropelecus spp. and flying fish up to 130-mm
long.

Imber (1976a) found a significant use of fish by three Procellaria petrels. The species
were mostly from bioluminescent families, supporting Imber’s view that Procellaria
spp. are primarily nocturnal feeders.

In Hawaiian seas Harrison et al. (1983) identified 19 species from 14 fish families, as
well as seven identified only to family level, eaten by Puffinus pacificus. By volume the
diet averaged 66% fish, 28% squid and 1% crustacea. Ranked according to numbers,
proportions or volumes, goatfishes Mullidae were the most important followed by
Carangidae, with filefish, flying fish and gobies also prominent.

Of the two tubenoses studied by Ashmole and Ashmole (1967) at Kiribati only P.
nativitatis was a major fish eater, taking especially flying fish, but around the
Hawaiian Islands this took mostly squid although fish were still important there
with 17 families represented and Mullidae, Carangidae and Exocoetidae the major
components (Harrison et al., 1983).

For Manx Shearwaters, clupeids, particularly C. harengus, S. sprattus, sardines
Sardina pichardus, and anchovies Engraulis encrasicolus are important. Thompson
(1987 in Brooke, 1990) reported that 66% of 76 stomachs held clupeids and sand-eels,
47% squid, the fish seemingly more prominent during chick rearing. Large flocks of
P. puffinus yelkouan were also reported as feeding on big E. encrasicolus shoals off the
eastern shore of Crimea (Dement’ev et al., 1968, p. 377).

The voracious eating habits of the ‘hagdon’ P. gravis on the Grand Banks were
graphically described by Collins (1884) where the birds arrive as Capelin M. villosus
start to spawn. Brown et al. (1981) compared the diet of P. gravis with that of P. griseus
which reaches the waters off New England first, in early- to mid-May. P. gravis
appears a fortnight later, and then moves up to Labrador seas apparently following
the spawning fish. Brown et al. (1981) nevertheless considered that there was
unlikely to be significant competition for the shared foods because, when the birds
arrive the cephalopod Illex and Capelin are evidently superabundant and later,
when these resources decline, the shearwaters go their separate ways, P. griseus to
British and Irish waters, P. gravis to Greenland, Norway or the Biscay area.

In the Gulf of Alaska the fish-eating shearwater is P. griseus whereas P. tenuirostris
concentrates on euphausiids, the former feeding at the higher trophic level (Kras-
now and Sanger, 1982). Further west, Ogi (1984) examined the foods of P. griseus
north of the Subarctic Convergence (Boundary) between 150° and 190°E and Ogi et al.
(1980) that of P. tenuirostris in the Okhotsk and Bering Seas and east of the Kurile
Islands to 170°E. The most important food for P. griseus there by weight was the
Pacific Saury Cololabis saira in all months and all regions, although squid were
sometimes more important locally. The shearwaters and the fish occurred in the
same areas but as the days lengthened the birds tended to move north ahead of the
fish, suggesting that both were reacting to remaining within a preferred SST of 9-
13°C, rather than the petrels following the shoals. In the Bering Sea, the average diet
of P. tenuirostris based on 216 samples was 40.4% by weight of squid, 25.6%
euphausids, 20.9% amphipods and only 12.6% fish, but in the North Pacific 62.5% of
the average diet in 125 stomachs was fish, 18.8% squid, 8.8% euphausiid and 9.3%
amphipods and copepods. Even more variable were the diets over time within
different areas, emphasizing the opportunistic nature of the feeding process and the
bird’s capacity to maintain itself in a range of marine habitats.



FEEDING AND FOODS 153

In Californian waters, P. griseus took mainly Rockfish Sebastes sp. from May
through July but fattened and completed their moult on anchovies E. mordax in
August and September (Chu, 1984). By the latter month their energy-rich diet had
raised their average fat content to 42% of their body weight in readiness for the
southwards migration.

Off South Africa samples taken by Jackson (1988) throughout the year in the
Benguela Current showed that P. griseus also largely depended on fish and, unlike
the Procellaria aequinoctialis sharing these seas, P. griseus is not usually attracted to
fishing vessels, so that the stomach contents should reflect a natural diet. The diet
varied with time and Jackson suggested that many of the fish, being mesopelagic,
were taken by day when forced to surface by seals, dolphins or tuna.

Fish are important prey for storm petrels, particularly for the short-legged
Oceanodroma spp., although Oceanites oceanicus also feeds myctophids to its chicks
(Croxall and North, 1988). Croxall et al. (1988a) found that this petrel also gives them
relatively large fish—60-85 mm long (1.8-4.0 g), substantial items for a bird with a
culmen length of only 12 mm. Fish are prominent elements in the diets of Ocearo-
droma furcata and O. leucorhoa. Both took a range of myctophids (Vermeer and Devito,
1988), lampfishes being of increasing importance as the season progressed (Fig.
3.12). In Japan, the fish component in the meals of O. leucorhoa also increased with
time (Watanuki, 1985). The gonostomatid Vinciguerria lucetia was preyed upon by a
big concentration of O. leucorhoa in the Central Pacific. Many birds were resting,
evidently satiated, their bellies crammed with fish. Stomach contents were 15.6—
24.4% of the bird’s body weight (Pitman and Ballance, 1990).

Agnatha are also eaten; the lamprey Geotria australis by D. chrysostoma (Tickell,
1964; Prince 1980b), and occasionally by D. melanophrys. Prince estimated that the
chicks of these two birds consumed over a million subadult lampreys in a season.
This fish is also eaten by Procellaria parkinsoni (Imber 1976a) and the Arctic Lamprey
Geotria japonica by Puffinus tenuirostris (Ogi et al., 1980). Lampreys are a much richer
source of energy than bony fish or squid. Elasmobranch material has not been
reported as petrel food, but the presence of squalene in stomach oil from chicks of D.
epomophora (Warham et al., 1976) and in other petrels may have arisen from
scavenging on dead sharks.

2 Squid

An early reference to these molluscs as foods for petrels is that of Ramirez (1603 in
Beebe, 1935) who noted that Pterodroma cahow ate squid. Nearly all tubenoses seem to
take them at one time or another and for many they are the principal food. They are
seldom recorded for prions, diving petrels and the storm petrels Garrodia nereis,
Pelagodroma marina and F. grallaria, and generally appear to be of minor importance to
the fulmarine species and Oceanites oceanicus breeding around Antarctica (White-
head, 1991).

The evidence of their use is mostly in the gizzard which is often jammed tight with
their keratinous ‘jaws’ that are either slowly digested and eroded away or disgorged.
Because the shapes and sizes of these hard parts vary according to the species and
age of the molluscs it has been possible to identify many to family and even species.
This has been done notably by Imber (1973, 1975a, 1978, 1992) and Imber and Berruti
(1981) (Fig. 3.13).
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The most detailed analyses of the role of squid in the diets of petrels are those of
the Wandering Albatross by Rodhouse et al. (1987), Imber (1992) and Cooper et al.
(1992) and of Black-browed Albatross by Rodhouse and Prince (1993). Rodhouse
et al. sampled 3421 beaks representing 35 prey species and calculated the biomass
contributions of each and their size—frequency distributions. Imber (1992) analysed
the squid eaten at six circumpolar breeding stations based on 9994 beaks belonging
to 61 species, including some undescribed. There were some marked variations
between populations. Many squid species decreased in importance southwards, but
some increased with increasing latitude; some were more important in mid-sub-
antarctic locations, and generally their distributions agreed with those previously
known from oceanographic studies. There were also seasonal variations. The
ommastrephid Illex argentinus was 85 times more numerous in diets from 1983-84
than from 1975-78 at South Georgia and, as this species is important in the Falkland
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Islands fishery that developed since the mid-1970s, Imber suggested that the later
birds were scavenging around the trawler fleet some 1200 km from their nests.
Regurgitation of a pair of cuttlefish (Sepia sp. ) at Antipodes Island supports the view
that breeders from here can forage as far as eastern Australia as this is where the
nearest known population of cuttlefish occurs.

Kondakovia longimana is an important squid for sooty albatrosses, notably for
Phoebetria fusca, making 61% of the squid mass in the diet (Imber, 1991). He deduced
that this meant a more northerly feeding range than that of P. palpebrata which ate
less K. longimana and more Psychroteuthis and Alluroteuthis, which is consistent with
this bird foraging far to the south, as also deduced by Berruti and Harcus (1978) and
confirmed by Weimerskirch and Robertson (1994).

All albatrosses so far studied eat squid (Fig. 3.14) and some large animals have
been identified. Harris (1973) estimated ommastrephids taken by D. irrorata averag-
ing 2091 + 2779 g (100-11 000 g), the biggest three times the weight of the bird and,
again, presumably scavenged when dead or moribund.

Using 5651 identified beaks enabled Rodhouse et al. (1990) to compare the squid
intake of D. exulans between years when breeding success was low and high. They
found that the total number and biomass eaten was significantly lower in the bad
season. The ommastrephid Martalia hyadesi contributed 73-79% of the biomass of
chick meals and the size of the squid increased as the chicks grew —they averaged

Figure 3.13 Examples of the upper and lower beaks of squid eaten by Wandering Albatrosses.
(A) Moroteuthopsis sp. (B} Chiroteuthis sp. Scale = 1 cm. From Imber (1992).
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3.2 £ 0.5 mm lower rostral length for 0-20 day chicks to 4.9 + 0.7 mm for 120-140 day
chicks, suggesting that the squid were growing too.

For D. immutabilis in the Hawaiian Islands squid were the highest ranking prey by
volume, particularly ommastrephids, estimated as amounting to 65% of the 183
samples inspected. D. nigripes ate fewer, only about 32% of 172 samples (Harrison et
al., 1983). Both ate animals of similar size, 71-86 mm long, D. nigripes probably by
day, the other more by night.

Squid also appear unimportant to breeding F. glacialis in the North Atlantic but
seem to be importarit for fulmars off the west coast of North America and the Gulf of
Alaska. Hills and Fiscus (1988) found the cranchiid Taonius sp. the most abundant
component, a genus also important in the diets of Pterodroma macroptera and D.
exulans in the south (Imber, 1973, 1992).

In Antarctic waters, squid seem of low significance for nesting fulmars but are
more conspicuous in birds taken in deep water, particularly with F. glacialoides, T.
antarctica, Daption capense and L. brevirostris (Ainley et al., 1984; Ridoux and Offredo,
1989; Imber, 1991).

Solid food 52 % Solid food 48 %

Lamprey
10%

Figure 3.14 Composition by wet weight of diets of adult mollymawks at South Georgia.
(A) Diomedea melanophrys. (B) D. chrysostoma. From Prince (1980b).
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Most gadfly petrels take squid and for some they comprise their main food. Good
data are available for only a few species. They are of prime importance to P. mollis, P.
lessonii, P. incerta, P. macroptera, P. phaeopygia, P. cookii and P. alba (Ashmole and
Ashmole, 1967; Imber, 1973, 1985b, 1991; Schramm, 1986; Jouventin ef al., 1988) (Fig.
3.15). At the Prince Edward Islands, P. macroptera, P. brevirostris and P. mollis ate
mostly the same squid (Schramm, 1986), but as their breeding cycles differ Schramm
considered that interspecific competition for them would thereby be lessened,
added to which the crustacean elements differed significantly between them.

There are no quantitative data on the foods of Procellaria cinerea, but determi-
nations have been made for P. aequinoctialis (Croxall and Prince, 1980; Prince and
Morgan, 1987; Croxall et al., 1995), and for P. westlandica and P. parkinsoni by Imber
(1976a). In the Shoemaker data of Jackson (1988), much of the food was scavenged
from fishing boats. Squid tend to dominate the diets, nine families of squid and
octopods being identified for P. westlandica and eight for P. parkinsoni. In the
composition of the squid taken, Imber saw a transition from the cooler subantarctic
waters to tropical seas in the change from histioteuthids and crachiids to more
ommastrephids, the latter being the most important foods for P. parkinsoni.

In the Benguela Current, Lipinski and Jackson (1989) found squid in 75% of 161
samples from P. aequinoctialis. Some were Antarctic endemics, but it was thought
that this was the result of beak retention rather than that the birds were ranging that
far.

Squid are also eaten by Puffinus spp. but again, are usually only of secondary
importance to fish. Squid in the diet of P. griseus, when in the North Pacific were
examined by Baltz and Morejohn (1977), Krasnow and Sanger (1982), Chu (1984),
Ogi (1984) and Sanger (1987). Data for the North Atlantic birds were given by Brown
et al. (1981). No quantitative data are available for breeding birds, the most detailed
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Table 3.3 Major prey of Sooty Shearwaters from Monterey Bay (1978-79) and southern
California (1977). Percent occurrence combines data from stomachs and gizzards; percentage
volume and percentage numtber are based on full stomachs only (MBay, Monterey Bay;
SoCal, southern California; n, number of birds). From Chu (1984)

% occurrence % volume % number

MBay SoCal MBay SoCal MBay  SoCal
(n=154) (n=37) (n=87) (n=29) (n=87) (n=29)

Fish* 97.4 94.6 91 84 33 28
Engraulis mordax 41.6 27.0 44 53 6 1
Sebastes spp. 22.7 62.2 44 17 20 25
Merluccius productus — 51.4 — — — —
Scorpaenichthys marmoratus — 8.1 — <1 — <1
Cephalopods* 94.8 74.8 5 6 4 2
Loligo opalescens 68.8 35.1 5 6 3 2
Onychoteuthis/Gonatus spp. 47.4 35.1 — — — —
Gonatus spp. 40.3 18.9 - - — —
Onychoteuthis borealijaponicus 29.2 8.1 — — — —
Octopus rubescens 19.5 2.7 - — - —
Histioteuthis heteropsis 9.1 2.7 — — — -
Crustaceans” 17.5 18.9 3 10 63 70
Thysanoessa spinifera 45 10.8 3 7 59 65

*Unidentified and identified material.

information from the south coming from birds taken off South Africa (Jackson, 1988;
Lipinski and Jackson, 1989).

In the western subarctic Pacific these shearwaters take squid which comprised
7.3% by weight (73% by f.0.0.) in Ogi’s study, with up to 290 beaks in a single bird.
Their abundance varied with latitude, with fewer in warmer waters. Further east, in
the Gulf of Alaska, there were squid in 76 and 68% of adult stomachs sampled in 1977
and 1978 and judged to be the second most important food item during those years
(Krasnow and Sanger, 1982; Sanger, 1987).

Off northern California, Loligo opalescens were rated the second most common prey
by volume and occurrence (Table 3.3) with 94% of the gizzards having squid beaks
and up to 73 sets in one gizzard (Chu, 1984).

Off southwestern Africa Puffinus griseus is much less dependent on cephalopods
although 61% of the gizzards of 48 birds contained beaks of animals smaller than
those eaten by Procellaria aequinoctialis foraging in the same area.

The squid diets of Puffinus tenuirostris are better known than those of P. griseus
with data from both hemispheres. In the northwest Pacific, Okhotsk and Bering
seas, Ogi et al. (1980) estimated that squid (mostly unidentified) were the major items
on a wet weight basis, but with much variation between zones and with fewer of
them in birds from shelf regions and none where euphausids dominated, as in
Bristol Bay. In the Gulf of Alaska, Krasnow and Sanger (1982) found 38% of the birds
collected contained cephalopod beaks in 1977 but with none or few in other years.
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Skira (1986) identified 20 kinds of squid from adult birds on the breeding grounds.
Both adult and juvenile squid were used and over the 7 months’ study period the
proportions of squid in the diets varied little, their estimated weights being 32-75 g.
On a f.o.0. basis squid were only second in importance to Nyctiphanes australis.

Squid are important for P. gravis off northeastern Canada (Brown et al., 1981) and
in its home waters of the South Atlantic. Lipinski and Jackson (1989) found at least
four species in the stomachs of P. gravis from the southern Benguelan Region with
every stomach containing beaks.

Christmas Shearwaters P. nativitatis sampled in Hawaiian seas and in the Central
Pacific were using squid as a major food (Harrison et al., 1983; Ashmole and
Ashmole, 1967). Remains of 304 were found in 80 food samples from Kiribati and
from 182 samples, Harrison et al. ranked ommastrephids as the most important food.
Overall, the Hawaiian birds took less squid (48% vs. 71% by volume) than did the
Christmas Island (Kiribati) birds, presumably reflecting differences in food avail-
ability and different sampling seasons.

Among storm petrels, squid have been reported from Oceanodroma castro and
Hydrobates pelagicus and unidentified species comprised 29% of the food volume in
10 samples from O. tristrami (Harrison et al., 1983). Ainley ef al. (1984) estimated that
51% of 37 stomachs of Oceanites oceanicus collected in southern seas contained squid
but they amounted to a mere 2% of 80 regurgitations from adults at South Georgia
(Croxall et al., 1988a). British Columbian Oceanodroma furcata and O. leucorhoa both
included squid in their diets and without much change in their importance over the
course of the breeding season but they were not the dominant prey (Vermeer and
Devito, 1988) as was also true of O. leucorhoa studied in Japan by Watanuki (1985).

Pteropod molluscs are also eaten. They have been identified from Pterodroma
phaeopygia, F. glacialis, F. glacialoides, T. antarctica, Daption capense, Halobaena caerulea,
and from all Pachyptila except P. belcheri, but in no case do these appear to be
important in relation to the total diets.

3 Crustacea

Euphausiids, amphipods and copepods feature in the diets of most tubenoses to
some degree, some species specializing on them. Smaller forms may originate from
the stomachs of larger prey, others, like the parasitic isopods in the diets of Diomedea
irrorata and D. bulleri, are evidently ingested accidentally. In the Southern Ocean the
swarming krill Euphausia superba and E. chrystallorophias are major foods for petrels
and despite a great range of bill sizes most of those at South Georgia concentrated on
mature animals (Croxall and Prince, 1980).

Crustacea seem only to be secondary foods for most albatrosses. For example,
diets of the Chatham Island and Taiaroa Head D. epomophora included 19 and 32% by
frequency of occurrence, mainly Munida (Imber, 1991), and D. exulans evidently takes
even less crustacea (Prince and Morgan, 1987). In the north Harrison et al. (1983)
found eight crustacean groups in foods from D. nigripes including large, deep-water
mysids Gnathophausia gigas (average length 112 mm) and G. ingens, as well as a big
isopod Anuropus branchiatus (average length 106 mm). For D. immutabilis, crustacea
occupied 9% by volume of 183 samples. They were also in half the chick regurgi-
tations of D. irrorata (Harris, 1973).
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West and Imber (1986) found few crustacea in vomits from D. bulleri but for D.
melanophrys and D. chrysostoma however, E. superba was important and the main food
taken by breeding D. melanophrys (Tickell, 1964; Prince, 1980b) (Fig. 3.14).

The diets of Phoebetria albatrosses seem to vary in different regions (Ryan and
Cooper, 1989; Imber, 1991) and only the South Georgia P. palpebrata have been found
to take many crustacea. Thomas (1982) recorded 36% of mature E. superba by weight
in its diet, average length 53 mm, together with some prawns and mysids. Crozet
Island P. palpebrata also took some E. superba but P. fusca very few (Weimerskirch et
al., 1986).

The role of crustaceans as food for fulmars is generally greater than it is with
albatrosses. Even giant petrels take some, mainly E. superba, and apparently directly
(Johnstone, 1977; Hunter, 1983).

In Antarctic waters, the smaller fulmars also use the abundant krill extensively as
demonstrated by the analyses of Ainley et al. (1984); Montague (1984); Ridoux and
Offredo (1989); Klages et al. (1990); Arnould and Whitehead (1991) and Norman and
Ward (1992) (Fig. 3.16).

The stomachs of 90-100% of Antarctic Petrels and Southern Fulmars contained
crustacea, either E. superba or E. chrystallorophias, although on a weight basis fish
were more important, at least during chick rearing. However, in birds collected over
the slope and deeper water during incubation, the crustacean component was low,
squid predominating (Ainley et al., 1984).

Crustaceans are particularly important for Daption capense (Fig. 3.16). In Adelie
Land these amounted to 64% by weight with more E. chrystallorophias than E. superba,
whereas in Prydz Bay these petrels took none of the latter and when raising chicks
took 86% by weight of E. superba. In Elizabeth Land, Antarctica these birds had 76%
crustacea, mostly E. superba, by weight, the rest being fish (Green, 1986a). In deep
water, D. capense caught fewer crustacea but more squid (Ainley et al., 1984). At Signy
Island, E. superba was in 98% of 94 samples. The deep-sea amphipod Eurythenes sp.
was also found in good condition, probably caught alive (Beck, 1969).

In the North Pacific, F. glacialis seldom depends on crustacea (e.g. Fig. 3.3), though
at the Semidi Islands they were significant prey in the summer (Hatch, 1993), and
along the Arcticice edges copepods at 67% were the commonest food although only
1% of the dry weight (Bradstreet and Cross, 1982). Hartley and Fisher (1936) found
birds in West Spitzbergen in mid-summer were eating mainly Thysanoessa inermis
and Parathemisto libellula. In the Barents Sea in the winter, crustacea did not feature in
the diets analysed by Erikstad (1990) but those of Furness and Todd (1984) showed
that in the North Atlantic the mainly fish diet of birds feeding chicks was supple-
mented by crustacea, particularly Meganyctiphanes norvegica and the mysid Gnatho-
phausia zoea. For chicks of L. brevirostris at Kerguelen the figure for crustacea was 24%
and all 22 of the samples examined contained some.

Although gadfly petrels tend to rely on squid, all those examined to date have
been found to take some crustaceans and to feed them to their chicks (Fig. 3.15). The
Bonin Petrel Pterodroma hypoleuca took only about 7% by volume of species from at
least seven families, and some may have been secondarily derived from the fish prey
(Harrison et al., 1983). For the tropical P. alba only 2% by volume was crustacean
(Ashmole and Ashmole, 1967). Among subantarctic species the highest use was from
chicks of P. inexpectata, 30% by weight of whose identified food was crustacean
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(Imber, 1991). He gave lower figures of 7 and 12% for P. lessonii and P. incerta.
Crustacea were less numerous in regurgitations from chicks of P. macroptera and P.
mollis. In both species the animals were mostly whole amphipods, decapods and
mysids, with no clear differences in diet composition or prey sizes (Schramm, 1986).
In the 100 samples collected by Harrison ef al. (1983) from Bulwer’s Petrel at Laysan
Island there were only 3.9% by volume of crustaceans.

Crustaceans are very important for prions, small copepods being taken by filter
feeders such as Pachyptila vittata and euphausiids by P. belcheri and P. turtur.

In 57 food samples from Chatham Islands’ P. vittata, the copepod Calanus tonsus
amounted to 70% by weight, 20% of the rest being made up of at least nine kinds of
amphipod, Platyscelus ovoides the most important, but also with about 6% of the
euphausid N. australis (Imber, 1981).

For the next most specialized prion, a filter-feeder and hydroplaner, P. salvini, data
are available from Marion Island (Gartshore et al., 1988), The Crozets and Kerguelen
(Bretagnolle et al., 1990). Amphipods figured largely in all their diets, with Themisto
gaudichaudii by far the major prey. At South Georgia the food of P. desolata was found
to be 98% crustacean by weight and 99% by f.0.0., with 56% E. superba and 32% the
copepods Rhincalanus gigas and Calanoides acutus plus various amphipods such as T.
gaudichaudii.

There are quantitative data on P. turtur from New Zealand and South Georgia
(Imber, 1981; Prince and Morgan, 1987). Euphausiids dominated the diets. At South
Georgia this was E. superba, in New Zealand seas N. australis, with the next most
numerous prey the amphipod T. gaudichaudii at both places.

T. gaudichaudii was identified from P. belcheri taken at sea and Bretagnolle et al.
(1990) showed that, as expected of a thin-billed bird, fish play a major role, being
present in at least half the 20 stomachs he examined.

Ealey (1954) reported crustacea from the stomachs of P. crassirostris at Heard Island,
again mostly T. gaudichaudii, with up to 600 in a single petrel. The Chatham Island
birds, however, ate adult Lepas barnacles (Cirripedia) (Imber, 1981). The stout, rather
powerful bill seems well designed for pulling at and crushing barnacle ‘shells’.

Crustacea form the major food of the Blue Petrel H. caeruleabeing 60% by weight of
the 49 regurgitations examined by Steele and Klages (1986) at Marion Island and 92%
of 156 from South Georgia (Prince, 1980a). At this latter station the euphausiid
Thysanoessa macrura was the most abundant but the bulk by weight were E. superba.
At Marion Island E. wvallentini predominated, and at both locations a range of
amphipods was also eaten.

Procellaria petrels seem to take few crustacea but Shoemakers in the Benguela
Current did eat some stomatopods Squilla armata and large numbers of E. lucens were
in birds collected at a swarm of these animals by Jackson (1988). Furthermore, South
Georgian birds tending chicks took 47% by weight of krill, 33% of fish and only 19%
of squid (Croxall et al., 1995). These authors suggested that these differences were in
line with the Shoemaker’s status as a food generalist.

Wedge-tailed Shearwaters appear to take very few crustacea but Puffinus bulleri, at
least when breeding, eats many N. australis, 76% of 30 regurgitations of adult birds
being composed solely of this euphausiid (Harper, 1983).

Although in the North Pacific P. griseus is mainly a fish eater, it too relies on
euphausiids at times. Around Kodiak Island, for example, while euphausiids were
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not taken in 1977, in June 1978 T. inermis amounted to 5-10% by volume and was
estimated to be the second or third most important prey by Krasnow and Sanger
(1982). In July and August, however, crustacea were displaced by squid or fish.
Further west, in the subarctic, Ogi (1984) also found crustaceans far outweighing
fish. One bird had 11% by weight of barnacles.

Off Brier Island in the North Atlantic in August and September before the
southward migration the euphausid M. norvegica outnumbered fish remains in 29 P.
griseus proventriculi, being 64% of the wet weight of the whole contents with up to
534 animals in one stomach, average 181 (Brown et al., 1981).

Good quantitative data for the foods of P. griseus in the southern hemisphere are
lacking, and P. tenuirostris is perhaps the only tubenose for which there is year-
round dietary information. In general the figures show that P. tenuirostris favours
crustacea while P. griseus selects fish, but both are adaptable and switch foods
evidently according to what is available.

In the Okhotsk and Bering seas and the western North Pacific the diet sampled by
Ogi et al. (1980) was very variable from one marine zone to another. For example, in
Bristol Bay 99% by weight of 80 stomachs were euphausiids, mainly Thysanoessa
raschii. In birds from other areas at similar dates there were none. Over the shelves of
the Bering Sea amphipods were important, for example 60% by weight of P. libellula
but only 16% Thysanoessa longipes with up to 656 of the former and 1000 of the latter in
one stomach. In the western subarctic Gyre region T. longipes comprised 19% by
weight with amphipods like Parathemisto japonica less important but with, on
average, 65 per stomach (1-518). Copepods, Calanus cristatus, were the fourth in
importance, averaging 190 per stomach (5-366). Over the whole vast area sampled
using 296 stomachs, the fish amounted to 12.6%, euphausiids 25.6%, amphipods
20.9% and squid 40.4% by weight, so that crustacea were the dominant prey overall.

In the south during the breeding season crustacea again form the main foods with
a decline by the time of chick rearing as the take of fish increases (Fig. 3.17), perhaps
because N. australis has finished spawning by then and may have decreased in near-
surface waters (Montague et al., 1986).

The shift to fish during chick rearing (Fig. 3.17) was also shown in the compo-
sitions of the chick regurgitations, N. australis being the main food in January with
postlarval fish dominant thereafter (Fitzherbert, in Marchant and Higgins, 1990).

Of the remaining shearwaters for which reasonable data are available, the case of
P. gravis feeding off northeastern Canada again illustrates the flexibility of food
choice. In 1974, euphausiids (M. norvegica) made up 30% by weight of the whole
meal but in the next year, when M. norvegica did not swarm, its role fell to about 0.3%,
squid taking over as the main constituent (Brown et al., 1981).

Storm petrels seem more dependent on crustacea than the rest, judging from the
diet analyses of Oceanodroma leucorhoa, O. furcata, O. tristrami, Oceanites oceanicus,
Garrodia nereis, Pelagodroma marina and Fregetta tropica, although because of differing
methods comparisons are difficult.

For Wilson's Petrel O. oceanicus off Adelie Land, where their food was 41% by
weight crustacean, the local euphausian E. chrystallorophias dominated, being 37% of
the diet (Ridoux and Offredo, 1989). Further west at Prydz Bay E. chrystallorophias
was 42% by weightin 50 stomachs and E. superba 25% (Whitehead, 1991). In the Ross
Sea crustaceans averaged 79% by f.0.0., of which 49% were euphausids (Ainley et al.,
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Figure 3.17 Frequency of occurrences of crustacea and fish in 307 diets of adult Short-tailed
Shearwaters sampled before egg laying (September and October) and after hatching in January during
1980 and 1981. From Montague et al. (1986).

1984), mostly E. superba. Again, quite large animals were consumed, 35 £ 5mm,
about the same size as those taken by T. antarctica, a bird 20 times as heavy. Further
west still, off the Antarctic Peninsula, Obst (1985) found that E. superba formed 85%
by weight of the food, and a little further north at the South Shetlands a sample of 61
adults yielded 90% E. superba and 10% E. chrystallorophias by f.0.0. (Wasilewski,
1986). South Georgian birds ate 68% by weight of crustaceans, 52% of which were
mainly juvenile euphausiids but 90% by numbers were T. gaudichaudii, but these
accounted for only 44% of the weight of crustaceans eaten (Croxall et al., 1988a).
Quite different was the diet at The Crozets where, while crustaceans were still the
main foods, cirripedes and copepods exceeded euphausiids by volume (Jouventin et
al., 1988) (Fig. 3.18).

Wilson's Petrel’s close relative Garrodia nereis seems to specialize in snipping up
cyprids of stalked barnacles Lepus australis, as first shown by Imber (1981) from
material collected at the Chatham Islands. This animal has been found in birds from
New Zealand and Marion Island and cyprids evidently dominated the diet of those
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at The Crozets (Fig. 3.18). Imber noted that this specialized diet should lessen
competition with sympatric species such as O. oceanicus and F. tropica, but, as Fig.
3.18 shows, all three birds at The Crozets take cyprids and they breed at about the
same time. Cyprids are believed to be picked from and around rafts of floating algae
where metamorphosis takes place.

Apart from F. tropica (Fig. 3.18), the only other long-legged hydrobatid for which
good data have been published is P. marina, a bird which, at least in New Zealand
seas, also takes cyprids but, on the basis of 22 samples from the Chatham Islands,
relies heavily on N. australis (Imber, 1981). This made up 35% of the total sample
weights, another euphausid Nematocelis megalops about 10%. Also significant was the
amphipod Cyllopus magellanicus (5.2%) and there were smaller amounts of seven
other amphipods. The diet was quite species-rich with a mysid, an isopod, two
stomatopods, for example Squilla armata, a larval brachyuran Nectocarcinus antarcti-
cus, the balance being fish, mainly juveniles.

Of 307 regurgitations of Leach’s Petrel Oceanodroma leucorhoa studied by Watanuki
(1985) in Japan, 127 consisted of nothing but oil, the incidence of which declined as
breeding progressed. Crustaceans formed important foods, mainly E. pacifica, T.
longipes and T. inermis. Their frequency of occurrences increased over the season as
E. pacifica increased at sea, reaching 55% by f.0.0. in September.

In the eastern North Pacific, Vermeer and Devito (1988) found the amphipod
Paracallisoma coecus the most important item after fish for both O. leucorhoa and O.
furcata. Both took much the same sized animals, averaging 16.9-mm long in August,
for although O. furcata is the heavier bird, their bills are of similar sizes.

The importance of Paracallisoma coecus varied in the course of time (Fig. 3.12). The
fish in both diets increased as the chicks were being raised, as in Watanuki’s study
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Figure 3.18 Food regimes of Crozet Island storm petrels based on the volumes of the taxa in stomach
samples. From Jouventin et al. (1988).
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Figure 3.19 Diets of South Georgian and Common Diving Petrels at the Crozet Islands (upper) and at
South Georgia. The copepods that feature prominently in the latter birds were absent in the samples from
The Crozets. From Jouventin et al. (1988) and Payne and Prince (1979).

and again, with both species, the amount of oil in adult regurgitations declined with
time.

Data are available for the diving petrels studied at South Georgia and The Crozets
(Fig. 3.19). Payne and Prince (1979) emphasized the overriding importance of
postlarval E. superba to Pelecanoides georgicus, supplemented with a range of copepods
and amphipods whereas the sympatric P. urinatrix was more of an amphipod and
copepod eater, at least as far as the chick diets went. However, these authors found
that the diets of both species changed with time despite the same prey being still
available, so that the change must have had some other cause. Jouventin et al. (1988)
suggested that the dietary differences mightbe the result of P. georgicus foraging over
deeper water than P. urinatrix, but they had no data on food availabilities at sea to
check on this idea.
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4  Carrion

All tubenoses appear to eat dead animal flesh when the occasion arises and the
bigger species like albatrosses and giant petrels will also kill and eat other seabirds —
that is, they are both predators and scavengers. A bird as small as Fulmarus
glacialoides has been found with a prion in its stomach. Stomach contents of avian
prey may also be taken but not exclusively, as the flesh, skin and feathers may be
eaten, with the undigested material often being disgorged as cylindrical boluses. The
catholic diets of some fulmars have long been known, F. glacialis being dubbed a
‘feathered pig’, and this and other tubenoses have long been associated with
whaling fleets for the fat and stomach contents released during flensing.

On the Grand Banks fulmars and “hagdons’ selected the fatty parts of any offal and
particularly the oily livers (Collins, 1884), while the activities of Oceanites oceanicus
and prions in taking up oil globules is common knowledge. Wood (1993), however,
found that Puffinus pacificus, P. carneipes, P. tenuirostris and P. griseus preferred fish
offal to fat. Roberts (1940, p. 190) described how O. oceanicus pierces an oil globule,
which, as it sucks, visibly shrinks. Dead fish and squid taken from commercial trawl,
long-line, and other fisheries provide important foods, for example for Diomedea
melanophrys in the Benguela Current (Ryan and Moloney, 1988), and around the
Falkland Islands (Thompson, 1992, Thompson and Riddy, 1995). Hudson and
Furness (1988) analysed the use by seabirds of fish discarded behind trawlers around
the Shetland Islands. They found that F. glacialis got most of the offal —that is, the
discarded livers and intestines —mainly because they were the most numerous birds
in attendance, but when it came to swallowing whole fish they only got 2.3% of an
experimental discarding: gannets M. bassana and the gull L. marinus got the bulk of
those meals. In Australian seas L. novaehollandiae also often competes successfully
with P. pacificus, its lower wing loading enabling it to hover close to the stern and
grab food before the shearwater could alight and take it (Wood, 1993). Around the
Falklands, D. melanophrys did much better, taking about half of the waste discarded
by the squid/finfish fishery (Thompson, 1992). She estimated that waste taken from
Loligo trawlers came to 10-15% of the total food needs from February to mid-April of
the Beauchene D. melanophrys population. The sizes of the squid taken were very
similar to those harvested by the trawlermen.

Both Macronectes feed penguin and seal flesh to their young, and there is an
overlap in their diets then as shown by the work of Conroy (1972), Johnstone (1977),
Hunter (1985, 1987) and Voisin (1991). In general, the data suggest that M. giganteus
relies more on penguins than M. halli (see Fig. 3.7). This takes more seal flesh, dead
pups and afterbirths.

5 Other prey

Many marine animals, not normally major prey of petrels, have been found in their
stomachs. Among these are coelenterates such as medusae and ctenophores. Such
soft-bodied invertebrates are not easily detected in stomach contents unless freshly
taken. That F. glacialis eats jellyfish was reported by Faber back in 1822 and Fisher
identified Cyanea capillata and Aurelia aurita in the diet (Fisher, 1952a, p. 430). The
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North Pacific subspecies also takes jellyfish, especially the large, brown-rayed types
such as Chrysaora spp. and Hatch (1993) found that some chick meals were solely of
jellyfish. Anthony (1895) described these birds off southern California in the autumn
gorging on the abundant jellyfish, so that when lifted from the water by their feet
‘half a pint of the slimy mass will often run from their mouths’.

In northern waters both P. griseus and P. tenuirostris take some jellyfish and Ogi
(1984) found the former turning to barnacles and jellyfish when saury and squid
disappeared. The wind sailor Vellella vellela has been identified among the stomach
contents of Pterodroma phaeopygia, O. leucorhoa, D. nigripes and D. immutabilis, and was
the second most important prey for O. tristrami (Harrison et al., 1983). These may
have been the jellyfish on which about 1500 P. griseus and 500 P. inexpectata were
gorging in the Pacific at 34°N, 174°E (Mobberley, 1974).

Harrison (1984) found scyphozoan jellyfish in all four tubenoses she collected in
the Bering Sea—F. glacialis, P. griseus, P. tenuirostris and O. furcata. She noted that
those that had taken jellyfish had also eaten a greater diversity of animals and
suggested that some of the other foods such as hyperiids, known to live under
medusae, had been ingested with them: medusae with their various associated
organisms being viewed as a highly localized food patch. Pitman and Ballance (1990)
likewise thought that O. leucorhoa were attracted to Physalia for the prey on their
tentacles. Coelenterates would appear to be rather poor food, yielding only about 2.9
kcal g~! dry weight compared with c. 4.8 kcal g~ for squid and 5.1 kcal g™ for fish,
but if abundant and readily available, clearly worth using.

Annelida captured include a range of polychaetes by F. glacialis and B. bulwerii.
Sometimes large numbers are present, up to 60% by volume of two samples from F.
glacialis with 91 pairs of mandibles in one stomach (Cottam in Fisher 1952a, p. 428)
and probably derived from a surface-swarming species.

Protochordates reported include tunicates. These have been identified in the
meals of D. epomophora, D. melanophrys, D. immutabilis, D. nigripes, Pterodroma
hypoleuca, Pachyptila crassirostris, Procellaria parkinsoni, P. westlandica and P. aequinoc-
tialis. Tunicates, mostly Pyrosoma and up to 150-mm long, were 2% by weight of the
food of 145 samples from Pterodroma macroptera (Imber, 1973). Salps are also
encountered occasionally as also are chaetognaths.

The only insects that appear to be normal prey of petrels are the marine sea-
striders (Heteroptera: Gerridae) such as Halobates sericeus which is quite important in
the dietaries of P. hypoleuca, B. bulwerii, O. leucorhoa and O. tristrami, and they even
turn up from time to time in food samples from Puffinus pacificus, D. nigripes and D.
immutabilis (Cheng & Harrison, 1983; Harrison et al., 1983).

These insect prey were first noted by Ashmole and Ashmole (1967) when they
found 13% by volume of the stomach contents of Pterodroma alba composed of water
striders, which, though small, were evidently worth collecting, no doubt by dipping.
These insects often occur in patches in tropical seas so would be expected to be
found by birds like gadfly petrels but, although they may usefully complement more
substantial prey, their total contribution to the diets appears to be minor, on present
evidence.

Other insects ingested are land species that have apparently been blown out to sea
and are picked up by the birds from the surface film. The Blue Petrel seems
particularly prone to take these —the gizzards of 45 ‘wrecked’ on a beach in Victoria,
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Australia held 3.3 insects per bird, mostly Coleoptera (Brown et al., 1986). At Marion
Island, 13 out of 25 stomachs of adult birds held assassin bugs (Nabis sp.) and
unidentified noctuid moths, 2.1 moths and/or 6.7 bugs per stomach (Steele and
Klages, 1986). The Victorian insects could have been taken in local seas but those in
the Marion Island petrels must have come from far away and as chitin may be
digestible by petrels (Ch. 7 VL.B), insects could provide an extra but irregular food
source. There are even reports of storm petrels apparently hawking for insects over
beaches and inland lakes.

6 Stomach oil

In many stomach analyses the liquid fraction has been decanted and only solids used
in determining the proportions of food animals. The liquid contains both water and
oil, the latter derived from the prey (Ch. 7 VI.A), of high calorific value (perhaps as
much as 35 times that of the prey), and digestible.

At Marion Island 58% of adult Halobaena caerulea held oil, averaging 1.0 = 1.2 ml],
maximum 5 ml. At South Georgia the oil in these birds came to 39% by weight (7.9 g)
of stomach contents or 3.7% of body weight; for Pachyptila desolata the mean figure of
2.1 g was only 1.3% body weight (Prince, 1980a). In consequence, Prince suggested
that the prion was feeding closer to the nest than H. caerulea then was. Many figures
for other species are within similar ranges of 1-2% body weight.

Hunter and Klages (1989) found that 55% of 10 stomach contents (average 343 g) of
Diomedea chrysostoma was liquid and Prince (1980b) noted that about half the meals of
this albatross and of D. melanophrys were liquid. This was mostly water except for
meals of D. chrysostoma associated with lampreys. These have a high lipid content.
Could the high levels of water in these mollymawks be the result of digestion of the
oil during the birds’ 34 days feeding forays?

Vermeer and Devito (1988) found a decline in oil in the stomachs of Oceanodroma
leucorhoa and O. furcata, probably linked with a declining intake of the oil-rich
Paracallisoma coecus. Stomachs of petrel chicks tend to contain falling amounts of oil
as the season advances and they may have very little by the time they fledge
(Warham, 1962; Serventy ef al., 1971).

D Food consumption

Attempts have been made to estimate the total biomass eaten by a bird, a colony or a
population, or a whole region (e.g. Mougin & Prevost, 1980), often to evaluate the
effect on a commercial fishery. For example, Thompson (1992) calculated that when
rearing chicks D. melanophrys in Falklands seas consumed 1000-2000t of offal,
mainly Loligo and notothenids. Such exercises involve many assumptions on matters
such as energy needs, assimilation efficiences, ambient temperatures and distances
travelled, but may furnish useful guides within orders of magnitude.

Hunter (1985) calculated the food eaten by giant petrels at South Georgia, Signy
Island, Terre Adelie, The Crozets and Macquarie Island, estimating the take of squid,
penguins, small birds (that is, petrels), crustacea, fish and ‘other’. Assuming 75%
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assimilation efficiency, his total for the estimated 38 000 Macronectes giganteus and
8600 M. halli adults (breeding or otherwise) was 15113 and 3037 t respectively.
Hunter allowed for sexual differences in energy needs, the males being the bigger
needing more—1.14 times more with M. giganteus, 1.18 times more with M. halli.

Others have estimated food consumption over the breeding season, for example
Ridoux (1989) for The Crozets and Croxall ef al. (1984a) who calculated food
consumption (t day™!) for the populations of D. melanophrys, D. chrysostoma,
Pelecanoides urinatrix, P. georgicus, H. caerulea and Pachyptila desolata at South Georgia.
Here the main consumer was the penguin E. chrysolophus, the next biggest demand
being from P. desolata at 2320 X 10°t, all the rest being quite minor consumers,
totalling 1548 t. There was a high demand during the prelaying stage, dropping
sharply at the lay, increasing again at the hatch but declining slightly thereafter
throughout chick rearing to return at fledging to the prelaying figure. Ainley et al.
(1984) estimated the daily needs of euphausiids, squid and fish of nine Antarctic
tubenoses at 0°C and Fefer ef al. (1984) attempted an estimate of the total consump-
tion of all the breeding seabirds of the northwestern Hawaiian Islands: this included
seven tubenosed birds. The major consumer was D. immutabilis taking 250 760 t, the
next heaviest demand coming from Sterna fuscata (71840 t), then Puffinus pacificus at
35440t, Pterodroma hypoleuca 15000 t and D. nigripes 13000 t, the rest a mere 23780 t
from a grand total of 409 820 t.

E Gizzard stones

Miscellaneous inedible mineral and plant material are often present in the stomach
and gizzards; some such as nuts, cinders and pumice, obviously picked up as
flotsam. Pumice found in 40% of the stomachs of H. caerulea at South Georgia was
thought to have come from the South Shetland Islands, 1350 km south-southwest,
suggesting that these birds had been foraging in that direction (Prince, 1980a).

Heavier stones and gravel are also common, often of unknown origin. They are
familiar from P. griseus and P. tenuirostris, known to the ‘muttonbirders” as ‘ballast
stones’, and sometimes thought to be swallowed to reduce buoyancy in species that
feed by pursuit diving. However, they also turn up in storm petrels such as Oceanites
gracilis which seldom submerge. Many of these objects must be swallowed when the
birds are ashore, as some of the plant material clearly is, perhaps when adults and
chicks pluck and mandibulate nearby vegetation. Whether the stones serve any
useful purpose is unclear, but they can be very common—in 12.5% of the stomachs
of H. caerulea at Marion Island, 66% being pumice, the restlaval gravel and, in 76% of
beach-washed birds, again mainly pumice (Steele & Klages, 1986).

F  Variability

That individual petrels may have individual tastes and specific search images has
not been examined. Shiomi and Ogi (1992) did, however, gain evidence that adult P.
griseus fed more on fish, immatures taking more squid and barnacles, the difference
being ascribed to feeding experience.
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Variation in diets between populations is, of course, widespread (e.g. Fig. 3.19),
and reflects different availabilities of prey species as Hunter (1985) showed for
Macronectes spp. and there may be greater interpopulation differences even among
these birds. For example, the M. halli petrels on the Chatham Islands not only have
no M. giganteus to contend with but there are no penguin colonies on which they can
prey. Hence their diets, unstudied so far, can bear little resemblance to those
summarized in Fig. 3.7.

1 Variations within seasons

Changes of diet, in the course of breeding seasons, are often detectable, as with
Pachyptila desolata and H. caerulea (Prince, 1980a). Ealey (1954) deduced switches in
the foods of P. crassirostris; the pteropod Clio sulcata, the main food in July and
August, being replaced by the amphipod Hyperiella antarctica in September; yet in
January and February the stomachs were distended with Euthemisto antarctica,
evidently taken from local swarms.

Variations often correlate with the breeding stages. During the rearing of Daption
capense and F. glacialoides chicks the fish P. antarcticum declined in importance while
that of Euphasia superba increased, whereas with T. antarctica nesting nearby the
reverse was found (Arnould and Whitehead, 1991).

The amounts of food carried may also change with time. Regurgitations during
incubation tend to be smaller than those during chick rearing, as exemplified by
Puffinus tenuirostris, where the mean weight of food before laying was 19 g, that
during the chick stage 72 g, P < 0.001 (Montague et al., 1986) (Fig. 3.20).

2 Variations between seasons

Several instances have been quoted, for example the situation with Diomedea
chrysostoma summarized in Table 3.2. Whitehead (1991) gave good data on the foods
of Daption capense over 3 years. The diets in the 1987/88 and 1989/90 seasons differed
in their main components. In the earlier season all were E. superba, in the later one
about the same biomass was taken but 76% of the whole was made up almost equally
of E. superba and E. crystallorophias, the difference presumably reflecting the avail-
abilities in these two seasons.

One of the main conclusions from these studies is that many petrels are opportu-
nistic feeders, and that even those specialized for particular ecological niches can
adapt to a good degree if needs be. This ability to exploit the heterogeneity of the
marine habitat must be a major factor in allowing tubenoses to survive temporary
food shortages, and helps account for their success. Furthermore, while shortages
may affect one population, other populations may be unaffected, and even if these
too are decimated there may still be a ‘stategic reserve’ of immatures searching seas
far from the affected area.

The food spectra are complex and one of the biggest problems is to find how to
correct for the different digestion rates of the various prey so that proventriculi and
gizzard material can be evaluated, as well as to determine diets throughout the year.
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Figure 3.20 Mean weights of food carried by 126 breeding Short-tailed Shearwaters (selected sample),
and 153 adults of unknown status (unselected sample), of 45 adults during the prebreeding period, and of
136 chick meals. Lines above columns are standard errors of sample means. From Montague et al. (1986).

Identification of prey from the composition of stomach oils as examined by Horgan
and Barrett (1985) seems unlikely to provide a short cut, partly because the lipid
composition of invertebrates changes according to breeding condition. Develop-
ment of remote sensing acoustic methods may help in measuring the abundance and
availability of prey, particularly for diving species.
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The communication system of tubenoses comprises vocal, visual, and, possibly,
olfactory signals. A particular call is often associated with a particular behaviour
although some calls may convey different messages in different contexts. Reper-
toires tend to be most complex in large species with large brains that display by day.
As such birds are the longest lived and must make many breeding attempts to
replace themselves, an extensive visual and vocal vocabulary would seem appropri-
ate, whereas for smaller birds with fewer prebreeding years and shorter life
expectancies, a more restricted repertoire is not unexpected.

Furthermore, the large species may display over several years before the pair bond
is forged and even then take a long time to produce their single chick, so that the
partner’s co-operation is even more important for success than with smaller species.
The great albatrosses must even maintain their pair bond after a year’s ‘sabbatical’,
and thereby save energy, as little activity is needed to initiate the next breeding
episode. Presumably the best communicators are the best adapted, co-ordinate their
activities most efficiently, and leave the most progeny, while the absolutely larger
brains of the bigger birds should have a greater capacity to store and respond to
complex information than those of the smaller species. A prime function of the
communication system seems to be to establish compatibility, so that once a bond
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has been forged efficient breeding is possible. A change of partner inevitably results
in loss of nesting opportunities.

Sexual, nuptial or courtship activity involves a series of displays to communicate
intentions or states and they are built from visual or vocal elements which, atleastin
albatrosses and giant petrels, are often given in a particular sequence or ‘set’. Most
such activity is incomplete and copulation does not result. When it does and pair-
bonds have been established, much display behaviour ceases.

Non-sexual behaviours include ‘comfort’ movements for the care of the body
surface and agonistic, defensive and appeasement displays used in the defence of
the territory or person, in hierarchical positioning, and in avoidance of predation
and attack.

Apart perhaps from the yellow flush to the heads of Diomedea albatrus and D.
irrorata, tubenoses lack colourful plumes and base their visual displays on exagger-
ated movements of body parts —expanded wings, fanned tails, waving heads and
so on. However, the bills and tarsi of D. epomophora are said to flush seasonally
(Richdale, 1939, p. 477) and eyelid colours of D. exulans may also alter. According
to Voisin (1968, p. 97) the bill colour of Macronectes giganteus dulls towards the end
of chick rearing and bill colours of Fulmarus glacialis change with the season
(Dement’ev et al., 1968, p. 363). Even the blue legs of Pelecanoides intensify in
nesting birds (Falla, 1937, p. 214). The extent and significance of such changes
await examination.

Because of their relative tameness, the diurnally active tubenoses lend themselves
to the study of their displays and vocalizations but concealment is advisable to
ensure relaxed subjects. Although even nocturnally active species, typically the
more timid, can be tame if hungry—wild Puffinus griseus have taken food from the
hand (Fig. 4.1) as has M. halli (Horning and Horning, 1974). The most widely used
behaviours are duetting and allopreening. In allopreening the active bird nibbles the
head, cheeks, neck, throat or flanks of another, inducing submissiveness in that bird.
The recipient turns its head to one side so as to expose the part to be preened (see Fig.
5.9C). Preening can be quite fierce and when the probing extends around the eye the
nictitating membrane slides across as a protective shutter. Eye closure may perhaps
help reduce aggression in the preener. The bill of allopreeners often appears oily, but
whether this is from stomach oil exuding from the nostrils (as often asserted) or,
more probably, excretion of the salt glands, is unknown. Courtship feeding,
sometimes reported, has not been verified for any tubenose.

Allopreening may involve visual as well as tactile stimuli, but within the nest
chamber of a burrowing species only tactile, aural and olfactory senses can be
involved, as when parents preen their chicks in the dark. Mutual and reciprocal
allopreening between partners and between parent and chick is also common.
Allopreening occurs throughout the courtship cycle and precedes much more active
display. It appears to signal the acceptance of the preener by the preened and helps
pair-bonding.

The calming effect of head preening is readily demonstrated if a finger or small
stick is used to scratch the crown or neck, when even the most aggressive of petrels
becomes docile. Some will respond by gently grasping the finger with their bill and
running the opened mandibles down it as they do when mutual preening: ‘the bird
responds to the finger as if its mate is courting it" (Warham, 1956, p. 177).
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Figure 4.1 Even species normally timid may become tame when hungry. Sooty Shearwater Puffinus
griseus accepting food by hand. It had been neck-ringed when caught previously. Photo. Y. Gollun, from
Shirihai (1987).

Another pattern of behaviour common to all is ritualized nest building, where a
bird picks up soil, grasses or other vegetation in its bill and reaches round a shoulder
to drop rearwards and to one side, the ‘Sideways Throwing’ of Harrison (1967), the
‘Construction Activity’ of Jouventin and Lequette (1990) (Fig. 4.2).

No examination of the possibilities of olfactory signals, for example sex phero-
mones or naso-vomerine activity has been made, although the manner in which
petrels reach forwards to investigate others or their nests would be expected of a bird
seeking olfactory clues. And if olfactory (or even gustatory) information aids
individual identification, this would be most accessible during allopreening with
bills in the other’s feathers and nostrils in close proximity, and with extensive
inhalations during calling.

Burrowing species do not use dramatic visual signals when ashore except perhaps
when fighting. What visual displays are given are effective only at close quarters and
consist mainly in variations in the orientation of head and body in respect of the
other bird. Communication still occurs even in total darkness and that visual
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Figure 4.2 Postures used in the ‘dance’ routines of Wandering Albatrosses Diomedea exulans’
1, "Arched Neck’ (AN), most often used by males before moving towards or around another bird.
2, ‘Sky Position’ (SP) and ‘Sky Position Call’ (SPC) by nest holder, usually a male, to another
approaching bird. 3, 'Duetting’ (DU)—simultaneous ‘Bowing” with ‘Yapping'. 4, ‘Construction
Activity’ (ACT), collecting vegetation and dropping to a flank or near a nest site, most often by females.
5, Yapping’, loud, harsh calling with visual signals from the head and neck, mostly performed by males.
6, ‘Billing’ (B) and ‘Breast Billing’ (BB); a bird reaches towards another’s bill or breast. When both reach
forward their bills may touch. 7, ‘Scapular Action’ (SA), the beak is dipped to one side and hidden in or
rested on the scapulars. Used in many situations including nest relief. 8, ‘Mutual Allopreening’ (MALP)
and ‘Allopreening’ (ALP)—simultaneous preening of each other’s heads and necks, or self preening, both
used in many situations. 9, 'Vibration’ (VIB) head slowly drawn back and neck folded while a strange,
rapid vibratory sound issues from the vibrating but blurred mandibles, usually leading to ‘Billing’.
Mostly by males. 10, ‘Whine’ (WH) head is moved laterally and then swung upwards so that beak points
to the sky, wings widely expanded and a long, piercing, far-carrying scream is given.

!Terminology and figures from Jouventin and Lequette (1990).

information is unnecessary is shown by the responses to playbacks where sound
alone is implicated. On the other hand, some evidence suggests that for diurnal
species vocal cues alone may be ineffective, for example in experiments with D.
bulleri (see Chapter 5.ILI).

Gadfly petrels of the genera Pterodroma and Lugensa tend to form an intermediate
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group between the daytime-active albatrosses and fulmars and the night-time
shearwaters and storm petrels. Some such as P. alba, P. ultima and P. arminjoniana are
active by day and visual clues may be important for them, but no special postures
have been described. Other species such as P. solandri are crepuscular and displaying
birds may be able to see one another and their species-specific plumage patterns (The
Petrels, p. 80). Still others, such as P. mollis and P. inexpectata, are truly nocturnal and
visual clues are only available at close quarters or in aerial displays under the light of
the stars or moon. In such circumstances guidance by calls seems important; or do
they lay olfactory trails in the sky?

During the dance routines of albatrosses intruders are often threatened by one or
other dancer, males being the more aggressive. Conflicts occur over ownership of
nest sites or potential partners. Rapid bill clappering is used by albatrosses, oil
spitting by fulmars, hissing with head jerking by gadfly petrels and bill jabbing and
wrestling by shearwaters, gadfly petrels and storm petrels. Some fighting takes place
and may involve serious wounding, but its incidence is greatest in crowded colonies
and probably more so where nest sites are in short supply.

Petrel vocalizations range from the quiet churrings and whistles of some storm
petrels to the pigeon-like cooings of prions and the brayings of Procellaria spp.
Shearwaters are particularly noisy and the cacophony at an active colony at the
height of the season must have been terrifying to primitive peoples at first encoun-
ter, when at a low ebb—after shipwreck perhaps. Jennings (1983) suggested that the
‘night-flying ravens’ that frightened the Norse chieftains Ospak and Brodir when off
the Calf of Man in 1014 were probably Puffinus puffinus.

Many vocalizations take the form of ‘simple cries’ as defined by Davis (1964) who
noted that the resulting chevron-shaped patterns on sonagrams correspond with
the opening of the beak (frequency rises) and its closure (frequency falls), an acoustic
structure on which many bird calls are based. Some are built from very brief notes
extending over a wide frequency range and help to locate the singer, for example the
clacks of Procellaria aequinoctialis (see Fig. 6.23) whereas the whistle of Fregetta tropica
is said to be ventriloqual.

Among mollymawks a range of sounds results from bill to bill contacts and by the
lateral movements of the upper mandible against the lower. Warham and Fitzsimons
(1987) listed four types of such sounds (see Fig. 5.10). Similar percussion sounds are
heard from other petrels, for example from P. aequinoctialis under attack from skuas.
An unusual example is when incubating Laysan Albatrosses snapping at falling
raindrops, sound like the sustained slow clapping of an audience signalling a poor
performer to leave the stage!

Although Brackenbury (1989) stated that all experimental studies have shown that
birds produce sounds only on expiration, many petrel vocalizations include both
inspiratory and expiratory phrases, as noted for Puffinus nativitatis by Wetmore (1923
in Amerson and Shelton, 1976), in P. bulleri by Falla (1924), and with D. exulans by
Matthews (1929). This is particularly evident with albatrosses and shearwaters, the
inhalatory sounds generally being low pitched and ‘noisier’ than those resulting
from the expulsion of breath and the pulsations of the singer’s throat reveals which
components are expiratory and which inspiratory.

Many of the sounds used are hard to convey in words, others lend themselves
to onomatopoeic representation. Examples are the Maori names for P. gavia of
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‘hakoakoa’ and ‘pahaka’ and the sealer’s ‘pee-00’ for the cry of Phoebetria albatrosses.
The Maori ‘ti-ti" for the New Zealand mutton-bird P. griseus is not the cry of that
species but that of gadfly petrels also eaten, such as Pterodroma inexpectata, as was
pointed out by Richdale (1944a). Other folknames refer to characteristics of the calls.
In the Tokelau Islands the Wedge-tailed Shearwater is ‘Manutagilua’—the bird with
the double cry (Huntsman, in Wodzicki and Laird, 1970).

The first comprehensive account of a vocal repertoire was that of Sparling (1977)
on the albatrosses D. immutabilis and D. nigripes. Warham and Fitzsimons (1987)
presented some analyses of the vocalizations of D. bulleri and Grant et al. (1983)
described and figured many of the calls of P. hypoleuca, but their subjects were not
sexed. Lequette and Jouventin (1991a) provide a detailed breakdown of the vocal
repertory of D. exulans and link this with the sexual displays (Jouventin and
Lequette, 1990; Lequette and Jouventin, 1991b).

Bretagnolle (1995) divides the calls used in sexual and agonistic contexts into two
classes; those using a single call, such as Calonectris diomedea (Bretagnolle and
Lequette, 1990), and those with two, such as Oceanites oceanicus (Bretagnolle, 1989a).
In the first group the call is used by both sexes, in the second at least one is shared,
the other call restricted to the male, or used by both.

Much of the unravelling of the petrel repertoire has been by playing back recorded
calls to birds in the field. Detailed analyses of differences in temporal, frequency and
amplitude characteristics and the responses to playback, allow the meanings of the
vocalizations to be inferred. For methods see Bretagnolle (1995a).

Vocalizations are illustrated here by audiospectrographs (‘sonagrams’) all, unless
otherwise stated, made with a narrow bandfilter to emphasize frequency resolution.

I Constancy and variability of vocalizations

For any particular type of call, each adult petrel tends to have its own characteristic
‘voiceprint’. Birds having peculiarities of voice, perhaps being higher pitched than
the majority, or with unusually fast or slow delivery, are often readily identifiable by
the human ear, and this individuality holds even when the song changes according
to the circumstances. For example, the pitch and volume of duetting shearwaters
increases towards the climax (Fig. 4.3) but the basic repeatability of the unstressed
part of the vocalization remains.

The movements associated with the calls may also be distinctive; a hurried song
delivery, for example, may be accompanied by rapid movements of shallow ampli-
tude. The extent of the within-bird acoustic variation has been measured in some
species. Using both frequency and syntactical variables, Bretagnolle (1989a) found
that the variations in the chatter call of individual male O. oceanicus was not much
less than that of the population as a whole, but for the second major call, the ‘grating’
call, the between-bird variation for both sexes was much greater than that for the
individual one. Brooke (1978e) found that spectrographs of male Puffinus puffinus
could be correctly matched by inspection. The individual differences applied to both
sexes and were additional to the sexual dimorphism in voice.

Individual variation in postures has not been quantified, published descriptions
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Figure 4.3 Duetting by Sooty Shearwaters Puffinus griseus. The male starts in full song (top), builds
to a climax with increasing volume and rising pitch to (A), when the female adds her voice at (B). She
continues as her mate falls silent. Her calls, of low frequency, also tend to increase in loudness as her song
develops. The male’s inspiratory (in) and expiratory (ex) elements are distinct, those of the female less so.
This female's song was built from six elements that resulted in a pulsed, rhythmic sound very
characteristic of her sex. Points of overlap of the sonagrams are arrowed.

covering the average extent of the movements. As with the calls, these may peak
during a display and then decline.

II Intercolony variation in calls

With species such as shearwaters, whose vocalizations are very variable, elaborate
analyses would be needed to detect colony-specific features, and it is seldom that the
human ear detects consistent differences. For example, Guillotin and Jouventin
(1980) detected no vocal differences between the Snow Petrels of Signy Island and of
Terre Adelie despite substantial disparities in their body sizes.

In looking at geographical variation in the calls of P. puffinus and Hydrobates
pelagicus, James (1985b) found no consistently detectable differences in the calls of
birds of either sex of the shearwater from different parts of a small island (Skomer).
However, ANOVA and discriminant function analyses of calls from Skomer,
Skokholm, Rum (Scotland), Puffin Island (Ireland) and Myggenaes Holm (Faroes)
using 13 syntactical and frequency variables provided some evidence for ‘dialect’
development, but with too much overlap to assign the voice of any individual bird to
any particular population.
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In contrast, according to Bretagnolle (1989a), the calls of Wilson's Storm Petrel
populations at Terre Adelie, the South Sandwich Islands and South Georgia,
normally classified as O. o. exasperatus, were similar. All differed in their temporal
and frequency patterns from those of the typical subspecies from the Crozet Islands
and Kerguelen, thus supporting the current classification. The birds at Kerguelen
used a long chattering call not heard in Antarctica.

In a detailed examination of interpopulation variation in the aerial calls of the
gadfly petrel Pterodroma phaeopygia, Tomkins and Milne (1991) analysed large
samples of aerial calls heard over four colonies less than 170 km apart in the
Galapagos Islands. This revealed the existence of population ‘dialects’ involving
frequency and temporal patterns and harmonic structure, and parallel differences
were also found in a range of mensural characters and in egg volumes.

Bretagnolle and Lequette (1990) suggested that the structure of a petrel’s calls are
controlled genetically, the differentiation between populations being enhanced and
maintained by philopatry and site tenacity and by the way in which most popu-
lations are discretely concentrated on islands.

If there is variation in non-vocal displays between populations of any species of
petrel this has yet to be described, let alone quantified. Petrel colonies, of course, give
off a strong odour. Itis possible that each colony has its own characteristic smell used
by the birds as a cue for homing in the dark.

III Ontogeny

The ontogeny of visual behaviour has not been followed closely for any petrel chick:
general changes were noted in The Petrels, Chapter 15. Nor have changes over time in
the displays of the prebreeders, if any, been evaluated. Are those displays at sea
(Section X below) given by birds too young to venture on to the colonies? What is
clear is that the non-breeders are those most active in visual, tactile and vocal
displays on the nesting grounds. Once paired, overt sexual display is greatly
reduced.

Nestlings gradually develop some forms of sexual behaviour and their voices
change. Young petrel chicks produce the usual piping, cheeping and chirruping
sounds (Fig. 4.4) with wing waving when begging for food. Presumably, these help
to reinforce the chick’s pecking at the side of the parent’s beak and stimulate it to
regurgitate.

Richdale (1952, pp. 79-92) followed behaviour in a D. epomophora sanfordi chick
during a 16-day vigil. The 100-day-old chick defecated 48 times by day, 40 times by
night. It left its nest 31 times, travelling a total distance of 65 m. It waved its wings 154
times and stood up 47 times. In the whole 176 h of daylight it slept for 58 h.

At age 178 days this chick “Yapped’ in response to the “Yapping’ calls of its parents
on their arrival, and, if not on the nest, hurried back there to be fed. About 9 days
later, on failing to induce the male to disgorge when its bill was pecked, the chick
gave a ‘Wing Stretched’ display (Fig. 4.5) accompanied by a whine (Fig. 4.4A). The
chick was then fed.

The piping calls of petrel chicks are heard from within the egg for several days
before the hatch. Harper (1976) noted how the cheeping of the unhatched prion
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Figure 4.4 Vocalizations of chicks: (A) Fully fledged Diomedea epomophora chick gives ‘Wing
Stretch’ scream after unsuccessfully supplicating from parent (see Fig. 4.5). ‘x’, Inhalatory phrase.
(B) Calls of young Fairy Prion (Pachyptila turtur) chick begging for food. Note extremely rapid
frequency sweeps and changing structure of the syllables.

Pachyptila turtur elicits calls from the parent and he believed that failure of an embryo
to call resulted in egg desertion, preventing ‘over incubation’. Fisher (1972) sugges-
ted that the ‘eh-eh” and ‘haw-haw’ croaks of D. immutabilis and D. nigripes, used as
the parents bend down to ‘address the egg’, enable the advanced embryo to learn the
basic call of its species. He pointed out that, if this is correct, then it may be a
powerful factor hindering interbreeding.

Calls of newly hatched petrels are short, high-pitched notes that show on
sonagrams as chevrons, usually with clear harmonics. Some show extremely rapid
changes of frequency, the prion chick in Fig. 4.4B providing a rather extreme case.
The frequencies reached increase with heightened excitement, as when the hungry
chick begs for food.

Field workers have noted changes in voice as chicks grow. The young Fulmarus
glacialis has a soft quacking call which develops into a monosyllabic bray (Fisher,
19524, p. 329) and later a repeated shrill note is heard with the full adult cackle being
achieved before fledging. Indeed, Kharitonov and Tihkonov (1982) compared calls of
adult fulmars with those of their advanced embryos and reported that these gave
most of the calls used by parents, including the cackles and squeaks associated with
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Figure 4.5 Fully feathered 226-day-old Royal Albatross (Diomedea epomophora) chick, having
failed to persuade male parent to feed it, performs ‘Wing Stretch’ display with accompanying scream
(Fig. 4.4A), at which the parent gives the ‘Gawky Look’. After Richdale (1950, p. 64).

oil spitting. The pitch of the embryonic calls was higher than that of the adults’ but
the frequencies fell towards the hatch. The quiet peep of the hatchling giant petrel
develops into a deep, guttural snort in the postguard stage and later a bray similar to
that of the adult appears (Warham, 1962). Tennyson (in Marchant & Higgins, 1990)
noted that young Pterodroma nigripennis gave the territorial call when but 8 days old
and suggested that vocal sexual dimorphism was detectable before their fledging.
Other petrels whose chicks acquire adult calls just before fledging are Halobaena, P.
salvini, P. belcheri, Calonectres diomedea, Puffinus puffinus and Pagodroma nivea. Chicks
of Pachyptila turtur have the full repertoire of the species almost on hatching
(Tennyson, unpubl.).

Shallenberger (1973) followed the maturation of calls of Puffinus pacificus chicks.
Most used three-syllable chirps with two peaks whose harmonics reached beyond 16
kHz; their fundamental frequencies ranging from 3 to 8§ kHz. At 2 and 5 days old the
chirps were simple cries. At 10 days, these calls had lengthened and an inhalatory
section had appeared. The pattern continued to change towards that of the adult
birds, with further development of the low frequency inhalant component and a
flattening of the frequency peaks.

The simple cries were used when food begging throughout the chick’s stay in the
nest; the longer transitional and near-adult calls only when defending it from
intruders or other sources of disturbance (Shallenberger, 1973; Swanson & Merritt,
1974).

Nagler and Smith (1992) recognized three types of calls used by chicks of
Oceanodroma leucorhoa. Their ‘Rhythmic’ calls were typical simple cries with har-
monics. Their ‘Short’ calls were c. 50 ms long, spread over a wide frequency range,
and used with head thrusting and bill snapping in defensive actions and fully
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developed in 7-day chicks. The ‘High’ call was a complex simple cry easily derived
from the ‘Rhythmic’ call, more drawn out and with harmonics. Nagler and Smith
found that the ‘Short’ call was used when the stimulus was non-tactile, such as a
disturbance at the burrow entrance, the "High’ one when touched. They did not
follow the ontogeny to fledging at about 61 days.

The voices of prebreeding petrels might be expected to differ from those of the
breeding birds (as do yearling penguins) and Bretagnolle (pers. comm.) believes that
this is true of Procellaria westlandica. And if a bird such as D. exulans takes many years
for its plumage to attain the adult state, why might not its voice also mature over a
long timespan?

What, if any, of the repertoire is learnt is unknown, but when Pagodroma chicks
were raised by Daption adults, the chicks only developed the calls of their own
species (Bretagnolle, in press, a).

IV Sexual dimorphism

With most tubenoses examined so far the voices of the sexes have been found to
differ, the females usually the harsher—see reviews in James and Robertson
(1985a,c) and Bretagnolle (1995a) (Figs 4.3 & 5.7).

In C. diomedea sex dimorphism in size and calls is attained before the nestlings
fledge (Bretagnolle and Thibault, 1995), and would be expected in birds such as
Macronectes whose male chicks are the bigger. Indeed, vocal variation may some-
times be a linked to variation in body size, for example in Pagodroma nivea, where the
fundamental frequencies of the songs of males (the heavier sex) are lower than those
of the females (see Fig. 6.8). This could allow females to select heavier (higher
quality?) males as Genevois and Bretagnolle (1995) hypothesized for Halobaena. In
this species the heavier birds did not have deeper voices, but some temporal
parameters of their calls correlated with body mass and could function similarly.

Apart from the heavier presence of filoplumes on the heads of many male
tubenoses, burrowing petrels are monomorphic in plumage. Vocalizations to adver-
tise the caller’s sex would seem obligatory and in some situations—under heavy
forest (e.g. Procellaria westlandica; Warham, 1988b), and in burrows and caves—there
is no light, leaving only olfaction and sound as possible clues to the whereabouts and
sexes of conspecifics.

The great albatrosses excepted, plumage differences are unlikely to provide clues
as to sex, but head and bill shape probably do, as many such as Diomedea immutabilis,
D. nigripes and Macronectes can be sexed by the human eye on the heavier bills and
heads of the males. Breeding male D. epomophora also have pinker bills and tarsi than
their partners (Richdale, 1950, p. 81). Postures such as ‘Rapier Action’ suggest the
possiblity of sex identification by beak measuring (cf. Fig. 5.5B). Vocal differentiation
could provide additional clues to sex and presumably save time and energy for birds
seeking a partner. For further examples, see the generic accounts below.

In the visual displays of petrels, sex-specific postures are uncommon. There may
perhaps be some cryptic signals undetected by the human eye. Sex may also be
indicated by the way in which a posture is performed. Thus male Laysan and Black-
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footed Albatrosses giving the ‘Sky Call’ rise with their bill tips above those of the
females, evidently signalling both dominance and sex. Sex differences may be
shown only by the degree to which particular actions are associated with particular
sexes—‘Yapping’, for example, was found to be a typically male figure in D. exulans
(Jouventin & Lequette, 1990).

V Exploratory behaviour

The most obvious behaviour of this kind is that of birds probing among colonies in
attempts to find unoccupied nest sites, for example the ‘unemployed’ shearwaters
that wander in and out of burrows in the early stages of the nesting cycle. Richdale
(1963, p. 90) found that some non-breeding burrows held up to 10 different Puffinus
griseus during a season and Harper (1976) provided a picture of the rather frenetic
explorations of Fairy Prions and of their reception by established pairs.

Although petrels are strongly philopatric, not all return to their birthplaces even
if these still offer suitable breeding habitat. Mist-netting of marked Hydrobates
pelagicus has shown that some visit colonies distant from their places of birth (Fowler
etal., 1982). They analysed 16 423 captures and concluded that all were non-breeders.
What proportion of the original populations settle elsewhere is unknown but the
success of Podolsky and Kress (1989) in attracting O. leucorhoa to nest on an
uncolonized island (see Ch.12.VILE.1) suggests that the wandering habit may be
widespread. It is obviously essential for extensions of range (see Chapter 1.VIL.A)

Birds such as P. puffinus and P. griseus will circle over uncolonized headlands after
dark calling without alighting. Established colonies are usually not far away and the
birds involved must be non-breeders and perhaps too young to obtain even air space
at their natal colonies. Conceivably, such birds could found new colonies were there
suitable habitat below.

The general pattern of recruitment to the breeding stock is that on their first return
to the nesting grounds the non-breeding birds land late in the season and leave early
while in later years they arrive earlier and stay longer (see Chapter 1.1V.D).

Displays and vocalizations of the giant albatrosses D. exulans and D. epomophora
mostly take place where two or more birds associate in ‘gams’ (see Fig. 5.2). With
D. exulans such groups consist mainly of younger birds identified by their darker
plumage, and these provide the bulk of the calling and displaying, the breeding
birds mostly ignoring this activity. Pickering (1989) found that D. exulans in their
first year on land were mostly alone, with the males staying ashore the longer, and
by their third season (at 8-10 years old) most stood by a nest site; whereas the
females moved around to display with a succession of temporary partners. Obser-
vations of marked and sexed D. immutabilis showed that the established breeders
did not join in the extensive dances and associated calling of the prebreeding birds
(Meseth, 1975).

A good deal of evidence has also accumulated on the dominant role of the non-
breeders in the chorus of nocturnally active species, for example by Richdale (1944a)
and James (1985a). Their vocalizations reach a climax around nightfall when many
birds are alighting; peaks in the chorus mark peaks in activity in the ground and air.
After about 2 h the din dies away and often by midnight few calls are heard.
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Playbacks tend to pull down birds with feathered brood patches rather than
breeders (Furness & Baillie, 1981; Podolsky & Kress, 1992). Later in the season when
the non-breeders have left, arriving and departing birds tend to be silent.

In a detailed study of the Manx Shearwater, James (1985a) followed non-breeders
by glueing luminescent lights to their central tail feathers. Both sexes left their
burrows to engage in calling overflights, the females spending 2.4 times more time
aloft than the males. In March, when most were already on land, the level of song
was extremely low (Fig. 4.6A), with very few immature birds ashore.

VI Functions of vocalizations

The visual displays of petrels are augmented by their associated vocalizations. For
example, the noise of an albatross ‘gam’ signals its whereabouts to other non-
breeders seeking partners even when the displaying birds are hidden by ‘dead’
ground and, at least among albatrosses, most visual elements of the courtship
displays are associated with particular calls. For birds active after dark, vocal
communication appears essential for bringing the sexes together.

The same display may have more than one function, serving a sexual role in one
context and an agonistic one in another, for example not all bill rattlings and
snappings have aggressive connotations, and female C. diomedea respond differently
to male calls according to whether they are breeding or not (Bretagnolle & Lequette,
1990).

Bretagnolle considers that even petrels with but a single major call, such as
Halobaena, can communicate a range of messages —individual signatures coded in
temporal characters at the end of the call, geographical information in temporal
variations at the start of the call, and sex in syntactical variables (Bretagnolle, 1990a).
He also suggests that, while the wide frequency range and repeated syllables help
the bird’s location by potential partners, the unstructured ‘noise’ may reduce their
detectability by skuas.

A Species recognition and isolating mechanisms

Where several congeners share a breeding place it might be expected that their
voices would differ to help reduce mismatches, more particularly between noctur-
nally active ones. For example, four gadfly petrels nest on the Crozet Islands—
Lugensa brevirostris, Pterodroma macroptera, P. lessonii and P. mollis. Two of these (P.
macroptera and P. lessonii) have very similar voices, and although the first is a winter
breeder, the other a summer one, there is some overlap in their times ashore. The
voice of P. mollis is quite different from that of those two and from that of L.
brevirostris. Bretagnolle (in press, a) hasillustrated the considerable differences in the
calls of the burrowing petrels of a typical subantarctic community.

Another example of several congeners sharing a nesting place concerns the San
Benito Islands, home for the storm petrels O. melania, O. leucorhoa and Halocyptena
microsoma. Anthony (1900) commented on the harsh notes of the first species, the
rather similar calls of the second one, and the strange, high-pitched whirring of the
third which resembled a rapidly revolving cog wheel: ‘For about ten seconds the
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whizzing continues when suddenly a note is dropped —there is a quick gasp, as for
breath—and instantly the wheels begin to revolve again, giving the impression that
there is abroken cog in the buried machine’. Evidently H. microsoma also uses ‘breath
notes’.

Whether voice recognition helps deter hybridization has not been examined, but
with D. immutabilis and D. nigripes, albatrosses that share most of their nesting
places, Sparling (1977, p. 263) suggested several potential isolating mechanisms of a
vocal nature. For example, their aggressive ‘noiselike ehs’ differ in the number of
notes in a sequence and are distinguishable to the human ear. Nevertheless, hybrids
are known between these albatrosses (The Petrels, p. 27; Warham & Fitzsimons, 1987)
and some petrels do respond to calls of non-specifics (see Chapter 6.VIIL.C.2).

B Sex advertising and mate attraction

Courtship display concerns sex advertising, pair bonding and mate selection. Using
Manx Shearwaters, James (1985a) found that more were attracted to burrows from
which taped calls were coming than to control burrows without calls, suggesting
that burrow calls from real birds would be highly attractive (Fig. 4.6B). Most birds
caught in ‘silent’ traps were males —presumably the male’s role is to find a burrow
and, while at first these were mainly non-breeders, later in the season males entered
male-singing burrows evidently to attempt evictions.

The rates of calling changed over the season, aerial ones being highest in June
when prebreeders and immatures were at peak numbers. Birds of both sexes called
from the wing, but females called more from the air, males more from the ground
(Fig. 4.6C).

The responses to male and female calls played from the ground and from the top of
a 10-m pole (simulating aerial calls) were also measured. More females than males
replied and James deduced that a significant proportion of males overhead was
silent. He suggested that by staying quiet, these could assess the settlement
opportunities below from the amount of noise in the different areas, alighting where
the prospects seemed best.

Using similar playback systems from burrows and raised positions with prebreed-
ing Puffinus puffinus, Storey (1984) found that test calls of both sexes increased the
frequency of calls from male birds, whereas only those of males produced increased

Figure 4.6 (A)Call rates (mean %1 SD) by month of Manx Shearwaters Puffinus puffinus: (a) Flying
females; (b) Flying males; (c) Grounded males; (d) Grounded females. All show significant seasonal
differences. Numbers above each point are the numbers of counts per month. Note the low rates during the
prelaying stage in March and April and the increase in May around egg laying due to influx of the non-
breeders. (B) Manx Shearwaters caught in artificial burrows each month per 100 h effort in (a) those from
which female calls were played; (b) those playing male calls, and (c) those trapped in burrows without
playbacks. Male and female calls were equally attractive, both significantly more so than ‘silent traps’.
(C) The mean (+1 sD) proportion of Manx Shearwater calls heard each month that were male, (a) from the
ground; and (b) from the air. Numbers above each point are the numbers of counts per month. From James
(1985a).
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responses from females. Storey concluded that male calls induce competing replies
from other males attempting to attract females to their burrows while also stimu-
lating unpaired females to call to gain information on the whereabouts of the
advertising male by inciting it to continue singing. Playback of male calls from
burrows induced females to land nearby when some prolonged ‘duets’ with the
taped call ensued.

Male Halobaena singing from outside or near their burrows attracted overflying
females. These called before landing and only the females gave aerial calls (Bretag-
nolle, 1990a). This author also found that only the male Wilson’s Storm Petrel uses
the chatter call which serves for self-advertisement and is highly attractive to
conspecifics, particularly to females (Bretagnolle, 1989a).

The flight calls of the storm petrel O. monorhis elicit responses from grounded
conspecifics of either sex, but mostly from their own. Tape playbacks from the
ground attracted fliers of the opposite sex who called in response, indicating a sex-
recognition role for the flight call and the extent of the responses showed that the
birds made few errors in determining the sexes of calling birds (Taoka et al., 1989b).
These authors concluded that males on or below ground gave flight calls to attract
mates while flying females used flight calls to elicit male responses.

C Mate and individual recognition

The value of being able to recognize their partners to long-lived seabirds such as
petrels, which reproduce better when they retain the same nest site and mate, has
been emphasized (e.g. by Brooke, 1978a; Guillotin & Jouventin, 1980). Even for such
diurnally active birds as albatrosses, which can use visual clues unavailable to
nocturnal species, vocal clues may help speed the partners’ reunion, especially if the
nest has disappeared during the non-breeding season.

When a burrowing petrel is visited by its partner, the partner often calls as it enters
the access tunnel and a brief duet may ensue, for example with P. tenuirostris and P.
carneipes (pers. obs.), with O. monorhis (Taoka et al., 1989b) and others.

The vocal response of a petrel to its mate’s call as it enters the burrow may be
different from that given to an intruder, so that vocal and/or olfactory clues seem to
be involved. With P. puffinus, the use of playbacks (which eliminate any olfactory
clues) has shown that the females at least can recognize the voices of their mates
(Brooke, 1978e; Storey, 1984; James, 1985a). Brooke concluded that female P. puffinus
in their nests needed to know their partner’s voices in order to recognize and then
repel foreign males. Males in burrows, however, responded equally to the calls of
their own or those of strange females, suggesting that the males did not recognize
their mates by voice.

D Neighbour recognition
Field observations of the responses of nearby singletons or pairs to extensive calling

and displays suggest that individual recognition may extend to birds other than the
partners. This could be particularly appropriate for diurnally active species and for
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one such as M. giganteus which nests at high densities and in overdispersed patterns.
They also visit their nests outside the breeding season, so are in contact with
neighbours more often than are most other tubenoses. Neighbour recognition may
help returning birds in prompt location of the nest, so reducing attacks when edging
past the beaks of their fellows.

Neighbour recognition may be unimportant for burrowing species. Tests have
been few, the results equivocal. Shallenberger (1973) found slight evidence for
reduced responses to recorded calls of neighbours by P. pacificus and Bretagnolle
(1995a) insignificant differences in similar tests on Halobaena.

E Social stimulation

The contagious nature of calling and displaying on the breeding grounds, and the
attractiveness of playbacks suggest that mutual stimulation may affect gonad
development. This could be particularly important with highly migratory species
such as P. tenuirostris and P. gravis whose laying dates are closely synchronized
(Marshall and Serventy, 1956b; Brown and Baird, 1965). However, such effects could
not be on ovulation as this takes place at sea during the prelaying exodus, nor, at
least with the albatrosses D. melanophrys and D. chrysostoma, does it directly influence
yolk deposition as, by the time that these birds arrive on their colonies, rapid yolk
deposition has been under way for 1-2 weeks (Astheimer et al., 1985; The Petrels, fig.
12.9). For the noisy, active non-breeders and prebreeders however, the stimulation
could help advance their sexual cycles towards those of the breeding birds. This
possibility has not been studied in petrels. However, Marshall and Serventy’s
findings that in captive P. tenuirostris such development was controlled by an
internal rhythm, suggests that established nesters may not be immediately affected
by the noise around them.

F  Agonistic functions

Threat and defensive postures are used by surface-nesting species but visual threats
are evidently little used, at least on land, by those active at night. The postures tend
to make the birds look bigger to the potential aggressor (e.g. Fig. 4.7). Oil spitting
may follow. This attitude was even adopted by fledgling Daption capense swimming
in the sea with skuas hovering overhead (Burton, 1968). Tail cocking is a common
feature of threat posturing, particularly well shown by Macronectes (see Fig. 6.1).
Young albatrosses draw themselves up to their full height and rotate on their nests to
face the intruder meanwhile jerking their heads and gulping in anticipation of
throwing up stomach oil and stomach contents. Except for diving petrels, oil spitting
is widespread, but used mainly by chicks and it is well aimed only by fulmars.
Threatening calls are used by all petrels for warning off potential attackers. They
include the gurgles of fulmars priming their pumps in readiness for firing oil salvoes,
the bill snaps of albatrosses that draw attention to their beaks as defensive wea-
ponry, and a range of low pitched, ‘noisy’ sounds that birds underground use to
deter intruders. With Laysan Albatrosses, Sparling (1977) suggested that the ‘eh’
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calls were of two types, used in different contexts. One with harmonics in the
frequency structure was used by the males towards receptive females, the other with
few harmonics —Sparling’s ‘noiselike ehs’—given in response to an intruder of its
own sex. He also found that other calls—‘whines’” and ‘yammers’ were associated
with agonistic behaviour. Other examples of calls accompanying threats are the
‘whinny’ of Macronectes (Bretagnolle, 1988b) and growling calls of P. assimilis
(Warham, 1955).

Although the effectiveness of threat calls and displays by petrels has not been
evaluated, observations suggest that the chicks of surface nesters, such as alba-
trosses in the postguard stage, are seldom attacked by natural predators such as
skuas, or even by unnatural ones such as cats. Their large size may be the major
factor here, for smaller species are mostly vulnerable to such predators despite their
threats, so that the main function of these calls is presumably to deter conspecifics,
with surface nesters relying on oil spitting for protection, burrowing ones on
darkness and underground inaccessibility.

The various cries heard during fighting seem to be a jumble of threat and alarms.
Providence Petrels fighting after being lured to the ground (Section XVII below)
used a cacophony of cries as they closed with each other and fighting D. bulleri
distorted ‘wails’ (see Fig. 5.7), with the pitch increasing apparently in accord with the
stress involved (Warham and Fitzsimons, 1987).

Alarm calls are also mostly high-pitched, used when birds are startled, caught for
ringing, being eviscerated by a skua, etc. When mollymawks alight in crowded
colonies they may give a loud ‘Wail” apparently in stress, because at touch down

Figure 4.7 Threat posture of Cape Pigeon (Daption capense)—wings fluffed out and held from body,
tail cocked and fanned, making the bird appear larger than normal. From photo by F. Topliffe in Pinder
(1966).
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they are particularly vulnerable to attack by conspecifics whose individual distances
they may transgress.

G Colony and nest location

Diurnally active petrels no doubt locate their own colonies by sight but on dark
nights nocturnal species may use the general hubbub to find their nesting areas.
Local dialects could conceivably provide homing clues (Ch. 6.VI.B.2), particularly for
immatures seeking their natal colonies for the first time. The occurrence of wander-
ing birds by night at colonies far from where they were born and their later
appearance at their home colonies, suggests that their visits may have been
responses to the noise of the strange colony, for example with P. puffinus (Harris,
1972).

The ability of advanced petrel chicks that have wandered from their nests to return
to them demonstrates a sense of position. Similarly, even when nests have been
obliterated by ploughing or snow cover there are reports of their owners digging
down to them.

More intriguing is the ability of adults to locate their own burrows from an
apparent maze of similar ones. Lockley (1932) and Fisher and Lockley (1954)
speculated that the incoming birds calling in flight were using echo-location.
However, as pointed out by Warham (1955) and Serventy et al. (1971, p. 27),
overflying shearwaters that are silent still find their nests. Nor is there evidence for
the use of ultrasonics by the few species so far studied —O. leucorhoa (Griffin in
Grubb, 1974) and Hydrobates pelagicus (Ranft & Slater, 1987). Wink et al. (1982) did
propose that C. d. diomedea flying to nests in cliffs or caves, used the echoes of their
voices to help their orientation. The calls were not ultrasonic and their hypothesis
not tested experimentally. This situation is quite different from that where reflec-
tions are from a sound-absorbing medium such as vegetated and burrowed ground.

That incoming birds are guided by the calls of their mates below ground as
suggested by Glauert (1946) for P. assimilis is also incorrect and breeders still reach
their nests when the occupants are silent or absent (Warham, 1955; Brooke, 1990).

Shearwaters nesting in the open seem to depend mainly on visual clues to find
their burrows as proposed by Warham (1958b, 1960) and supported experimentally
by James (1986a) and Brooke (1990, p. 209) for P. puffinus. The evidence for an
olfactory role is weak (see Chapter 7.IV.A) and the possibility of proprioception not
investigated. This still leaves unexplained how petrels find their burrows in the
darkness of caves or on moonless nights, heavy overcast and closed forest canopies.

VII Ground calling

All petrels give some calls from, on, or below the surface of the ground, in
conjunction with bill and body movements. Most vocalizations delivered from the
ground for advertising or sexual attraction seem similar to those given from the
wing, for example with Pterodroma hypoleuca (Grant et al., 1983). However, ground
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calls tend to be longer. Thus the ‘ti-ti-ti’ calls of gadfly petrels such as P. macroptera
and P. nigripennis are shorter, more staccato when from the air. Songs delivered from
flight also sound different because of Doppler-shifted changes of pitch (see Fig.
6.13H). For the storm petrel H. pelagicus an unbroken run of 983 ‘chikka’ flight calls
was recorded from a burrow by Oldham (in Witherby et al., 1944, p. 26).

Storey (1984) found that the sound volume at the burrow entrance was much
greater than on the surface, the burrow acting as a megaphone: surface calls reached
a wider audience. She suggested that the complex calls of grounded male Puffinus
puffinus are more easily pinpointed than the simpler ones of the flying females.

Petrels in burrows may respond to others calling outside by coming to the
entrance to call themselves, as if to “see off’ the intruder, or perhaps to reply to calling
overfliers of the opposite sex—usually the females.

In her playback experiments with P. puffinus, Storey (1984) found that the calling of
the males increased when other males called, evidently competing for the available
females. These approached in two stages, first landing in the general area and then
listening for more male calls as guides to the burrow.

Established pairs call little from their nests except when the pair-bond is reformed
at the start of the season. However, when returning to take over from their partner
on egg or chick, there may be a brief ‘dialogue’.

Of course, burrow calling advertises the caller’s whereabouts. Predators may take
advantage of this, and the risk of attack was cited as the probable reason why on clear
nights male P. puffinus called only from below ground (Storey, 1984).

VIII Aerial displays

Most tubenoses call in flight at some time, and a few such as albatrosses and giant
petrels, incorporate body movements into distinct aerial displays. Calls given from
the wing carry farther than do those from grounded birds, with the callers at little
risk from predators while they remain aloft.

Gadfly petrels and small- and medium-sized puffinoid petrels—P. assimilis, P.
lherminieri, P. huttoni, P. gavia, P. puffinus—are very noisy in flight over the nesting
grounds although the level of calling can vary considerably from night to night
without obvious links to the weather. Larger species like P. griseus, P. tenuirostris, P.
pacificus and P. carneipes call in flight infrequently. Indeed, incoming P. griseus and P.
tenuirostris at dusk are eerily silent despite their vast numbers, the only sounds the
sussuration of their wings. To those accustomed to the din of flying Manx Shear-
waters at their smaller colonies, the silences of the inflying southern birds come as a
big surprise. Similarly, two Procellaria—P. westlandica and P. parkinsoni— call from the
air, P. aequinoctialis rarely calls, and P. cinerea not at all.

Why are the incoming southern shearwaters so quiet? Most may well be the
established breeders that have no need to advertise themselves and what aerial
singing occurs later in the night probably originates from non-breeders. Why there is
so much more flight calling by the smaller species, except at new colonies such as
that studied by Storey (1984), is unclear. Nor does there appear to be fewer non-
breeders or a greater danger from predation at many southern colonies. Puffinus
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tenuirostris often shares its breeding habitat with L. pacificus, the biggest of gulls,
which takes its toll as do other predators, corvine and raptorial. These losses have
not been quantified, but are appreciable, although arguably no higher than those
experienced by the smaller species. And at some southern sites the predation
pressures are so low that many P. griseus land silently and in broad daylight. Calling
before alighting would then appear to involve no added risk, at least at the present
time. Larger shearwaters are less agile than the smaller ones, of course, but better
able to defend themselves from attack.

James and Robertson (1985a) pointed out that male competition for nests could
make aerial calling and advertising inefficient. Inmature P. puffinus comprised the
majority of those calling on the wing. The males defending and holding burrows left
periodically to call in the air, presumably to attract partners. However, such
behaviour involves the risk of losing the burrow to another prospecting male, so that
where burrows are in short supply or non-breeders particularly numerous, aerial
calling may have been abandoned. This could help explain the comparative silence
of the two southern species as these typically nest at high densities. There might
even be an inverse relationship between the incidence of aerial song and the
proportion of eggs laid on the surface (The Petrels, p. 300).

The hypothesis of James and Robertson (1985a) and Brooke (1990, p. 202) that
petrels with sexually dimorphic calls tend to call in the air and vice versa is not
supported by the silence of inflying P. griseus and P. tenuirostris, which have sexually
dimorphic calls (Fig. 4.3). Again, the storm petrel Oceanites oceanicus, whose sexes call
differently, is rarely heard from the air (Bretagnolle, 198%a). Furthermore, while
James and Robertson (1985a) list H. pelagicus as not singing in flight, Davis (1957, pp.
95-96) described its pursuit displays with vocal accompaniment over the nesting
grounds.

That there is often more aerial calling on dark nights may be because it is safer for
the non-breeders to do so then as they are at less risk to predators like gulls (Storey
and Grimmer, 1986) and at very dense colonies such calling may lessen the risk of
collisions: the short ejaculatory notes of P. tenuirostris perhaps function in this way
(Warham, 1960).

IX Duetting

The ‘dances’ of albatrosses, well described by Meseth (1975) and Lequette and
Jouventin (1991a,b), are accompanied by mutual calling, and non-breeding shear-
waters, prions and other burrowing species also engage in extensive duets when
courting on the surface or in their nests (Fig. 4.8). Typically the male begins and his
partner joins in, so that there is some overlap when both are singing simultaneously,
perhaps in unison, after which the first falls silent and the second completes the
verse, as in Fig. 4.3. Such calling may be very prolonged and resumed on successive
nights. Limited observation of sexed birds indicates that the males tend to be the
more vocal, the females’ contributions briefer. At other times there is some alter-
nation between the voices—sequential ‘singing’—but usually the two fall out of
step.
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Figure 4.8 Little Shearwaters Puffinus assimilis duetting at the entrance to their nest cavity. Their
heads are close together, throats inflated and crown and nape feathers slightly raised. Photo: Author.

X Displays and vocalizations at sea

The sexual and agonistic posturings are not restricted to the land; a wide range of
tubenoses has been reported displaying to conspecifics and, aggressively, to these
and to other seabirds. Most records refer to albatrosses, partly because these are
easily seen. Albatrosses are solitary birds when flying pelagically but, like other
petrels, when they alight on the water they tend to form small groups and then often
indulge in seemingly casual billing, bill snapping, sky pointing, allopreening and
other postures from typical ‘dance’ sequences. Cooper (1974) reported such behav-
iour from D. exulans and mollymawks, and deduced that most were non-breeders.
Harper (1987) saw pairs of D. exulans using the ‘Sky Position’ display: these are
usually accompanied by calling. Wandering Albatrosses use deep, throaty barking
cries when attacking baits (Willis, 1954), bill clapping when fighting off competitors
such as giant petrels, while mollymawks will puff out their cheeks to expose their
gape stripes. Cheshire (1990) reported calling at sea from D. immutabilis and C.
leucomelas, and Black-footed Albatrosses gave high screams with wide-opened bill
and extended wings to keep competitors at bay (Yocom, 1947).

D. immutabilis has used the decks of freighters as mobile display grounds, even
performing full-blown ‘dance’ sequences (see e.g. Campbell ef al., 1986). Still more
surprising is the case of large numbers of P. lherminieri landing on the deck of a
research vessel to sing, display and copulate (Murphy, 1958).
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Albatrosses will also display on the water near their colonies. Richdale (1939)
described D. epomophora using nuptial displays including ‘Wing Stretching’ in these
circumstances, and Buller’s Albatross also performs ‘Croaking’ displays while
rafting off the breeding places. Richdale (1950, p. 67) thought that D. epomophora
could communicate the loss of an egg or a chick to its partner while at sea. There
seems to be no clear evidence for such contacts (Sudbury et al., 1985), but Mougin
(1975, p. 81) pointed out that the existence of local dialects could provide clues for
birds from the same colony to meet up at sea.

Records of smaller petrels displaying at sea are scarce, but among the shearwater
rafts that form off the nesting islands and at the contranuptial feeding grounds a
good deal of bill fencing and allopreening takes place. Correia (in Murphy, 1924b)
noticed this of the ‘cagarras’, C. diomedea edwardsi, off the Cape Verde Islands. Such
birds also call when on the water, for example P. griseus and P. gravis (pers. obs.;
Anon, 1974). Among gadfly petrels, Pterodroma externa cervicalis and particularly P.
nigripennis, indulge in their high-speed aerial chases with much calling far out at sea
by day and by night, as reported by Jenkins (1970) and others. P. hasitata has been
heard using a low ‘growl’, a ‘bark’, and a ‘purr’ at sea off Cuba (Lee & Vina, 1993).

Tubenoses can also be active and noisy in disputes over food. Aggression
establishes the hierarchical status of the different species and individual birds when
these congregate to scavenge at a dead animal like a seal. These actions in the fulmar
Fulmarus glacialis have been analysed by Enquist et al. (1985) (Fig. 4.9). Nowadays
such interactions are seen commonly among petrels crowding for offal around
fishing boats when albatrosses such as D. albatrus, D. melanophrys and D. cauta bray
and clatter their bills to harass smaller birds such as Northern Fulmars and Cape
Pigeons.

Aggressive displays between Procellaria aequinoctialis were seen regularly by
Summerhayes et al. (1974). Two birds faced each other, back feathers ruffled, bills
ajar, heads and necks low and thrust forward and upwards while both gave loud
chattering cries. Finally, one would break away to be chased briefly by the other.

Northern Fulmars are well known for the cackling groups that collect to display on
the sea in the vicinity of the breeding cliffs (e.g. Pennycuick & Webbe, 1959) and
similar behaviour of small groups of Manx Shearwaters chasing, displaying and
calling below the cliffs at Fetlar, Shetland, was described by Tulloch (1977). Compar-
able behaviour occurs elsewhere, for example of Puffinus opisthomelas off Guadalupe
Island, Mexico (Anthony, 1896).

Presumably these displays at sea are mainly between prebreeding birds, perhaps
of the younger classes, as there would seem to be little value for lone breeders to
display with strangers when they already have partners and nest sites.

XI Copulation

Copulation is not often seen except at high-density colonies when most participants
are probably non-breeders. I have found no detailed account of this behaviour for
any storm petrel. Other burrow nesters evidently mate within their nesting
chambers although in some instances breeding pairs have done so on the surface
nearby. Only 19 (40%) of 47 instances of copulation by D. exulans, noted by Tickell
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Figure 4.9 Aggressive communication between Northern Fulmars (Fulmarus glacialis) competing
for food. (A) Challenged from the air, a bird responds with ‘Wing Raising’ and ‘Bend’—head and bill
pointed to the water, tail fanned and cocked. (B) Threat involving ‘Bill Pointing’ with exposure of the pink
buccal cavity and accompanied by a sharp call. (C) A challenger ‘Charges’ across the water to displace a
bird using the ‘Bend’. ‘Charging’ is often done from behind the challenged bird. (D) ‘Breast-to-breast’
action often follows on ‘Charge’. Both birds lift from the water pushing against one another; fighting may
follow. From Enquist et al. (1985).

(1968) were by mated or prospectively mated pairs. Among albatrosses and fulmars
most displaying does not lead to coition. In their study of D. exulans Jouventin and
Lequette (1990) scored only four copulations in 12027 observations of display
postures (cf. Table 5.1).

Many copulations are not preceded by any overt actions, the male abruptly
jumping on to the female’s back. This is usually prefaced by vigorous allopreening
which may be initiated by the female turning her head away from her partner and
offering her nape and cheeks to his bill. He dibbles at her cheeks with the tips of his
beak, around her (closed) eyes and nape, before reaching over to preen the far side of
her head and breast. If receptive, a female may adopt a squat, submissive posture
and allow the male to climb on to her back or to walk up the ramp provided by her
depressed tail. His weight tends to push her wings down to her flanks while his
claws curl round the humeral edges to maintain a firm grasp and balance (see Fig.
6.26C). He taps her bill vigorously with his own, producing the ‘Tattoo’ characteristic
of coition in mollymawks, shearwaters and fulmars.

With D. bulleri, ‘Tattooing’ begins as soon as the male has a firm hold. He strops his
bill across the top of the female’s through anarc of 1-2 cmat c. 7 s 7. After 10-15s the
male begins to swish his tail in a wide arc while working backwards to attain
apposition of the cloacae. His wings tend to droop and the tips of the primaries are
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spread (see Fig. 5.9F). The male’s tail motions push the female’s into a near vertical
position, the male meanwhile increases the amplitude and frequency of the ‘Tattoo’
and tail wagging. As the cloacae touch for 2-3 s bill stropping ceases but may be
resumed after contact is broken off. Two or three cloacal contacts are made and the
whole process is repeated several times. The male may remain on the other’s back for
1-2 min after coition and after dismounting both may self- and allopreen. An
unreceptive female simply raises the front of her body and unceremoniously dumps
the other off.

Similar procedures hold for other mollymawks such as D. chlororhynchos,
D. melanophrys and D. chrysostoma (Rowan, 1951; Tickell, 1984), the fulmars Macro-
nectes spp, F. glacialoides and Pagodroma nivea (Prevost 1953; Warham, 1962; Brown,
1966), and for shearwaters such as Puffinus pacificus and P. griseus (Shallenberger,
1973; pers. obs.). Male great albatrosses D. epomophora and D. exulans do not strop
their bills across those of the females creating a “Tattoo’ (Richdale, 1950), nor do the
North Pacific albatrosses, but after cloacal contact the female D. immutabilis turns her
head round to touch the male’s bill and signal the end of the sequence. Similar bill
thrusts are used by female giant petrels during coition.

Fisher (1971) noted that within a hour of Laysan Albatrosses being reunited on
their return to their nesting territories, the males mated with their partners, and that
this only occurred on their territorial grounds, whereas a male awaiting his partner
would copulate with any bird, male or female, whose posture indicated submission.
He distinguished such promiscuous and unsuccessful copulations and ‘rapes’ from
successful ones, which are quiet and undisturbed acts. These attract no attention
from other birds; rapes do (The Petrels, p. 256). Most successful copulations of
established pairs lasted 2-3 min.

This species uses well-marked precopulatory signals. The male approaches on
tiptoe, breast thrust out and with his head held well above that of his partner. If
willing, she may also rise and perform ‘Sideways Throwing’, but she then signals her
consent by squatting, flattening her back and spreading the scapular and primary
feathers to either side. Fisher confirmed experimentally that a male will not try to
mount a female who cannot spread and droop her wings. Furthermore, a bird of
either sex that adopts this invitatory posture, through accident or other causes, will
stimulate copulation from nearby males.

Reversed mounting has been seen in P. pacificus, particularly between immature
birds with unswollen cloacae (Shallenberger, 1973).

There were 44 extra-pair copulations out of 1823 recorded between the Northern
Fulmars studied by Hunter et al. (1992)—that is, 2.4% —but DNA fingerprinting
showed that none of the strange males fathered another’s chick. The established
male always performed the most copulations and was the last to do so before his
mate laid. These authors discussed how his sperm might achieve priority over that of
the foreign male’s in the storage tubules.

Some vocalizations especially associated with copulation have been described. In
D. bulleri ‘Tattooing’ is accompanied by a series of groans made up of many very
short notes (see Fig. 5.10). During the copulation of D. epomophora the female uses
quiet ‘yapping’ calls, the male Pagodroma nivea a series of soft clucking sounds, his
partner a high-pitched churring (Richdale, 1950, p. 40; Brown, 1966). At the mating of
Puffinus pacificus the male gives a continuous low call with a tremolo effect caused by
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the bill movements, the female also occasionally using a short call. This call tends to
attract nearby conspecifics. If these try to interfere the mounted male will respond
with defence calls (Shallenberger, 1973). In the prion Pachyptila desolata a special
high-pitched whistle is heard during copulation, probably given by the female
(Tickell, 1962, p. 18).

XII Behaviour and vocalizations of nestlings

Chicks of burrowing species spend much of the daylight hours sleeping. The young
shearwater wakes up when the evening chorus begins, stretches its wings, and may
respond to a noise at the entrance tunnel by calling. When it starts to venture out
after dark it may crop nearby grasses and plants to take back to the nest, dropping
much on the ground on the way. Young giant petrels also build up their nests and
may wander off for some distance during long waits between meals.

Nestlings defend themselves by lunging with opened bill, hissing, and some
discharge stomach oil. Their bills are soft and even well-grown chicks have no
effective defence against a skua digging them from a shallow burrow, much less
against a cat or a mongoose that can reach into the nest chamber or snap up any
fledgling during the final exploratory phase of its stay ashore. According to Imber (in
Marchant & Higgins, 1990), the chicks of Garrodia nereis are unusually quiet, perhaps
to avoid detection by skuas, some nests being merely tucked into the skirts of
tussocks and, in effect, above ground (Fig. 1.18).

Oil spitting forms the main defensive armoury for fulmar chicks. With Macronectes
spitting ability declines as the chicks feather and some regularly handled never
regurgitate oil or food, but one female M. halli did so when 112 days old despite not
having been fed for about 14 days. Furthermore, at Point Geologie, Antarctica, oil
spitting by M. giganteus is rare, whereas, for undetermined reasons, in chicks of the
same species at The Crozets and Macquarie Island it is common (Warham, 1962;
Voisin, 1978; Bretagnolle, 1988b, p. 117).

Oil spitting by F. glacialis was examined by Duffey (1951). Chicks with down still
wet from the egg made the lunging actions of spitting but discharged no oil. Brooded
chicks, exposed for any reason, tended, like other young petrels, to yawn expan-
sively and were ready to spit at any disturbance although the parent might show no
alarm. Lone chicks spat at any suddenly approaching bird, their own parents not
excepted, and all, including gulls, tried to avoid being soiled.

Returning parents dodged these salvoes by cackling as they alighted further along
the ledge and then edged forwards cackling softly until the chick calmed down and
feeding could take place. Anything within about 1 m, flying or walking, was spat at
and the chick only recognized its parents after 2 or 3 weeks.

XIII Parental recognition of egg and chick
A Egg recognition

Most petrels so far tested readily incubate eggs switched into their nests in place of
their own. For example, Pterodroma hypoleuca accepted hen’s eggs and D. immutabilis



BEHAVIOUR AND VOCALIZATIONS: A GENERAL INTRODUCTION 199

and D. nigripes plaster eggs (Grant et al., 1982a,b). Indeed, albatrosses will sit on quite
alien objects such as electric light bulbs, tennis balls, even beer cans (Bartholomew &
Howell, 1964; Grant et al., 1982b). However, Tickell (1962, p. 22) could not get the
prion Pachyptila desolata to accept plaster eggs, attributing this to their rougher
surfaces, but they did sit on eggs of Snow Petrels, Antarctic Terns and much larger
hen’s eggs.

Eggs outside the nest are ignored and parent birds do not try to retrieve their own
eggs or chicks displaced beyond the nest’s rim.

These various findings suggest that petrels do not recognize their own eggs
visually, by smell or by feel.

B Chick recognition

From field trials, Rice and Kenyon (1962) concluded that chicks of about 10 days of
age are not recognized by parent D. immutabilis or D. nigripes, whereas strange chicks
aged more than 6 or 7 weeks were not accepted as replacements for those of similar
ages—the parents now evidently recognized their own. When given the choice of
similar-sized D. immutabilis and D. nigripes chicks, D. immutabilis accepted chicks of
its own and of the other species about equally, but D. nigripes never chose D.
immutabilis chicks, and sometimes attacked them. In the trials by Bartholomew and
Howell (1964), the chicks were silent so that only visual, tactile or olfactory clues
were available.

Tickell and Pinder (1972) found that adult D. exulans learn to recognize their chicks
when these are between 8 and 20 weeks old. However, parent D. melanophrys and D.
chrysostoma fed even 80-day-old aliens, so that even if they recognized these as not
their own, the adults did not modify their parental care. As both burrowing and
surface-nesting tubenoses seldom feed chicks except at the nest, there seems little
need for parents to know their own and it also seems unlikely that philopatric
offspring would be recognized if they nested near their parents.

Chicks of burrowing petrels have been switched to nests not their own and have
been reared by their foster parents. Manx Shearwaters at about 35 days old were
switched successfully and Harris (1969b) replaced four well-grown Puffinus lhermi-
nieri chicks by young ones committing the adults to feed them for a total of 103-120
days instead of the usual 75 days, so cross-fostering is evidently possible, at least
with shearwaters.

Harris also transferred four young Oceanodroma tethys chicks to nests of O. castro,
two pairs of which fledged them (Harris, 1969b). However, with four sets of artificial
twins the strange chick was always ejected, suggesting that the adult O. tethys could
identify their own.

Evidence for the ability of chicks to recognize the calls of their parents and for
these to recognize those of their chicks is also ambiguous. Brooke (1978e) played
recordings of male and female P. puffinus to unattended nestlings aged 30-60 days
but these showed no preference for the calls of their own parents (Table 4.1). Tests
with Procellaria aequinoctialis chicks gave similar results (Brooke, 1986).
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Table 4.1 The frequency of response of nestling Manx
Shearwaters (Puffinus puffinus) to playbacks of adult
calls. From Brooke (1978e)

Did not
Responded respond

Male parent 4 9
Female parent 4 12
Total parent 8 21
Male non-parent 2 1
Female non-parent 5 9
Total non-parent 7 20

XIV Non-sexual behaviour

A Nest relief

Exchanges of duty by procellariiforms during incubation or chick guarding do not
involve elaborate rituals. A giant petrel will lift its wings and jump off its egg letting
its relief walk on and settle down while the other leaves (Warham, 1962, p. 150).
Relieved F. glacialis mostly depart promptly but may sit for some hours beside their
partners. Simons (1985) saw the relieving Pterodroma phaeopygia squat beside its mate:
after a few minutes of allopreening this bird stood up and allowed the other to take
over.

At least in open-nesting situations, the on-duty birds may call as they recognize
their partners before these reach the nest, and the relieving Snow Petrel calls
persistently as it approaches, presumably, as with Fulmarus, to discourage oil
spitting. Nest reliefs are accompanied by allopreening and both may rise and closely
inspect the egg before the changeover. Manx Shearwaters allopreen vigorously
during nest reliefs in the guard stage (Warham, 1952) and preening and duetting
with swollen throats also feature during changeovers of Puffinus assimilis (Fig. 4.8).

B Comfort movements

There appear to be no actions special to tubenoses in their care of the body surface,
nor any clear differences between the genera. Self-preening is important as is oiling
of the plumage with the preen gland secretion. The back of the head is oiled by
rubbing it directly on to the gland.

The propensity of giant petrels for bathing needs emphasizing. When feeding on a
carcass, the whole of their heads, necks and shoulders may get plastered with blood
and fat. Having fed, the birds immediately bathe vigorously to restore their plumage
(Warham, 1962). How they shift the fat merely by sluicing with cold salt water is
unclear. Fulmarus petrels and their newly fledged chicks also bathe exuberantly, and
the sea beneath the big northern colonies is often covered with big rafts of
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fulmars, many bathing, rearing up and ‘dive-dapping’ so that the water pours from
their backs and tails, often calling loudly meanwhile.

The most unusual aspect of feather care is that done to remove stomach oil, either
that spilled by the bird itself or from strikes by others. This soiling is removed by
bathing. Pryor (1968) described soiled Pagodroma nivea making shallow excavations
in snow banks into which they rubbed their bodies, even turning on to their backs to
complete the cleansing. Just how frozen rain can remove hydrophobic oils from
feathers is difficult to understand.

Petrels shake their heads rapidly from side to side to throw salt gland excretions or
detritus from their beaks. Sneezing may perform the same function. They also
attempt the removal of debris or parasites from their heads by scratching with a foot
brought up from under the wing. Incubating birds roll to one side to preen the soles
of their feet.

Yawning is common and reveals the great extent of the gape. Incubating birds
spend much time sleeping, and, particularly in cold weather, tuck their beaks into
the scapulars so that the inhaled air is preheated. Simons (1985) found that
incubating Pterodroma phaeopygia spent almost 95% of their time asleep, but during
the hatch they slept for only 34% of the time, otherwise resting quietly. Fisher (1971,
p- 47) recorded D. immutabilis passing into an ‘incubating trance’, staring ahead but
with the nictitating membranes pulled across half-opened eyes. Many shearwaters
sleep after feeding their chicks, resting either in the nest or tunnel, often on the
ground nearby and many appear to stay there until the predawn exodus.

Grant et al. (1982b) monitored the behaviours of incubating albatrosses by day that
resulted in the ventilation of their nests—side and foot preening, changing position,
head scratching, standing up with or without wing flapping. The Laysan Albatross
flushed its nest twice as frequently as did the Black-footed species.

Petrels also sleep away from the nesting colonies, for example when groups of
giant petrels both during and outside the nesting season rest on open ground on
windy saddles above the sea where takeoff is easy; many appear to be non-breeders.
Snow and Antarctic Petrels sleep on icebergs, and Wilson’s Storm Petrels may sleep
on the sea during premigratory flocking (Phillips, 1954). Allison (1952) timed the
activities in 24-h stints of F. glacialis at sea, finding that birds asleep and others resting
but awake were most numerous around mid-day.

C Responses to artificial lights

That night-flying petrels will ‘home in’ to bright lights has long been known,
especially in fog, which seems to disorientate them. Richdale (1952, p. 82) found that
it was only on foggy days that all his Royal Albatross chicks went unfed.

Harrow (1976) reported that hunters spot-lighting for deer could draw Puffinus
huttoni down on foggy nights, and spot-lighting has been used routinely on the
nesting grounds to capture elusive species. Swales (1965, p. 26) found that at Gough
Island on calm nights with low cloud or fog it was only necessary for two 750-W
lights to be switched on for a few minutes before some 2000 birds were landing or
circling around, creating a hazard for the researchers—a 1.2-kg Shoemaker travelling
at high speed forming a formidable missile!
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The effectiveness of spot-lighting varies not only with the weather conditions but
also with the species. Birds that are normally active by day but that also fly overland
by night, such as D. exulans, seem unaffected by the illuminating beams. Probably all
nocturnal petrels are susceptible to some degree, but some are particularly sensitive,
for example diving petrels (The Petrels, p. 200). And although storm petrels often
alight near lights, particularly when storm-driven inland, Fregetta tropica and G.nereis
sometimes disappear backwards up the beam (pers. obs.).

This phototactic behaviour has not been investigated in field or laboratory. Imber
(1975b) hypothesized that fledglings are attracted because they are programmed to
seek bioluminescent prey and respond as if the lights were a kind of superoptimal
stimulus. He suggested that once young birds had taken such prey, artificial lights
lost their attractiveness. However, adults are often highly vulnerable to ship’s lights
and to spot-lighting, and Bourne (1976a) gave a simpler explanation: the birds fly
towards the light seeking a way out of the mist so that they can navigate in the
ordinary way —from stars, moon, or landmarks.

XV  Sound production

Petrels produce sounds by striking their mandibles against one another, by knock-
ing their bills against those of other birds, or by forcing air through their syringes.
Most can vocalize when air is drawn through the voice box as the lungs are inflated —
the inhalant sounds or ‘breath notes’—or when it is forced out producing exhalant
sounds. These latter tend to be the louder. Much energy is expended in the climax of
displays such as the ‘Wing Spread’ of the great albatrosses when the breast and belly
muscles are seen to contract and expand extensively. Movements of the hyoid in
altering the buccal capacity can be detected and head shaking and perhaps varying
curvature of the neck all appear to influence the tone of the sounds.

The syringeal anatomy varies considerably from species to species within the
order as demonstrated by Forbes (1882) and Fig. 4.10, but there are only two pairs of
syringeal muscles. The mode of sound production has been examined only in P.
pacificus. Shallenberger (1973) blew air down the throats of freshly killed or anaesthe-
tized birds. He got no sound during lung inflation but a high-pitched whine from
lung deflation which was rather like a typical exhalant call, and apparently gener-
ated from within the syrinx. Manual manipulation of the opening of the glottis
affected sound quality, suggesting that glottis control may be important. It may be
that much inspiratory sound production is involuntary, a consequence of the need
to inhale deeply to produce high volume, far-carrying sounds on expiration.

Modification of the sound may be effected by alterations to the buccal cavity.
Rapid but small movements of the mandibles may also create a vibrato effect. The
tongue, of variable shape and size (see Fig. 10.8) probably also affects the transmitted
sound, but no study of this has been undertaken. Indeed, the whole question of how
petrels produce their calls awaits proper investigation.

XVI ‘Playback’

The reactions of birds to recorded calls have been widely used in gaining insights to
the functions of calls. With petrels, playback elicits responses mainly during the
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prelaying and incubation stages; later most breeding birds are ashore too briefly for
extensive experimentation. Playbacks allow the calls of known birds to be captured,
although responses are often brief so that two recorders are needed. Most studies
have been of burrowing species but Warham and Fitzsimons (1987) played sounds
back to D. bulleri.

Responses by day from burrowing species are far less than those obtained at night,
with contagious effects also much reduced. Playback at high volume may provoke a
greater response. Stimulated birds on the surface often attack each other briefly —cf.
lured Pterodroma solandri (see Fig. 6.9). Responses decline with continuous playback
and doubling tape speed also led to a fall off in responses from Puffinus pacificus
(Shallenberger, 1973). Some birds adjusted their calls to synchronize with those on
the tape, giving a sound an unnaturally high amplitude and pitch.

Experiments with P. puffinus show that paired females do not respond to the calls
of strange males, but only to those of their mates and this is true also of P. gravis
(Brooke, 1988). But paired males respond to the voices of other males (Brooke, 1978e;
James 1985a), presumably to deter further investigation. In her experiments, Storey
(1984) found that non-breeding female P. puffinus are attracted to playbacks of male
calls especially if these are from burrows, calls from the surface being less attractive,
as are duets from within burrows. Playbacks of male and female calls to 30-60-day-
old nestlings early in the night elicited the soft cheeping accompanying feeding.

Playback has been used extensively in studies of storm petrels. Grubb (1973)
provoked strong replies from O. leucorhoa of unknown status and sex to their ‘Churr’
call, with up to 15 birds hovering over the speaker, blank tape producing little
response. Later studies show that within burrows these birds respond only to calls of
their own sex (Taoka et al., 1989a) whereas flying ones respond with ‘Chatter’ calls,
more responses being given to calls of the opposite sex—the reverse of the situation
with birds below ground (Taoka et al., 1989¢). Flying O. monorhis were also attracted
to playbacks of the flight call of the opposite sex.

XVII Responses to man-made sounds

The Cahow Pterodroma cahow on Bermuda was eaten in great numbers by ship-
wrecked sailors from the Spanish galleon of Capt. Diego Ramirez in 1603, and again
in 1609 that bird supported the survivors of the Sea Venturer. Purchas (1738 in Jones,
1859) described how the sailors got birds ‘by standing on rocks by the sea-side,
whooping, hallooing, and making the strangest outcries, which attracted the birds,
until they settled on the very person of the hunter’. Similar methods were used by
the convicts at Norfolk Island to take Providence Petrels P. solandri— When they
begin to drop, we would go down into the valles, and the more we hollowed
“ho, ho, ho” the birds would come running crying out “ke, ke, ke”, thinking it was
their mate or young...". So wrote Jacob Nagle in 1790 (Dunn, 1988). Likewise the
‘Ua’U of the Hawaiian Islands P. phaeopygia sandwichensis was also incited to reveal its
nest sites by calling out in response to the hunter’s imitations of its cries (Perkins,
1913; Bryan, 1908), and in foggy weather Newfoundland fishermen called up the
‘hagdon’ Puffinus gravis with imitations of their harsh cries (Collins, 1884). Bulwer’s
Petrel may emerge from its nest at imitations of its call (Amerson & Shelton, 1976)
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and Pterodroma inexpectata may respond similarly: in one instance an incubating
female due to be relieved by its mate, even left the egg to walk towards the caller
(Warham et al., 1977).

Hindwood (1940) drew attention to the ease with which P. solandri could be
brought down to earth using man-made cries. The decoy calls and the petrels’
responses were analysed by Warham (1988a) (Fig. 4.11). The tests were made around
the start of egg laying, the lure being a sustained hooting by flapping a hand before
the mouth while sounding a steady note at around 0.5 kHz—the so-called ‘war-
whooping’. Many birds circled overhead in the late afternoon, with layer after layer
visible from sea level up to about 800 m. They called with a harsh “ti-ti-ti’, creating a
typical gadfly petrel chorus of animated chattering. Hand clapping lured some birds
to the ground but ‘war-whoops’ provoked the most dramatic responses. Those
nearest the caller replied immediately so that the general level of sound was abruptly
amplified (Fig. 4.11A). These nearest birds tended to lower their feet and brake with
their wings as if about to alight. Some changed their flight paths to bring them
towards the source of the calls. With continued calling the petrels began to alight
nearby and once down gave strident and urgent ‘ti-ti’ calls as they hurriedly tottered
forwards over vegetation and boulders. On reaching the caller’s feet they clambered
on to his or her body, replying to every hoot, but now tending to peck and
mandibulate the caller’s clothing, using movements similar to those of gadfly petrels
during mutual preening (e.g. P. macroptera; Warham, 1956).

The decoy calls were of lower pitch than those of the birds, but the hand
movements did generate a series of shallow pulses, best shownin Fig. 4.11B, and at a
rate rather similar to that of the syllables of the petrel’s call. Such a pulsed pattern
may be the key factor for a practical lure for these birds and perhaps help explain
why hand-clapping and even playing a mouth organ can be effective.

This device is now known to work well with many other species, for example with
P. macroptera, P. externa, P. pycrofti, P. nigripennis, P. cookii, P. axillaris, P. lessonii and P.
mollis (Scofield, 1990; Tennyson & Taylor, 1990b; West, 1995 and Bretagnolle, pers.
comm.). Tennyson and Taylor confirmed that the birds that landed appeared to be
non-breeders and that, as with P. solandri and evidently P. phacopygia, the lure calls
were most effective in the prelaying and incubation stages, tailing off during the time
when chicks were being reared. Some birds within burrows also replied, enabling

Figure 4.10 Syringes of petrels. Lines point to junctions between tracheal and bronchial rings, as
defined by Forbes. Not drawn to scale and only one syringeal muscle shown. (A) Diomedea exulans
from before (ventral view); B. D. exulans from behind; (C) Macronectes sp. from before (left) and
behind (centre), a, b and c show sections of syrinx and trachea along the lines a, b and ¢, to show the double
nature of the tracheal tube below and its complete division by a median septum above; d, trachea opened to
show median septum dividing it into two parallel tubes through the left of which a pointer is passed;
(D) Pagodroma nivea from before; (E) Fulmarus glacialoides from before; (F) Pachyptila vittata
from before; (G) Pterodroma macgillivrayi from before; (H) Pterodroma lessonii from before;
(1) Puffinus tenuirostris from before; (J) Hydrobates pelagicus from before; (K) Oceanodroma
leucorhoa from before; (L) and (M) Garrodia nereis from before and behind, e, the last tracheal ring
from below to show the pessular bar; (N) and (O) Pelecanoides urinatrix from before and behind. After
Forbes (1882).
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Figure4.11 Stimuli (1) and responses (2) of Providence Petrels (Pterodroma solandri) to vocal lures;
(A) by a flock of flying birds; (B-D) by different grounded birds approaching the human caller. Note the
rapid responses to the ‘war-whoops’ and their pulsed nature. The energy of these is at a lower frequency
than that of the major energy bands in the birds’ calls, suggesting that the timing and rhythm of the
man-made sounds were more important than their frequency structure. From Warham (1988a).
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Figure 4.12 Storm Petrels Hydrobates pelagicus hovering around an engine exhaust at the
lighthouse at Rost, Norway. Photo: Bruno Sundin.

occupied nests of P. nigripennis and P. axillaris to be found. Birds on eggs or chicks did
not leave them but some did respond vocally. These findings suggest that the
respondents are birds of either sex seeking partners, and that the calls act as
superoptimal sex advertisements.

Other kinds of petrel will respond to imitations of their calls. Shearwaters will
reply from their burrows, the best respondents probably being without partners and
with these it may be possible to maintain extended duets. Tickell (in Beck & Brown,
1971) brought flying Fregetta tropica to the ground, and even to land upon him, by
imitating their whistling call.

Precise imitations may not be necessary. Zonfrillo (1982a) and Clark (1985) found
that H. pelagicus was attracted to the playback of calls of O. leucorhoa, perhaps
responding to calls rather like their own and/or to calls associated with their natal
islands where both species may have bred. In Tonga the Wedge-tailed Shearwater is
said to be lured to wailing sounds and radio music, so that the people can ‘whack
them out of the sky to procure themselves a meal’ (Jenkins, 1980).

Petrels will also respond to quite artificial sounds. Four different Procellaria cinerea
came repeatedly to rest above or below a noisy engine exhaust at Macquarie Island,
one reappearing in the same place the following year (Warham, 1969). At Great
Barrier Island, P. parkinsoni can be found sitting near running power generators
(Scofield, 1990), and on the Norwegian island of Rost, H. pelagicus storm petrels are
attracted to the exhaust pipe of the lighthouse’s diesel engine (Fig. 4.12). In all these
instances the attraction appears to be the rhythmical, low-pitched nature of the
sound acting as another superoptimal stimulus, probably to birds seeking mates.
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Truly synthetic sounds were used by Taoka and Okumura (1988) and Bretagnolle
and Robisson (1991) in investigating the characteristics of the calls of the different
sexes of Oceanodroma leucorhoa and Oceanites oceanicus respectively. Taoka and
Okumara used a synthetic song based on the typical rhythm of the ‘Chatter’ call of
O. leucorhoa, with a tape of ‘white noise’ as a control. Birds in burrows responded to
‘Chatter’ calls of their own sex with their own sex-specific ‘Chatter’ call. The voice of
the females was of lower frequency than than of the males. Using the same rhythm, a
series of sounds at 0.5 kHz above or below 1 kHz was presented to birds of known
sexin their burrows. There were no replies to tapes of ‘white noise’. Otherwise all the
playbacks provoked some responses, but the only significant ones were those of
females to synthetic calls at 1 kHz. It was deduced that the characteristics of female
calls included syllables of constant frequency at or below 1 kHz and that sex
recognition is based on the call’s frequency structure. Males only replied signifi-
cantly to a tape closely resembling the rhythm and acoustic structure of songs of
male birds. These authors suggested that the rhythm of the ‘chatter’ call in this
species may be involved in species’ recognition and that this call may carry
information not only of the species involved but also of the sex and identity of the
caller.
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The dramatic displays of albatrosses attracted the attention of early explorers like
M’Cormick (1842), more exact information coming from Matthews (1929) and
Murphy (1936). Really detailed accounts and comparisons awaited the studies of
Richdale (1949, 1950). More recent accounts include those of Fisher (1971), Meseth
(1975), Sparling (1977), Jouventin et al. (1981), Berruti (1981), Tickell (1984), Jouventin
and Weimerskirch (1984), Warham and Fitzsimons (1987), Jouventin and Lequette
(1990) and Lequette and Jouventin (1991a,b).

Communication functions can be deduced from the contexts in which the
postures and calls are used and what follows from them, for example with Diomeden
exulans (Table 5.1), but no species has been subjected to field experimentation to
tease out the significance of the various elements, apart from preliminary work by
Warham and Fitzsimons (1987).

Copulation, ‘Sideways Throwing’ and allopreening are as described in Chapter 4,
much self-preening appearing to be displacement activity. In ‘Scapular Action’ as
first described by Richdale (1949, p. 12) the head is quickly turned to one side and the
bill then dipped behind the folded wing on the opposite side of the body (see Fig.
5.5F). This is only used by mollymawks. It is not the same as the ‘Scapular Action’
described by Meseth (1975) for D. immutabilis, by Jouventin and Weimerskirch (1984)
for Phoebetria, or by Jouventin and Lequette (1990) for the great albatrosses. For this
action, where the bill is hidden on the same side of the body, the terms ‘Beak Hiding’
or ‘Leg Action’ are used here.

I The ‘great’ albatrosses

The repertoires of D. exulans and D. epomophora are basically similar. All postures are
used by both sexes and most are accompanied by a special vocal signal, but some
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Table 5.1 Use of postures by each sex of the Wandering Albatross. From Jouventin and
Lequette (1990)

% of each attitude
between the two sexes

Total

Attitude number % of total Male Female Exact test
Billing: ‘B’ 3898 324 52 (2013) 48 (1885) *
Bowing: ‘BW’ 1501 12.2 54 (808) 46 (693) **
Vibration: ‘VIB’ 1124 9.3 69 (770) 31 (354) e
Yapping: ‘'YAP’ 1104 9.2 72 (797) 28 (307) o
Sing. Bill Snaps: ‘SBS’ 1055 8.8 60 (636) 40 (419) i
Scapular Action: ‘SA”! 988 8.2 58 (575) 42 (413) o
Turn Around: ‘TA’ 366 3.0 70 (257) 30 (109) b
Sky-Position: ‘'SP’ 357 3.0 69 (248) 31 (109) okt
Walk: ‘W’ 296 25 69 (205) 31 (91) o
Arched Neck: ‘AN’ 258 21 71 (184) 29 (74) b
Whine: ‘WH"? 215 1.8 83 (178) 17 (37) e
Threat: 'THR’ 187 1.6 67 (125) 33 (62) e
Walk Away: “WF 155 1.3 16 (25) 84 (130) xEE
Defence Billing: ‘DB’ 131 1.1 34 (45) 66 (86) ok
Grunt: ‘GR’ 105 0.9 91 (96) 9 (9) ok
Construct. Act.: '"ACT? 77 0.6 34 (26) 66 (51) o
Shaking Head: 'SH’ 69 0.6 45 (31) 55 (38) NS
Sky-Position Call: ‘SPC’ 67 0.6 96 (64) 4 (3) i
Allopreening: ‘AL’ 53 04 32 (17) 68 (36) *
Snorting: ‘SNT’ 17 0.1 35 (6) 65 (11) NS
Copulation: ‘COP’ 4 0.03 50 (2) 50 (2) —
Total 12027 7108 4919 e

Exact test: NS, non significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
1 ‘Leg Action’; 2‘Head Shake & Whine’; 3 ‘Sideways Throwing’.

elements are used more by one sex (Table 5.2) and there are sexual differences in
some calls. During nuptial displays a series of postures is strung together to form a
sort of ‘dance’ (Richdale, 1950; Jouventin & Lequette, 1990).

In the following summaries Richdale’s terminology is used where appropriate.

A Nuptial displays

1 ‘Billing’—see Fig. 4.2(6)
The bird reaches with bill slightly ajar towards the bill or breast of another—"Bill
Pointing’, the male’s head slightly higher than the female’s. Their bills may touch or

that of the active bird contact the other’s breast—the ‘Bill Touching’ and ‘Breast
Billing’ of Jouventin and Lequette (1990). ‘Billing’ is the commonest action between



Table 5.2 The use of acoustic signals by Wandering Albatrosses. From Lequette & Jouventin (1991a)

Visibility of Main Yo
% of total associated following performed
Acoustic signal (n = 6121) visual display display by males  Context Possible function
Yapping 18.0 ++ — 72 A;P;C Sexual recognition, identification,
territorial assertion
Whine 3.5 +++ Threat (89.0%) 83 D High-intensity excitement
Threat 3.1 +4++ Billing (22.2%) 67 D;N Threat
Whine (22.2%)
Grunt 1.7 ++ Billing (37.0%) 91 D Low-intensity excitement
Arched Neck (25.9%)
Sky-position call 1.1 +++ Yapping (56.0%) 96 D;A;P Territorial assertion, female attraction
Vibration 18.4 ++ Billing (74.6%) 69 D;A;P Announce a contact intention
Single bill snaps 17.2 + Leg Action (54.8%) 60 D;AN Aggressiveness, announce a contact
intention
Leg action 16.1 ++ Billing (52.5%) 58 D;AP Appeasement, possibility of contact
intention from the partner
Groans 20.8 + Billing (87.4%) 52 D;P Announce an imminent ‘Billing’

By sex, main following display (when > 20.0%), context (D, dance; A, after the dance; P, pairs; N, non-displaying birds; C, between parents and chick) and
visibility of the associated posture (+, rapid movement of the head or the bill; + +, movement of the head plus neck; + + +, longer and ampler movement of head
and neck plus wings or displacement).
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courting great albatrosses (Table 5.2) and is often used in greeting or as the prelude to
more intense activity.

2 ’'Bowing’—see Fig. 4.2(3)

The bird swings its head down towards its feet, often touching its lower breast and, if
standing, may reach between its legs. This is done silently or with a low inspiratory
groan, and by single birds or by pairs, when the motions of the two tend to be
synchronized. Like ‘Billing’, ‘Bowing’ may have both appeasement and threatening
connotations according to the situation (Jouventin & Lequette, 1990).

3 Yapping’—see Fig. 4.2(5)

Richdale (1950, p. 16) and Lequette and Jouventin (1991a) described ‘Minor Yapping’
with small up and down head motions and slightly opened bill and at greater
intensity, ‘Normal Yapping’ where the beak is opened wide and the head jerked up
and down repeatedly with loud calls, rather trill-like in D. epomophora, but croaking
in D. exulans (Fig. 5.1A). In D. exulans “Yapping’ is more a male display (Table 5.1),
and in both species occurs in various contexts —by lone males, between mated pairs,
between parents and chicks, concluding a courtship display, and before and after
copulation. Duettists tend to synchronise their calls (Fig. 5.1B). Possible functions
include individual recognition, mate attraction, and territorial advertisement (Table
5.1). With D. exulans extensive ‘Yapping’ often ends on a low inspiratory note as the
bill is abruptly pulled into the breast.

4 ‘Bill Snaps’

The mandibles are snapped together smartly without a forwards lunge, often into
the air—‘Air Snaps’ and usually not more than three are given at a time. ‘Bill Snaps’
are used during the nuptial ‘dance’ and often precede allopreening or mutual billing,
but may also have an aggressive content— (see Section C3 below).

5 ‘Gawky Look’—see Figs 4.5 and 5.2A

A posture often adopted by a passive bird during a vigorous stage of the ‘dance’. It
stands stiffly, head pushed forward somewhat and twisted slightly while staring
intensely but silently at its displaying partner. The feathers of the supraorbital ridge
tend to be lifted, producing an eyebrow. The action signals its interest in the other’s
movements.

6 ‘Leg Action’—see Fig. 4.2(7)

The bird gives a sudden “Air Snap’ and then swings its head to one side to touch its
flank at the top of the leg or axilla and mandibulates the feathers with ‘preening
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Figure5.1 Vocalizations of the Wandering Albatross Diomedea exulans antipodensis. (A) Part of a typical series of ‘Croaks’: note increase in pitch as call
proceeds. (B) Duet of birds ‘Croaking’ into their nest site: the timing tends to match and the female’s calls are pitched higher; F, female; M, male. (C) Vibration:
note accelerating pulse rate and slurred structure of final notes and the first of the double ‘clicks” ending the call. (D) Solo ‘Croak’ calls: note acoustic pattern
distinct from that of bird in (A). (E) *Vibratory': the note rate increases as in (C) although acoustic structure is quite different but final loud notes are also slurred
over a very rapid rise in frequency. (F) A complex threat call given by a displaying bird to an intruder at a ‘dance’—a thick 'Bill Clapper’ followed by a 'breath’
note. Bar is 1 s.
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Figure 5.2 Displays of the Royal Albatross D. epomophora. (A) ‘Wing Stretch’ of male to female who
adopts ‘Gawky Look’. (B) ‘Sway Walk’ circumambulation of nest area by a male. (C) A small ‘gam’ with
one bird giving *Sky Call’. (D) Allopreening: note ruffled feathers on crowns. (E) ‘Vibration’ by a male:
the wings are not always lifted but tails are usually cocked. Partner reaches forwards in ‘Breast Billing’
action.
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clops’, or holds its bill along the scapulars or forearm without burying its tip in the
feathers. ‘Leg Action’ is frequent during the ‘dance’ and at nest relief. It possibly
functions as an appeasement signal.

7 ‘Head Shake’

The head is jerked from side to side horizontally so that the mandibles rattle loosely
together. This action often punctuates nuptial displays and in D. exulans is used
equally by both sexes (Table 5.2). Its function is unclear.

8 'Vibration’—see Figs 4.2(9) and 5.2E

The head is drawn back and slowly raised while the mandibles are vibrated rapidly
through shallow arcs and volleys of loud, pulsed ‘rubbery’ sounds produced which
increase in pitch and pulse speed and end with a few ‘Bill Snaps’ and a forwards and
upwards lunge (Figs 5.1C, E & 5.3B). The first figure especially shows how the final
four to six pulses seem to be overlaid by low notes on a very rapidly rising frequency,
cf. the last five notes in Lequette and Jouventin (1991a, fig. 2C). These confer a
peculiarly liquid timbre to the notes. During ‘Vibration” the mandibles move so
quickly as to appear blurred and sometimes seem not to make contact, yet the sound
continues. Two different mechanisms seem to be at work and possibly the tongue is
involved. "Vibration’ is used significantly more by the males and forms part of the
‘dance’ routine but the kind of information conveyed is unclear. Lequette and
Jouventin (1991a) suggested that it announces an intention to contact the partner.

9 “Sky Call’—see Figs 4.2(2) and 5.2C

A loud ’Bill Snap’ is given as the head is swung up with opened beak so that head
and neck are at 45° or more, and a loud series of rather musical (D. epomophora) or
ratchety braying (D. exulans) notes is emitted with head and bill motionless. In
D. epomophora the wings are often spread, when the bird continues into the ‘Wing
Stretch’ display. As the calling stops the head is abruptly lowered. Jouventin and
Lequette (1990) separate the posture with loud calling and head rapidly lifted, their
‘Sky Position Call’, from an equally common, slower, less intense version, their ‘Sky
Position” movement, done in silence. ‘Sky Call’ is used mainly by males—when
alighting, ‘dancing’, on nests, on the approach of another bird, and occasionally, in
response to conspecifics flying overhead —evidently to call down a potential
partner.

10 ‘Arched Neck’—see Fig. 4.2(1)

Described by Jouventin and Lequette (1990). Keeping its beak horizontal, the
albatross withdraws its neck into its shoulders and then slowly unfolds and
stretches out towards the other bird. No call is used and the function of
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Figure 5.3 Vocalizations of the Royal Albatross Diomedea epomophora epomophora. (4) Male ‘Yapping'. Note typical increase and decline in
amplitude and pitch during the course of the call. (B) Two bursts of 'Vibration’ ending in a double “snap’. The vibration pulses do not extend to the baseline
suggesting that they are not due solely to contacts between the mandibles but that the tongue or palate may be involved. (C) Trilling call given by a well-grown
chick whose ‘Wing Stretch’ scream was analysed in Fig. 4.4A. (D) Scream from a fully feathered chick. Bar is 1s.



BEHAVIOUR OF ALBATROSSES 217

‘Arched Neck’ is obscure: it may be a low intensity supplicatory action (see 14
below.

11 ‘Head Shake and Whine’

The head is raised slightly and swung from side to side about six times while a loud,
far-carrying whinny is given through slightly opened bill. The wings are not
extended but the breast is thrust out and the tail cocked.

12 ‘'Wing Stretch’—see Fig. 4.2(10)

The ‘Head Shake’ leads to this spectacular visual and vocal display which is usually
initiated by the male. As the ‘Head Shakes’ subside the bird rises to its toes, swings
its head skywards, cocks its tail and fully outstretches its wings, so that their
undersides face the partner with the wing tips curved towards it. That bird watches
intently with the ‘Gawky Look’ (Fig. 5.2A). A succession of screaming whines is
given in which expiratory and inspiratory phrases are prominent (Fig. 5.4), inter-
spersed with violent downward sweeps of the head, bursts of bill clappering and
gobbling sounds during which the partner’s bill may be touched. The head is then
swung back into the vertical and a further series of screaming whistles produced.
Meanwhile, the male usually side-steps around the female, slapping down his flat
feet ostentatiously.

‘Head Shake and Whine’ with ‘Wing Stretching’ form the climax of the nuptial
‘dance’ and comprise Richdale’s “Ecstatic Ritual’. Both vocal and visual elements are
very strong, attracting non-breeders from some distance.

13 ‘Sway Walk’—see Fig. 5.2B

A walk with a strange, snake-like gait, the body horizontal, head thrust forwards and
swayed from side to side at each step. Used by recently landed birds moving towards
a displaying pair and sometimes by a circumambulatory male as if to demonstrate
the bounds of a potential nesting territory, the female rotating to face him.

14  Other behaviours

Various short ejaculatory noises, groans and wheezes accompany courtship, some
perhaps purely involuntary due to the effort expended. Jouventin and Lequette
(1990) separate a grunting heard during ‘Leg Action” but suggest no function for this.
Groans are deep rhythmic noises produced in the throat according to Lequette and
Jouventin (1991a), heard during ‘Billing” and when the male drops nesting material
beside his mate. Omitted by these workers is an apparent supplicatory display seen
from both sexes of D. exulans, but mostly from females, in which the head is drawn
back into the shoulders, bill slightly uplifted and the folded wings raised and
shivered while a strange bubbling sound is given. Apart from a little “Yapping’, nest
relief involves little demonstration, the relieved bird usually leaving after a few
desultory ‘Sideways Throwing’ actions.



Figure 5.4 A complete ‘Wing Stretch’ display by a male Diomedea epomophora antipodensis lasting 14.3 s. (A) End of *Vibration” with a double ‘snap’.
(B) Quiet bill “clops’. (C) Inhalatory ‘wheeze’. (D) Double ‘snap’. (E) Inhalatory cries. (F) Sharp ‘bill snaps’ from female. (G) Exhalatory ‘scream’. Bar is 1 s.
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B Aerial display

Richdale (1950, p. 19) described aerial activity in D. epomophora with the birds landing
to display and then taking off again. While airborne, some gave the ‘Sky Call’. This
also occurs when Wandering Albatrosses fly over parties displaying on the ground
below (Warham, 1976). Such birds droop their wings, arch their necks, tilt their
opened bills up slightly, and give the ‘Sky Call’. Lequette and Jouventin (1991b)
wondered whether such displays were only used by males. The Antipodes Island
form D. e. antipodensis also forms very loose aerial parties with birds following one
another in a kind of communal display as does D. e. amsterdamensis (Lequette &
Jouventin, 1991b, fig. 6b).

C Aggression and defence
1 ‘Defence Billing’

The bird points its part-opened beak at another and moves back slightly at the same
time.

2 ’Bill Clop’

A response to the too close approach of another bird or of a potential enemy. The
sound is softer than the ‘Bill Snaps’ of the nuptial display and is a graded alarm,
increasing in rapidity with increasing closeness of the intruder.

3 ‘Bill Clapper’—see Fig. 5.1F

This develops from ‘Bill Clop’. Volleys of violent claps of the mandibles accom-
panied by loud harsh calls are given and head and beak thrust towards the intruder.
The threatened bird may step towards it, for example when another ventures too
close during a pair’s nuptial display. Most intruders move off with head down-
turned.

4 ‘Charge’

A clappering bird suddenly charges its adversary who retreats. ‘Charge’ is seldom
seen and fighting is even rarer, perhaps because of the generally low nest densities.

D Discussion

The nuptial repertoires of the great albatrosses are as complex as those of the well-
studied Laysan Albatross and are similarly built from a varied repertory. Jouventin
and Lequette (1990) showed that, while the sequences of postures are not fixed,
some are often linked together, for example a network comprising allopreening,
“Yapping’,'Leg Action’ and ‘Sky Call’ is clearly separate from the others— (Jouventin
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and Lequette, 1990, Fig. 3). These authors distinguished four stages to the ‘dance”:
(1) the male waiting at a site performs the ‘Sky Call’ as the female alights and walks
towards him; (2) the true ‘dance’ begins with numerous postures and arrange-
ments of varied intensity and duration; (3) the birds rest on or near the site
interspersed with bouts of “Yapping’, ‘Bowing’, ‘Leg Action” and allopreening; and
(4) the birds separate and the female generally leaves. This is a very simplified
sequence with many variants, and is often repeated with different partners several
times a day.

The most obvious difference between the species is that while two or more D.
exulans may simultaneously perform ‘Wing Stretch’ to one other, with D. epomophora
that display is given by only one bird at a time (Robertson, 1985). Some detailed
comparisons are given by Lequette and Jouventin (1991b). They noted that in actions
involving the bill, the mandibles of D. epomophora were opened more widely to show
the black tomia absent in D. exulans, and among the acoustic signals, ‘Yapping’ bouts
lasted longer with D. exulans.

II The mollymawks

These medium-sized southern species have a wide repertory and, on current
knowledge, many elements of their nuptial and agonistic displays are similar
throughout. Details are available only for D. bulleri, D. chrysostoma and D. melanophrys
studied by Richdale (1949), Warham and Fitzsimons (1987) and Tickell (1984).

Features not seen with other albatrosses include the exposure of the gape ‘flashes’
(The Petrels, Fig. 2.6), and the spreading and swivelling of the tail, seen elsewhere
only with Phoebetria, and some mollymawk displays are sex-specific. There is no ‘Sky
Call’. The gape exposure is regulated by muscular control of the adjacent feathers.
The broken circle of white feathers behind the eye is probably also brought into play,
but is unstudied.

Here the behaviours of Buller's Albatross are taken as typical of the group, the
terminology following Richdale wherever possible. His work was elaborated 34
years later by C. H. Pettigrew (unpubl.) some of whose findings are used here.

In D. bulleri paired birds at nests in the prelaying period are very active in display
as are the non-breeders, some of whom show their immaturity by lacking the full bill
colours of the adults.

A Nuptial displays

1 ‘Pointing’—see Fig. 5.5A and C

This takes several forms. A bird of either sex stretches forwards to point at another
several metres away, holding the stance for 2-5s (Fig. 5.5A). At closer quarters the
male often starts by fanning his tail and lunging with a slight scooping and upwards
movement towards the head of the other bird. Their bills may touch and his may
slide along that of the other —'Rapier Action’. This often ends with a sharp ‘Bill Snap’
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Figure 5.5 Postures of Buller's Mollymawk Diomedea bulleri during sexual displays. (A) 'Point-

ing". (B) ‘Bill Clashing’. (C) ‘Nest Pointing’. (D), ‘Bowing’; 1, by a single bird; 2, by a pair. (E) ‘Croaking

and Nodding'. (F) ‘Scapular Action’. del C. H. Pettigrew.

from the initiating bird. ‘Pointing’ birds look straight into each other’s eyes,
sometimes into their nest (Fig. 5.5C). Tickell (1984) reported a barely audible
throbbing accompanying it in D. melanophrys and D. chrysostoma. ‘Pointing’ is one of
the most frequently used behaviours in the sexual repertoire (Table 5.3). Its functions
are unclear, but ‘Rapier Action’ seems to imply the subordination of aggressive
tendencies and to reflect mutual acceptance.

2 ’'Bowing’—see Fig. 5.5D

Performed in silence by single birds and by pairs. The head and neck are swung
down until the bill points to the ground or even backwards between the legs and the
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Male incubator +  + + + o+ + + + + o+ o+ o+ o+ 13
Female incubator + + + + + + + + + 4+ + 11
Male failed breeder + + + + o+ + + + o+ + + + + + 14
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1Birds of some sex and status categories were identified in aerial display but those of other groups may also have been involved.
2Copulation between non-breeders was rare and thought to be mainly between older birds.
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wing tips are slightly raised to c. 5 cm above the closed tail. The bowing of D. bulleri
lasted 1.2 + 0.6 s (n = 17), and might be repeated several times.

3 ’Bill Clashing’—see Fig. 5.5B

This often develops from ‘Rapier Action” with the active bird holding its beak parallel
to and touching that of its partner. The latter then slaps its beak repeatedly (c. 557")
against that of the other creating a sharp cracking sound. Tickell (1984) suggested
that ‘Bill Clashing’ occurs when the approached bird is rebuffed and a considerable
din may result if it continues.

4 ‘Bill Snap’

Sharp closures of the mandibles produce single or serial snaps that often punctuate
extended bouts of display.

5 ‘Croaking and Nodding’—see Fig. 5.5E

This is the major bisexual display. It is preceded by the ‘Gawky Look’ (see 8 below) as
the bird turns towards the source of the stimulus. The folded wings are slightly
raised, the gape stripes fully exposed, and the fanned tail twisted towards the other
bird. The head is then swung down to face the feet, beak slightly ajar and bursts of
croaking sounds uttered (Fig. 5.6) ending with a ‘Bill Rattle’ (see Fig. 5.10B). The head
and body are then swung upright and the action repeated giving a rocking motion to
head and body.

This display is used by all categories of birds and in varied contexts (Table 5.3) and
it is contagious, a noisy pair often triggering off a chorus from neighbours. The birds
are usually standing but if performed during incubation the action becomes
‘Addressing the Egg’, as described by Fisher (1971, p. 61) for D. immutabilis.

The croaks of Buller’s Mollymawk vary in acoustic structure during the course of
the vocalization, tending to rise in the perceived pitch. Analyses show that birds
have their own distinctive note structures and groups of notes arranged in distinc-
tive sequences (e.g. Fig. 5.6A, B). The other notes in a call do not always have a set
sequence. Both the call and note lengths of males are longer than those of the females
(Table 5.4 and Fig. 5.7). Warham and Fitzsimons (1987) concluded that the ‘Croak’
display could provide visual and aural signals about the identity of the species and
individuals and, through variations in the visual movements, indicate courtship or
aggressive intentions. The ‘Croaks’ of other mollymawks are of a similar aural nature
but can often be identified to species by the human ear, for example where D.
chrysostoma and D. melanophrys nest together (Fig. 5.8B, C).

6 ‘Scapular Action’—see Fig. 5.5F

This male display is directed at a female. He stands either head- or side-on to her,
gives the ‘Gawky Look’, then skews his fully spread tail in her direction and lifts his
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Figure 5.6 Sonagrams (A and B) of ‘Croak’ calls of a female Diomedea bulleri, showing consistent
patterns. (C) Typical ‘Wail’ used by a male in courtship. Bar is 1 s.

folded wings. He then turns his head in a half circle, raises his wings still higher and
suddenly tucks his beak behind the primaries on the opposite side of his body with a
soft grunting sound (see Fig. 5.10E). Timed displays of D. bulleri lasted 2.0 £ 0.8 s
(n = 38). On withdrawing his bill the male usually ‘Points’ at the female who may
then also ‘Point’ to touch his neck or wing, usually while his beak is still hidden.

7 'Leg Action’—see Fig. 5.9D
This male posture is evidently related to ‘Scapular Action’. The slightly opened beak

is thrust into the contour feathers and run down the flank to the thigh, the tips of the
mandibles ‘mouthing’ the feathers there. The tail is spread and skewed towards the



Table5.4 Vocalizations and noises of Diomedea bulleri. Durations in s, frequencies in kHz (mean *1 SD; sample sizes in parentheses). From

Warham & Fitzsimons (1987)

Scapular Copulation
Male Female Courtship action ‘groan’ Leg
‘croak’ ‘croak’ ‘wail’ ‘groan’ (3) ‘Tattoo’ action
Number of notes per call 7.6+33 62521 1 — 26.7+4.3 — —
(15) ®) )
Note duration 0.20+0.29 0.16 £0.10 — 0.14 £ 0.08 0.54 + 0.08 0.013 0.02+0.05
(56) (56) ®) @) (14)
Internote duration 0.20 £ 0.08 0.20+0.1 — 0.33+£0.12 0.04 £ 0.01 0.09 £ 0.02 0.10 £ 0.05
(119) (48) ®) @) 12) (14)
Call duration 3.63+2.18 253+1.7 2.21+£0.98 2-3 0.63 = 0.49 — 2-3
(25) (19) @) @)
Call frequency range 4.53 +0.63 415+ 0.66 6.65+1.3 1.32£0.03 4.72 +0.84 — 1.55+0.73
1) (49 @ ® @) (14)
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Figure 5.7 ‘Croak’ calls of D. bulleri. (A) Test male showing ‘Croak’ components; 1, note duration;
2, internote duration; 3, strongest frequency; 4, frequency range. (B) ‘Croak’ duet of a breeding pair;
1, male; 2, female. (C) Agonistic encounter between two males, one attacks and ‘Croaks’, the other ‘Wails’
(Y) and retreats. The first continues croaking but at reduced amplitude indicating reduced aggression.
Pattern is duplicated at (X). Bar is 1s.

female, folded wings slightly lifted from the body and a grunting sound uttered (Fig.
5.10C). This display lasted 2.4 + 1.6 s (n = 17).

Beak-hiding in ‘Scapular’ and ‘Leg Action’ may signal the male’s non-aggressive
state, inviting a closer approach.

8 ‘Gawky Look’—see Fig. 5.11B

One bird glares at another. Its bill is raised slightly, the head and neck feathers
sleeked, the eyebrows exaggerated (especially in the male) and the gape flash
exposed. The fierce look is emphasized by the white flash of feathers behind the eye
(Tickell, 1984). ‘Gawky Look’ often precedes ‘Croak’, ‘Scapular Action,” ‘Leg Action’
and ‘Wail'. The posture is held for 2-3 s before another is adopted or the bird relaxes.
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Figure 5.8 Typical ‘Croak’ calls of (A) Diomedea cauta cauta, (B) D. melanophrys impavida,
(C) D. chrysostoma, (D) and (E) two examples from D. albatrus; note very condensed harmonics in
(E). Baris1s.

9  "Wail’—see Figs 5.7C and 5.12

This is used mainly by males in courtship when it is often associated with ‘Scapular
Action, but it is also given by both sexes when stressed (see Section I1.D.3 below).
Typically, a ‘Scoop-Walking’ male circling a female suddenly opens his beak wide
and emits a loud, far-carrying, mournful cry as he turns to face her. Generally, while
still calling, he swings his head and opened beak from side to side through ¢. 90° for
4-6 times and with fully fanned tail. The female often responds by pointing her bill



228 BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

Arc of head movement

D
Grass release G
. A ape
Tail rotation Feather
‘mouthing’
~Re A\ '/D
F

Raised carpal joint

Tail aside §

Figure 5.9 Behaviours of D. bulleri. (A) ‘Scoop Walk’. (B) ‘Courtship Wail’ in lateral and dorsal
view. (C) Allopreening. (D) ‘Leg Action’. (E) ‘Sideways Throwing’. (F) Copulation. (G) Nest repair. del.
C. H. Pettigrew.
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Figure 5.10 ‘Groans’ and ‘Mechanical’ noises of Diomedea bulleri. (A) ‘Bill Clop’ of mild
aggression: note strong frequency component spread over several milliseconds (probably responsible for
characteristic soft timbre). (B) “Bill Rattle’: the mandibles were struck together five times as the head was
loosely shaken. ‘Mandible Spar’ sounds are similar. (C) ‘Groan’ of a male giving ‘Leg Action’. (D) Churr-
like ‘Groan’ of a male late in ‘Scapular Action’. (E) ‘Groan’ of a male early in ‘Scapular Action’.
(F) ‘Groan’ by a male early in copulation: note high repetition rate of the pulses. (G) ‘Groan’ by a male late
in copulation: pulse rate is very high and each burst ends with a squeak (*); the seven pulses between the
bursts are "Tattoo’ taps caused by the male’s bill striking that of the female.

down the other’s pink buccal cavity. The ‘Wail’ tends to climax the courtship display
and such ‘Courtship Wails’ lasted 3.0 + 0.6 s (n = 24) in D. bulleri.

These long calls are of a single note with many harmonics, often with frequency
modulation (e.g. Fig. 5.7C). They tend to be higher pitched than other calls and, as
Fig. 5.12 shows, the ‘Wails’ of several other albatrosses are of similar acoustic
structure. The function of the ‘Wail’ is unclear.
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Figure 5.11 Facial expressions of Diomedea bulleri. (A) ‘Throat Expansion’. (B) ‘Gawky Look’.

10 ‘Scooping’—see Fig. 5.9A

A silent display in which the head is dropped to the chest and then swung forwards
and upwards so that the bill points 20-30° above the horizontal. The head is then
retracted and the process repeated resulting in a peculiar bobbing and scooping
action. The tail is fanned a little and the folded wings may be raised slightly.
‘Scooping’ is often seen in conjunction with a stylized walk with body somewhat
depressed on bent legs and feet prominently slapped down at each step—the
‘Scooping and Walking’ of Richdale. ‘Scooping’ lasted 0.55+ 0.15s (n=31) in D.
bulleri and was often used as a nest was circled, the partner reacting with ‘Rapier
Action’ or ‘Bill Clashing’.

11 ‘Throat Expansion’—see Fig. 5.11A

Not often seen and then only by males. The bird turns to face the other, raising its
folded wings slightly, ‘Points’, and then withdraws its neck while puffing out its
throat 1-2 cm and giving a guttural groan like that heard in ‘Scapular Action’ (Fig.
5.10D) and taking 1-2 s. Published photographs show it also in use by D. chrysostoma.
Its function is unclear.

B Aerial displays—see Fig. 5.13A

Aerial displays by Buller’s Mollymawk are infrequent, thought to be mostly by non-
breeders, and done silently. They may be directed at conspecifics on the ground orin
the air.

When directed at grounded birds the albatross approaches into the wind at a
height of 5-7 m, then brakes by dropping its feet, webs spread and simultaneously
rakes back its wings at the carpal joints and retracts its head into the scapulars.
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Figure 5.12 Typical ‘Wail’ calls of (A) Diomedea melanophrys melanophrys; (B) D. chrysos-
toma; (C) D. chrysostoma trying to push past nesting pairs; (D) D. albatrus. Bar is 1 s.

‘Aerial Display’ seems usually aimed at groups of non-breeders which, in D. bulleri at
least, may turn to ‘Croak and Nod’ at the overflier.

Occasionally a kind of tandem flying develops with two birds keeping 2-3 m apart
for up to 30s. The leader may give the above display and the follower may copy.
When synchrony is lost the display ends.

Somewhat similar behaviour may be seen with D. chrysostoma. Elliott (1957) noted
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Figure 5.13 Displays of Diomedea bulleri. (A) Aerial display. (B) 'Head Shake’. (C) Incubating bird
attacks potential male ‘rapist’ who gives ‘Distress Wail’ before retreating. (D) *Aggressive Posture’ and
‘Pointing’. (E) ‘Choking’. (F) ‘Defensive Posture’. del. C. H. Pettigrew.
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that D. chlororhynchos occasionally called on the wing, while Shaughnessy and Fairall
(1976) saw this bird flying with arched back, fanned tail and raised head, and giving
croaking cries when passing over incubating conspecifics, but this was rare.

C Other behaviours
1 Nest repair—see Fig. 5.9G

Refurbishing of old nests is mainly done by the females and much of that by sitting
birds. These reach down to dredge up anything within reach, exposing the gape skin
meanwhile, and tapping the load into the rim of the nest—11.3 & 5.4 taps per load,
lasting 3.2 £ 1.0 s (n = 41) in D. bulleri. This goes on throughout incubation so that
nest mounds tend to heighten, for example on 27 December 1982, when few birds
had arrived, average nest height was 23.5+ 6.8 cm (n = 142) but by 17 February, with
incubation well advanced, averaged 25.0 + 4.8 cm (n = 42).

2 Nest Relief

This is preceded by ‘Scooping’ by the relieving bird, but ‘Croaking’, ‘Rapier Action’
and mutual allopreening are usually seen before the new bird takes over.

3 Flight Intention

‘Scooping and Walking’ is used in non-sexual contexts to signal an intention to take
off. The bobbing tends to be speeded up just before departure. This action is used
both from uncluttered ground and where departure may be thwarted by neigh-
bours. It may help deflect interference and increase the prospects for a successful
launch.

D Aggression and defence
1 Threat—see Fig. 5.13D

Most aggressive behaviour is between males. A threatening male typically adopts
‘Gawky Look’, fully exposes his gape flash, then drops his beak towards his chest,
droops his folded wings to expose the carpal joints, the back and closed tail. The bird
then either ‘Points’ or gives a ‘Croak Display’ towards its antagonist. The aggressive
‘Croak’ of D. bulleri resembles its display ‘Croak’ but the accompanying bow is
shallower and aggressive ‘Croaks’ are higher pitched and last up to 15 s without any
contact with the other bird (see Fig. 5.7C).

Between bursts of agonistic activity mollymawks may uproot vegetation—the
‘Ground Stabbing’ of Tickell—or vigorously self-preen their breast feathers.
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2 ‘Attack’—see Fig. 5.13

The threatening bird grabs any part of its adversary within reach to pull and shake it.
The attacked bird struggles to get away. The attacker may obtain a grip on the other’s
neck—the ‘Choke’ (see Fig. 5.13E)—which it may maintain for up to 1 min. The
recipient often ‘Wails’ as it struggles to free itself (e.g. Fig. 5.13C). ‘Charge’ is a direct
attack, for example when a bird gets on to a temporarily unoccupied nest whose
owner then rushes in to evict the trespasser (Tickell, 1984, fig. 16).

3 Defensive behaviour

Incubating birds of either sex respond to mild threats by ‘Head Shake’ (see Fig.
5.13B) where bill and head are swung horizontally through c. 45°, the mandibles
struck together producing a castanet-like rattle. ‘Pointing’ as well as ‘Croaking and
Nodding’ are also used in defensive/threat contexts.

A bird on a nest may also attempt to deter aggressors with a ‘Defensive Posture’
(see Fig. 5.13F), pulling its bill into its chest and if the intruder gets closer, by
‘Jabbing’, jerking its head forwards and giving a rapid fusillade of ‘Bill Clops’ at 2-3
clops s~ (see Fig. 5.10A). This may lead to ‘Gulping’, where the bird turns to face the
threat, pulls its head and neck into its chest and makes gulping sounds as if about to
vomit at the intruder. But adult mollymawks rarely eject stomach contents and if
hard pressed usually resort to ‘Jabbing’.

Stressed birds of either sex may use a shortened form of ‘Wail” with widely opened
beak and expanded gape flash, for example after being evicted from a nest by the
rightful owner who may also ‘Wail’. This ‘Distress Wail’ is also heard from
mollymawks just before and immediately after touchdown among others whose
personal spaces it may transgress and presumably helps deflect attacks.

‘Rape’ attempts are fairly common among mollymawks and males, apparently
unattached, may even molest incubating females —the ‘intruder males’ referred to
by Richdale (1949, pp. 26, 45). Females may resist by biting and ‘Choking’, the
repelled bird usually giving a ‘Wail’ (see Fig. 5.13C). Something in the attitude of the
incubator appears to provoke these attacks, and a pile of three on a single nest has
been recorded (Warham, 1967b). Whether any effective extra-pair copulations occur
seems unreported.

E Displays of chicks

Mollymawk chicks have a ‘Submissive’, beak-hiding posture, turning the head away
from an intruding adult or even from a returning parent, evidently to inhibit attack.
In active defence they draw up to their full height, rotate to face the threatener, clop
their bills loudly in a very oily ‘Gulping’ and, if hard pressed, vomit stomach oils and
gut contents in an ill-directed splatter. But, as Tickell (1984) put it, ensconced in their
nest cylinders a half-grown chick resembles a self-righting skittle, difficult to
dislodge.
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Young mollymawks use the usual plaintive cries when begging but as they
develop ‘Croaking’ becomes common.

F Non-breeders and failed breeders

Non-breeders display in small groups on clear ground away from the nesters. They
use all the behaviours seen among breeders (see Table 5.3). Birds whose breeding
fails during the egg stage remain at their nests for a few days before moving about
the colony alone, often attracting threats from incubating birds.

G Rates of display activity—see Fig. 5.14

In D. bulleri, activity, as measured by ‘Croaking’, varies during the day and during
the course of the breeding cycle. Early in the reoccupation period, with mainly males
ashore 0.37 + 0.3 ‘Croak’ displays per half hour were scored from 11 birds in the first
4 h after their arrival, whereas late in reoccupation, with more birds, still mostly
male, the rate rose to 1.61 * 0.88 displays per half hour. Established pairs were still
more active (Fig. 5.14A), but birds on eggs seldom displayed (Fig. 5.14B) and so
conserved energy during their fasts, only occasionally rising from their egg to
ventilate it.

H ‘Posture-sets’

In Buller’'s Mollymawk the probability that a particular display will follow a
particular previous one tends to be low, so that ‘dances’ such as those of D.
immutabilis do not really develop. In an analysis of the sequential patterns in displays
the correlation co-efficients between ‘before’ and ‘after’ probabilities seldom
exceeded 0.5 (Fig. 5.15). However, some consistent patterns were discernible. For
example, a bird performing ‘Scapular Action’ to one side of the body tended to repeat
the action on the same side, r=0.50-0.53, P < 0.001, n=323. And, during 44
changeovers on the egg, ‘Scoop Walk’ was used by 42 of the outgoing birds which
always performed ‘Sideways Throwing’. Yet incoming birds were never seen doing
this, illustrating how context can affect the frequency of a display.

I Discussion

The communication system is built from visual and vocal elements and both have
the capacity to indicate the intensity of a bird’s drive or response. Thus in stressed
birds the ‘Wail” increases in pitch and amplitude (see Fig. 5.7C) and carries further,
while during displays like ‘Scapular Action’ the degree to which the wings are lifted,
tent-like, from the body, the tail fanned, or the gape patch exposed, suggests that
these allow graded responses to another’s actions.
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Figure 5.14 Frequencies of ‘Croak’ displays from (A) 10 pairs of Diomedea bulleri during courtship
over the first 4 h of their reunion (mean for males 5.0 * 4.3 per half hour, for females 2.7 + 2.1 per half
hour); and (B) from 11 incubating birds (mean 0.11 * 0.03 displays per half hour). Note increased
activity in late evening with none overnight.
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Figure 5.15 Displays of Diomedea bulleri. Some probabilities that a bird will use a particular
bisexual action after the performance of a previous one. Open bars males, filled bars, females. B, ‘Bow’;
Cr, ‘Croak’; ScW, “Scoop Walk’; Pt, “‘Point’; MSp, ‘Mandible Spar’; WI, 'Wail’; NR, ‘Nest Repair’; PrS,
Preen Self: PrP, Preen Partner; SA, ‘Scapular Action’; LA, ‘Leg Action’. For example, after ‘Pointing’
there was about a 50% chance that a female would repeat that action. From Pettigrew (unpubl.).
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That the system uses vocal and visual components simultaneously is indicated by
the results of simple tests with two-dimensional models (Warham and Fitzsimons,
1987). Few or no responses were obtained when models alone were presented to
birds on nests in the prechick stage but, in the few presentations possible with a male
‘Croak’ call plus a model, no responses were gained using a simple model with eyes
and bill whereas every presentation with an advanced one with a gape stripe plus
sound resulted in a ‘Croak and Nodding’ response.

III The North Pacific albatrosses

The behaviours of D. nigripes and D. immutabilis (The Black and White ‘Gooneys’)
and D. albatrus have many features in common, for example their use of the half-
raised, half-folded wings in the ‘Bill under Wing’ action, an element lacking in the
behaviours of the southern species. Rice and Kenyon (1962) described the actions of
D. immutabilis and D. nigripes, Meseth (1975) and Sparling (1977) analysed the visual
and vocal repertoires in greater detail.

The Laysan Albatross exemplifies the two ‘gooneys’. Its repertoire includes 18
postures used in sexual displays and five in agonistic ones. There is no aerial display
and no tail fanning, nor, except for birds nesting for the first time, do the breeders
display extensively, their pair-bonding activity being restricted to allopreening and
copulation. Although many of the postures used appear homologous with those of
mollymawks and the great albatrosses, in the following account Meseth’s (1975)
terminology is used except for ‘Scapular Action’.

Meseth (1968) drew attention to the use of the overhanging ridges and black
feathers above the orbits which, at sea, hood the eyes against glare. During the
‘dance’ the ridge almost disappears as the eyebrows are raised and the head acquires
a rounded appearance. In agonistic situations, however, the eyebrows are lowered
distally, the dark feathered area around the orbit becomes blacker, and the bird
glowers at its adversary.

As with other albatrosses, males yet to breed, or those that have lost partners,
stand in a home area and advertise with a sequence of postures and calls. Wandering
unpaired females may respond to these blandishments by joining in a complex, fast-
moving, rather violent and noisy pas-de-deux in which regular ‘posture sets’ are
discernible. Males dance with many females, and trios or quartets may form—the
equivalent of the ‘gams’ of the great albatrosses.

The ‘dance’ has three stages—an invitation by the male, a ‘core’ section, and a
short concluding one initiated by the female. The sexes are similar in plumage but
displaying birds evidently recognize sexual differences: the thicker necks and bigger
beaks of the males, the way in which these tend to reach above the females, and by
vocal differences. No displays or calls are restricted to one sex, but some, like the ‘Eh-
Eh Bow’, are used more often by males. The postures are copied from one partner to
the other, and in extended ‘dances’ the female adjusts her tempo to that of the male.
The choice of a mate is hers. The immediate result is not copulation but the forging of
a pair-bond and the acceptance by the female of a nest site within the male’s
defended area.
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A Nuptial displays
1 “Bill Touch’—see Fig. 5.16A

The amount of contact depends on the intensity of the situation. It may only be a
delicate touching between bill tips, a vigorous nibbling by one bird at the side of the
other’s bill, a reciprocated side-pushing of beaks; even a brief insertion of the tip of
the bill into the hollow apex of the lower mandible of the other —see Fisher (1972, fig.
4). These actions are done without calling, are seen in many circumstances and
among non-breeders and breeders, and are similar to the ‘Pointing” and ‘Rapier
Action’ of mollymawks.

2 ‘Eh-Eh Bow’—see Fig. 5.16B

In advertising display this is a male posture given when stiffly erect, breast thrust out
and series of strained ‘Eh-Eh’ calls uttered as the bird pivots forwards and down
towards its feet. It raises its head in silence and repeats the performance, often
bowing deeper than before. Very like the ‘Croaking and Nodding’ of mollymawks,
the ‘Eh-Eh’ call is the basic vocalization of the gooneys, several other calls being
elaborations of it. During incubation the display is directed towards the egg—
‘addressing the egg’ —an action that increases towards hatching time when the chick
‘peeps’ from within the shell.

Sonagrams of typical series are given in Figs 5.17A,B. The croaks show as U-
shaped syllables with reasonably clear harmonics, often delivered in a rhythmic
series and interspersed with ‘noisy’ syllables that appear to be ‘breath’ notes. The
‘Eh-Eh’ calls of partners are often clearly different to the human ear.

3 Yapping'—see Fig. 5.16C

Loud continuous ‘Eh-Eh’ calls often accompany the movements of territory holders
about their defended areas. These birds usually hold their bodies low to the ground
on flexed legs with their bills pulled into the neck. Sparling (1977, table 4) noted two
types: ‘Noiselike Eh’s” with condensed harmonics used particularly in threat, and
‘Harmonic Eh’s” with fewer frequency bands spaced further apart, used more during
the ‘dance’ and between members of a nesting pair. No sexual differences were
revealed except that the note lengths of female D. nigripes were shorter than those of
the males. "Yapping’ appears to be homologous with that of the great albatrosses.

5 ‘Beak Hiding'—see Fig. 5.16D

The tip of the beak is inserted in the feathers anterior to the dorsal edge of the scapula
near the angle of the folded wing, the head having a slight side-to-side motion, while
a short burst of soft clopping sounds is heard.

This action is not confined to males as with ‘Scapular Action’ in mollymawks, nor
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b Wiy 4

Figure 5.16 Sexual Displays of Diomedea immutabilis. (A) ‘Bill Touch’. (B) ‘Eh-Eh Bow'.
(C) "Yapping'. (D) ‘Beak Hiding'. (E) ‘Bill under Wing'. (F) ‘Stare’. (G) ‘Bob-Strut’—start of step; and
(H) end of step. (I) 'Moo’. (]) ‘Bow Clapper’. From Meseth (1968).
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Figure 5.17 Typical calls of Diomedea immutabilis. (A) and (B) ‘Eh-Eh’ calls, 1 ‘breath’ notes.
(C) *Sky Call’ followed by "'Whinny'. (D) 'Sky Call’ with ‘Bill Clapper’ from partner. (E) Desultory ‘Bill
Clops’ from female leading to ‘Rapid Bill Clapper’ as male gives ‘Sky Call’. (F) 'Whine’ followed by
‘Whinny'. (G) Male ‘Victory Cry’ accompanying attack on intruder. (H) Complete ‘Whinny’— note
abrupt start. (1) 'Victory Call’ following copulation. (]) Coarse ‘Whine’ followed by ‘Whinny'. Baris 1 s.
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is the tail fanned, but, like them, the action follows no fixed right-left pattern. The
posture with bill hidden and nape exposed appears to convey a non-aggressive state.

6 ’Bill Under Wing’—see Fig. 5.16E

In this dramatic display a standing bird quickly swings its head to one side and tucks
its beak beneath the base of the uplifted wing on that side. The wing is only part
unfolded and flared outward, with the carpal joint held to the body. The other wing
remains unfolded. A series of muffled bill snaps is given through the concealed bill.
Both sexes use this display, but only during the ‘dance’. It may be the equivalent of
the mollymawk ‘Leg Action’.

7 ‘Stare’—see Fig. 5.16F

The bird draws up to its full height, stiff-legged and bill pointing towards the other’s
head, intently watching its every move. If this bird is bobbing up and down the
‘Staring’ one follows suit and may rise on tiptoe in the process. ‘Stare’ is part of the
‘dance’ routine, seems to be the equivalent of ‘Gawky Look’, and both sexes use it.
No sounds are involved but the male uses it in conjunction with the ‘Whinny” call
when advertising (see 10 below).

8 ‘Bob-Strut’—see Figs. 5.16G and H

During the ‘dance’ one bird bobs its head up and down, marking time to the tempo
of its partner’s movements. It may also high-step around that bird —as a foot is raised
the head is pulled down into the shoulders but lifted again as the step is completed,
again in time with the actions of the other, cf. ‘Scooping’ in mollymawks and the
‘Sway Walk’ of the great albatrosses.

9  ‘Bow-Clapper’—see Fig. 5.16]

A ‘dance’ movement. The birds face one another and synchronously pivot on their
feet to throw their heads down and give aloud clappering with their bills, then swing
up, in silence, to repeat the action but this time sweeping their bill to the other side of
that of their partner. ‘Bow-Clappers’ are loud, rapidly pulsed notes (Fig. 5.20D, E)
and may sound very like the ‘Vibration’ calls of the great albatrosses.

10 ‘Stare and Whinny’—see Fig. 5.17

This is part of the male’s advertising display. The ‘Whinny’ is also heard during the
‘dance’ but without the ‘Stare’ component. It is a forceful, staccato, ululating whistle,
very high-pitched, reaching a mean of 15.1 + 0.96 kHz (n = 31), according to Sparling
(1977, table 3) and given with closed or nearly closed bill. Rapid vibrations of the
body keep time with the ululations. The wings are closed. A complete ‘Whinny’ is
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Figure 5.18 Sexual displays of Diomedea immutabilis. (A) ‘Sky Call’. (B) 'Head Flick’. (C) ‘Air
Snap’. (D) ‘Sky Snap’. (E) 'Head Shake and Whine'. (F) ‘Rapid Bill Clapper’. (G) Victory Call’.
(H) Black-footed Albatrosses raise both wings for ‘Bill under Wing’. From Meseth (1968).
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analysed in Fig. 5.17H and, following ‘Head Shake and Whine’ in Fig. 5.17F, J. In all
these there is just one continuous note but with some birds the "‘Whinny’ consists of
separate but simple notes as in Fig. 5.17C.

11 ‘Sky Moo’ —see Fig. 5.161

A standing or sitting bird slowly raises its head to about 45° and its throat swells as it
gives a low ‘mooo’ through slightly opened beak. A few single ‘Bill Snaps’ follow as
the head is brought down to its normal position. The ‘Moo’ is often used after the
‘dance’, following landing in a colony, or after agonistic activity. The action
resembles the ‘Wail’ of mollymawks and the ‘Sky Call’ of the great albatrosses, but
‘Sky Moo’ has 25 or more harmonics, and does not carry far.

12 ‘Sky Call’—see Fig. 5.18A

A prominent movement used by both sexes in the ‘dance’. The bird faces its partner,
drawsitself up toits full height (often standing on tiptoe), with the bill almost vertical
but the neck slightly to one side. A low, drawn-out groan ‘aww’ is sounded through
closed or scarcely opened bill (Fig. 5.17C). The other usually gives ‘Sky Snap’ in
synchrony or another ‘aww’ call. Like ‘Sky Moo’, the ‘Sky Call’ is built from many
harmonics, and with individual differences in energy distribution, call length, etc.
‘Sky Calls’ typically begin very abruptly but end more gradually as in Fig 5.17C
and D.

13 ‘Head Flick’—see Fig. 5.18B

The bird stands stiffly upright. The head is flicked upwards and to one side, and as it
is returned to its normal position a double click is heard. Meseth (1968) determined
that the clicks are produced when the mandibles are pushed sideways out of
alignment, when the rasping of the lower on the upper distorts the cornified tomium
which then clicks back into position. ‘Head Flick’ is used during the ‘dance’ and by
lone advertising males.

14 ‘Air Snap’—see Fig. 5.18C
Part of the ‘dance’ routine, precedes ‘Bill Under Wing’, and is done so quickly as to

be easily overlooked. The bird thrusts its head forwards and upwards, neck fully
extended, and snaps its beak once.

15 ‘Sky Snap’—see Fig. 5.18D

The bird swings its head from beneath the wing in ‘Bill Under Wing’ and points to
the sky as in ‘Sky Call’ but gives a single snap, not ‘aww’. When both dancers tuck
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their bills below their wings at the same time the ‘Sky Snaps’ that follow appear to
help synchronize their subsequent actions.

16 'Head Shake and Whine’—see Fig. 5.18E

An element of the dance used more by the male. The bird bends towards its partner
and waves its head vigorously from side to side while giving a loud whining cry. The
vocalization tends to be prolonged and has clear frequency bands like drawn-out
‘Ehs’. The posture resembles ‘Head Shake and Whine’ of the great albatrosses. A
variant, which produces a more sustained wailing call, uses a downwards dip of the
head but without any shaking, is given by both sexes when ‘dancing’. This seems
different from the wail of fleeing birds (see Section III.B.7 below) but may have an
element of fear.

The ‘Whine’ is a piercing, far-carrying call with clear frequency bands. That of Fig.
5.17F is typical, the more ‘noisy” example of Fig. 5.17] less so. Sparling (1977, table 5)
analysed 19-22 examples which averaged 1.33 = 0.48 s in length, had 4.04 + 1.06
harmonics, and reached frequencies of 15.95 + 2.2 kHz.

17 ‘Rapid Bill Clapper’—see Fig. 5.18F

A ‘dance’ component in which a bird, very erect, faces its partner and vigorously
clatters the mandibles together so rapidly that they appear blurred, producing a
buzzing sound. This appears to be the same as ‘Bill Clacker’ of the great albatrosses.
It may contain threatening elements. Figure 5.17D and E show how even simple
mechanical sounds can vary in acoustic structure.

B Aggression and defence
1 ‘Nest Threat’

Sitting birds discourage too-close approaches by facing the intruder, lowering the
head and bill and giving simple short ‘Eh’ cries with small head jerks.

2 ‘Bill Thrust’

The head is thrust forward to snap violently at the head and bill of the opponent who
may respond likewise. Their bills may interlock and fighting may develop with quick
jerks and twists of their heads.

3 ‘Glare’

This usually follows ‘Bill Thrust’ and is done from a seated position. Each antagonist
withdraws its neck and lifts its head to look hard at the other with their eyebrows
pulled down and mandibles ajar ready for the next ‘Bill Thrust’.
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4 ‘Charge’

A bird suddenly rushes with extended wings and breast pushed forward to bowl
over a rival. Seen of birds of either sex driving third birds from ‘dances’ and in
sudden, apparently unprovoked, attacks on dancing partners.

5 ‘Upright Threat’

Another posture used in the ‘dance’ to repulse an unwanted third bird. The body is
held stiffly as in ‘Stare” but no sound is made.

6 ‘Victory Cry’—see Figs 5.17G and I

The winner in a dispute suddenly throws up its head and screams with opened bill.
The sound is piercing and far-carrying and may last 34 s.

7 ‘Escape Run’

An action to avoid ‘Charge’. Such birds run frantically off with head up and wings
spread and often give a drawn-out ‘Wail’, a distress call longer than “Victory Scream’,
and similar to the ‘Wail’ of mollymawks.

8 ‘Gobble’

This is a strangulated choking sound heard from birds trapped or alarmed and may
be followed by vomiting of the stomach contents, like the ‘Gulping’ of mollymawks.

C  Chick displays

In strong sun young D. immutabilis may travel some way from their nests to find
shade. On returning to be fed they adopt a submissive attitude with the body low to
the ground. The development of display postures is unstudied. Meseth (1975, p. 245)
described the sole incident he saw of chicks ‘dancing’. These had down only on their
crowns. Both used ‘Eh-Eh Bow’, ‘Bill Under Wing’ and ‘Sky Call’ but the other
elements were missing. ‘Sky Moo’ is also used by chicks still in down. Like those of
the great albatrosses, the older gooney chicks often build and defend their ‘sub-
nests’ in the parental territory. Fisher (1975b, p. 290) pointed out that hierarchies
established then might be carried over into the early breeding years owing to the
extreme philopatry of this species.
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D  The organization of the ‘dance’

Meseth recognized three posture-sets built into the ‘dance’ of D. immutabilis: ‘Stare—
Sky Call’, average length 2.8 s; ‘Air Snap-Bill Under Wing-Sky Snap’ (2.9 s); and
‘Head Shake and Whine—Stare-Head Flick-Rapid Bill Clacker” (5.2s). A fourth
group, ‘Eh-Eh Bow-Stare-Whinny-Head Flick-Rapid Bill Clacker” formed the basis
of the male’s advertising display.

The male leads in the ‘dance’ and may have to work up to a brisk tempo with
actions such as ‘Bob’, ‘Bob-Strut” and ‘Bill Touch’ to induce the other’s participation.
Successful ‘dances’ seem to be those where the tempi of movements and vocaliza-
tions of the partners are well synchronized.

Posture-sets at the core of the ‘dance’ are separated by the mutual actions of ‘Bill
Touch’” and ‘Bow-Clapper” which act as tempo-synchronizing devices (Table 5.5).
‘Air Snap’ and ‘Sky Snap’ may also emphasize the beat of the ‘dance’. ‘Eh-Eh Bow’ is
used at times of rising excitement and results in quickening tempo. ‘Beak Hiding’ by
the male is immediately repeated and may be a means for marking time when the
female falls behind. Otherwise it is seen only at the start and end of the dance. Some
postures and posture-sets follow each other in a non-random manner (see Fig. 5.19),
but there is none the less much variation in the sequencing. A bird doing ‘Air Snap—
Bill Under Wing—Sky Snap’ tends to give the action on the opposite side of its body
on the next repeat, and this posture-set constantly alternates between the partners.
The end of the “dance’ comes when the female walks off, often in a crouched stance,
watched by the male. The ‘dance’ of D. nigripes is more vigorous and faster than that
of D. immutabilis, and both wings are raised in ‘Bill Under Wing’ (see Fig. 5.18H).
Very rarely, D. immutabilis does that too.

Their voices are distinct, as Sparling demonstrated. The ‘Eh-Eh’ calls, ‘Sky Call’
(Fig. 5.20), ‘Sky Moo’ and ‘Whinny’ differ either in frequency structure and/or length
of call. Black-foot ‘Ehs’ are the more harmonious, based on well-separated har-
monics and each note is a ‘simple cry’ (see Fig. 5.20A, B) whereas those of Laysans
plot as U-shaped formants starting on a falling frequency and ending on arising one
(see Fig. 5.17A, B).

E The Short-tailed Albatross D. albatrus

Films show that the display repertoire resembles that of D. nigripes, with ‘Bill Under
Wing’ and a loud ‘Sky Call’ with both wings lifted and partly extended or held to the
body. The common call is a double croak or ‘Eh-Eh’ note and a loud ‘Wail’ is also
used (see Figs 5.8D, E; 5.12D). Perhaps suggestive is the way in which the lone bird
that spent many breeding seasons on Midway Atoll persisted unsuccessfully in
trying to join Black-footeds’ ‘dances’, but made no attempt to do so with the
abundant Laysans nearby (pers. obs.).
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Table 5.5 A typical dance sequence of Diomedea immutabilis. From Meseth (1975)

249

Male action

Mutual action

Female action

‘Eh-eh Bow’

‘Beak Hiding’

‘Stare and Whinny’

‘Eh-eh Bow’

“Bob-Strut’
Follows

Throw debris
‘Eh-eh Bow’

‘Beak Hiding’

‘Whinny’
‘Beak Hiding'’

‘Bow-Clapper’

‘Eh-eh Bow’
‘Stare and Whinny’

‘Stare-Head Flick-Rapid Bill

Clapper’

‘Bill Touch’
Throw debris

‘Bill Touch’

Series of ‘Bill Touches” and

debris throwing

‘Bill Touch’ and throw

debris

‘Bill Touch’

‘Bill Touch’

‘Bill Touch’
‘Bill Touch’

‘Bill Touch’
‘Bill Touch’

‘Bill Touch’
‘Bow-Clapper’

Walk to male

‘Beak Hiding’

‘Stare’

‘Beak Hiding’
Walks from male
Stops, faces male
‘Stare-Sky Moo’

‘Stare’

‘Stare’

‘Whinny’
‘Beak Hiding’

‘Beak Hiding’

‘Stare’

‘Air Snap-Bill Under Wing-

Sky Snap’

IV The Galapagos or Waved Albatross D. irrorata

The most detailed descriptions are those of Nelson (1968) which expand on earlier
accounts such as those of Loomis (1918) and Beebe (1926). It is clear from these that
the ‘dance’ of this species most resembles that of the North Pacific ones (Fig. 5.21).
There is much ‘Bill Touching” and ‘Fencing’, even between downy young and their
parents (Harris, 1969c). A bowing action with croaking ‘Ah-Ah’ accompaniment
leading to a more sustained ‘Yapping’, a ‘Sky Call” action with a loud, prolonged
‘Whoo’ vocalization, ‘Stare’, ‘Bow Clapper’, ‘Gawky Look’, ‘Bob Strut” and a flank
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Figure 5.20 Sonagrams from typical calls of Diomedea nigripes. (A) ‘Eh-Eh’ call with many
harmonics. (B) ‘Eh-Eh’ call from a female based on ‘simple cries’ given in doublets and very like the
begging calls of a chick. (C) ‘Eh-Eh’ duet from a pair at a nest; 1, a simple cry with few harmonics; 2, a
more complex, deeper-pitched doublet call from the male: their tempi are well matched. (D) A volley of
double ‘clacks’ while the dancing partner “‘whines’. (E) ‘Sky Call’ followed by ‘Bow Clapper’—note the
different structure of these ‘clacks’ from those of (D) above. (F) A sequence of ‘Whine’ to ‘Whinny’;
1, 'Whine’; 2, ‘breath’ note; 3, short 'Whinny’; 4, short ‘breath’ note; 5, 'Whinny' with ‘Clapper’ from
partner; 6, ‘breath’ note; 7, final ‘Whine’. (G) Postcopulatory cry followed by inhalatory call—8. (H)
‘Distress Wail’ from fighting bird. Bar is 1 s.
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Figure 5.21 Display postures of the Galapagos Albatross Diomedea irrorata. (A) ‘Bill Touching’'.
(B) ‘Sky Moo’. (C) 'Sky Point’—partner responds with ‘Bill Clapper’. (D) ‘Leg Action’ and ‘Bill
Clapper’. (E) ‘Bob’. (F) ‘Threat Gape’ and ‘Point’. (G) Aggressive encounter with ‘Bill Gaping’. (H) ‘Leg
Action. (I) *Sway Walk’. From Nelson (1968).
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touching action similar to the ‘Leg Action’ of mollymawks are all used. The ‘dance’
tends to finish with a ‘Sway Walk’, evidently the homologue of the ‘Scoop Walk’ of
the mollymawks and great albatrosses, but differing in that the bird remains upright
and proceeds with exaggerated head and foot movements (Fig. 5.211). Aggression is
signalled by ‘Bill Clapper’ but threat between rival males is also shown by mutual but
silent gaping and the closure of their beaks with a loud ‘clop’ (Fig. 5.21G).
Apparently missing from the repertoire is any beak hiding with wing raising, and
‘Sideways Throwing’ or ‘Wails’ seem not to have been reported, unless Nelson’s

‘mad laughter’ is such!

‘Sky Call’
Landing
Take-off
Advance
Retreat
‘Paddle Walk’
‘Stare’

‘Head Shake’
‘Bow’

‘Beak Hiding’

‘Point’
‘Mutual Preen’
‘Gape’

‘Scoop’

‘Bill Clash’
Belly Looking
Foot Looking
Self Preen

‘Sideways Throwing’

Wing Shake
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Figure5.22  Proportions of the different postures used by both sexes of Phoebetria fusca: these include
behaviours giving social signals and others mainly involved in the care of the body surface. Based on 3803

observations of males, 3832 of females. From Jouventin and Weimerskirch (1984).
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Nelson’s account shows that the male leads in the ‘dance’, that some elements are
given as posture-sets, and that the actions of the partners may be linked, for example
the male’s arching of his neck and touching his flank signals the female to reach
towards him with ‘Bill Clapper” (Fig. 5.21D). The supraorbital ridges are very
pronounced in this bird, and the lowered eyebrows create a beetle-browed aspect
during ‘Gawky Look’ and ‘Stare’. The crown is then also flattened producing a
characteristic physiognomy (Fig. 5.211). There are no reports of tail fanning in this
species.

V The Sooty Albatrosses Phoebetria fusca and P. palpebrata

The Phoebetria albatrosses, nesting on cliff ledges, do not have the freedom of
movement on the ground that the North Pacific species enjoy. Nevertheless, their
displays still have the nature of a dance.

Many postures appear to be homologous with those of other albatrosses but in
Phoebetria dual flights feature prominently in which the following bird matches every
twist, turn, and wingbeat of the other. These albatrosses spread and twist their tails

in their ground displays, and they also expose the pink buccal cavities more readily
that other species do excepting, perhaps, D. irrorata. Foot-peering with silent bowing
is common and many movements are done in a very jerky manner, crown and nape
feathers often lifted to form a slight crest.

Detailed studies are few. Sorensen (1950), Richardson (1984) and others gave
fragmentary information. Berruti (1981) compared the behaviours of the two species
nesting sympatrically, but the accounts of P. fusca by Jouventin et al. (1981) and
Jouventin and Weimerskirch (1984) provide a comprehensive analysis of the com-
plex courtship display.

While all actions are used by both sexes, some are used more by one sex than by
the other. Jouventin and Weimerskirch (1984) described 15 elements of sexual
activity and five kinds of ‘comfort movements’ (Fig. 5.22).

Jouventin ef al. (1981) used vector and sequential analyses to tease out the
relationships of these display elements in pair formation. The advertising male
attracts a female to his territory with ‘Sky Call’, aloud two- or three-syllable cry —the
well-known ‘pee-oo’—at passing females. If one alights ‘Pointing’, ‘Bowing’ and
mutual preening follow. Should the female fly off, the male often pursues her and a
fast synchronized flight ensues before one or both return to the ledge.

Jouventin and Weimerskirch (1984) followed the development of these nuptial
displays of P. fusca from those of birds ashore for the first time to first breeders about
3.5 years later (Fig. 5.23). The ‘dance’ elements include many postures used by other
albatrosses but these may not always signal comparable information. ‘Beak Hiding’
again seems to have an appeasing role, particularly by a male on the approach of a
female. The latter reacts with ‘Stare’. This seems to differ from the ‘Gawky Look’ of
other albatrosses although perhaps having a similar function in getting eye-to-eye
contact. In Phocbetria the ‘Stare’ is of birds face-to-face which turn their heads to
examine their partners with each eye in turn. In ‘Gaping’ the bird points and then
flips openits bill to display the pink buccalinterior: this has aggressive and defensive
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Figure 5.23 Schematic diagram of the development of nuptial display in the Sooty Albatross
Phoebetria fusca. Birds typically first come ashore at 8.4 years old and pass through a series of courtship
stages, the female gradually being accepted by the male who finally permits contacts in ritualized combat
(‘Bill Clashing’). Aerial chasing has now ceased and repeated allopreening and reciprocal ‘Sky Calling’
tend to cement the bond. On average first breeding is attempted by 11.9-year-olds. From Jouventin and
Weimerskirch (1984).
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connotations, and in ‘Scooping’, which involves bowing with opened beak, the
aggression is evidently redirected at the ground.

Berruti (1981) identified a ‘Bill Thrusting” action used by P. palpebrata but not by P.
fusca. Face-to-face with their crown feathers raised, one bird waves its beak from side

Figure 5.24 Sonagrams from calls of Phoebetria palpebrata. (A} and (B) ‘Sky Calls’ from mated pair;
A, male; B, female, Campbell Island. (1) loud section of mainly unstructured sound; (2) loud expiratory
section with clear harmonics; (3) faint inspiratory section also with harmonics. (C) and (D) 'Sky Calls’
from mated pair; C, probably male; D, probably female, Campbell Island. (E) Trisyllabic 'Sky Call’ with
quite strong final inspiratory note, Antipodes Island. (F) Female ‘Sky Call’, Campbell Island. The
inspiratory second note is very faint. (G) Male’s ‘Sky Call’, Campbell Island: similar to but with a
different energy distribution from (E). (H) Calls of a chick begging for food. Bar is 1 s.



256 ~ BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

to side and, at the mid-point, jerks its head upwards and makes an exaggerated
biting movement. The respondent copies, alternating with the other’s movements.
Both have their tails fanned and skewed towards each other.

Aggression is signalled by ‘Gaping’ and ‘Bill Snaps’, with the neck hackles raised.
Adults may spit oil, but it is the chicks that are especially prone to do that when
alarmed.

The ‘Sky Call’ is the principal vocal signal, given with the bill pointing to the sky
and slightly open, then jerked down and pressed to the chest when a soft inspiratory
note is sounded. This call and action may be given alternately by birds in a duet (Fig.
5.23). Although so simple, the voices of individual birds vary a good deal (cf. Fig.
5.24), and those of paired ones are often easily identified (Fig. 5.24A,B). With P. fusca
Jouventin and Weimerskirch (1984) reported the males’ songs at 1.30 £ 0.12s (n = 9)
longer than those of the females at 1.03 £ 0.13s (n =9), P < 0.001. Birds in display
flights are silent. Only Richardson (1984) has reported a muted ‘aaaargh’ from
following birds as they touched or stretched out to reach the tail of the leader. Both
this and the inspiratory coda to ‘Sky Call'’ may be involuntary sounds due to
muscular strains.

The chicks use the usual plaintive pipings but later these develop into longer
warblings and thicker, adult-like squawks (Fig. 5.24H).
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I The fulmars

Fulmars share a number of behaviour patterns but only those of Macronectes have
been analysed in detail. Paradoxically, no full ethogram is available for the familiar
Northern Fulmar which often breeds close to towns and cities.

A The giant petrels Macronectes spp.

The visual and vocal communication patterns are similar for both species and form
quite a complex repertoire but one with fewer components than those of albatrosses.
The only percussion sounds commonly heard are the bill clashes of the copulation
‘Tattoo’. Both species visit their colonies throughout the year and nuptial displays
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can be seen occasionally even in mid-winter. Some such birds appear to be paired
and of breeding status, others are probably older non-breeders.

The detailed descriptions given by Warham (1962) of a composite for both species
were expanded by Voisin (1978) and those for Macronectes giganteus by Bretagnolle
(1988b, 1989b). Terminology follows Warham and Bretagnolle.

1 Nuptial displays

All elements are used by both sexes. As the males have much bigger bills than the
females, presumably confusion over sex seldom arises.

a. ‘Head Raising’ (Fig. 6.1D). One bird approaches another, lifting its head to about 45°
with partly opened beak, then turns it down and reaches towards the other with
side-to-side sweeps of the head. The gular pouch is inflated and a soft braying given
(Fig. 6.2B). The bird so addressed may respond with similar head sweeps. Their tails
are usually spread but not cocked and napes mostly unruffled. Bretagnolle (1989b)
separated the ‘Head Raising’” movement from the lateral ‘Head Swinging’ (his
‘Sexual Low Intensity Attitude’) (Fig. 6.3), both included in ‘Mutual Display’ by
Warham (1962). Bretagnolle regarded ‘Head Raising’ as a signal for the start of
courtship: 85% of those he scored began like this. In the prelaying period, females
initiated most displays, later both sexes were equally active and yet later still the
females were once more the most forward. These actions often lead to:

b. ‘Bill Clashing’ or ‘Bill Fencing’. Facing one another, the birds rub their bills together,
and may touch beaks momentarily —‘Bill Touching’ —before proceeding to:

¢. Mutual and reciprocal allopreening, ‘Sideways Throwing” and, possibly, copulation

2 Aggressive behaviour

Threatening, fighting and defensive activity are particularly evident among birds
competing to scavenge a dead whale or seal where females of both species tend to be
excluded due to their smaller size and weaker bills. The various actions were detailed
by Warham (1962) and analysed by Bretagnolle (1988b).

a. ‘Low intensity attitude’ (Fig. 6.3). Used particularly by nesting birds. The neck is
raised and head turned down towards the disturbance, the nape feathers ruffled,
wings closed and a braying or whinnying sounded (Fig. 6.2B) as the head and neck
are swung from side to side. This posture is very similar to the "Head Swinging’ used
in courtship and Warham noted that it is often unclear where threat ends and
courtship begins. In threat, however, the nape feathers are extensively raised, in
courtship they are, at most, only slightly ruffled.
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Figure 6.1 Postures of giant petrels. (A) ‘Upright Threat’—head swung through wide arcs, nape and
back feathers ruffled. (B) ‘'Forward Threat’ as bird runs towards competitor. (C) and (E) ‘Forward Threat’
before running to attack—note cocked and fanned tail. (D) Invitatory ‘Head Raising’ posture, nape
feathers smooth. (F) Fighting between ‘sealmasters’. From photographs.
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Figure 6.2 Vocalizations of Macronectes. Bar is 1 5. (A) 'Whinnying’ call accompanying ‘Upright
Threat’—Macronectes halli. (B) Typical growling throaty call accompanying head raising nuptial
display and mild threat —M. giganteus. (C) Threat of M. halli at close approach by man: note increased
amplitude and pitch as stimulus intensifies.
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Figure 6.3 Flying, moving and agonistic displays of Macronectes. Summary related to distance and
type of stimulus. Arrow size indicates the distance except for (A) Flying; thickness the frequency of
occurrence. Broken arrows responses limited to female birds. L.i.a. = Low intensity attitude. From
Bretagnolle (1988b).
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b. ‘Oil Spitting Threat’. The bill is opened, neck stretched towards the intruder, and a
gurgling given that may lead to oil spitting, rather rarely by adult birds.

c. 'Forward Threat’ (Fig. 6.1B,C,E). The threatening bird squats, stands, or runs at its
adversary with tail fully fanned and tilted so that its tip may be directed forwards.
The nape is arched, the feathers of the nape and back extensively ruffled, and the bill
lowered. The wings are outstretched and arched, their tips often trailing the ground.
The head is not swayed nor any sound made.

This action is common in disputes over carcasses, signals intention to attack, and
is often used as the bird runs forward to do that. A dominant ‘sealmaster’ busily
feeding, probably with neck submerged in the carcass, holds this posture with tail
fully fanned and uptilted and wings extended (Warham, 1962, fig. 1). At small food
sources this amounts to mantling over the meal.

‘Forward Threat’ often induces a dominant feeding bird to swing around and run
to attack the displayer. Sometimes the dispute is only resolved after a fight (Fig.
6.1F). Birds meet breast to breast and grapple bills. Fighting may be intense and has
the potential for serious injury.

d. ‘Upright Threat’ (Fig. 6.1A and The Petrels, p. 63). The wings are usually extended
and may trail on the ground, the tail fanned and uptilted and crown, nape, and back
feathers extensively ruffled. The neck is erect, and the downturned head is waved
vigorously from side to side, rapidly or slowly according to the individual. The beak
almost touches the leading edge of the wing at the end of each stroke and an
expiratory neighing given (Fig. 6.2A).

‘Upright Threat’ is seen when the bird faces several rivals. It is as if it is trying to
clear room for itself, for example immediately after alighting in a colony where
others’ individual distances may be infringed. By extending its wings the displayer
increases its size as seen by potential rivals.

e. “Aerial Threat’ (The Petrels, p. 64). In both species birds flying over groups of
conspecifics perform what appears to be ‘Upright Threat’ in mid-air, rising and
falling like a displaying dove (Warham, 1962; Voisin, 1978). The feet are dangled,
wings held out stiffly and drooped, nape ruffled and the head waved from side to
side with a braying, much as with mollymawks. Two birds may perform simul-
taneously when flying but a few metres apart. They then appear to be threatening
one another; otherwise the action seems to be directed at birds on the ground whose
reaction may be to give the ‘Alarm Display’ or an ‘Appeasement Posture’ (Bretag-
nolle, 1988b) (Fig. 6.3). Voisin (1978) suggested that such displays were given by
males.

3 Defensive behaviour

Bretagnolle (1988b) described reactions of M. giganteus to threatening situations:

a. ‘Alarm’. The bird raises its head and silently watches the source of its concern,
often without lifting the feathers of the head, nape or back, but, in response to a close
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over-flier usually does erect its hackles (Fig. 6.3). This posture is contagious,
signalling alarm to neighbours (Voisin, 1978).

b. ‘Appeasement’ (Fig. 6.3). Like that of ‘Alarm’ but the beak is turned upwards, the
feathers unruffled. This posture forms a silent response to other birds moving close
by. Its function is unclear, but the position of the bill may signal that attack is not
contemplated. A similar stance with sleeked feathers is adopted to reduce attack by
birds walking through a colony, Bretagnolle likening it to the ‘Slender Walk’ of
penguins (cf. Warham, 1972, fig. 19).

c. ‘Defensive’. Nesting giant petrels may pose with wings folded but held slightly out
from the body and the tail fanned, like the Cape Pigeon shown (see Fig. 4.7). It does
not seem to have been recorded except in response to man. If closely approached
both adults and chicks voice loud alarms (Fig. 6.2C).

d. ‘Oil Spitting’. If hard pressed some adult birds will spit oil and/or regurgitate food,
particularly when lightening their bodies for flight.

4 The repertoire

Bretagnolle (1988b; 1989b) identified a posture set ‘Head Raising’—'Sexual Low
Intensity Attitude’-'Bill Clashing’—Bill Touching’ to Mutual Preening. Rather unex-
pectedly the females, as with Pagodroma (Section LE.1 below), tend to initiate
courtship (Voisin, 1978). Bretagnolle found that the postures used by partners
became increasingly similar in the course of time, with full displays occurring more
and more often, and suggested that the males compensate for their greater aggress-
iveness by using more appeasement behaviours such as ‘Bill Touching’ and mutual
allopreening. Possibly success in pair-bonding requires synchrony of movements as
with D. immutabilis (Chapter 5.111.D).

Bretagnolle pointed out one possible reason for the heightened role of threat and
appeasement displays in the repertoire of M. giganteus: breeding at high densities on
relatively flat ground and unable to take off or alight with ease, they react frequently
with conspecifics, whereas fulmars nesting on cliffs seldom infringe others’ ‘indi-
vidual distances’. Carcass-feeders are especially vulnerable as they cannot see
threats from behind when their heads are buried in flesh and blubber. As Warham
(1962, p. 145) noted, such birds seem very conscious of their vulnerability and quick
to swing round to attack a threatening bystander.

B The Northern and Southern Fulmars Fulmarus glacialis and F.
glacialoides

Many snippets of information on Fulmarus glacialis, for example by Boase (1924),
were drawn together by Fisher (1952a, pp. 326-336) and summarized in Cramp and
Simmons (1977). Luders (1977) figured some of the postures for the southern form.
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The most familiar behaviour of F. glacialis is the social activity in which two or more
birds face one another and wave their heads and widely opened bills in sideways
and upwards sweeps (Fig. 6.4A,B). Such groups appear to be of non-breeders, the
fulmar equivalent of the ‘gams’ of albatrosses. ‘Head Sweeping’ is used in sexual and
agonistic situations. Pairs with eggs seldom display. No action appears to be
restricted to any one sex and the sexual differentiation in bill size and head shape
may well be detectable by the birds themselves. Hatch (1987c¢) identified individual
F. glacialis by differences in plumage patterns and marks on the culmina.

1 Nuptial displays

Lone birds patrolling the cliff faces may hesitate before single birds on nest sites
who, if closely approached, perform cackling and head-waving displays. Presum-
ably pairs are formed when a flier joins such a territory holder. Actions seen of paired
birds on nests include:

a. ‘Head Sweeping’ (Fig. 6.4A,B). One bird reaches towards another with widely
opened beak and swings its head from side to side and bows up and down while
emitting a continuous rattling sound. The partner responds similarly. Their closed
tails shake in time with the movements but the wings and feathers of crown and
nape are not erected.

This is a graded action, the movements being through narrow arcs at low intensity
and the rate of delivery of the syllables increases with increasing excitement, as does
the degree of throat expansion. Gaping exposes the mauve or pink mouth cavity —
‘flashing the buccal lantern’ (Selous, 1927). Afterwards the birds often swallow
conspicuously and wag their closed tails before relaxing. The sweeps of F. glacialis
are through smaller arcs than those of F. glacialoides (van Franeker, pers. comm.).

b. ‘Bill Clashing’ or ‘Bill Fencing’. Two birds facing one another rub their bills together
so that these touch on each side alternately. The clashing may be accelerated and
accompanied by vigorous cackling. One (the female?) may place its beak momentar-
ily within the gape of the other. This action, together with the exudation of stomach
oil and/or salt gland excretion from the bill, presumably gave rise to reports of
‘courtship feeding’, and action unsubstantiated for any tubenose.

¢. ‘Head Tossing’. 'Bill Clashing’ may lead to sudden backwards flicks of the head so
that the nape rests momentarily on the back. This was recorded for F. glacialis by Bent
(1922) and Boase (1924) and for F. glacialoides by Murphy (1936, p. 599), but not seen
by Luders (1977).

These actions are accompanied by the usual mutual and reciprocal allopreening
and ‘Sideways Throwing’ (Doran, 1963), and may lead to copulation which includes
a ‘'Tattoo’ from the male stropping his bill on that of the female. Male F. glacialis are
recorded as making a crooning note during mounting. Hatch (1987c) found that
copulation was protracted, rarely lasting less than 1 min and sometimes 8 min or
more.
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Figure 6.4 Displays of fulmars. (A) ‘Head Sweeping’ and duetting of F. glacialis. In fulmars, as in
other procellariids, one bird’s beak may pass between the mandibles of its partner. (B) ‘Head Sweeping’ of
F. glacialoides. (C) ‘Head Tossing’ duet of Thalassoica antarctica. (D) Joint nest defence by
T. antarctica. (E) ‘Head Tossing’ by T. antarctica. From photographs and Luders (1977).
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2 Aggression and defence

Although there is some fighting on the breeding cliffs, for example by F. glacialoides
(Prevost, 1953), agonistic displays seem more frequent at sea, particularly by F.
glacialis when concentrated during scavenging (see Fig. 4.9). Duffey (1950) described
a Northern Fulmar vigorously pulling up pieces of turf and moving them around
with its bill after trying to perch by a nearly fledged chick. This sounds like the
mollymawk ‘Ground Stabbing’ of Tickell (1984), and described as redirected attack,
the opponent being out of reach. Martin and Myres (1969) saw ‘Head Tossing’ used
by F. glacialis with a squeaky cry when defending food from gulls. Southern Fulmars
may nest cheek by jowl with Antarctic Petrels Thalassoica antarctica. Orton (1968)
suggested that F. glacialoides can evict the other by fierce fighting, but Pryor (1968)
found the reverse was true.

a. ‘Mild Threat’. The bird faces the disturbance with head thrust forward and bill
widely open to display the buccal cavity.

b. ‘Head Sweeping’ (Fig. 4A). The same movements seem to be used in sexual or in
aggressive contexts, but in threatening mode the crown and nape feathers tend to be
ruffled and the voice may perhaps be different. Pryor (1968) reported that gaping
threats of F. glacialoides were only rarely accompanied by the bird’s raucous call,
while Prevost (1953) regarded the repeated lifting of the head as the main defensive
movement.

¢. 'Defensive’. When approached by man, fulmars tend to droop their wings and
spread and cock their tails before spitting oil, like Macronectes and Daption in similar
circumstances (see Fig. 4.7).

d. Oil Spitting. Fulmars are infamous oil spitters, using stomach oil as artillery to repel
aggressors, even from the wing (Hazelwood, 1948). The discharge is signalled by a
series of head jerks as the oil is regurgitated, followed by forward lunges and
twitches of the partly opened and spread wings. With F. glacialis a special squeak
note superimposed on a low growl is given (Pennycuick & Webbe, 1959).

Most potential aggressors retreat in the face of the threatening movements and
adults are rather seldom required to discharge the oil under natural conditions.
However, their salvoes can displace Razorbills Alca torda, Kittiwakes Rissa tridactyla,
Guillemots Uria aalge and even Herring Gulls L. argentatus, from nesting sites
(Mougin, 1967; Olsthoorn & Nelson, 1990). Feather contamination with the oil can
result in the deaths of birds as large as eagles (Warham, 1977b).

3 Aerial display

What appears to be an aerial form of the cackling display, with swollen throat and
open bill, wings drooped and stiffened while gliding along an undulating course, is
apparently homologous to that of Macronectes, and of obscure function (Warham,
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Figure 6.5 Vocalizations of Fulmarus, (A)—(F) F. glacialis, (G)—(]) F. glacialoides. Bar is 1s.
(A) and (B) Part of a typical ‘Cawing’ sequence built from staccato notes interspersed with inhalatory
rasping groans (1). (C) A second bird adds an explosive note of mainly “white noise’ (2) in response to a
normal ‘Cawing’ with quiet inhalation (1). (D) A duet with loud input from a second bird (1). (E) A duet
of simple notes but of different construction (2) going almost to the baseline. (F) Part of a duet. The notes
of both sexes are rather unstructured, producing a cawing chorus. (G) A lone bird producing broad band
notes that lengthen towards the climax. (H) A lone adult’s call composed of typical volleys of staccato
‘Caws’ tailing off at the end. (I) Start of song of a single bird showing lengthening of the notes as it
develops. (]) Adult calls with two high-pitched ‘Pips’ (1) from the chick. At (2) a second adult adds its
harsh voice.

1975). However, the cackling is also used by parents just before landing near their
chick, evidently to forestall oil salvoes (Duffey, 1951) and by birds hovering over the
‘gams’ before alighting nearby.

4 Vocal repertoire
Northern Fulmars produce an amazing cacophony of hoarse cawing, quacking,

rasping and jabbering sounds. Fisher (1952a, pp. 326-328) listed 26 attempts at
written representations, none particularly successful. Figure 6.5 shows sonagrams
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of representative vocalizations of F. glacialis, sexes unknown. The principal note is a
staccato ‘Caw’ given in volleys in which the speed of delivery reflects the excitement
of the singer. Long trains of these are interspersed with low groaning, apparently
inhalatory, syllables (Fig. 6.5A,B). In Fig. 6.5C and D second birds have joined in,
with raucous bursts of ‘white’” noise, possibly from the males; that the sexes have
different voices is suggested by analyses such as that of Fig. 6.5E, where one bird’s
notes are noticeably the higher pitched.

C The Antarctic Petrel Thalassoica antarctica

Luders (1977) described the sexual encounters Thalassoica antarctica which resemble
those of Fulmarus, with all postures being used by both sexes. Nuptial displays
include much “Bill Clashing’, duetting and mutual and reciprocal allopreening. A
‘Head Sweeping’ display with clucking or cackling calls is used with widely opened
bill and Pryor (1968), and particularly Luders, emphasized the prominence of ‘Head
Tossing’ in the repertoire. According to Pryor, one bird lowers its beak to its breast
and slowly raises and extends its neck until the bill lies horizontally along the back;
that is, even further than shown in Luder’s figure (Fig. 6.4E). The tail may be wagged
from side to side and the throat inflated. Luders found that each "Head Toss’ took
about 0.7 s, with about 2 s between each and repeated three or four times with
cackling from both participants. ‘Head Tossing’ is a graded action, tending to
become less intense and the motions less extreme as the season progresses,
presumably because most pair-bonds are by then established. Copulation includes a
‘Tattoo’.

Intruders at nest sites are threatened with head thrust forward, neck and nape
feathers ruffled and loud calls (Fig. 6.4D). Pryor (1968) noted that this species was
reluctant to spit oil during the prelaying period, doing so then only when all escape
routes were blocked.

The staccato notes forming their songs are very like those of the Northern Fulmar
(cf. Figs 6.6A & 6.5B,H), and in duets the notes of one bird (the male?) are pitched
higher than those of the other.

D The Cape Pigeon Daption capense

Courting pairs reach out and sweep their heads from side to side through wide arcs
while maintaining a rapid chattering with their gular pouches inflated (Pinder,
1966). There is the usual mutual and self preening. ‘Throw Back’ has not been
reported and there are no aerial displays (Bretagnolle, pers. comm.).

Figure 4.7 shows the defensive attitude and Pryor (1968) found that adults
defended their nests with salvoes of stomach oil on the slightest provocation. He
noted that they seemed immune to attack by skuas C. maccormicki, perhaps due to
their readiness and efficiency in shooting oil. The birds even spit oil in disputes over
food at sea (Dixon, 1933, p. 134) where they are very quarrelsome, Bennett (1927)
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Figure 6.6 Vocalizations of Thalassoica antarctica. Bar is 1 s. (A) Characteristic adult call —a series
of short notes creating a sustained ‘Cawing’: note typical changes in timing and amplitude. (B) Normal
‘Caw’ calls separated by a burst of very rapidly pulsed notes creating a harsh ‘Purr’ of undetermined
significance. (C) The end of a duet. The separate voices cannot be identified clearly but one appears to have
high frequency components and one ends with a long raucous slur, leaving the other to run down quietly.
Arrows mark overlap in graph.

writing that one whale carcass was too small a morsel for two Cape Pigeons to divide
in peace! When feeding at sea they keep up a harsh shrill chatter.

The voice of D. capense is as distinctive as its chequered plumage. It is higher
pitched than that of the others, except perhaps for Pagodroma nivea. The most
common element in the repertoire is a staccato ‘Kuk’or ‘Caw’. At low intensity such
calls are given in slow time, but during mutual or threat displays are speeded up to
produce a crackling, rippling effect (e.g. Fig. 6.7D) or a musical trill (e.g. Fig. 6.7E,F).
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Figure 6.7 Vocalizations of Daption capense australis. Bar is 1 s. (A) Harsh calls of a well grown
chick. (B) Soft 'Pops’ (p) of a parent and the more explosive cries (c) of its chick. (C) Typical song of male,
composed of usual staccato notes that change their form as the song proceeds. (D) Part of a song that
begins as a series of soft ‘clucks’ and builds up to a volley as frequency pattern changes. (E) Volleys of
‘Caws’ creating a throaty trill interspersed with low, thick inhalations. (F) Similar sequence to (E) from a
male adult. (G) Part of a song of a male showing how the acoustic structure and timing of the pulses can
change.

The notes tend to change both in timing and acoustic pattern as in Fig. 6.7C, long
bursts being separated by groaning inhalations (e.g. Fig. 6.7E,F). A softer, more
melodious ‘Kuk’, due to clearer harmonics, is used by parents when with their chicks
(Fig. 6.7B), which contrasts with the thick, harsh cries of the nestling (Fig. 6.7A .

Calls of males are shown in Fig. 6.7C,F and G and illustrate the acoustic variability
in the one sex. In duets the calls of the female are pitched higher, but further study is
needed to confirm that, as with P. nives, the sexes can be separated on voice alone.
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E The Snow Petrel Pagodroma nivea

A noisy, social species that is most active during the 1600-0500 hours of the Antarctic
‘night’ (Isenmann, 1970) or from 0500 to 0600 hours (Cowan, 1979), like Oceanites
oceanicus, but differing from D. capense and F. glacialoides, which are daytime birds.

1 Nuptial displays

As described by Brown (1966) and Isenmann (1970), a female with a nest site is
courted by males that fly past and alight to approach her cautiously. She calls and
shuffles to face the male threatening with parted beak and raised head. He may take
flight if heavily menaced, or may even attack. Females too may prospect for partners,
being less aggressive, and drawn to males or pairs calling from nests. Once accepted,
they fence with their bills and the female may place hers momentarily within his
gape. Such pairs may keep up an almost constant chattering from within their nest
cavity, mutual allopreening and calling at passers-by.

2 Aggression and defence

Snow Petrels defend their territories aggressively, often revealing their whereabouts
by their calls. Perhaps more than any other adult tubenoses, they freely loose off
their oily projectiles and oil splattered rocks often mark the nests. Fighting is
common, with the combatants getting smeared with oil, bills interlocking and heads
twisting to and fro accompanied by loud screeches. According to Brown (1966) the
bird that locked on to the lower mandible of its rival invariably won. Isenmann (1970,
p- 105) noted one pursuit lasting nearly 2 h. Brown described aerial pursuits with
head-swayings, such as those of Macronectes, as nuptial activity, but according to
Bretagnolle (pers. comm.), who followed 300+ such flights, they are primarily of an
intrasexual and agonistic nature.

3 Vocal repertoire

The calls accompanying sexual and agonistic activity are built from pulsed, harsh,
rather high-pitched ‘Caws’ or ‘Clucks’, often with accelerated delivery, and produc-
ing volleys of sound during peak activity. These may develop into a trill or chirrup.
Such calls are also heard from birds on the wing replying to others who are often
hidden among boulders.

Guillotin and Jouventin (1980) confirmed that the males’ voices are pitched lower
than those of their partners (Fig. 6.8) —a useful distinction for field researchers and,
presumably, for the birds themselves. The fundamental frequency for six females
averaged 3.43 kHz (2.7-4.0 kHz), for eight males 2.46 kHz (2.2-2.8 kHz). The lighter
the bird the higher pitched its voice, presumably reflecting the smaller tracheae and
syringes of smaller birds. Guillotin and Jouventin believed that the temporal
patterns of the pulses furnished the most important clues to individual recognition,
rather than frequency differences.
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Figure 6.8 The relationship between body mass and the fundamental frequency of the courtship ‘Caw’
for 11 pairs of Snow Petrels. Open stars, females; closed stars, males. From Guillotin and Jouventin
(1980).

F Discussion

Despite their varied appearance, the calls of the smaller fulmars are all built from
very similar pulsed notes with few harmonics; all wave their heads and expose their
mouth cavities in display; at least three use ‘Throw Back’ postures, and several,
perhaps all, cock their tails in threat; and probably all are sexually dimorphic in
voice.

II The Kerguelen Petrel Lugensa brevirostris

The behaviour of this bird is unstudied. It appears to have an aerial display
accompanied by a wheezy, rather low-pitched call showing on spectrograms as
chevrons with harmonics (Marchant & Higgins, 1990, p. 451; Bretagnolle, in press,
a). High-pitched ‘si-si’ type calls have been described as well as low-pitched flute-
like ones, none fulmar-like.

III The Gadfly Petrels Pterodroma spp.

A Introduction

Apart from their aerial displays, much of what is known of the behaviour of these
birds resembles that of other burrowing tubenoses. Their visual display repertoire
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seems small whereas their vocal signals are quite complex. There are no detailed
accounts of the conduct of grounded birds apart from that of Grant et al. (1983) on the
Bonin Petrel Pterodroma hypoleuca.

Other gadfly petrels, such as P. lessonii and P. phaeopygia, seem to avoid displaying
or calling on the surface even at night, and are often silent in their burrows, most
overt activity taking place in the air. This may be related to the heavy toll exacted by
predators. Such birds presumably land after their aerial displays (when they are safe
from attack) and complete pair-bonding under ground. Others, such as P. hypoleuca,
P. nigripennis and P. leucoptera, with no predators, do much of their courtship on the
surface or within their burrows. P. hypoleuca is one with no natural enemies on land
that still remains strictly nocturnal there; perhaps it evolved from a form with
predators and nocturnality has been retained.

Most visible activity of a sexual nature concerns the non-breeding and prebreed-
ing segment of the population, as with P. phaeopygia, where the incidence of aerial
display coincides with the non-breeder’s presence, with little calling once these have
left half way through chick rearing (Simons, 1985). Breeding birds come and go
silently except perhaps for a brief call when entering their nesting tunnels (Warham,
1956).

Gadfly petrels tend to be most active by night. Among the species of tropical
regions there is usually little movement after dawn and even less around mid-day,
but in the late afternoon the numbers circling overhead build up and the aerial
chorus begins (Thibault, 1973; Gardner et al., 1985a). Activity peaks just after dark,
followed by the usual lull. With egg laying beginning, P. solandri start their aerial
circuits of the montane nesting areas as early as 1000 h, but not until late afternoon,
with the light fading, is there much ground activity, with birds landing freely. At
Midway Atoll between 8 December and 28 January the first P. hypoleuca appeared
high overhead 13.2 + 1.3 min after sunset. At the Snares Islands, P. inexpectata
arrives later with respect to sunset than P. hypoleuca. But skuas kill petrels at The
Snares, whereas there are no native predators on Midway. Predators also take P.
madeira, P. phaeopygia and P. hasitata which tend to come in 60-90 min after sunset.
Yet P. baraui at predator-free Reunion, tends to arrive about 1 h hour before sunset,
perhaps to take advantage of warm air currents overland (Bretagnolle & Attie,
1991). Clearly the factors affecting arrival times are complicated and need further
examination.

There is some evidence that gadfly petrels in nests reply to the calls of overfliers, as
might be expected since overfliers alight in response to man-made ‘lure’ calls
(Chapter 4. XVH), and Vinson (1976) reported ground to air communication by P.
arminjoniana, while Tomkins (pers. comm.) heard P. phaeopygia in burrows replying
to others calling on the wing. Perhaps aerial displayers can also lead potential
partners down to nesting sites, identifying one another by their calls learnt during
the dual flighting.

1 Aerial activity

The most dramatic activity of gadfly petrels is their high-speed dual flight when a
bird suddenly swoops close to another, raking back its wings from the carpal joints



BEHAVIOUR AND VOCALIZATIONS OF PROCELLARIIDAE 273

to reduce drag and increase speed, and the two jink along close together for a few
seconds before parting to continue their separate circuits. As they converge their
typical ‘Ti-ti’ call becomes distorted. Flights may be quite extended, with the pair
disappearing high into the sky and as many as five birds may be involved.

Vinson (1976), watching P. arminjoniana, saw that although pursuer and pursued
often changed positions, it was the pursuer who called, as with P. cahow (Wingate, in
Palmer, 1962). The following bird is usually, but not always, the caller during paired
flights of P. solandri, and through slightly opened bill. Sometimes both call. Even
when watching daytime-active birds, it is usually impossible to tell the status or
sexes of the participants, but Grant et al. (1983) deduced from their voices that the
males were the chasers, the females the chased.

The petrels typically circle over a limited area—behaviour readily verified with a
bird identifiable by idiosyncracy of voice, by a missing flight feather, etc. This is
presumably where the flier will eventually nest or has a site. For prebreeders it could
be the general area where they were born, but there is no evidence for that.

Where several gadfly petrels share nesting grounds and similar breeding time-
tables, different species may participate in dual flights, for example P. macroptera
with P. incerta (Elliott, 1957, p. 563), despite their distinctive underwing patterns (The
Petrels, p. 80). This could lead to hybridization and explain some of the colour
polymorphism in this group, but no proven hybrids have been collected.

2 Sexual activity on the ground

Activity among grounded gadfly petrels is seldom as frenetic as it can be among
shearwaters, perhaps because Pterodroma usually nests at lower densities. Grant et al.
(1983) took advantage of the colonies of P. hypoleuca at Midway Atoll which could be
watched under street lighting.

They found pairs and single birds scattered around after dark on the ground
among the burrows during the prelaying period. One such courting bird flew up
repeatedly to circle the general area several times before alighting beside its partner
to rest and allopreen: sometimes both partners took off together, returning simul-
taneously to their starting point. A common form of sexual activity was for pairs to
meander along the surface within a small area, perhaps but one or two metres across.
One bird trailed hard on the tail of the other and either or both might enter a nearby
burrow. Much duetting accompanied these perambulations, the pursuer the most
vocal. Pursuers were on top during copulations so that these episodes were
evidently of males soliciting females, perhaps showing off a nest site to a potential
partner. In two instances copulation occurred within 2 m of the burrows, copula-
tions lasting from 20 s to over 4 min and without calling.

During allopreening one bird is usually the more active. After a spate of bill
fencing in which two P. macroptera nibbled at and along each others’ bills, one
preened its passive partner’s head, then ran its beak quickly down that bird’s neck to
the shoulder and along the leading edge of the folded wing, nibbling at the feathers
as it did so. The recipient remained hunched and quite submissive. This bird had
previously used the ‘Ti-ti" call, its partner a disyllabic braying (possibly a modified
‘Kuk-u-er’, see Section C.2 below).
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Figure 6.9 Fighting between Pterodroma solandri who met after being lured down by calling. Note
the cocked and fanned tail of right hand bird and ruffled crown of the other. From a photograph.

B Aggression and defence

Grant et al. (1983) watched Bonin Petrels emerging to patrol an area within 2-3 m of
their burrow, evidently in a form of territorial activity. Birds were repelled when,
with wings spread, the defender suddenly dashed forward, the attacked bird
flicking up, part flying, part jumping, to land a few metres away. Many such
repulsions occurred without calling, but loud ‘Kuk-u-er’ calls alone were often
enough to cause nearby petrels to scatter. Similarly, P. inexpectata may leave its
burrow to attack grounded birds calling near the entrance. Fights also occur, the
participants pecking hard at each other’s heads and napes (Fig. 6.9). Fights over nest
sites also take place with P. arminjoniana (Gardner et al., 1985a).

C Vocal repertoire

Much communication between gadfly petrels is by voice, which can be loud and far-
carrying from the surface or air, but is often muted from the burrow.

No complete repertoire for both sexes of a gadfly petrel has been described, but
audiospectrographs have been published, notably for P. arminjoniana (Gill et al.,
1970), P. inexpectata (Warham et al., 1977), P. mollis and allies (Warham, 1979;
Bretagnolle, 1995), P. hypoleuca (Grant et al., 1983), P. phaeopygia (Simons, 1985;
Tomkins & Milne, 1991), and for P. baraui and allies by Bretagnolle and Attie (1991).

The calls can be quite complex acoustically, with much variation even from a
single bird, between birds, between the sexes and even between colonies. The
following account attempts to pinpoint the main types of call with illustrations of
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typical examples. Because their functions have not been tested experimentally and
are thus ill defined, the calls are categorized according to their aural features. The
calls seem to lack marked inhalatory and exhalatory phrases.

1 The ‘Ti-ti’ call

This is the most familiar of gadfly petrel calls, being variously transcribed as ‘titi’,
‘wik,wik,wik’, ‘si-si-si’, ‘tee-tee-tee’ and so on. It is the ‘high call’ of Bretagnolle and
Attie (1991). Such calls are known for at least 21 species, from both large and small
forms and from all parts of the range. ‘Titi’ is the onomatopoeic Maori name for
several species that are or were used for food.

The call consists of a series of short, staccato notes which, when heard en masse
from the wing, produce a continuous chattering chorus. Wingate (1964) likened that
of P. hasitata to the humming of bees, Bourne (1955) that of P. feae, as a pleasant, high
pitched tittering. The same calls from the ground tend to last longer (24 s) and, once
having begun the caller seems unable to stop until the vocalization has run its
course.

‘Ti-ti’ calls are used by birds on the surface during mutual displays and by adults
on entering their burrows, and may be heard from nesting birds by day in response
to disturbances nearby. In such circumstances the call appears to function as a
greeting or threat, or both. Figures 6.10-13 provide examples of analyses from a
range of species.

The individual notes are basically ‘simple cries’, apparently developed from the
cries of the chicks. In grounded birds the body pulsations, the regular swelling of the
neck and of the floor of the mouth, and the opening and closing of the beak coincide
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Figure 6.10 ‘Ti-ti’ type songs of grounded birds, (A)-(C) Pterodroma inexpectata. (D)—(E)
P. nigripennis. (F) P. solandri. Inn (D) and (F) ‘Ti’ notes are preceded by ‘Moans’.
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Figure 6.11  Calls of some tropical Pterodroma. (A) Part of a call of P. neglecta. (B) Wide band-pass
filter sonagram of part of a call of P. neglecta showing syllables plotting as inverted ‘U’s develop into
longer ones. Note difference in energy distribution from (A). (C) ‘Ti-ti’ type call of P. arminjoniana: the
chevron-shaped pulses change to ‘U’s in the last five notes— perhaps in intake of breath—wide-band sona-
gram from Gill et al. (1970). (D) Wide, and (E) narrow-band calls of different P. alba.
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Figure 6.12 ‘Ti-ti" type calls from flying birds. (A) Two bursts from Pterodroma hypoleuca,
probably from the same bird. (C) From P. inexpectata flying towards the microphone—pitch increases.
(E) From P. hypoleuca flying away, Doppler-shifted dowwwards. (B), (D) and (F) complex chattering
cries from different P. lessonii, all elaborations of the ‘Ti- ti’ call.
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Figure 6.13 Vocalizations of ‘Cookilaria’ petrels on the wing. Bar is 1 5. (A) Pterodroma axillaris:
showing high-pitched ‘Ti-ti" calls, a low ‘Quor’ type slur and lower pitched ‘Ti-ti" notes with many
harmonics, perhaps from another bird. (B) Complex calls of P. leucoptera brevipes. (C) Thick chatter
calls of P. 1. leucoptera. (D) ‘Quor-ti-ti’ of P. 1. brevipes. (E) P. cookii— thick rasping cackle ending in
low crooning note. (F) P. cookii—clearer ‘Ti- ti’ call approaching and flying away from the microphone.
(G) Part of a series of calls from P. 1. brevipes: the second pair show how short notes can be drawn out.
(H) A burst of ‘Ti-ti’ calls from P. inexpectata flying towards the recorder and Doppler-shifted. (I) Two
calls from P. hypoleuca mainly of ‘white noise’ and probably from the same bird. (]) Thick cackles of P.
cookii and a low, pulsed drumming from a second bird.
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with each syllable (Warham et al., 1977). With some species the harmonic structure
results in a rather soft call with a liquid timbre. The quality also tends to alter during
delivery, becoming louder and of higher pitch and then falling again (e.g. Fig. 6.11C).
The range of frequencies may be considerable, often up to 8 kHz, as in Fig. 6.11D.

The basic arcuate formant of the notes may be considerably developed, sometimes
with frequency modulation, or, as in Fig. 6.10D, the arc-shaped notes are drawn out
and only the final one is a typical ‘Ti’". In Fig. 6.11C-E the notes are of the usual
arching type with harmonics, but given so rapidly as to sound like a twitter to the
human ear. Yet again, each note may be modified as in the sonagram of Fig. 6.10F
where the call began with a whoop, changed to a ‘Ti-ti’-type twitter, and ended with
another whooping sound.

The ‘Ti-ti’ call is that most commonly used from the air often as single notes or in
brief volleys. Figure 6.12A shows typical bursts from P. hypoleuca. Because gadfly
petrels travel fast, Doppler shifts may be noticeable (Figs 6.12C,E & 6.13H).

Most complex cries generally seem to be elaborations of the ‘Ti-ti’ call, for example
in Fig. 6.12D where the notes plot as Us, as if the singer began each with open mouth,
then closed it, and finally opened it again.

2 The 'Kuk-u-er’ call

This is composed of a series of syllables of unstructured ‘white noise’ spread across a
wide band of frequences, the last syllable possibly inhalatory. In the duets of Fig.
6.14B and D, one P. hypoleuca used the harsh ‘Kuk-u-er’, its partner the ‘Ti-ti’
sequence, whereas in Fig. 6.14C one gave the ‘Kuk-u-er’, the other a low-pitched
‘Churr’ (see below).

Although usually trisyllabic, single ‘Kuk’ notes are often given, particularly at the
start of a song, as if the singer is warming up. Usually only one or two calls are given
at a time over about 2.4 s, occasionally a burst will last 5 s, and the call can be varied
and elaborated in length and frequency structure. Figure 6.14E records a change in
this call during a sequence by one Bonin Petrel.

The ‘Kuk-u-er’ call has been noted only from P. hypoleuca and P. inexpectata, but
may have been overlooked elsewhere.

3 The ‘Moan’ call

This is distinctive and low-pitched with notes held at constant frequency for up to
several seconds—the ‘drone’ of Tomkins and Milne (1991) in P. phaeopygia. Analyses
from five species are given in Fig. 6.15. Each call consists of an extended note seldom
exceeding 1 kHz, often with a few harmonics. Delivered from the wing, the ‘Moan’
sounds particularly mournful because the frequency tends to drift down slightly.
The description by du Tetre (1654) of the call of P. hasitata as ‘lugubrious’, is very apt.
Otherwise the frequency is usually remarkably steady. Occasionally, as in Fig. 6.15B
there may be frequency modulation. The low notes of ‘Moan’ are often broken up by
high-pitched ‘ti" or ‘si’ notes as in Figs 6.15B and D, and many start or end with a
sudden fall or rise of frequency producing a whip-like sound.

The call of P. ultima (Fig. 6.15) is extraordinary for the steadiness with which the
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Figure 6.14 Vocalizations of Pterodroma hypoleuca. Bar is 1 5. (A) A pair circling overhead, one
(male?) with a harsh, unstructured call (1), the second (female?) an elaborate extended 'Ti-ti’. (B) The
same pair as in (A) with bird (2) evidently more excited, its calls exceeding 8 kHz rapidly fading as they
dash by. (C) The ‘Purr’ of bird (1) stopped as its partner voiced the ‘Kuk-u-er’ call. Courting on the
ground. (D) Bird (1) used a harsh ‘Kuk-u-er’, its partner (2) a single and then a short series of ‘Ti’ cries.
Birds on the ground. (E) Low ‘Kuk-u-er’ type call showing change in acoustic structure in successive
notes from an excited bird. Frequency bars exceed 8 kHz. (F) One bird uses a very low pitched ‘Churr’ call
(1); its partner (2) replies with the 'Kuk-u-er’. (G) Two grounded birds, one (1) using ‘Kuk-u-er’, the
other complex, clear, and high-pitched notes.

principal note is held. These notes can be short or may last for 2 or 3 s and P. ultima
can call for about 12 s without apparently taking breath, although such songs may
consist of several ‘Moans’ linked by shorter sections. The frequency is often slowly
modulated creating a wavering like the mournful hoot of a Tawny Owl Strix aluco
(Williams, 1960); sailors described that of P. cahow in similar terms back in the early
17th century (Butler, 1882).

That the lugubrious cry of P. mollis is used by its northern relatives is shown by the
sonagrams of P. madeira and P. feae in Fig. 6.15F-H, the voice of P. feae on the Desertas
being described as ‘a long wail ending in a hiccup’ (Jouanin et al., 1969).

4 The ‘Quor-wik’ call

This consists of a low-pitched drawn-out note followed or preceded by one or more
staccato ‘ti” or ‘wik’ notes. Such combinations have been syllabized as ‘gor-wik’,
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Figure 6.15 ‘Moan’ Calls from flying birds. Note the characteristic upturn in frequency at the end of
many calls. (A) A single call from Pterodroma mollis. (B) Two P. mollis in a chase. The second cuts in
with an abrupt downwards sweep of frequency immediately the first finishes, and injects a clear ‘Ti’ call
between its two longer syllables. (C) Flight calls of a different P. mollis. (D) Wide-band sonagram of
P. mollis, a clear three-syllable call with a central ‘'Ti’ and starting with a rapid downwards glissade. (E)
P. mollis, a two-syllable call again with an initial downwards frequency sweep. (F) Low call of P.
madeira. (G) Two calls of P. madeira, the first slightly higher pitched. (H) Two low calls of P. feae, the
first slightly the lower. (I) The ‘Moan’ of P. ultima on the ground —a long clear tone at very constant
frequency, although often with some slight modulation. (J) Low calls of P. externa: as in P. ultima often
drawn out over 2-3 s.

‘quor-ti-ti’ etc. (Grant ef al., 1983; Bretagnolle & Attie, 1991). The emphasis is on the
first syllable which is delivered with a distended throat.

Examples in Fig. 6.16 are from the small ‘Cookilaria” species, but similar cries are
heard from P. macroptera and lessonii (Warham, 1956; 1967a), P. hasitata (Fig. 6.18E),
P. baraui (Bretagnolle & Attie, 1991) and P. inexpectata. The Hawaiian ‘Ua’U for
P. phaeopygia probably also refers to it. Grant et al. (1983) noted that in aerial
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Figure 6.16 The ‘Quor-wik’ call. Bar is 1 s. (A) and (C) from Pterodroma nigripennis on the
ground—'Quor, wik,wik,wik’. (B) A low, slurred ‘Moan’ of P. hypoleuca on the wing.
(D) ‘Quor,quor,ti-ti" followed by two complex notes—P. leucoptera brevipes. (E) A flight call of
P. cookii ending with a low ‘Quor’.

pursuits one P. hypoleuca used a low, slurred moan lasting 2-3 s and ending either
quite abruptly or switching to a high-pitched ‘Ti-ti’. The low calls were sometimes
used by themselves as in Fig. 6.16B. These notes sound very like the ‘Quor’ calls of
other species but, as the analysis shows, consist of ‘white noise’, so may be a
different call with different functions.

The first syllable of this cry shows obvious similarities with the ‘Moan’, being of
low and constant frequency as well as often being associated with sharp, high-
pitched notes (cf. Fig. 6.16A), so that the ‘Quor-wik’ may prove to be variants of the

‘Moan’.
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Figure 6.17 The ‘Purr’ call. Bar is 1 s. (A) Two P. nigripennis on the ground. (2) starts to ‘Purr’
while (1) ends an elaborate “Ti-ti” style sequence. (B) Two grounded P. nigripennis: as (1) ends its ‘Purr’
note the other responds with a loud, clear ‘Ti-ti’ vocalization. (C) A lone P. hypoleuca on the ground
changes from ‘Purr’ to a ‘Ti-ti’ call. (D) Another example similar to and from the same species as (C) but
the ‘Purr’ shows fine frequency bands. (E) A section of a ‘Purr’ call from P. nigripennis: note the
harmonics as in (A) and (D). (F) P. cookii: the end of a flight call and part of a low ‘Purr’ call from a bird
on the ground. (G) A low call from P. 1. leucoptera with frequency modulation apparently the equivalent
of the ‘Purr’. (H) Another pulsed "Pury’ from P. cookii singing from a burrow.
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Figure 6.18 Miscellaneous vocalizations from gadfly petrels. Bar is 1 5. (A) and (B) Elaborations of the ‘Ti-ti’ call as used by (A) Pterodroma macroptera
and (B) P. ultima, both from the ground. (C) Two alarm calls of P. arminjoniana. (D) and (E) Very quiet, low-pitched calls of P. hypoleuca from a burrow.
(F) Wide band-pass filter sonagram of a complete ‘clear’ call from P. leucoptera pycrofti in a burrow. (G) Sonagram from P. 1. pycrofti showing varied
structure of syllables. Frequency scale should be doubled for this example, time scale halved—some harmonics reach 10 kHz. (H) Another sequence of ground
calls from P. 1. pycrofti. (I) P. hasitata: note how low-pitched syllables lengthen as call proceeds. (J) Low, ‘Quor-wik’ type calls separated by possible ‘breath’
notes, from P. hasitata.
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5 The ‘Purr’ call

This is a distinctive purring not unlike the churring of storm petrels (Section VIII.C
below). A single ‘Purr’ may run for 6 s but is often virtually continuous, broken by
brief pauses, as if the bird is catching its breath, each call then running 4-5s. On
sonagrams it shows as a band of low frequency noise extending over about 1 kHz but
may also have three to five harmonically related bands of low frequency. The pulse
rates with P. hypoleuca ranged from 80 to 190 s™! (Grant et al., 1983, fig. 3).

Figure 6.17 presents eight analyses: one (E) part of a 2.3-s long ‘Purr’ of P.
nigripennis, had four harmonics about 0.4kHz apart and with some frequency
modulation. Figure 6.17A and B are from duets between a ‘Purring’ bird and another
using variants of the ‘Ti-ti’ vocalization, the two types being so distinct that different
sexes seem likely to have been involved. The ‘Purr’ of P. hypoleuca is very similar, but
in Fig. 6.17C the singer switches to a series of ‘Ti-ti"’ notes, so that in this species at
least, these calls are not confined to opposite sexes. Furthermore, in Fig. 6.14F, while
one P. hypoleuca was ‘Purring’, its partner gave the ‘Kuk-u-er’ call.

The call has been heard from at least three ‘Cookilaria’ species singing on the
surface or from burrows. It is not loud and, if below ground, the bird is inaudible a
few m away. Similar calls have been described for P. longirostris pycrofti (Fleming,
1941; Bartle, 1968): they may prove characteristic of ‘Cookilaria’ species.

6 Threat and distress calls

Threat calls, mainly ‘Kuk-u-er’, are heard most often during disputes over burrows,
distress calls when petrels are fighting one another, are attacked by skuas, or hauled
from burrows by man. They are screams that show as unstructured sounds
involving many frequencies (e.g. Fig. 6.18C).

7 Other vocalizations

Some calls are difficult to place in the onomatopoeic categories used here. This is
partly because the more simple themes like the ‘Ti-ti' call may be elaborately
developed. In Fig. 6.18B, for example, a fairly typical call of P. ultima is expanded at
the start and end into loud whooping cries, and in Fig. 6.18A the arcuate formants of
a 'Ti-ti’ call of P. macroptera reach high frequencies with many harmonics and with a
sudden change in the last note with the harmonics now at 400-Hz intervals.

Other quiet calls from below ground are of unknown significance; Fig. 6.18D and E
provide examples.

8 Sexual dimorphism in calls

Several workers have supposed that in Pterodroma the voices of the sexes differ (e.g.
Wingate, 1964; Warham, 1967a; Jouanin & Gill, 1967; Warham et al., 1977; Bretagnolle
& Attie, 1991). None has established this unequivocally on sexed birds. From direct
observations of birds that had copulated, Grant et al. (1983) deduced that P. hypoleuca
using the ‘Purr’ and ‘Ti-ti’ calls were males, those using ‘Kuk-u-er’, females. In aerial
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duos they thought that it was the males that used the low frequency slur and ‘Ti-ti’
calls, the females the harsher 'Kuk-u-er’ or its variants (e.g. Fig. 6.14).

Tomkins and Milne (1991) recognized two series: ‘sweet’ calls where the ‘Moan’
was a pure tone and the ‘ti-ti’ with clear harmonics, and ‘coarse’ calls of similar
pattern but with little harmonic structure. They concluded that the ‘sweet’ calls were
used by the males, the coarse ones by the females.

IV The Blue Petrel Halobaena caerulea and the prions Pachyptila
A Nuptial displays

All are highly social, displaying by night on the surface and within burrows. Pairs
and trios are highly mobile, so that groupings change frequently, duet and allo-
preen. Copulation by Pachyptila seen on the surface is typically procellariiform
except for a high-pitched whistle apparently given by female P. desolata and P.
belcheri (Tickell, 1962, p. 16; Strange, 1980).

According to Bretagnolle (1990a) male Halobaena and prions call from burrow
entrances and potential partners reply from the air before alighting, most flight
calling being from females.

B Aggression and defence

Prions are active in defence of their burrows. Established pairs repel intruders by
loud, grating, staccato calls (pers. obs.; Harper, 1976; Strange,1980). More aggressive
birds are threatened by territory holders advancing with wings held from the body
or even vertically and bill thrust forwards. Fighting is accompanied by loud, high-
pitched screams as the birds bite and grasp each others’ bills and napes. With P.
turtur the nest owner invariably won and non-breeders were evicted from burrows
by established birds (Harper, 1976, p. 367).

C  Vocal repertoire (Fig. 6.19)

The similarity of the calls of Blue Petrels and prions was noted by Paulian (1953, p.
183) and others, the principal vocalization being described as a cooing often built
from rather staccato notes of low frequency, as suggested by the ‘poor popper
popper popper pop’ of Richdale (1944b) for P. turtur. Calling comes from overfliers,
from those on the surface and below it and, like other burrowing petrels, both will
call by day in response to a footfall, at least during the prelaying stage. Strange (1980)
listed three types of cooirng notes used by P. belcheri on the ground or air and harsh
cries accompanying fighting.

In all prions the main call is built from a succession of notes to a rhythm that may
characterize each species and sex, and maybe act as premating isolating mechanisms
where, as often obtains, several species breed sympatrically. The acoustic structure
and disposition of the harmonics, if any, vary from bird to bird and may also change
in the course of a call (e.g. Fig. 6.19F).
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Figure 6.19 Sections of calls of Halobaena and Pachyptila. Bar is 15. (A) Normal call of Halobaena,
a low-pitched cooing—probably by a male. (B) Solo courtship song of P. turtur with characteristic three-
syllable dot—dot—dash pattern and well-defined harmonics, probably from a male. (C) Solo courtship song
of P. turtur. This two-note call was probably that of a female. (D) Main call of P. vittata with well-defined
temporal pattern but mainly of ‘white noise’. (E) Another song from P. vittata pitched much higher than
in (D) and with some fine harmonics. The high-pitched acuate traces are from a chick. (F) Part of a long
call of P. turtur, probably male, showing increase and decrease in amplitude and pitch with changing
level of excitement. Dot~dot—dash pattern is retained throughout. (G) Duet of P. turtur, One bird uses
harsh two-syllable, high-pitched notes, the other clearer, low-pitched ones, that never exceed 2 kHz.
(H) Another P. turtur duet. As in (G) one calls very loudly and harshly, the other (1) gives a clearer call
with but one harmonic and the fundamental at c. 1kHz. (I) Hoarse alarms of P. turtur on being
approached: high-pitched calls of a chick precede the first two notes. (J) Rhythmic calls of a well-grown
P. vittata chick.
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Bretagnolle et al. (1990) figured audiospectrographs of P. belcheri, P. desolata, P.
salvini and P. vittata and showed that the main calls of the sexes are distinct, both the
rhythm of the notes and their sequences varying according to the sex, and Genevois
and Bretagnolle (1995) found that the songs of male P. belcheri start with a short note,
those of the female with a long one.

In the common call of P. turtur some notes may have a few harmonics and much
‘noise’, but those in many calls have purer tones and fundamental frequencies
between 0.8 and 1.3 kHz, producing clearer and more piping sounds. The male
version is typically composed of one long and two short notes (Fig. 6.19B) rapidly
repeated, the mean call length being about 1.16 s. That of the female is a disyllabic
‘Errr-err’ (Fig. 6.19C) of a long and short syllable lasting 1.64 s, significantly longer
than that of the male. Such calls, given from the wing or the ground, may be repeated
for several minutes and are highly contagious to nearby birds. The voice of P. vittata
is of a similar pattern to other prions but is more raucous (Fig. 6.19D,E).

Threat calls used to intruders are explosive and harsh, and Tennyson (in Marchant
and Higgins, 1990) described a high-pitched ‘Pihipihi’ distress call of P. vittata and P.
turtur when handled that was also directed by P. turtur at an intruding Mottled
Petrel.

V  Bulwer’s and Jouanin’s Petrel Bulweria bulwerii and B. fallax

Presumed non-breeding Bulweria bulwerii have been seen on Laysan Island sitting on
the ground in ‘clubs’ of at least 1000 birds (Ely & Clapp, 1973) and Wetmore (in
Amerson & Shelton, 1976) watched birds in pairs, resting, reaching towards each
other and, with distended throats, giving their comical barking calls, generally
rendered as “‘Woof’ (Fig. 6.20).

Bulwer’s Petrels also call from their nesting recesses but not from the air.
Wetmore’s statement that the barking was used by both sexes was confirmed by
James and Robertson (1985a). From their analysis of the calls of 18 males and 24
females sexed by cloacal inspection they described three versions of the ‘Woof’ call
(Fig. 6.20) but detected no clear sexual differences. This is surprising as B. bulwerii
remains nocturnal even on Pacific islands lacking predators, and Bretagnolle (pers.
comm.) classifies all the calls as sexually dimorphic based on frequency and tempo.
The call of B. fallax is a reiterated ‘noisy grunt’ (Fig. 6.20E), quite like the bark of B.
bulwerii.

According to Thibault and Holyoak (1978), B. bulwerii has a strongly nauseous
body odour differing from that of Pterodroma but only noticeable in a short period
before the egg is laid: the involvement of some sexual pheromone cannot be ruled
out and needs investigation.

VI The Shearwaters Procellaria and Calonectris
A Nuptial displays

Nuptial activity for both genera includes bill fencing and mutual preening, evidently
no different from that of other tubenoses. Shoemakers Procellaria aequinoctialis, Grey
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Figure 6.20 The 'Woof of Bulweria bulwerii (A)—(D) and B. fallax (E). Bar (A)-(D)is1s, in(E) 2 s.
(A) ‘Single Call’. (B) ‘Double Call’. (C) ‘Repeat Call’. T,—Tg, temporal, and F1—F; frequency variables
analysed. Wide band analyses by James and Robertson (1985a). (D) A section from a duet of regularly
repeated notes: one bird calls four times and its partner six times, the latter perhaps the female. Despite the
slurred traces that explain the ‘thick’ sound of the call, there are underlying harmonics. (E) Reiterated
gruff note of B. fallax recorded by Nanette Seto.

Petrels P. cinerea and Cory’s Shearwaters Calonectris diomedea may be active on land
by day, particularly towards evening and Murphy (1936, p. 645) described pairs of P.
aequinoctialis sitting near burrow entrances sunning themselves and ‘alternately or
simultaneously nibbling with their beaks and uttering their shrill warbles’. Father
Schmitz in his account of the Cory’s Shearwater hunt of 1892 (Schmitz, 1894),
recounts that ‘the couple rub their bills together in the same way as pigeons do’.
Schmitz (1894) and Lockley (1952) saw the preening of females by males of this
species leading to coition. All Procellaria and Calonectris species defend their nest sites
against conspecifics and fighting is common at high-density colonies, sometimes
resulting in death. Their chicks may spit stomach oil but this is ill directed.
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In flight by day during chick rearing P. aequinoctialis are harried by skuas to
disgorge their stomach contents, but grounded adults resist skua attack vigorously
and many apparently escape, although others are killed {(Moors, 1980). In contrast,
during the early prelaying stage, overflying P. cinerea were not attacked by skuas in
the daytime possibly because they had empty stomachs (Warham & Bell, 1979).

B Vocal repertoire

The vocalizations of P. aequinoctialis and P. cinerea have been described by Brooke
(1986); of all four Procellaria by Warham (1988b) and of C. diomedea by Bretagnolle and
Lequette (1990).

Birds of both genera are loud mouthed and produce inhalatory and exhalatory
sounds. The accompanying muscle contractions may be obvious, the lower ampli-
tude and more gasping ‘noisy’ sounds of inspiration often being deductible from
spectrographs (e.g. see Fig. 6.22A).

1 Procellaria

a. The Grey Petrel P. cinerea. This appears to have a repertoire of but two components,
the ‘Moan’ and the ‘Bleat’. These create a distinctive and far-carrying chorus during
the subantarctic autumn night, when newly arrived birds call from burrow entrances
and, while perched on rocks or tussocks, swing their heads in wide arcs, bills fully
open, ‘hosing’ the sound across the breeding terrain (Fig. 6.21).

The ‘Moan’: at Antipodes Island this comes from single birds or from pairs, but is
audible only at close range. Figure 6.22A,B and E are typical analyses, illustrating the
variation between birds in the disposition of energy and frequency bands and the
amount of frequency modulation. The overall effect is of a shearwater-style croon-
ing.

The ‘Bleat’ (Fig. 6.22E-F) is usually preceded by one or two wheezy ‘Moans’, the
last being inhalatory, one or two short notes of intermediate length (L) and then the
explosive, exhalatory ‘Bleat’. Brooke (1986) called this the ‘rattle cry’ but it is not hard
enough for a rattle, and Hutton’s (1865) simile of the bleat of a lamb is nicely
descriptive. It is based on notes only c. 0.4 s long, with strong frequency bands,
separated by even shorter silences. These change to double pulses creating the
impression that two birds are involved (Fig. 6.22B and G). The whole of the ‘Bleat’
sequence lasts 5-19 s, mean 9.4 s, n = 37, and it is difficult to see how a bird could sing
for so long without a breath: presumably the inhalatory phase fills the lungs and air
sacs and perhaps the switch to double notes marks a change to taking small breaths
between each note.

Grey Petrels differ from other Procellaria in evidently not using bill clicks, their
beaks during singing being held fully open. The tongue, however, may well play a
role in sound production.

b. The Shoemaker P. aequinoctialis. The vocal repertory of this noisy bird includes a
‘Clack’ or ‘Rattle’ and sundry ‘Groans’ and ‘Squeals’. The following data come from
Warham (1988b).
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Figure 6.21 Recently arrived Procellaria cinerea advertising its whereabouts and availability. Photo:
author.

The ‘Clack’ or ‘Rattle’: the dominant call, given from the surface, consists of a
series of staccato notes or pulses lasting about 11 s (range 2-34's; n = 10), e.g. Fig.
6.23A). Both sexes use it, as solos or in duets.

As Fig. 6.23A shows, the ‘Rattle’ is built from two types of notes, both of very short
duration, c. 0.03 s, spread over the frequencies and very precisely timed in respect of
one another. Most of the sound energy was in note (b) and note (a) had the form of a
click. The bolder trace appears similar but it is not precisely perpendicular and
shows much amplitude modulation. These doublet notes were timed at rates of 5-10
s}, about the same as reported by Brooke (1986).

Figure 6.23B and C show ‘Rattles’ of partners at their nest. Their calls sounded
different and the sonagrams show why: that of the bird in Fig. 6.23C being of lower
pitch, having a slower delivery, and made from triplets of two clicks and an abrupt
and remarkably rapid downwards slur (cf. Fig. 6.23D). From its more aggressive
nature the bird of Fig. 6.23B was most likely the male.

Some of these pulsed clicks may have been generated by bill snaps but Imber
(pers. comm) saw them calling with wide open, vibrating beaks, which were not
snapped shut. On being approached an incubating bird would start ‘Rattling’,
quietly at first, but on coming closer the pitch and amplitude of the ‘Rattles’
increased (Figs 6.23B,C). The ‘Rattle’ of the presumed male of this pair was often
preceded or ended by harsh groans or squawks, as in Fig. 6.23B.

Such notes of variable structure appear to be the basis for what Brooke (1986)
termed ‘wheezy’ calls. At Marion Island he heard these mainly from burrows and
given at 3-8 notes s~L; that is, at lower rates than the ‘Rattle’ notes. Shoemakers at
Antipodes Island were not heard using such notes as ‘wheezy’ songs, only as
preludes or codas to ‘Rattles’.
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Figure 6.22 Procellaria vocalizations. Bar is 1 5. (A) ‘Moans’ preceding the ‘Bleat’ call of P. cinerea; (a) inspiratory; (c) expiratory; (b) a short connecting
note; (d) a call from another in the background. (B) Prelude to the ‘Bleat’ of P. cinerea, with three inhalatory ‘moans’ (e) and another short (expiratory?) note
leading to the ‘Bleat’ which starts at (). (C) Part of a ‘Clack’ sequence from P. parkinsoni singing on the ground. The notes come in doublets and the sound is
spread across the frequencies. (D) Part of the threat or alarm of a grounded P. parkinsoni. The powerful high-pitched expiratory notes are separated by quieter,
low-pitched inspiratory ones. (E) and (F) Two introductory, low-pitched ‘Moans’ before the ‘Bleat’of P. cinerea. Two short notes (L) precede the fusillade of
very short syllables of the ‘Bleat’ proper (MM). Just before (N) the notes develop into doublets as shown in the half-speed spectrogram of (G) where the switch
from single to double notes (a) and (b) is clearer. From Warham (1988b).



BEHAVIOUR AND VOCALIZATIONS OF PROCELLARIIDAE 293

Alarm or Threat Calls: examples of the loud and varied squeaking cries made by a
presumed male when approached on his nest are shown in Fig. 6.23F,G and H.
When drawn out as in Fig. 6.23H the result was a piercing, frequency-modulated cry,
the ‘pig-like squeal” of Hagen (1952).

There are no records of Shoemakers calling in flight except when attacked by
skuas.

c. Parkinson’s Petrel P. parkinsoni. The voice of this petrel has not been detailed.
Three types may be categorised:

‘The Clack’: the commonest call heard from birds on or below ground. It consists
of strings of staccato pulsed notes which may be preceded by low, wheezy
(inhalatory?) sounds (Fig. 6.22C). Here the notes came in doublets, at about 9 s land
extended over a wide frequency range, being not unlike the double pulses of the
Shoemaker of Fig. 6.23A. ‘Clack’ calls were timed to last for 7-10s.

‘Throaty Squawks’: sometimes high-pitched, these are used by grounded birds
during disputes and include distress calls from birds being handled (Fig. 6.22D).

Aerial Calls: Parkinson’s Petrels are not very vocal from the wing but some short
‘Clack’ sequences are heard of birds circling above the forests of the nesting
grounds, as noted by Buller (1888, 2, p. 224).

d. Westland Black Petrel P. westlandica. Also breeding in heavy temperate rain forest,
this bird has a varied repertoire of far-carrying vocalizations. Five types of call were
identified by Warham (1988b).

The ‘Quack’: a succession of rather duck-like notes, used by both sexes, and given
from the ground and air. The whole call lasted 13 s, range 545 s for 28 calls at 24
notes s~!. These are simple expiratory cries, with harmonics and usually an
inhalatory introduction, for example (X) in Fig. 6.24A, their acoustic structure often
changing during a call and differing from bird to bird. During duets (which may
develop to antiphonal singing) one bird tends to have a higher-pitched and clearer
voice (Warham, 1988b, fig. 6).

The ‘Jackass’ Call: usually heard as the climax to a bout of ‘Quacking’ and
sounding very like the hysterical song of the Kookaburra Dacelo gigas (Fig. 6.24B).
The notes last only for about 0.05 s at 8-12 s~!, and were timed to run for 2-56 s, mean
14 s, n =17, but one bird called for 104 s before the recording tape ran out. The note
rate may be changed, presumably in response to the actions of other birds.

The ‘Jackass’ Call is given by single birds and in duets when only one partner used
it, deduced from other evidence to be the male, and Bretagnolle (pers. comm.) who
recorded birds of known sex, confirmed that this call is restricted to males.

The "Moan’: low-pitched, drawn-out crooning cries are heard from birds in
burrows and they sound very like sotfo voce songs of shearwaters, but are of low
amplitude and audible only at close range (Fig. 6.24C). Their significance is unclear.

Threat Calls: like Shoemakers, Westland Petrels often yell out when their burrows
are invaded, their cries being of very varied acoustical structure, even in successive
calls (e.g. Fig. 6.24D,EF).

Aerial Calls: some birds call from the wing. Jackson (1958) thought that these were
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answered from the ground, but this needs confirmation. The vocalization is usually a
short ‘Quack’ with, occasionally, a deeper, repeated but short croaking sound.

e. Discussion. Even on the present incomplete data, the vocalizations of these four
species can be seen to share some common features, for example having loud cries of
rapidly repeated staccato notes, spread widely across the frequencies, and low-
pitched inhalatory ones.

While such similarities support their classification in the same genus, some of the
differences support their separation as full species. For example, calls of P. westlan-
dica provide no evidence that this is but a winter-breeding race of P. aequinoctialis.
Nor do the vocalizations suggest a very close link between P. westlandica and P.
parkinsoni, but the low introductory moans and wheezes show similarities to the calls
of Puffinus, with their marked inhalatory and exhalatory components.

Grey Petrels seem exceptional with the small repertoire, and neither I nor Brooke
(1986) heard them call in flight.

Using playback to birds of known sex, Brooke concluded that the ‘Rattle’ of the
Shoemaker, which when given from the surface was mainly used by males, served to
indicate the caller’s availability as a mate, and Antipodes Island birds singing in this
way seemed to be advertising themselves and their burrows, although the same call
was used in threat or alarm. Brooke deduced that the ‘Bleat’ of P. cinerea deterred
intruders, whereas lone birds such as that in Fig. 6.21 are clearly in advertising mode.

Brooke (1986) also tested of the responses of incubating P. aequinoctialis and P.
cinerea to playbacks of ‘Rattle’ and ‘Wheezy’ calls of the former and ‘Bleat’ calls of the
latter. The results indicated that the birds recognized the voices of their partners but
that there was no constant sexual response because test birds reacted as often to calls
of their own as to those of the opposite sex (Table 6.1).

Brooke’s conclusion that no commonly used vocalizations of these species are sex-
linked is surprising in view of the sexual difference in the calls of P. westiandica and of
the marked differences in the calls of members of pairs of P. aequinoctialis (Fig. 6.23).
Of course, the forest-dwelling species, at times operating in almost complete
darkness, need vocal clues more than P. cinerea and P. aequinoctialis breeding in open
country and tending to come ashore before dark, but the matter needs re-
examination.

Figure 6.23 (A)~(D) ‘Rattle’ calls of Procellaria aequinoctialis. (E)-(H) Alarm or threat calls.
(A) Fron a bird on the surface showing the doublet structure of the notes —a faint one (a) and a strong one
(b). (B) Bird incubating in a cave. A ‘Groan’ prefaced the ‘Rattle’ which was of increasing and then
decreasing pitch as the microphone was pushed closer and then withdrawn. (C) Call of the partner fo the
bird in (B), showing similar reaction to a close approach. (D) Half-speed analysis of section ‘d" of (C) to
show that the ‘Rattle’ notes consisted of two taps and a strong, extremely rapid, downwards glissade.
(E) At the end of a 'Rattle’ call, two high-pitched *Squeals’ followed by two lower pitched ones. (F) Two
high-pitched ‘Squeals’ before a ‘Rattle’. (G) The same bird as in (F) showing how the acoustic structures of
alarm calls can vary even from the same bird. (H) Extended and penetrating 'Squeals’ of the bird of (F) and
(G) when closely approached while guarding its chick. From Warham (1988b).
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2 Calonectris

The two species have quite complex calls, particularly when excited during duetting.
Loud vocal displays are given on and below ground and, unlike Procellaria, they
commonly call loudly when circling over their nesting areas. The sounds are
raucous, and similar whether from ground or air.

Ristow and Wink (1980) confirmed earlier suggestions that the sexes have
different flight calls. Those of female C. diomedea diomedea are more rasping and lower
pitched with much of their energy around 1 kHz. Bretagnolle and Lequette (1990)
analysed the flight calls of both C. d. borealis and C. d. diomedea, confirmed the sexual
dimorphism, and found significant differences in the voices of birds of these two
subspecies.

Bretagnolle and Lequette compared five temporal variables and the fundamental
frequencies of the main call (their ‘Duet’), of C. d. borealis. Only the frequencies
differed; those for the males averaging 367 £ 21 Hz (n=12), for the females
84 +7Hz (n=6), P < 0.001.

According to these workers the typical call of C. d. borealis is a repeated three-
syllable sequence, two having clear harmonics, the third, with much ‘white’ noise, a
‘breath’” note (Fig. 6.25C). They considered three-syllable calls typical of the Atlantic
form, two-syllable ones of the Mediterranean one. Figure 6.25A is of a C. d. borealis
duet which begins with a female repeating a pattern of two very loud ‘noisy’ notes
and a quieter, higher-pitched inhalatory one, until its partner breaks in with a four-
syllable sequence.

Sonagrams of birds of the typical form are given in Fig. 6.25 E,F and G. Similarities
of acoustic structure are apparent between D and E and G, the last being disyllabic
on the criteria of Bretagnolle and Lequette (1990). The typical form also uses very
deep calls at times (Fig. 6.25F).

Bretagnolle and Lequette tested the responses of C. d. borealis to playbacks, finding
that they replied significantly more to voices of their own sex. As the order of the
syllables was the most variable of the parameters measured, it was suggested that
sexual recognition was based on syntactical factors.

Breeders responded more to playbacks of their own subspecies and responses, if
any, to alien calls were significantly delayed. Non-breeders took little notice of alien
calls, yet these are precisely those seeking partners, as Bretagnolle and Lequette
pointed out. They also suggested that this sensitivity to geographical variation in

Figure 6.24 Calls of Procellaria westlandica. Bar is 1 s. (A) Part of the ‘Quack’ of a bird singing on
the ground, showing the low-pitched, low-volume, inhalatory notes (x) and the louder, higher-pitched
exhalatory ones (y). (B) Part of a ‘Jackass’ call developing as a climax to a ‘Quack’, with inhalatory and
exhalatory notes (x) and (y). Two shorter notes (z) link the ‘Quack’ to the ‘Jackass’ which is built on very
short syllables. (C) Low moaning cries from two birds duetting from a burrow: the separate details are
unclear due to overlapping. (D) A loud 'Squawk’ of mainly ‘white noise” given in response to a hand
reached into a burrow. (E) Another alarm or threat from a different bird to that in (D). (F) Two strident
screams from a lone alarmed bird: there is a great difference in the acoustic structures of the two successive
notes. From Warham (1988b).



Table 6.1 Responses of Shoemakers and Grey Petrels to playbacks of their calls. From Brooke (1986)

Occasions (n) that test bird: Response type
Did not ‘Wheezy ‘Wheezy’, then ‘Rattle
Test bird Responded respond call’ ‘Rattle call’ call’
A P. aequinoctialis
Same sex as caller 13 5 10 3 0
X3=086
Opposite sex to caller (not mate) 14 10 NS 13 0 1
Xi=9.13
Mate of caller 5 23 P<0.01 2 1 2
B P.cinerea
Same sex as caller 9 2
NS All responses were
Opposite sex to caller 12 2 Fisher exact reSp ;
. with ‘Bleat’ call
test, 1-tailed,
Mate of caller 4 6 } P<0.05

NS, not significant.
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calls may enhance a female’s ability to find a partner of her own song-type and thus
local population.

Playbacks of male calls led to increased calling by conspecific males on the ground,
suggesting that these were replying with territorial declarations to the ‘new’ male.
The calls of flying females also increased, suggesting dialogue between them and
grounded, unmated males, as with Puffinus (Chapter 4.VILB).

The Streaked Shearwater C. leucomelas has a loud voice, its calls often very high
pitched, reaching to at least 10 kHz. Bretagnolle and Lequette (1990) reported that
the fundamental frequency of male calls was between 4 and 5 kHz but in many flight
calls the lowest frequency is around 0.5 kHz as with the low, slurred notes in Fig.
6.25H, probably those of a female (Bretagnolle, pers. comm.).

Apart from the courtship and advertising calls, Calonectris have harsh, high-
pitched vocalizations when fighting which, in C. d. borealis, are monosyllabic
modifications of the ‘Duet’ call (Bretagnolle & Lequette, 1990).

VII The Puffinus shearwaters
A Introduction

General information on the social and sexual activities of Puffinus, mostly of
unknown sex and status, were provided by Rowan (1952) for P. gravis, by James
(1985a,b) and Storey (1984) for P. puffinus, by Warham (1955, 1958b, 1960) for P.
assimilis, P. carneipes, and P. tenuirostris, by Harrow (1976) for P. huttoni and by Harper
(1983) for P. bulleri. The detailed work of Shallenberger (1973) on P. pacificus, is
unfortunately mostly unpublished.

As usual most ground activity is from non-breeding birds, but breeders may
emerge from their burrows from time to time to join in the general vocal chorus and
shearwaters may also assemble on bare, unburrowed ground to sing and court, in
the style of albatrosses in their ‘clubs’. There is the usual early peaking of the chorus
after dark, later declining but reviving with the outgoing exodus, as shown for P.
gravis by Hagen (1952, p. 103).

Bursts of activity are followed by rests or sleep, but the chorus is rekindled locally
when particularly vociferous pairs burst into song and neighbours join in. This pool
of activity quietens as the initiators fall silent, but the din kindles outbursts at the
periphery so that the sound spreads outwards from its origin like the waves from a
stone dropped into a pond. This stimulatory effect was noted by Rowan (1952) and
Warham (1960), among others, and Harper (1983) reported that the calls of P. bulleri
also triggered off chorusing and pair-bonding activity in nearby Fairy Prions.

B Nuptial displays

Shearwaters use no dramatic visual signals when soliciting partners or nest advertis-
ing, and although they may call when overflying the colonies, there appear to be no
aerial pursuits as with gadfly petrels. What visual signals are used are detectable
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only at very short range, are preceded and accompanied by singing, and by tactile
and possibly olfactory signals.

Typically, an active bird, often a male, approaches or trails behind a potential
partner with his head held low, bill closed or only slightly ajar and calls vigorously.
He reaches forwards and tries to probe the plumage of the other bird who is probably
also calling. Bill-fencing may follow duetting, usually with the birds face to face (Fig.
6.26), and this may become so vigorous that both rise to their feet with one even
inserting the tip of its bill inside that of the other (Fig. 6.27). During fencing the bills
become shiny and bubbles may appear at the nostrils, but whether this is due to
release of salt excretion or stomach oil is unclear.

Shallenberger (1973) drew attention to the concentration of preening around the
eye by pale-breasted P. pacificus. These have white feathers in the eye socket and
when raised the lower eyelid creates a white patch which Shallenberger suggested
might provide a stimulatory and directive signal to the partner.

The tactile stimulation reduces aggression in the preened bird and two may sit
with bodies touching, calling and allopreening for long periods. The male tends to be
the most active, his calling prefaced by silent pulsations of throat and buccal cavity.
The calls of both become increasingly loud, strident and higher pitched as their
excitement increases, their napes are arched and the throat pulsations increase in
extent with the increase in sound volume and their bodies and tails also throb in time
with their calls (see Fig. 4.8). A common feature of this mutual display is for the birds
to duet with their beaks pointing down a burrow entrance down which they
disappear still calling (Fig. 6.26D), possibly a form of male nest presentation
behaviour.

Between displays the birds often mandibulate stones, leaves and other material
with ‘Sideways Throwing” movements, and some material may get carried into the
nest chamber.

The oscillations of the male’s beak stropping that of his partner during coition tend
to impart a wavering to his calls, which are now rather muted. With some species,
such as P. tenuirostris, a special, soft, low and repeated call accompanies copulation,
one distinct enough to enable the listener to locate copulating pairs (Norman, 1969).
The male may grasp the other’s nape in his widely opened beak (Fig. 6.26C). Calls
cease as cloacal contact is made. Once hatching begins copulatory activity by the

Figure 6.25 Vocalizations of Calonectris: A-D from the Salvages; E-G from Malta. (A} Duet of
C. diomedea borealis. The distinctive three-syllable call of the first bird fades away as the male enters
(arrow) and continues with a four-syllable response. (B) C. d. borealis, a four-syllable male call, the last
asoft ‘breath” note. (C) C. d. borealis, a three-syllable male call, the last inhalatory. (D) C. d. borealis, a
four-syllable call at high intensity, cf. (B) above. (E) C. d. diomedea, a typical three-syllable phrase with
a brief section of unstructured sound (4) possibly inhalatory and given by an excited bird. Note basic
similarity to that of C. d. borealis in (D), but with longer syllable length. (F) C. d. diomedea: two low-
pitched calls with much background noise. (G) C. d. diomedea: part of a high intensity song showing
variation in the structure of the syllables in the course of a call. (H) C. leucomelas: an aerial chorus
including two low notes (1 & 2), probably from a female with fundamental frequencies around 50 Hz.
(I) C. leucomelas: the cacophony of the night-time flying birds: the notes are high-pitched and of varied
acoustic structure.



302 BEHAVIOUR, POPULATION BIOLOGY AND PHYSIOLOGY OF PETRELS

Figure 6.26 Courtship postures of shearwaters. From photographs. (A) and (B) typical orientation at
start of displays. (C) Copulation. (D) Duetting inspection of burrow entrance.

Figure 6.27 Billing by Puffinus bulleri. The lower bird (the female?) has the end of its upper mandible
within the gape of the partner. From a photograph.
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non-breeders declines, less preening is seen, and pairs sit silently together for long
periods, one or other occasionally singing quietly ‘under its breath’.

C Aggression and defence

Established birds repel territorial intruders, mostly by loud songs but, if necessary,
by fighting. Bills and claws are the offensive weapons, the wings and tail being
extended to help maintain balance. The birds use loud, strident calls and tend to rise
to their toes to get above their adversaries. Established nest holders generally seem
to win.

Intruders may exhibit almost reptilian persistence in repeatedly trying to enter a
particular burrow only to be as repeatedly repulsed, perhaps to retire bleeding. Some
such birds could have formerly bred there but have somehow lost residential rights,
perhaps having lost their partner.

During the predawn departure, the scene at dense shearwater colonies on calm
mornings can be chaotic. Scrimmages develop near take-off points as birds struggle
for a place, sometimes even leaping into the air from the back of another. As they file
along the tracks leading to these favoured launching sites many call, as do birds from
burrows, and the chorus may be as loud as that on the previous evening. What is the
function of all this noise? Does it deter burrow owners from attacking the passers-by,
and/oris it part of a territorial proclamation, as in the dawn chorus of passerines? But
most of the travellers have their own nests, are often drawn from quite a wide area,
and would seem to pose no threat to the nesters past which they hurry.

D Vocal repertoire

Special calls used during copulation, mechanical sluicing sounds during chick
feeding, and howls when fighting excepted, Puffinus have one basic vocalization that
is used during nuptial and aggressive/defensive situations.

This is composed of repeated phrases of units of 3-8 notes or syllables. Such calls
have been described in many ways—for P. puffinus ‘it-i-corka’, ‘it-is-your-folt’; for
P. carneipes ‘ku-kooh-ah’, and so on. There is much intra- and interspecific variation
but the basic structure of the song of a particular bird is consistent enough for
individual recognition, for example in P. puffinus (Brooke, 1978e).

The exhalatory and inhalatory phrases are especially clear in shearwater calls (see
Fig. 4.3), coinciding with expansions and contractions of the throat and buccal
cavity. Most start quietly, build to a climax, then decline with no audible inhalations.
Duets often end in a frenzied scream or a splutter, and the number of syllables may
increase as in Fig. 6.28C. Duettists may sing in unison, or their syllables may
alternate. Whether there is any significance in the relative timings for pair formation,
as in the synchronous ‘dances’ of Laysan Albatrosses, or for confirming identities by
matching calls as in gulls, is unstudied. Both sexes can generate a high volume of
noise so that, in a burrow, with their heads close together, pressures on their ears
must be very high. The energy expended seems excessive just for communication
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Figure 6.28 Vocalizations of unsexed Puffinus bulleri calling from the ground. Bar is 1 5. (A-C)
Parts of a duet that lasted 20.1 s to show call development and changes in acoustic structure. (A) Call of
the initiating singer based on a three-syllable unit. (B) To show the amplitude and pitch of the same singer
at the peak of its song. (C) The end of the duet showing the five to six syllable call of the second bird with the
first singing quietly in the background at (X). (D) and (E) Solo birds to show changes in the sounds as the
calls climax. (F) A complex two-syllable style vocalization from an excited bird with most of the acoustic
energy around 5 kHz.
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between them, but perhaps such loud duets serve also to warn off intruders, mark
out the occupied sites, and so reduce wasteful competition.

Calls made from the ground or from the wing are similar but aerial calls are
frequently heard as mere snatches. A bout of ground calling usually lasts for 5-15 s in
large species such as P. bulleri, P. griseus and P. tenuirostris. Aerial calling is heard
mostly from the smaller species such as P. assimilis, P. puffinus and P. gavia; larger
species tend to be silent then (Chapter 4.VIII) and the eerie silence of massed inflying
P. tenuirostris was noted 100 years ago by Bishop Montgomery during his visits to the
Bass Strait colonies (Montgomery, 1892).

The kinds of intraspecific variation in the calls is exemplified by Fig. 6.28 from
unsexed P. bulleri, not selected to show extremes. These calls were based on two- or
three-note phrases, and in all one note has many harmonics, the other notes being of
widely varying acoustic structure. With excited birds amplitude, length and pitch
may increase (e.g. Fig. 6.28D,E).

When threatened in their nests, shearwaters use the same calls as in nuptial
contexts, but they call loudly and may come to the burrow mouth to repel the
offender. If fights develop the sounds are high-pitched caterwaulings (see Fig.
6.30C) this example from P. pacificus being rather like a mollymawk’s ‘Wail'.

Female shearwaters have lower-pitched voices, often with more ‘white noise’, and
usually shorter syllables than those of the males (e.g. see Fig. 4.3). The mean lengths
of the two-syllable unit calls of P. gravis were 1.02+0.05s (n=12) for males,
0.76 £ 0.05 s (n = 10) for females, P < 0.001 (Brooke, 1988). The general effect is that
females sound harsh and asthmatical, like laboured breathing; the males’ calls, with
their clearer harmonics, have a more ringing, musical timbre.

As Figs 6.28-32 show, the lengths of the repeated units are usually short (e.g. in
Fig. 6.28). The two-syllable, drawn-out moan of P. pacificus (Fig. 6.30B) is very
different from that of P. bulleri, although these are usually thought to be closely
related. Some calls of P. nativitatis are also quite long (Fig. 6.30A).

An analysis sex by sex of the calls of the seven subspecies of P. assimilis and the 12
of P. lherminieri (Fig. 6.31) could help unravel their systematic status, particularly if
done concurrently with DNA analyses.

VIII The storm petrels, family Hydrobatidae
A Aerial activity

This is known for Hydrobates pelagicus (Lockley, 1932; Davis, 1957), Oceanodroma castro
(Allan, 1962; Harris, 1969b), O. leucorhoa (Ainslie & Atkinson, 1937; Williamson, 1945;
Waters, 1964), O. furcata (Simons, 1981), O. tethys (Harris, 1969b), Fregetta tropica
(Beck & Brown, 1971) and Oceanites oceanicus (Roberts, 1940, p. 158). Details are
sketchy, and it is unclear how much of the flighting is the normal circling before
alighting and how much has any display content. Are the flying birds mainly non-
breeders calling to stimulate burrow-holders to reply, or merely raising the sexual
tone of the whole assemblage and speeding the development of their own gonads?
At least with some, such as Oceanodroma furcata, circling birds do reply to calls from
burrows below, suggesting a pair-bonding function. Chases with excited calling and
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Figure 6.29 Duetting by Puffinus huttoni (A-D) and P. gavia (E) and (F). Sexes unknown. Bar is
1s. (A) The start of a duet: the call is based on a two-syllable unit, one high-pitched, exhalatory and
frequency-modulated, the other a low ‘breath’ note. (B) A later stage of the same duet as (A), but of the
second bird. Its song is based on harsh, low-pitched notes and one clear syllable (X) with harmonics, the
whole lower-pitched than (A) and probably from a female. (C) The solo bird at the start is in full voice, its
song based on a seven-syllable unit, a harsh note (Y), five short ones with arcuate formants and
harmonics, and a longer clear note (X). Arrows mark the overlap with (D). (D) Shows the switch to the
second bird. The pattern is now of two clear notes with harmonics, probably expiratory, and a harsh one,
probably inhalatory. (E) Part of a song that became a duet at the arrow. The first bird’s call was low-
pitched and based on a pattern of repeated arcuate formants followed by a longer ‘breath’ note. (F) Part ofa
duet showing the climax of one bird’s call at (Z) and the second bird entering at (1) as the first fades away
at (2).



BEHAVIOUR AND VOCALIZATIONS OF PROCELLARIIDAE 307

Figure 6.30 Vocalizations of shearwaters. Bar is 1 s. (A) Two-syllable call of P. nativitatis, a drawn-
out swelling moan, sometimes lasting 1.8 s, and a high-pitched cry. (B) A duet from a pair of P. pacificus
in their byrrow. The louder call is built from one long (c. 1.5 s) and one short (1 & 2) note with harmonics;
the quieter call of the other is of shorter syllables with many harmonics delivered at a faster tempo. (C)
Alarm or Threat call of P. pacificus: note the very sudden onset, its high pitch and many harmonics: the
middle syllable is probably a ‘breath’ note. (D) Part of a typical call of P. carneipes, a measured three-
syllable ‘Ku-koo-ah’, the long central syllable a crowing, the last a ‘breath’” note.

high-speed dual zigzaggings have been described, Roberts pointing out the possible
role of the white rump as a ‘releaser’ with Oceanites oceanicus. Beck and Brown (1971,
p. 77) watched a pair of F. tropica gliding in tandem with one bird just above and
behind the other while an ‘oystercatcher’ whistle was given. Allan (1962, p. 279) saw
two Oceanodroma castro gliding with wings held high over their backs and engaging
in a kind of leapfrogging action over one another, which attracted others to join in.
Flighting of the Galapagos Storm Petrel Oceanodroma tethys is particularly curious.
Described by Nelson (1966) and Harris (1969b), like that of Antarctic Oceanites
oceanicus, it is performed by day. At various times of the year thousands gathered
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Figure 6.31 Calls of Puffinus assimilis (A) and (B) and P. lherminieri (C-F). Bar is 1 5. (A) Part ofa
duet starting as a solo based on alternating short ‘breath’ notes (1) and even shorter, more ringing
exhalatory ones (2). The partner joins in with a slurred note (3) followed by a clearer one (4), a ‘breath’
note (5) and a longer one (6) with clear harmonics. The first bird meanwhile has increased the volume of its
call. Race P. a. tunneyi. (B) Harsh flight call of P. a. assimilis. (C) Harsh flight call of
P. 1. temptator based on a three-syllable unit. (D) Flight call of P. a. temptator: in contrast to (C) this
call is based on a two-syllable unit and is clearer and higher pitched: syllable two appears to be a‘breath’
note. (E) and (F) Ground call of P. 1. dichrous, (E) with wide band filter to show the pulsed nature of the
longer note: the shorter syllable was clear, high-pitched, almost a scream.



BEHAVIOUR AND VOCALIZATIONS OF PROCELLARIIDAE 309

Figure 6.32 Calls of Puffinus tenuirostris (A-D) and P. griseus (E). Bar is 1 5. (A) Part of the song
of a lone bird in a burrow based on two expiratory notes (1 & 2) and a longer inhalatory one (3). (B) Part of
a duet, the main call a repeated unit of four shrill exhalatory notes (1-4) and a longer ‘breath’ note (5)
delivered rapidly and conveying the impression of breathlessness. At the start the patterns are confused by
the partner’s contribution. (C) and (D) A lone bird in a burrow, its song built from three short notes and a
longer inhalatory one: probably a female. (D) is a broad-band analysis. (E) Part of a duet: the three
loud, high-pitched syllables are from an excited male yelling at the top of his voice separated by quiet
inhalations, the female’s contributions (1-5) being shorter, quieter notes delivered more rapidly.

over a restricted, non-breeding area at or near the coast of Tower Island, mostly in
silence and not in pairs. Some dropped down to patter over the lava with raised
wings. As the breeding season approached, these congregations shifted to be over
the nesting areas, and single birds hovered above potential nesting places or
repeatedly alighted there. Sometimes a bird calling from below ground was ans-
wered by an overflier. Nelson speculated on this mass flighting as being an epideictic
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display (Wynne-Edwards, 1962), generating stress in proportion to the density of the
performers, but the birds appear to have a long nesting season so that extended
flighting may reflect extended stimulatory activity for gonad development. A
frenzied mass flighting of O. oceanicus at sea has been described (The Petrels, p. 181).

B Ground activity

Simons (1981) watched Oceanodroma furcata (sexed by laparotomy) in their under-
ground nest with night-vision equipment. Newly paired birds indulged in bouts of
calling interspersed with the alternate allopreening, coition taking place both in the
chamber and on the surface nearby. Simons saw nest relief once. The male walked to
the incubating female, gave its 3-5 note call, and preened her forehead. She rose,
walked to the burrow entrance and flew off. Harris (1969b, p. 153) saw that the
presumed female O. tethys tended to be submissive when preened, and suggested
that this was necessary for her to be accepted in a colony where aggressive
competition for nest sites was very high.

Storm petrels defend their burrows against other petrels mainly by calling. Harris
(1969b, p. 152) described a sitting O. fethys fighting a persistent intruder, with the two
rolling over and over on the ground. The defender eventually resumed incubation.
Fighting is accompanied by harsh cries and ruffled crown feathers (cf. Taoka et al.,
1988, fig. 4).

When withdrawn from their burrows both adults and young birds tend to dribble
stomach oil from their bills, and Graham (1890) described H. pelagicus ‘it lies
passively in the hand of its captor, gives a faint squeak, and drops a pellucid tear, in
the shape of a globule of oil, from its beak’. However, oil spitting can be vigorous and
possibly effective against its own kind, for example with O. melania {Osburn, 1911;
Everett, pers. comm:.).

C Vocal repertoire

The vocalizations are better known than other behaviours thanks to the publications
of James (1984) on H. pelagicus, of James and Robertson (1985b) on O. castro, of
Bretagnolle (1989a) and Bretagnolle and Robisson (1991) on Oceanites oceanicus, of
Marks and Leasure (1992) on Oceanodroma tristrami, and work in Japan on O. leucorhoa
and O. monorhis (Taoka et al., 1987, 1988, 1989a,b,c; Taoka & Okumura, 1988, 1989,
1990).

On present information there appear to be no behavioural features separating the
northern Hydrobatinae from the long-legged southern Oceanitinae, although the
former seem to call more in flight than do the southern ones. The calls themselves
perhaps differ more —most northern species produce whirring, churring or creaking
sounds (e.g. Fig. 6.33), based on very short pulses, the southern ones use rather high
pitched twitters or whistles like Fig. 6.34F or quite harsh repeated calls mainly of
‘noise’, as with Oceanites oceanicus and Garrodia nereis (Fig. 6.34D).

The repertories typically include a flight call, a burrow call and variable harsh cries
used agonistically and high-pitched distress calls. Even the easily recognized
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Figure 6.33 Examples from the repertoires of northern storm petrels (Hydrobatinae). Bar is 1s.
(A) Oceanodroma melania: part of a high-speed ‘Purr’ call. The initial glissandos are unusual.
(B) O. melania: four or five note calls of complex structure are given between ‘Purrs’, apparently from
the same bird. (C} O. melania: a high-pitched, acoustically unstructured call from a flying bird.
(D) O. castro: two calls, brief ‘Purrs’ followed by a high-pitched ‘Chatter’. (E) O. monorhis: part of a
series of burrow calls consisting of short pulsed ‘Chatter’ sections (2) separated by wheezy interludes (1)
pethaps inhalatory. cf. James and Robertson (1985d). (F) O. tristrami— ‘Purring’ calls typical of other
Oceanodroma seem not to have been reported, but clear, repeated ‘Crowing’ cries with many harmonics
like this from birds in burrows. The durations and frequency structure of the syllables vary between birds.
(G) and (H) Wide- and narrow-band sonagrams of ‘Chatter’ flight calls from O. monorhis probably by a
male (cf. Taoka et al., 19890, fig. 1). (I) Hydrobates pelagicus: calls like these are heard from burrows
often as preludes to bouts of ‘Churring’ song. () H. pelagicus: a lone bird is interrupted by a louder one
at (A).
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Figure 6.34  Some calls of southern storm petrels, Oceanitinae. Bar is 1 s. (A) and (B) Wide and narrow
band sonagrams of the trills of two different Fregetta grallaria. (C) Alarm or threat calls of F. grallaria,
more grating than the normal trill. (D) Wide and narrow band sonagrams of the quiet, low-pitched,
regularly timed, wheezy croaks of Garrodia nereis. This is the only call recorded but seems unlikely to
comprise the complete repertoire. The acoustic structure of the notes resembles that of the ‘Chatter’ calls of
Oceanites oceanicus. (E) F. tropica: a long, high-pitched ‘Chirrup’. (F) F. tropica: a short example of
the penetrating whistle with ventriloqual qualities. (G) F. tropica: another high-pitched call of unknown
provenance. The frequency scale should be doubled for this graph, time scale halved; the top harmonic just
reaches 16 kHz. (H) Pelagodroma marina: high-pitched repeated ‘Chirps’ from a grounded bird.
(I) P. marina: squelchy ‘Cough’ notes of very low frequency from two birds (1 & 2), probably paired.
() P. marina: low pitched ‘Coughs’ from a lone bird. (K) P. marina: duet from courting birds; one uses
high-pitched calls with harmonics which have a ‘chirpy’ quality; the other’s calls are of harsh
unstructured sound. (L) P. marina: another duet: (A) has very sharp cries with clear harmonics, the
other (B) a mixture of coughing sounds with ‘white noise’ and clearer calls.
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vocalizations include a good deal of individual variation, with the usual sundry
cooing and chuckling sounds of unknown provenance heard from burrows.

1 Sexual dimorphism

In all five species studied closely the calls of the sexes differ, and field observations
suggest that this is true of others.

The ‘Chatter’ calls of the male Oceanodroma leucorhoa analysed by Taoka et al.
(1989a) were higher pitched, with harmonics and fewer syllables than those of the
females. Surprisingly, the ‘Flight’ calls of the males of O. monorhis were harsher,
lower pitched, and with more ‘white noise’ than those of the females (Taoka et al.,
1989, fig. 1) (Figs 6.33G,H), whereas males of O. castro had ‘Flight' calls with
harmonics, so sounded clearer than those of the females (James & Robertson,
1985b).

Males of the southern species Oceanites oceanicus have their own ‘Chatter’ call used
only from the ground (Bretagnolle, 1989a) and similarly male H. pelagicus have a
‘Purr’ call (James, 1984), those of Oceanodroma furcata a special single-syllable one
persistently repeated (Simons, 1981). In all three, the call is attractive to the females
and playbacks of that of H. pelagicus are used to lure conspecifics into mist nets.

2 Species and individual recognition

The range of variation in the ‘Chatter’ call of Leach’s Storm Petrel was examined by
Taoka and Okumura (1989). They measured the lengths of the syllables, of the
intervals between them, as well as the fundamental frequencies, of each of the nine
syllables in typical calls of both sexes. The variation with individual birds was small
and when one of a pair returned to its burrow ‘Chatter’ calls were exchanged
immediately, suggesting a role in individual recognition, since otherwise birds in
nests generally responded like this only to callers of their own sex.

With Wilson’s Storm Petrel, which has only a ‘Grating’ call used by both sexes and
a ‘Chatter” call restricted to males, the ‘Grating’ call is highly individualized and
probably forms part of the system for individual recognition (Bretagnolle, 1989a).
The ‘Chatter’ call attracts females, and from playbacks of modified computer-
generated versions, Bretagnolle and Robisson (1991) concluded that species-specific
information is given by the modal frequency and by the lengths of the syllables and
of the silent intervals. As would be expected of a species-specific signal, the modal
frequency was not part of the geographical variation between Antarctic and Kergue-
len populations; so that birds of these groups would be expected to recognize one
another.

However, establishing the specificity of a signal, vocal, visual or olfactory, requires
subjecting the experimental animal to the signals of congeners, and this has not been
done. In Antarctica, Oceanites oceanicus is the only storm petrel, but it shares
Kerguelen with F. tropica and G. nereis. The first has a very different voice (Fig.
6.34E,F,G) and is unlikely to give rise to “acoustic interference’, whereas that of G.
nereis is similar (Fig. 6.34D). Elsewhere others breed sympatrically, for example H.
microsoma, Oceanodroma leucorhoa and O. melania on the islands of Baja California:
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Figure 6.35 Upper: Part of a ‘Purr’ call of Hydrobates pelagicus separated by a ‘Chikka’ or
‘hiccough’, a call restricted to males and highly attractive to conspecifics. The ‘Chikka’ may be a ‘breath’
note. Lower: Noise of engine at Rost Lighthouse, Norway, to which H. pelagicus are attracted (cf. Fig.
4.12). The timing of the engine pulses appears to match those of the bird’s call and may form the basis for
the attraction. Bar is 1 s.

how do these maintain their specific identity? Furthermore, some storm petrels react
strongly to calls of non-specifics, for example H. pelagicus to playbacks of O. leucorhoa,
to those of Oceanites oceanicus (Zonfrillo, 1982a), even to a noise of a rusty hinge or an
engine exhaust (Fig. 6.35). The attractiveness of the voices of non-specifics suggests
that voice alone is inadequate as an isolating mechanism.

IX The diving petrels, family Pelecanoididae

Two of the four species have been studied quite intensively since the initial work of
Richdale published from 1943 on, but there is little information on their behaviours
or vocalizations.

Few field workers have been present during the long prelaying period, but
Richdale (1943) found Pelecanoides urinatrix ashore then with many perched on
tussocks. Thoresen (1969) saw them in mid-winter (May) sitting about in pairs
‘billing and nebbing’, but most were below ground, the vocal chorus being consider-
able. Courtship activity is quite procellariiform, with calling males attracting
partners. Thoresen, watching pairs of P. urinatrix in nesting boxes, reported that in
the prelaying period they billed and called for a few minutes and then slept side by
side. Early in the morning they stirred, called to each other for half and hour or more,
and spent the day at sea. Conspecifics inspecting burrow entrances were deterred by
calls from within and, if necessary, combat. At a colony in Cook Strait Thoresen
found P. urinatrix fighting for nest sites with Fairy Prions P. turtur, which usually
emerged victorious. ’

Payne and Prince (1979) compared the commonest calls of grounded P. georgicus
and P. urinatrix exsul nesting at South Georgia and gave sonagrams. Tennyson (in
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Figure 6.36 Vocalizations of Diving Petrels. Bar is 1 s. (A;—A;3) Duet of Pelecanoides urinatrix
chathamensis, birds (1) and (2). (1) possible ‘breath’ notes. Arrows mark points of overlap. (B) A single
repeated call of P. u. exsul. Note the frequency modulation as with the birds in (A). (C) Parts of three calls
of P. u. chathamensis: although from the same population as those in (A) these lack frequency
modulation. (D) and (E) Harsh calls of P. georgicus, probably males, from inside burrows. (F) Section of
a call of a lone P. georgicus composed of a series of modified ‘simple cries’.

Marchant & Higgins, 1990, p. 728) described sexual dimorphism in the calls of P. u.
urinatrix. The male call he syllabized as "Kooo-ah’, a note with harmonics, lasting
about 1s and rising slightly in pitch then falling abruptly at the end. This is the
common call, a low moan (Fig. 6.36). The female’s call ‘Kua’ often starts similarly but
rapidly rises in pitch and then breaks into shorter syllables. The South Georgian P. u.
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exsul calls figured by Payne and Prince are similar to those of male P. u. urinatrix but
consist of a two-note sequence given about once per second, the first note with a
rising inflection lasting about 0.7 s, immediately followed by a very short note of
slightly lower pitch. As with other calls from the ground, these sequences may be
repeated perhaps for half an hour or more.

The voice of P. georgicus differs in consisting of a series of squeaky notes showing
as inverted “U’s on sonagrams (Fig. 6.36D,E F). They are rather higher pitched than
those of P. urinatrix and given 5-10 at a time but repeated after a pause (Payne &
Prince, 1979). Persistently repeated harsher notes may perhaps be used by only one
sex (Fig. 6.36D,E).

It will be interesting to compare the voices of the Indian Ocean P. georgicus with
those of the Codfish Island population as these may have diverged perhaps 700 000
years ago (A. M. Paterson et al., pers. comm.).
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Few of the organ systems of tubenoses have been examined critically, partly because
they do not lend themselves to prolonged laboratory studies. For short-term work,
however, their ability to maintain themselves on fat reserves for several days is an
advantage.

I Osmoregulation

Petrels avoid desiccation by taking in water from the body fluids of their prey, by
drinking seawater, and from water derived from the metabolism of fats and stomach
oils. They eliminate excess salt partly through their kidneys, but more through the
‘supraorbital glands’, glandula nasalis, or salt glands, sitting in the characteristic
crescentic depressions in the skull (The Petrels, p. 159).

A Nasal gland excretion

The salt gland differs from the kidney in only being active when there is an osmotic
load, and its secretion is almost entirely of NaCl. Figures given by Schmidt-Nielsen
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(1960) show that tubenoses produce fluids with a higher salt concentration than that
of some other seabirds investigated, averaging 800-900 and 900-1000 mmol 1! in
Diomedea nigripes and Oceanodroma leucorhoa respectively, as opposed to 725-850 and
600-750 mmol 17! in a penguin and a gull. Schmidt-Nielsen ascribed the high
concentration of NaCl in the fluid from the storm petrel to the latter’s diet of
zooplankton which is iso-osmotic with seawater. The small glandula nasalis of D.
irrorata may reflect a low-salt diet, perhaps of fish, hypotonic in respect of seawater,
as Watson and Divorky (1971) suggested.

The excreted saline runs forward from the nasal tubes and along the grooves
between the culminicorn and latericorns to drip from the tip of the maxillary unguis.
The layout of the ducts from the gland and relationship to the air flows through the
nasal tubes were described by Bang and Wenzel (1985).

With captive D. nigripes and D. immutabilis, drops of excretion usually began
within 20-30 min in response to salt loads, falling to a rate of 10-20 drops min™!
during regular flow (Frings et al., 1958). While the liquid excreted held 829 + 7.3
mmol 17! of Na™, the blood plasma showed little fall in salt load, being 167 £ 1.9
mmol 17! before and 164 + 2 mmol 17! during excretion. Stressed albatrosses also
dripped saline from their bills, for example when handled or force fed, even from
excitement during self-feeding —a kind of avian salivation?

Field measurements on freshly caught birds using injected tritiated water and/or
#’NaCl have provided estimates of water and sodium turnover, for example by
Thomas and Wink (1985) for Puffinus puffinus and Calonectris diomedea, by Green and
Brothers (1989) for Pachyptila turtur and Pelecanoides urinatrix, and for chicks of O.
leucorhoa by Sievert et al. (1990).

Thomas (1988) determined that the nasal output of C. diomedea averaged 1797
mosmol kg !, the renal intestinal output 898 mosmol kg ' —more than P. puffinus at
1661 mosmol kg~ ! and renal output 596 mosmol kg ~'. The Na* excretion rates were
388 umolNa™* kg~ ! body mass min ™! for C. diomedea vs. 280 umolNa* kg ™! body mass
min~" for P. puffinus. When seawater intake was high enough to activate both salt
gland and kidney excretion, 69% of the osmolytes were eliminated via the salt
glands. However, Thomas deduced that the birds could only gain free water from
seawater if their drinking rates were low enough to trigger only salt gland excretion;
this would give them 53-60 ml free water per day, about 60% of the expected daily
turnover of 110 ml day~* for Calonectris and 80 ml day " for the P. puffinus. Thomas
speculated that fish-feeders perhaps did not need to drink seawater anyway.

Green and Brothers (1989) found sodium influx rates for P. turtur and P. urinatrix
were 174 and 170 mmol Na* kg ™! day ! respectively, which they thought high, and
arising from dependence on N. australis (160 mmol Na* kg™') and the needs of small
birds for a higher relative intake of food and water than larger ones, with higher
osmoregulatory costs. Seawater ingestion accounted for only 8.5% of total water
influx for diving petrels, 17% for the prions, while only 21% of the total Na® influx
came from seawater in P. urinatrix, 35% in P. furtur, the rest from the krill. With D.
chrysostoma, however, Costa and Prince (1987) concluded that no significant inges-
tion of water occurred, which seems rather unlikely if handling awkward prey such
as squid.

Sievert et al. (1990) found that O. leucorhoa chicks artificially raised on high-salt
diets grew slower and survived worse than wild chicks. They also found that the
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latter received meals of quite low osmolality considering the high salt levels in
typical crustacean prey, and they speculated that the adults selected items of low sait
content so reducing the costs of osmoregulation to the chicks, and improving their
individual fitness.

B Total body water (TBW) and water turnover

Green and Brothers (1989) tabulated data for TBW and water influx of eight
procellariiforms. The TBW figures varied from 46 to 65% of body mass and in
foraging birds were not related to body mass. With Macronectes giganteus, where the
males are c. 1.3 X the heavier, TBW averaged 51.7% of body mass for both sexes
(Obst & Nagy, 1992). It was much higher, 64.8%, in the Fulmarus glacialis measured
by Mahoney and Jehl (1984). However, TBW decreased in a linear manner with age
in chicks of O. leucorhoa, being about 75% of body mass at birth and falling to about
45% at 58 days old (Sievert et al., 1990). It also decreased linearly in fasting adult
Pterodroma macroptera, from a mean of 56% of body mass (Groscolas et al., 1991).

The TBW of incubating and foraging Laysan Albatrosses at least 10 years old
determined by Pettit ef al. (1988) were 47.3% and 47.6% of body mass respectively,
similar to that of D. exulans at 47.5% body mass. Pettit et al. suggested that their TBW
values were low because their long wings give albatrosses a greater proportion of
tissue of low water content, added to which the water content of avian tissue falls
with age. They explained the higher TBW (57.9%) of similar-sized D. chrysostoma
(Costa & Prince, 1987) as one for lean birds, and Roby and Ricklefs (1986) found that
TBW in Pelecanoides georgicus was negatively correlated with total body lipid in the 12
birds they examined. However, other petrels have low values for TBW, for example
O. leucorhoa and Oceanites oceanicus at 38.9-50.5% and 45.9% respectively and these
have neither long wings nor albatross-like longevities. Overall, on present evidence,
TBW for tubenoses seems low in comparison with other marine birds.

Water turnover rates were higher during foraging (Table 7.1). Similarly, the mean
water influx for five O. oceanicus averaged 72 ml kg ' day ! while in the nest but 595
ml kg ! day ! for 13 foraging birds (Obst et al., 1987), with water losses 600 ml kg ™"
day ™' when off the nest and 128 ml kg * day ! while on it. Leach’s Storm Petrel
chicks when unfed had very low water turnover rates (97 + 39 ml kg~* day ") but,
when fed, the water flux averaged 230 + 176 ml kg ™' day ™' (Sievert ef al., 1990).

In free-living adults intake varied from 878 ml kg~ day ! for P. urinatrix to 174 ml
kg™ day ! for D. exulans. Green and Brothers (1989) and Thomas (1988) found
allometrical relationships between water influxes and TBW or body mass. The
former’s allometric exponents for both relationships of 0.64 is low and unexplained.
Thomas gave an exponent of 0.72 for free-living seabirds. Rates of influx for M.
giganteus feeding chicks were higher the longer the parent had been away from its
nest, and the average water input (metabolically produced) was 19 ml kg~! day~?,
the influx during foraging trips 281 ml kg ™' day !, a bird maintaining constant mass
needing to take in 134 + 23 ml kg ' day ' (Obst & Nagy, 1992).

The calculated daily water intake of incubating Laysan Albatrosses was deter-
mined by Pettit ef al. (1988) as 59 ml of which about 17 ml came from metabolic water
and of the 42 ml some was probably due to vapour exchange with the environment
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Table 7.1 Total body water (TBW) and water turnover rates in the Laysan Albatross. Mean
values £SD (n). From Pettit et al. (1988)

TBW Water influx Water efflux
% of body
Activity mass mlday™! mikg 'day™! miday™? mikg !day!
Incubating 47.3+28(6) 59 +23(8) 19 £ 7(8) 85 + 24(8) 28+ 7(8)
Foraging 47.6 +2.3(4) 537 +894) 180 + 47(4) 525 + 77(4) 174 + 37(4)

across skin and lungs. The water loss of 85 ml day ™! (Table 7.1.) meant a deficit of
about 26 ml day ! to be made good during foraging.

Groscolas et al. (1991) showed that TBW loss data from incubating Pterodroma
macroptera could be used to estimate consumption of protein and lipid. This
technique involves labelled water and may prove of value with other species.

II Thermoregulation
A Body temperature

The first published measurements of body temperatures (T},) of petrels seem to be
those of Eydoux and Souleyet (1838) who found cloacal temperatures of 11 ‘grand
albatros’ and three D. capense to average 39.4 and 40.7°C respectively. Data for 31
species presented by Warham (1971) had a overall mean of 38.78 + 0.17°C, and for 41
species, including those of Warham’s, Jouventin and Mougin (1981) reported a mean
value of 38.3 + 0.9°C. Data for 54 species are given in Table 7.2. The additional figures
help confirm that body temperatures are not related to body size and are lower than
other bird groups except for ratites and penguins. For seven of the latter Jouventin
and Mougin gave a mean of 38.0 + 0.9°C.

There is little difference in T, when measured in the proventriculus or the cloaca,
and in those birds caught on the wing or hauled from the sea the temperature
increase is rather small. For example, T}, of seven procellariiforms caught flying at sea
averaged 39.7 £0.7°C, only about 0.9°C higher than the mean for 31 species
measured on land (Platania et al., 1986). Likewise temperatures of telemetred D.
exulans, for example, vary little around 38.5°C (see Fig. 3.2).

However, Farner (1956) found that 72 Pachyptila turtur taken on alighting had a
mean cloacal temperature of 41.5 + 1.8°C, 28 active birds at night on the ground or in
burrows 39.9 + 2.9°C, and 43 incubators by day 38.6 & 3.0°C, all the differences being
significant. Similar figures for Puffinus griseus (n=30 in each sample) were
40.6 = 0.45°C on landing at 1900 h, 39.9 + 0.83°C at 2100 h, 39.0 & 0.67°C at 2300 h,
39.1 + 0.80°C at 0100 h and at take-off near dawn 40.6 * 0.71°C. The differences are
significant at P < 0.001 except for those between 1900 h and take-off and 2300 and
0100 h (Warham, unpubl.).

Variations in T}, according to activity would be expected to be greater in small
species such as prions than with larger ones such as albatrosses and, as predicted
(Warham, 1971), their elevation of T, with flight seems to be low and ascribable to
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their energy-efficient flight style. Summarizing the data for 35 species Brown
(unpubl)) found that resting tubenoses had a mean T, of 38.6°C + 0.8°C (n = 60),
active ones 40.0 + 0.9°C (n = 44) and incubating birds 38.1 + 0.9°C (n = 35).

Proventricular temperatures of male D. immutabilis determined by an implanted
transmitter varied little over 27 days—37.6 + 0.33°C in one bird and 37.8 + 0.50°C
over 12 days in another (Grant & Whittow, 1983), but night-time temperatures were
not recorded.

Body temperatures tend to be higher by day or night according to whether the
birds are diurnally or nocturnally active. With the storm petrel Oceanodroma furcata
Boersma (1986a) recorded a difference (P < 0.005) between Ty,s of adults sampled by
day (37.3+23°C)—when many slept in their nests—and those at night of
39.3 = 2.4°C. For diurnally active species, such as fulmars, T,s should be higher by
day and Howell and Bartholomew (1961a) found that in brooding D. immutabilis and
D. nigripes they averaged about 1°C higher then. Part of the difference here may have
been due to the higher daytime ambient temperatures (T,). Night-time values were
much lower than those of birds sitting in full sun. For D. nigripes the range was
5.5°C—from 36.2°C (night) to 41.7°C (sun); for D. immutabilis the range was 4.5°C —
from 36.5°C (night) to 41.0°C (day). Howell and Bartholomew (1961b) also measured
10 each of Pterodroma hypoleuca by day and by night. For birds in burrows Ty, averaged
38.5 £ 1.49°C by day, vs. 39.9 £ 1.61°C by night, again suggesting the influence of
activity, since T, was lower after dark.

Evidence for sexual differences in T}, of birds measured under the same conditions
is inconclusive. Farner and Serventy (1959) found that for 15 male Puffinus tenuirostris
Ty averaged 40.8 = 0.97°C vs. 41.0 = 0.70°C for 17 females. Wink et al. (1987) found
that 12 incubating male C. diomedea averaged 36.7 +1.4°C vs. 16 females at
37.6 £ 2.36°C; and when feeding chicks 11 males averaged 38.8 + 1.86°C vs. 9 females
39.5 £ 1.26°C.

That T}, may vary with latitude was suggested by Furness and Burger (1988) who
used mainly my figures in proposing that high latitude tubenoses have slightly
higher Tys than boreal ones and significantly higher Tys than tropical species. The
more extensive data of Table 7.2 do not support this. For 11 truly tropical species T},
averages 38.13°C, 12 temperate zone ones 38.79°C, and 23 high-latitude ones 38.97°C.
More and better data are needed to confirm such a trend. Brown (unpubl.) found no
correlation with latitude (r = 0.06, P > 0.50, n = 40 spp.).

Most body temperatures in Table 7.2 will have been taken within the birds’ zones
of thermal neutrality (TNZ). The limits of these zones have been established in a few
instances in laboratory conditions under changing T,s. The TNZ of P. pacificus was
determined by Whittow et al. (1987) as 24-34°C (Fig. 7.1A).

B Thermoregulation of adults

In regulating their body temperatures to keep within their TNZs, petrels, like other
homeotherms, face considerable problems at the extremes of their ranges. Species
such as Pterodroma arminjoniana, nesting on arid stony tropical islands, meet prob-
lems in keeping cool; others in high latitudes have perhaps even more difficulty in
keeping warm, particularly in open nests where chill factors are high. Antarctic
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Table 7.2 Temperatures, metabolic rates and thermal conductances of petrels

Temperature (°C) RMR (k] day™?) Thermal
FMR® conductance
Species Body? (n) Egg® Adult® Hatchling? (kday™) (mWgl°C™
Diomedea exulans 39.2(10) 1755 6.62 3354
3886(M), 3680(F)
D. epomophora 38.7(4)
D. nigripes 38.1(10) 35.0 4.30
D. immutabilis 37.5(10) 358 645 4.16 2072
D. melanophrys 38.7(5)
D. chrysostoma 39.7(8) 735 2396
D. chlororhynchos 38.2(4) 481
D. bulleri 39.5(3)
Phoebetria fusca 38.3(7) 715
P. palpebrata 38.1(?)
Macronectes giganteus  39.0(25) 355 1154 4.28 4270 0.153
1566(M), 1432(F)

Fulmarus glacialis 38.5(41) 0.187
F. glacialoides 38.3(23)
Thalassoica antarctica 38.5(11)
Daption capense 39.1(29)
Pagodroma nivea 38.7(26)
Lugensa brevirostris 36.6(?) 195,153
Pterodroma macroptera  37.5(5) 320,233 1.66
P. lessonii 38.9(3)
P. incerta 39.4(6) 213
P. ultima 37.8(17)
P. mollis 39.0(7) 151
P. hasitata 39.19)
P. phacopygin 38.6(9) 34.9 469,367
P. hypoleuca 38.2(10) 338 110,99,72 0.64
Halobaena caerulea 38.4(23) 206,153
Pachyptila vittata 38.7(16)
P. salvini 38.9(22) 134 0.56
P. desolata 40.3(46) 0.54
P. turtur 38.6(43)
Bulweria bulwerii 37.8(10) 44.0
Procellaria aequinoctialis  39.1(9) 692,545 1.82
P. cinerea 37.5(5) 433
Calonectris diomedea 39.6(35)
C. leucomelas 40.5(74)
Puffinus pacificus 37.7(92) 36.4 119,128.5 0.78 614 0.24
P. gravis 39.8(25) 329
P. griseus 37.8(3) 250
P. tenuirostris 38.0(18)
P. nativitatis 38.3(22) 353 127
P. puffinus 37.8(41) 194.5 @ 23°C 0.62 0.286 @ 5°C

298 @ 5°C 0.357 @ 23°C
P. opisthomelas 37.0(4)
P. huttoni 37.3(2)
P. lherminieri 37.8(14)

P. assimilis 38.6(4) 147
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Table 7.2 Continued

Temperature (°C) RMR (k] day™?) Thermal
FMR*® conductance

Species Body® (n) Egg® Adult® Hatchling® (k] day™}) (mWg=1°C™)
Oceanites oceanicus 38.9(25) 357 37 157 0.653
Garrodia nereis 40.7(3)
Pelagodroma marina 41.3(3) 73
Fregetta tropica 39.8(2)
Oceanodroma leucorhoa  39.1(42) 35.9 45.4, 61.0 0.16 142,161,124,123 0.692,0.831
O. furcata 39.7(61)  29.7 39,55 0.15
Pelecanoides georgicus 38.7(7) 85,122 0.33 464
P. urinatrix 39.1(6) 35.8 126 0.31 557

*Mainly from Warham (1971), Jouventin and Mougin (1981), Platania ef al. (1986) and Brown (unpubl.).
®Values from dummy eggs excluded.

¢From Iversen and Krog (1972), Vleck and Kenagy (1980), Ricklefs ef al. (1980, 1986), Bech et al. (1982), Grant
and Whittow (1983), Ricklefs and Matthew (1983), Adams and Brown (1984), Brown and Adams (1984), Ellis
(1984), Pettit et al. (1985), Roby and Ricklefs (1986), Whittow et al. (1987), Gabrielsen et al. (1988), Montevecchi
et al. (1992) and Brown (unpubl.).

4From Klassen and Drent (1991).

¢From Adams et al. (1986), Costa and Prince (1987), Pettit ef al. (1988) and Obst and Nagy (1992).

M, male; F, female.

Several figures in one cell represent determinations from several sources.

species also face internal cooling by ectothermic prey whose temperatures may be
around 0°C. The extreme case appears to be the 40-g Oceanites oceanicus that needs
about 54 g of krill daily while incubating (Obst et al., 1987). They estimated that the
energy to warm this krill to a T}, of 40°C would be 7.13 k] day ", or the power needed
to fuel 1.1 h of free flight. For temperature tolerance this petrel is outstanding—it
raises its chick where sea surface temperatures (55Ts) average around 0°C, yet can
put on weight during its migration to the north Indian Ocean where they will often
exceed 20°C.

The effects of temperature extremes can be mitigated by insulative and behav-
ioural adaptations. For example, Furness (1990) found that the weights of the
insulative plumage of temperate species (H. pelagicus, Oceanodroma leucorhoa, Puffinus
puffinus) were lower relative to that of F glacialis breeding at 60°N. In cold climates
flying petrels lose heat through thinly insulated underwings, and reduce loss from
their feet by tucking them into the belly feathers. Webbed feet are the main radiators
at high T,s. Stressed chicks of D. immutabilis turn their backs to the sun, rest on their
heels to give minimum contact with the hot ground, while their shadowed webs are
spread to radiate surplus heat. In this position Howell and Bartholomew (1961a)
found that with T,s of 29.4-31.0°C and the ground at 39.5-40.2°C, T,, averaged
39.3 £ 0.8°C, the feet 36.3 = 1.1°C. Nest site selection to reduce exposure is practised
by fulmars (Mougin, 1975; The Petrels, p. 243), while burrows provide warmer
conditions in cold climates and cooler ones in hot climates. In the heat flying birds
can take in seawater or bathe, while surface nesters choose to lay in shaded places.

Evaporative cooling from the moist buccal cavity by gaping (without gular flutter)
is also used when under heat stress. In M. giganteus at T, 10.1°C breath rate was
18.4 + 2.7 min~! rising to 54.0 £ 58 min ! at T, of 25.3°C (Morgan et al., 1992).

The passage of air over the nasal mucosa also conserves heat and reduces water
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Figure 7.1 Responses of fledgling and adult Wedge-tailed Shearwaters to different air temperatures
(T.). (A) Deep body temperature (Tp,). O, Rectal temperatures of adults; (X), stomach temperatures of
fledglings; filled circles, stomach temperatures of adults. (B) Oxygen consumption (Vp,) of fledglings (X)
and adults (filled circles). (C) Respiratory frequencies (f) of fledglings (X) and adults (filled circles).
(D) Total evaporative water loss (TEWL) of fledglings (X), adults (filled circles), and from fledglings
exposed to dry air (O). From Whittow et al. (1987).

loss as demonstrated by Murrish and Tirrell (1981). During inhalation the breathed
air is warmed and humidified by the mucosa which is thereby cooled; during
exhalation the saturated air at body temperature passes over the cool mucosa and
gives up heat while some water vapour condenses there. These authors monitored
the temperatures of exhaled air of M. giganteus and Oceanites oceanicus at T, 0-30°C
and at various depths within the nasal tubes, finding that something like 80% of the
heat needed to warm the inhaled air was recovered by this countercurrent system.

Under cold conditions the body and back feathers are ruffled to increase insu-
lation. If stressed, shivering generates heat in the muscles, although petrels some-
times shiver at normal temperatures when closely approached by man.

Whittow et al. (1987) tested temperature tolerances of P. pacificus by enclosing birds
in a chamber for 2 h at T,s between 2 and 40°C. Oxygen consumption (V,,), total
evaporative water loss (TEWL), humidity and respiration rate (f) were monitored
and the thermal conductance of the bird’s tissues and plumage computed (Fig. 7.1).
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Values for V, were lowest within the TNZ but increased as temperature fell until
at 6.6°C it was 2.18 ml g“1 h~!, 2.8 x the mean value within the TNZ of 0.77 ml g“1
h™! (Fig. 7.1B). Cooled birds tended to tuck their heads into their scapulars when V5,
fell. Shivering started at T,s varying between 2.3 and 13.9°C in different birds. At
higher temperatures V, again rose—to 2.57 ml g ' h™! at 40.4°C.

Deep body temperatures were slightly higher below the TNZ and much higher
when T, exceeded 35°C (Fig. 7.1A) and the birds became restless so that Vo,
increased. Within the TNZ (f) was 20.0 + 10.9 min~" (n = 16), but increased rapidly
at higher ambient temperatures, reaching 174 min~"' at T, of 35.9°C (Fig. 7.1C).
Significant increases in f did not occur where T, was less than 41.0°C. The curve for
TEWL followed that for fvalues quite closely, being low below 35°C but reaching 13.2
mg h™' g ! in one bird at a T, of 40.3°C (Fig. 7.1D). The total thermal conductance
Ciotal varied little from T,s between 5 and 29°C, the mean value being 0.24 mW g™
°C~! +0.05 (n = 35). Above 29°C conductance increased as far as 1.76 mW g~! °C ™.
Whittow et al. (1987) concluded that the insulation of the plumage and tissues was
not less than that of birds in general but less than the value of 0.29 mW g~ °C~ ' for P.
puffinus determined by Bech et al. (1982). In coping with T,s above their TNZ the
experimental P. pacificus became hyperthermic before they switched to increasing
(f) and evaporative water loss, but by then the metabolic heat had also increased so
that this, as well as that produced in the TNZ, had to be shed to maintain thermal
balance.

Morgan et al. (1992) collected similar data from O. oceanicus and M. giganteus to test
the hypothesis that at low T,s birds reduce heat loss by increasing ventilatory oxygen
extraction. This did not occur with the storm petrels which adjusted at low T,s by
increasing tidal volume. For M. giganteus this was of secondary importance: their
major route to reducing ventilatory heat loss being to increase the amount of O,
extracted.

In birds as in mammals, it is important to keep a cool head and brain temperatures
are lower than T, in heat-stressed subjects, partly achieved by a rete mirabile
ophthalmicum (RMO). This is a counter-current exchange system between the warm
cerebral arterial supply and the cooler venous blood from evaporative respiratory
membranes of the mouth and cornea. While there are no data for brain temperatures
in tubenoses, Pettit et al. (1981) and Grant (1985) showed that RMOs are presentin 16
species including albatrosses, shearwaters, fulmars and storm petrels (Fig. 7.2). This
system not only allows the arterial supply to the brain to be cooled but intercarotid
anastomoses permit shunting the flow into different pathways to feed the brain.

Petrels alsouse the highly vascularized webs of their feet as heat exchangers. The
system has been investigated only in captive M. giganteus, by Johansen and Millard
(1973, 1974) and by Murrish and Guard (1977), who followed the flow through the
webs when the feet were cooled or T, was increased. The blood enters in a single
pedal artery but can return either through arteriovenous (AV) anastomoses of low
resistance vessels and thence to alarge medial vein, or through a high resistance web
of capillaries and back in a plexus countercurrent to the leg artery (Fig. 7.3). When
under heat stress, vasodilation of the AV anastomoses occurs, the vascular resist-
ance falls, and the extremities are flooded with the warm blood so that heat is lost by
conduction and radiation. But giant petrels often have their feet in wet-cold, near-
freezing conditions and in dry-cold ones when on snow or ice. The experimenters
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Figure 7.2  Arterial rete mirabilium ophthalmicum in three North Pacific petrels. CC, common carotid;
EC, external carotid; EO, external ophthalmic; 1A, inferior alveolar; IAM, internal auditory meatus; IC,
internal carotid; IR, infraorbital ramus; OR, ophthalmic ramus; RMO, rete mirabilium ophthalmicum;
SR, supraorbital ramus; TR, temporal ramus; X, optic nerve. Dashed lines indicate border of orbit and
IAM. From Pettit et al. (1981).

investigated the vascular responses to such conditions by suddenly immersing a
foot in water at —2.0-0°C. There was an immediate increase in blood flow with
vasodilation and a brief increase in blood temperature—a “cold flush” response—
quickly followed by increasing vasoconstriction and blood viscosity and reduction in
blood flow and tissue temperature. The reduced flow helped lessen heat loss
directly, as well as shifting heat between the artery and the countercurrent vein. The
reduced flow also followed the closing of the AV anastomoses forcing most blood
into the high resistance web system, while the venous return was via the heat
exchanger and warmed before reaching the body. Johansen and Millard (1973)
found that the venous return in the ice-cooled foot rewarmed to 25-30°C in the tarso-
metatarsal region. The venous temperature in the webs pulsed with each heart beat,
dropping as much as 0.3°C between beats.

Murrish and Guard (1977) found that the sympathetic nervous system controlled
the blood flow in the legs and feet via beta-adrenergic receptors within the AV
anastomoses. Similar venae comitantes systems function in the legs of F. glacialis and P.
gravis and were figured by Midtgard (1988).

C Development of thermoregulation in chicks

Since reviewed in The Petrels (pp. 340-342, 352-353), further work has been done by
Brown and Prys-Jones (1988) on subantarctic species, by Bech et al. (1991) on T.
antarctica, by Mathiu ef al. (1992) on P. pacificus and by Dawson and Whittow (1994)
on D. nigripes and D. immutabilis.

Some chicks of burrowing species can maintain constant Ty,s once their down is
dry and may only need a few days before their T, is the same as that of their parents,
for example H. caerulea and P. salvini at 3 and 5 days old, according to Brown and
Prys-Jones. Yet these authors found that those of Procellaria aequinoctialis and
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Figure 7.3  Schematic diagram of vascular heat-exchange system in legs and feet of the Southern Giant
Petrel. Central bar represents the dorsal pedal artery. Venous return from the feet can be either through a
system of capillaries (right) to the countercurrent veins which exchange heat with the pedal artery, or,
left, through anastomoses to a large peripheral vein. The two venous returns are controlled by the
sympathetic nervous system and co-operate to regulate the temperature within the uninsulated tissues of
legs and feet. From Murrish and Guard (1977).

Pterodroma macroptera still had not reached adult values even at 20 days of age;
however, they were not measured after dark, the adults were.

Mathiu et al. and Dawson and Whittow followed the changes in thermoregulatory
capacity of late embryos and hatchlings in a mild thermal environment, Bech et al.
from hatching to thermal independence in a severe one.

Below the 36°C at which Puffinus pacificus eggs are incubated, the T, and V, of
embryos varied directly with T,. This was true even in pip-holed eggs with improved
access to oxygen. They were ectothermic (Fig. 7.4A). but once free of their shells,
their down dry, 24-h-old hatchlings were endothermic. Their down averaged 3% by
weight of their body mass of 38.9 g. When cooled, their V,, increased to a maximum
at T, 25°C, the heat generated maintaining a T}, of 35°C at T,s between 25 and 35°C.
However, they tended to become hypothermic below 25°C (Fig. 7.4B). Above a T, of
36°C the hatchlings increased evaporative water loss and (f) rose, from c. 17 breaths
min~! at 30°C to around 102 min~" at T, of 40°C, but this only gave incomplete
control. The highest (f) for hatchling shearwaters (131 min ') at 40°C was lower than
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Figure 7.4 (A) Oxygen consumption (Vp,) and body temperatures (T,) of embryo P. pacificus in
unpipped (V, ), externally pipped (O, —.—.-), internally pipped (A ——-), and pip-holed eggs
(-....). The lower dashed line in the top panel links equal values of Ty and T,. (B) Oxygen consumption
and T, of hatchling P. pacificus. Note that 25°C represents an important boundary in the thermal
dependence of both functions. Dashed line in top panel links equal values of T, and T,. From Mathiu et al.
(1992).

that of the adults (260 min ") at that temperature, although (f) usually tends to scale
inversely with body size according to standard allometric equations. As Mathiu et al.
(1992) point out, these limitations emphasize the benefits of the thermal protection
given by the burrow.

Dawson and Whittow (1994) found no incipient endothermy in late embryos of
the two albatrosses whereas hatchlings <24 h old also showed endothermic
responses despite the different pipping regimes of the shearwater and the alba-
trosses (The Petrels, p. 330). The albatross’s endothermic response requires a higher
metabolic rate than that during the hatch, and Dawson and Whittow recalled that it
is during the posthatching stage that most D. immutabilis chicks die (Fisher, 1975b).

The chick of T. antarcticais born where T, may fall to —25°C, in open situations, and
isbrooded for about 11 days. The chick then weighs 150-200 g, and its T, has climbed
to and stabilized at 39.6 & 0.9°C (n = 35). The TNZ of the hatchlings studied by Bech
et al. (1991) extended from 28°C to at least 35°C. In the metabolic chamber the T.
antarctica hatchling’s oxygen consumption increased below T, of 28°C, the thermal
conductance and Ty, fell, but even at T, of 12°Cit could maintain a gradient of 23-24°C
between its body and that of the air. For the independent 11-day-old chick the TNZ
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Figure 7.5 Body temperatures and rates of oxygen consumption of burrowing petrel chicks at different
ambient temperatures. (—__), 1 day old; ————, 3 days old; .———, 5 days old; ...., 7 days old. Normal
burrow temperatures 2.1-12.8°C. From Brown and Prys-Jones (1988).

was narrow, only about 24-26°C, above which V, increased rapidly as it also did at
lower values of T,.

Oxygen consumption of 1-7-day chicks of five burrowing petrels measured in a
metabolism chamber rose with decreasing temperature (Fig. 7.5) indicating some
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ability to control T, (Brown & Prys-Jones, 1988). Above 25°C Tj, and V, tended to
change, suggesting heat stress for chicks normally in burrows at T,s 2.1-12.8°C.

Brown and Prys-Jones ran checks on dead chicks in a wind tunnel to assess the
insulating effects of their downy coats. The chicks lost heat 2.5X faster at wind
speeds of 7.5 m s~ than they would have in a burrow, but without their down the
loss would have been 13-15X greater.

These authors also calculated thermal conductances for 1-7-day-old chicks based
on a formula of Ricklefs and Roby (1983). Conductances decreased with age as in P.
puffinus (Bech et al., 1982). As Ricklefs (1989) pointed out, conductance is a two-way
phenomenon, affecting not only loss of heat to the surroundings but also transfer of
heat from parent to chick. Thus chicks of Pelecanoides urinatrix need brooding
continually because they have low thermogenic capacity whereas those of similar-
sized Pachyptila turtur, while having low conductances, have a high thermogenic
capacity (Ricklefs, 1989), and need little brooding.

Figures for conductances are derived from formulae; no one seems to have
measured directly heat transfer through subdermal fat, skin and feathers, or
differences arising from different feather postures, of any tubenosed bird. Furness
and Burger (1988) did relate plumage mass to body mass (BM) for 45 species of flying
seabirds (plumage mass = 0.129 BM*'?, both in g), and found that high latitude
species had relatively heavier plumage than low latitude ones, but they did not state
what petrels they included.

Bech et al. (1991) suggested that hatchling petrels raised in high latitudes have
higher resting metabolic rates (RMRs) than those of low latitudes and Brown and
Adams (1988) also deduced that high latitude embryo and neonate petrels have
comparatively high metabolic rates, a high oxygen demand in cold climate species
possibly preadapting the chicks to the higher thermoregulatory demands and, in
burrowing forms, to the rapid development of homeothermy. Klassen and Drent
(1991) with data for 16 species, determined that hatchling log RMR (ml O,
day™') = 1.838 + 0.785 log BM (g), the rates tending to vary with latitude, petrels
breeding towards the poles having higher hatchling RMRs. As the neonate petrel in
these regions is as closely brooded as the egg, low T, would seem to have little direct
effect. However, high RMR in hatchlings presumably carry over into the post-
brooding stage when high RMR and good thermogenic capacity may be essential for
chick survival, particularly at night. Do Antarctic tubenoses cover their chicks at
night even when daytime brooding has ceased?

There are some bigger differences even within regions. For the Laysan Albatross
hatchling the mass-specific RMR was 45% higher than that of the adult (0.77 ml1 O,
g 'h™'vs.0.53ml O, g~' h™'), whereas that of the Bonin Petrel nesting nearby was
the same as the adult (1.1 ml O, g~* h™') (Grant & Whittow, 1984); more data seem
needed to support a general latitudinal effect.

III Incubation physiology

Petrel eggs seem to be incubated at temperatures similar to those of other birds when
continually covered (Whittow, 1984), despite the parent’s low Tys. Neither brood
patch nor egg temperatures are easily determined and dummy eggs monitored
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476

remotely tend to give low readings partly because of the absence of heat generated
by the embryos. The difference is significant, for example the central temperatures of
eggs of D. immutabilis and D. nigripes rose from 34.2 to 37.3°C and from 33.7 to 36.3°C
respectively during the course of incubation (Grant et al., 1982b). Petrel eggs with
inserted probes have evidently never produced viable young, though this has been
achieved with the gull L. dominicanus (Wilkinson, unpubl.).

The sparse data suggest that a gradient of 1-4°C exists between the petrel’s brood
patch and the mean egg temperature (Fig. 7.6 & Table 7.2) although this seems likely
to decline in older embryos. The difference with Pterodroma hypoleuca was only 1.1°C
and Grant and Whittow (1983) concluded that the incubation metabolic rates (IMRs)
of this bird and of D. immutabilis were below or equal to their basal metabolic rates
(BMRs), implying that neither needed to generate extra heat for transfer to the egg
and whose thermal conductance was similar to that of the feathers shed from the
brood patch.

A Embryonic growth rates

Partly because of their long incubation periods, the absolute embryonic growth rates
(EGRs)—the hatchling’s mass divided by its incubation period —of petrels are the
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lowest among birds, ranging from 6.5 g day ~* for D. exulans down to 0.25 g day~* for
Oceanodroma leucorhoa. A petrel embryo whose hatchling weighs 50 g has an EGR of
0.95 g day ™! whereas the embryo of a Larus gull which also hatches at 50 g grows at
1.95 g day ! (Rahn et al., 1984). Based on figures for 40 seabird species these workers
estimated that:

EGR (g day ") = 0.035 Hatchling Mass (g)*%2.

Klassen and Drent (1991) discerned a link between hatchling RMRs and EGRs.
They concluded that EGRs are higher in petrels of high latitudes than in those of the
tropics, as is apparent from the more rapid development of petrels of the polar
regions, most being fulmars (The Petrels, Chapter 14.1V). Their allometric equation
for EGR based on data for 15 tubenoses was:

EGR (g day ') = 0.035 Hatchling Mass (g)**".

B Water relations of eggs

The total water loss through the pores of petrel eggs during incubation—15.7% of
the fresh egg mass of 18 spp. determined by Rahn and Whittow (1988) and 15.8% for
four subantarctic species measured by Brown and Adams (1988) —is similar to that of
other birds. Once the eggs 'pip’, however, water is lost rapidly by convection and
diffusion.

Rate of water loss is governed by the water vapour conductance of the shell and its
membranes and the partial pressure difference across the shell, a relationship
described by Paganelli (1980).

Rahn and Whittow (1988) determined the water vapour pressure differences for
the eggs of seven petrels as averaging 21.3 Torr, typical of other birds. However,
daily rates of water loss for tropical and high-latitude petrels calculated by Whittow
(1984) and Brown and Adams (1988) were all lower than predicted from egg mass
figures (Fig. 7.7A). If allowance is made for incubation times, the high values for
these bring the rate losses for tropical and cold climate species close to that of the
formula for birds in general:

My, (mg day ) = 130.4W°977/19%7 (g day )

(where W is fresh egg mass (g); I is incubation period (days) and My,c is the daily
rate of water loss), emphasizing the importance of the long incubation period (Ar &
Rahn, 1980).

Water vapour conductances (Gy,0) of bird eggs are related to egg mass:

G0 (8 day‘l Torr) = 0.384W (g)o.su

and these for petrels are also lower than deduced from the above formula (Fig. 7.7B).

Resistance to the outflow of water vapour may be because of the length of the
diffusion pathway, this being proportional to shell thickness, to the number of
pores and the total pore area (Whittow, 1984). As, with the exception of fulmars
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Figure 7.7 (A) Relationship between daily rate of water loss (Mg, o) and fresh egg mass (W) in tropical
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Rahn, 1978). From Whittow (1984).
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Figure 7.8 Sequence of events in the pipping of Wedge-tailed Shearwater eggs. From Whittow (1984).

(The Petrels, p. 295), procellariiform shells are thinner than those of most other birds,
the low conductances apparently do not arise because of long diffusion paths.
However, estimations of total functional pore areas suggest that these are smaller in
petrels than in other birds, mainly by having fewer pores in their shells.

With shearwaters and gadfly petrels the shell proper is first fractured (‘external
pipping’) then the air cell is pierced by the embryo’s bill (‘internal pipping’) (Fig. 7.8).
This start of pulmonary ventilation has little effect on water loss as the embryo is
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breathing the gas in the cell. When a distinct pip-hole appears a spurt in water
vapour loss occurs which now includes that from the embryo’s pulmonary tract. The
gaseous changes associated with pipping in Puffinus pacificus were elaborated by
Pettit and Whittow (1982a,b).

In D. immutabilis and D. nigripes, the sequence is different, internal pipping
preceding star fracture, and the time between that event and the chick’s freedom
from the shell is correspondingly shorter than in the smaller tubenoses, the total
water loss during the prepipping period relatively greater in these larger eggs.

C  Oxygen uptake of eggs

Oxygen diffuses into the egg as it is consumed by the embryo and by the same pores
through which the water vapour leaves. While the rate of water loss is constant
before pipping, the oxygen demand increases as the embryo develops (Fig. 7.9).
Similar curves have been given for Oceanodroma leucorhoa (Rahn & Huntington,
1988), for Oceanites oceanicus by Williams and Ricklefs (1984), for P. pacificus (Zhang &
Whittow, 1992), and for unpipped eggs of D. exulans, M. giganteus, Procellaria
aequinoctialis, Pterodroma macroptera and P. salvini by Brown and Adams (1988). The
rate of O, uptake is boosted once internal pipping occurs, while with those species in
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Figure7.9 Embryonic oxygen consumption (Mop,) during incubation in Pterodroma hypoleuca and
Diomedea immutabilis. After Pettit et al. (1982a,b).
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Table 7.3 Energetic costs of embryonic development in
Laysan and Black-footed Albatrosses. From Pettit et al. (1982a)

Laysan Black-footed
Albatross Albatross
Cost pre-IP incubation
litre O, 17.3 17.5
k] 347 .4 3514
ml O, g tissue ! 116.6 112.1
k] g tissue ™! 24 23
Cost pipping-hatching
litre O, 124 12.8
K] 249.0 256.0
% Total cost 418 419
Cost total incubation
litre O, 29.7 30.3
KJ 596.4 607 .4
ml O, gegg™! 104.2 99.2
klgegg ' 2.1 2.0
ml O, g hatchling tissue™! 156.3 144.7
k] g hatchling tissue 3.1 2.9

Note that g tissue ~* refers to yolk-free wet embryonic mass; g hatchling
tissue ™! refers to total dry hatchling mass; g egg ™! refers to initial egg
mass.

which shell fracturing is the first event, the resulting leak allows the rapid inflow of
air. However, the pipping sequence is known only for four tropical tubenoses, not
for any high-latitude one. In these the percentage of total O, consumed between
pipping and hatching decreased with egg size being 50, 42.4, 41.8 and 41.9% for
Pterodroma hypoleuca, Puffinus pacificus, D. immutabilis and D. nigripes, respectively,
the total O, consumed being 5610 ml, 7776 ml, 29 671 ml and 30 246 ml respectively
(Pettit ef al., 1982a,b; Whittow, 1984). The energetic costs of embryonic development
in the two albatrosses are given in Table 7.3. These data suggest that procellariiform
seabird embryos consume more oxygen (99-208 ml g~ ! fresh egg mass) than most
other birds (102 ml g~ ! fresh egg mass), a figure said to be independent of incubation
time. As in other aspects of their physiology, differences between petrels and non-
procellariiforms appear to be linked to the former’s abnormally long incubation
periods.

Brown and Adams (1988) found that total embryonic oxygen consumptions of five
subantarctic species considerably exceeded that expected from standard allometric
equations. They were about 30% above those of tropical petrels with similar sized
eggs but, as prepipping O, intake was broadly similar for both groups, the difference
must be mainly due to consumption between pipping and hatching. This is not
surprising. This stage sees the start of pulmonary breathing and the chicks must
struggle to break free of the shell and to unfold their limbs, and as the parents tend to
lift slightly, the cold ambient air will impinge on the hatchling.
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D CO, production of eggs

The partial pressures of carbon dioxide in the air cells immediately before pipping
have been measured in the four tropical species discussed above, together with that
of the air around the egg. The air cell partial pressure of CO, was highest in
Pterodroma hypoleuca (45.5 Torr) perhaps because the CO, partial pressure of the
burrow air (5.0 Torr) was higher than for the other petrels (Whittow, 1984).

IV Chemoreception

Taste has not been investigated in petrels. That taste receptors are functional is
suggested by the rejection of items such as orange peel, paint chips or mineral oil
when touched by the tip of the beak, but the locations and functions of any receptors
on the bill or tongue, in the oral mucosa or around salivary glands are unknown.
Taste may be important for scavengers but would seem less so for species feeding by
dipping, or why would plastic pellets be so readily ingested?

Olfaction, however, has long been suspected as a major sense (e.g. Lachmund,
1674), not only in detecting food, but also in short-range location of colonies, nests
and even partners. Many fishermen have believed that tubenoses can smell. O'Reilly
(1818), for example, thought that the ‘mallemucks’ (F. glacialis) smelled the blubber
he tossed overboard when no birds were in sight. There are many reports of petrels
being attracted to slicks of animal oils, including the famous case of Rollo Beck
rowing into an empty sea off Peru, tossing out fat and meat scraps as he went, then
doubling back to collect the petrels which ‘skipped and danced like butterflies along
a blossoming hedge-row’ (Murphy, 1925, p. 271). Vision could obviously have
played a part there, but Collins’s (1884) experiment in throwing out pieces of liver in
dense fog with no birds visible, suggests that the initial response was to a scent trail.
As the pieces drifted astern storm petrels or a shearwater would appear, weaving
from side to side ‘like a dog working up a scent’, until they reached the food.

Spreading ‘chum’ (e.g. codliver oil, mixed with cereal) is still used to toll up
tubenoses for observation and collection, particularly storm and gadfly petrels.

In addition, the great development of the olfactory bulbs of the brain and the
extensive mucosa of the nasal cavity (Chapter 10.VIIL.A) argue for Procellariiformes
as macrosmatic animals.

An early review is that of Gurney (1922) but for petrels the series of papers by
Wenzel (1967, 1980, 1987, 1991) and Bang and Wenzel (1985), should be consulted.

A Field investigations

Trials with controls to eliminate visual and other clues were conducted by Grubb
(1972, 1973, 1974, 1979) on land and at sea.

Grubb (1972) tested the responses of Puffinus gravis, P. griseus, Oceanodroma
leucorhoa and Oceanites oceanicus to randomly presented olfactory stimuli produced
by pairs of sponges, one soaked with codliver oil, the control in seawater, both held
1m above the ocean surface. The oil-soaked sponge was more attractive to
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O. oceanicus (115 passes vs. 36 to the control), P < 0.01); to P. gravis (56 to 3; P < 0.025);
to O. leucorhoa (9 to 0; n.s.); but less attractive to P. griseus (6 to 12). Non-
procellariiforms did not react to either sponge.

Leach’s Petrels flying by night over a clearing some 100 m from the nearest
burrows were presented sequentially with (i) the species’s “purr’ call + nest material;
(ii) the same call + a tray of sham nest material; (iii) nest material and ‘sounds’ from a
blank tape; and (iv) blank tape + forest floor litter (Grubb, 1974). The ‘purr’ call, of
course, was highly attractive, many birds spiralling down to pass and repass the
speaker. Grubb scored 418 passes over nesting material as against 249 over the sham
material during equal time periods (P < 0.025). There were 5737 flights over the
playback ‘purr’ + nest material, more than over the nest material alone (P < 0.005)
but not significantly more than the 4515 passes for the ‘purr’ call alone; but the birds
flew closer to the combined stimuli. These results indicate that sense of smell played
at least a secondary role in attracting the birds.

Petrel colonies generate a musty odour which may enable a boatman to locate a
breeding island at night or in fog by ‘following his nose’ (pers. obs.). Nests are also
marked by their smell, whether by the bird’s musty body odour transferred to
nesting materials or, with fulmars, augmented by splashed stomach oil, which tends
to be long lasting and odorous, especially on warm days.

Grubb (1974) used a ‘night-scope’ to score the behaviour of Oceanodroma leucorhoa
nest-finding after dark. His tests did not eliminate proprioception and ambient light
values were not given, but vocal guidance, unless ultrasonic, was absent. Typically,
incomers hovered over the tree canopy before alighting downwind from their nests,
then shuffling upwind towards it, often swinging their heads from side to side, with
beaks close to the ground. In calm air they landed closer and followed more
circuitous routes and tended to bump into obstacles. Some changed course before
reaching their burrow, behaviour consistent with their having passed through the
odour plume and turning back to find it. Such behaviour is seen in other species,
such as shearwaters, which keep their bills low and in the best position to pick up a
scent, tend to travel upwind, often swing their heads laterally and frequently stick
them down burrows only to withdraw them abruptly (not in response to any call
from within) before turning to enter their own nests nearby.

James (1986a) stated that Manx Shearwaters do not mark the ground or rocks near
their nest with body odour. This is untrue of many petrels. For example, the trunks
and limbs climbed by Pterodroma hypoleuca and P. cookii for take-off are readily
identified by the human nose and presumably by conspecifics. However, James
found that Puffinus puffinus landed into the wind but approached its nest from any
direction. Placing household odour wicks in burrows to mask the petrel odour (to
the human nose) did not confuse returning birds, and when established and odour-
marked nesting boxes were shifted, the owners returned to the original nest location,
ignoring the scent of their own nests but a metre away. Brooke (1990, p. 215)
concluded that P. puffinus does not use smell to reach its nest.

Grubb (1974) plugged the nostrils of 12 O. leucorhoa to see if they could get home
without the help of olfactory clues. None returned to its nest but 11 out of 12 with
unobstructed nostrils did so. In parallel trials with 23 whose olfactory nerves were
cut none came back, whereas 17 of 23 sham-operated controls did so.

Shallenberger (1975) failed to get such clear-cut results with P. pacificus: in small-
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Figure 7.10 Raft supported by inflated tyre for presenting odorous substances to birds at sea. Bottle
with wick is held on gimbals. After Hutchison et al. (1984).

scale trials 25% of those with transected olfactory nerves successfully returned.
Evidently, visual means were mainly relied on by James’s and Shallenberger’s
shearwaters nesting in the open, a different situation from that of Grubb’s storm
petrels.

Jouventin (1977) found that captive Pagodroma nivea could locate buried fish and
identify where others were hidden in simple choice tests with visual, tactile and
auditory clues absent. These petrels also persistently pecked at the one hand with
which the experimenter had manipulated the fish while ignoring the other one,
much as Grant et al. (1983) noted Pterodroma hypoleuca pecking the hand that had held
its partner, ignoring the ‘clean’ hand simultaneously offered.

Hutchison and Wenzel (1980) and Hutchison et al. (1984) in at-sea trials, systemati-
cally presented seabirds with a range of olfactory stimuli of which tuna oil, squid and
krill homogenates were food related, vegetable oil and bacon fat less natural, and
petroleum, hexane and mineral oils unrelated to the natural foods. The test species
were D. nigripes, Puffinus griseus, P. creatopus, P. puffinus, P. bulleri, P. tenuirostris, F.
glacialis and a range of Oceanodroma spp. The materials were presented by day as
surface slicks, and, at 1 m above the surface, from bottles containing the control
material from which a saturated cotton wick protruded 15 cm (Fig. 7.10).

The petrels approached the food-related materials mainly from downwind, with
the albatrosses, shearwaters and notably the fulmars, zig-zagging across the breeze
as if sensing an odour plume. The effect was greatest during trials with the wick
when many birds circled the bottle and repeated the hound-like coursing approach.
None of the gulls, terns, cormorants, etc. showed any interest in the odorous
substances nor were the petrels attracted to the various control and non-food
materials (Fig. 7.11).

In other tests conducted during 50 cruises, Hutchison et al. (1984) again found that
77-100% of F. glacialis and P. griseus approached from downwind of the wick, but
were sighted only once or not at all with heptane and seawater controls. The most
attractive was the volatile fraction of codliver oil, vacuum-extracted from whole oil
and dissolved in heptane. While fulmars seldom came near the squid or krill
homogenate, P. griseus was strongly attracted to both, but more fulmars approached
the food-related baits in foggy weather than did the shearwaters.

Codliver oil lures rested in the Southern Ocean by Jouventin and Robin (1984) and
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Figure 7.11 (Upper) Percentage of procellariiforms and non-procellariiforms coming within 10 m of
stimulus, landed on water and/or tried to feed near stimulus. Total number flying upwind is shown above
each bar. (Lower) Percentage of procellariiforms and non-procellariiforms approaching each stimulus
from downwind. Total number sighted, regardless of direction, is shown above each bar. From Hutchison
and Wenzel (1980).

Lequette et al. (1989) proved attractive to Oceanites oceanicus, Fregetta tropica, Pago-
droma nivea and D. capense, but not to prions or diving petrels (Fig. 7.12). Those
attracted approached on a serpentine course, as noted by earlier experimenters.
Verheyden and jouventin (1994) scored the reactions of seabirds to isolated codliver
oil slicks in pelagic seas, and counted birds before and after releasing the odorant
from an airtight box. The results suggest that storm petrels, fulmars and some
shearwaters (notably Puffinus gravis) use their sense of smell when finding food, but
that prions (five spp. tested), Halobaena, Calonectris diomedea, Procellaria cinerea and
most albatrosses do not. Attracted birds came from upwind, 98% flying <1 m from
the surface, apparently within a layer where the odorant was strongest.
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Figure 7.12  Reactions of seabirds off Possession Island to sponges soaked with seawater (control) and
codliver oil. ‘special interest’ = >1 flight over sponge, circling it, etc. Numbers observed over columns.
DE, Diomedea exulans; PP, Phoebetria palpebrata; PUG, Pelecanoides sp.; PAC, Pachyptila
sp.; PA, Procellaria aequinoctialis; MGH, Macronectes sp.; DC, Daption capense; OO, Ocean-
ites oceanicus; FT, Fregetta tropica; LD, Larus dominicanus; PAT, Phalacrocorax atriceps;
SVV, Sterna vittata and S. virgata. ns, not significant, (@), P <0.05; (@@®), P <0.001. From
Leguette et al. (1989).

Diving petrels, with smaller olfactory bulbs and feeding underwater, where the
nasal valves will close automatically, do not need olfaction in foraging but the lack of
response by prions, which tend to take surface or near-surface crustacea, is puzzling
as these tend to take surface and near-surface crustacea which, at heavy densities,
can be detected by the human nose. The hovering, hesitant flight style of storm
petrels would seem to help them in picking up and following an odour trail, but with
their faster flight, larger species such as Procellaria aequinoctialis could easily miss a
small source entirely. Odours from zooplankton churned up by ships” propellers
may perhaps be detected by petrels in the wake.

B Laboratory studies

Grubb (1974) ran a series of Y-maze tests ingeniously devised to eliminate residual
odours from previous trials. The subjects, Leach’s Petrels, were given choices
between air that had passed over the bird’s nesting material and litter from areas
with no petrels. In 106 trials 36 birds moved down the arm towards their own nest
material, 13 down the control arm (P > 0.01) and 57 did not respond. When stomach
oil or preen gland secretion was presented, neither was significantly favoured.
Wenzel and her associates also ran olfactometer tests on captive Puffinus opisthome-
las and D. nigripes while monitoring changes in pulse and respiration rates and
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Figure7.13  Bulbar activity from Puffinus opisthomelas. Top line, intrinsic activity; centre, response
to amyl acetate (AA); bottom, response to trimethylpentane (TMP). From Wenzel and Sieck (1972).

electrical activity in the olfactory bulb (Wenzel & Sieck, 1972). The test odorants were
amyl acetate (AA), pyridine and trimethylpentane (TMP)—none likely to mimic
natural odours. Both species responded by changing heart rates and electrical
activity, but the changes were not significantly greater than those of a range of non-
procellariiform birds with smaller olfactory bulbs. Shibuya and Tonosaki (1972) also
got significant responses to AA in extracellular recordings in the olfactory mucosa of
C. leucomelas.

Figure 7.13 shows the EEGs of a P. opisthomelas shearwater breathing pure air, AA,
or TMP. EEGs of resting birds had relatively high frequency b