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Prey spectrum of breeding sooty shearwaters (Puffinus griseus)
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Abstract Prey remains from sooty shearwater
{Puffinus griseus Gmelin, 1792) regurgitates, stom-
achs, and gizzards, were collected from four breed-
ing colonies in southern New Zealand. We found a
wide range of prey species (minimum 39 species of
35 genera), the most important of which were crus-
taceans (particularly euphausiid krill and hyperiid
amphipods), cephalopods (notably arrow squid),
fishes, and salps. Malacostracans (krill, amphipods,
and decapods) were the predominant taxa of prey in
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both diversity and frequency of occurrence. Regur-
gitates were easily obtained from harvested chicks
and provided the greatest range of prey remains (36
of the 39 species identified). However, these regur-
gitates comprised only 29% of the total number of
samples collected. Fish, malacostracan, and salp prey
ranged from 4 to 170 mm in size, whereas total
lengths of squid ranged from 50 to 535 mm. Based
on size and mass, the largest squid were undoubt-
edly scavenged, possibly in association with com-
mercial fishers. The geographical distribution of prey
species indicate that most sooty shearwaters breed-
ing near Stewart Island forage in waters lying be-
tween the Subtropical and Polar Fronts. Our results
suggest that the abundance of krill, the impact of
fisheries and the influence of climate perturbations
on prey species may play important roles in sooty
shearwater breeding and survival.

Keywords diet; foraging; New Zealand; sooty
shearwaters; Puffinus griseus; scavenging

INTRODUCTION

Puffinus griseus Gmelin, 1792 (sooty shearwaters,
tltl or muttonbirds) are medium-sized, burrow-
nesting seabirds that breed around the southern
coasts of South America, Australia, and New
Zealand. They are the most common seabird in the
New Zealand region, with breeding colonies
numbering in the millions (Warham & Wilson
1982). Breeding is centred on islands around Stewart
Island (Rakiura) and on the Snares Islands (Warham
& Wilson 1982; Marchant & Higgins 1990). The
breeding season extends from October to May and
is followed by a transequatorial migration for the
austral winter (Warham et al. 1982; Spear & Ainley
1999). In common with other Procellariiformes,
sooty shearwaters lay a single egg and feed a slowly
growing chick over a protracted period in the nest.

Sooty shearwaters prey on a wide variety of
pelagic cephalopods, crustaceans, and fish taken
mainly by pursuit plunging (Marchant & Higgins
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1990). Their diet in the Northern Hemisphere has
been the subject of several quantitative studies where
the minimum number of prey genera included nine
cephalopods, nine crustaceans, and 21 fishes (sum-
marised in Marchant & Higgins 1990). In addition,
the diversity of prey genera of non-breeding sooty
shearwaters throughout the year off southern Africa
included at least one cephalopod, four crustaceans,
and seven fishes. In contrast, records from within the
breeding distribution are relatively anecdotal and the
prey spectrum of identified items totalled only three
genera of crustaceans.

Here we address the paucity of information on the
diet of sooty shearwaters during the breeding season
by listing prey taxa retrieved from birds at five
breeding colonies in southern New Zealand. Rakiura
Maori, New Zealand's southern-most indigenous
people, harvest chicks of sooty shearwaters for food
annually during April and May from islands around
Stewart Island (Wilson 1979). They commissioned
this study to better understand ecological factors
influencing future abundance of the shearwaters
(Moller 1996; Taiepa et al. 1997).

Samples for previous studies of sooty shearwater
diet were extracted from birds drowned in nets or
shot while foraging (Krasnow & Sanger 1982; Ogi
1984; Jackson 1988). In our study, prey remains
were mainly retrieved from regurgitates, stomachs
(proventriculi), and gizzards (ventriculi) of harvested
chicks, so they were in a relatively advanced stage
of digestion. This precluded comprehensive
assessments of prey by number and by mass.
However, large sample sizes from harvested chicks
enabled us to quantify comprehensively the diet of
sooty shearwaters by frequency of occurrence of
prey taxa during the breeding season. Because the
analysis of prey remains is laborious, we also aimed
to compare the efficacy of sampling regurgitates,
stomachs, and gizzards to determine the most
informative source of prey samples.

METHODS

Location of study sites
The study was carried out at five sooty shearwater
breeding colonies in New Zealand (Fig. 1). Taiaroa
Head (Pukekura) and Nugget Point are mainland
promontories of the south-eastern South Island;
Poutama (60 ha) and Putauhinu (141 ha) are islets
off south-western Stewart Island (Rakiura); and the
Snares Islands on the continental shelf edge 100 km
south-west of Stewart Island.

Diet sample analysis
Regurgitates from adults were collected
opportunistically as birds returned ashore at night
and were captured for banding. Twenty-four
regurgitates were collected from Taiaroa Head
between 1993 and 1998 and 12 from Nugget Point
between 1992 and 1995. Five adult regurgitates were
collected from Poutama between March and May in
1994 and 1995, and one adult regurgitate was
collected at Snares Islands on 17 April 1998. All
adult regurgitates were stored in 70% ethanol.

Chick regurgitates were collected from 10- to 12-
week-old harvested chicks at Poutama and Putauhinu
by applying pressure to the abdomen immediately
after the chick had been killed by a muttonbirder. A
total of 61 chick regurgitates was collected on
Poutama and stored in 70% ethanol, with 1-7
samples taken daily from late March to mid April
of 1994 and 1995. A total of 209 chick regurgitates
was collected on Putauhinu and stored frozen: 20
samples on 8 April 1996, and 1-20 weekly
throughout April and the first half of May in 1997
and 1998.

A total of 390 stomachs, including the gizzards,
were extracted from harvested chicks at Putauhinu:
40 during April 1996, and c. 40 weekly throughout
April and the first half of May in 1997 and 1998.
These samples were stored frozen. Two stomachs
and seven gizzards were cut into accidentally at the
time of collection. Samples for analysis therefore
totaled 388 intact chick stomachs and 383 intact
chick gizzards.

The contents of diet samples were inspected in
water under a binocular microscope. The sorting
process targeted remains diagnostic for each
taxonomic class of prey items: mandibles of
polychaetes; valves of gastropods; flesh or beaks of
cephalopods; exoskeletons of crustaceans; tunics of
salps; and flesh, sagittal otoliths (sagittae), bones or
scales of fishes. Eye lenses persisted in these diet
samples and they were taken as indicative of the
occurrence of cephalopods and/or of fish.

Prey remains were identified to the lowest
taxonomic level possible using published keys and
descriptions: Clarke (1986) for squids; Bowman &
Gruner (1973) and Kirkwood (1982, 1984) for
malacostracans (amphipods, decapods, and
euphausiids); andHecht (1987), Smith etal. (1987),
and Paulin et al. (1989) for fishes; together with our
own reference collections of squid beaks (CL and
MI) and fish otoliths (CL). Systematic listing
followed Brusca & Brusca (1990) for invertebrates
and Paulin et al. (1989) for fishes.


