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ABSTRACT. Theavifaunaof the Emily Bay settlement site, Norfolk Island, southwest Pacific, is described.
Most of the remains, which consisted of nearly 10,000 identifiable bones (mostly fragmentary) and
several thousand unidentifiable elements and fragments, were of several speciesof petrel and shearwater
(Procellariiformes) and boobies (Sulidae), but some land birds were also represented in small numbers.
Two species of migratory wading bird (Charadriiformes) were identified in the deposits, but no terns,
which are dominant members of the present avifauna. The taphonomy of the remainsindicatesintensive
use of birds asfood, but some material of other than cultural origin was also present. Remains were not
distributed evenly throughout the excavated parts of the site, and were concentrated in areas where
other evidence such as post holes and fires scoops indicated points of occupation. Some speciesthat are
present on the island and palatable were not represented in the collections: possible reasons for their
absence are canvassed. An estimate of the biomass is presented, with the proviso that the variation in
density of deposition made extrapolation to the remainder of the site problematic. The size of the sample,
the preservation of elements such as vertebrae of small petrels, and the good condition of material of
apparent natural (non-cultural) origin indicate that the collection represents agood sample of the avifauna
used as food by the Polynesian inhabitants of Emily Bay.
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Norfolk Island is one of the “mystery islands” of the South
Pacific that has evidence of former human occupation, but
which had been abandoned by its Polynesian inhabitants
before European discovery (Kirch, 1988). Even the most
apparently pristine of theseislands usually has evidence of
the use of natural resources such as birds, and often of the
extinction of arange of bird species (Steadman and Ol son,
1985). The ability of such islands to sustain a human
population in the long term has been questioned (Kirch,
1988; Anderson, in press), because of the probabl e scarcity

of food resources. Faunal remains in archaeological sites
on the islands can reveal much about the interaction of
people and pristine environments.

Norfolk Island is at the southern edge of the sub-tropics.
The nearest substantial |and masses are Lord Howe Island
(900 km to the southwest), New Caledonia (700 km to the
north), New Zealand (800 km to the southeast), and the
Kermadecs (1300 km to the east): Australiais 1300 km to
the west. The Norfolk Island group is so placed that it has
an avifaunawith linksto all the surrounding faunal regions,
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theAustralian, New Zealand, and Pacific faunas (Holdaway
etal., 2001). In particular, the seabirds breeding on the group
are amixture of species from the sub-tropical and tropical
Pacific and from the cool er waters around the northern part
of New Zealand. The Norfolk Island group is the only
available nesting ground for seabirds over asubstantial area
of ocean.

Seabirds (petrels, sulids, and terns) are the most
conspi cuous component of the present-day avifauna. There
are, however, no gulls or cormorants and most littoral birds
aremigratory visitorsor rare vagrants. Therewaslittle open
land and no large permanent areas of fresh water before
Europeans dammed two small streams at Kingston and The
Cascades. A large area of swamp behind the beach at
Slaughter Bay was recorded as being open land by the first
Europeans to land on that side of the island in 1788.
Temporary pools of water and wet grassland on Kingston
Common providethelargest areaof habitat for wading birds
on the island today (Wakelin, 1968; Schodde et al., 1983).

In contrast to the marine species, most of which bred
over large areas of the South Pacific and beyond, the few
Norfolk Island land birds are mostly endemic (Holdaway
etal., 2001). Norfolk Island isremote enough from adjacent
sources of terrestrial birdsto havereceived only occasional
successful colonizations of terrestrial birds. Astheislands
are about 3 million yearsold, there has been sufficient time
for distinctive speciesto evolvein several groups, including
rails, pigeons, parrots, and passerines.

The present fauna is relict, following the extinction of
some taxa (such as Pterodroma pycrofti) after Polynesian
settlement, and further losses (such as Nestor productus and
Lalageleucopyga) in the nineteenth and twentieth centuries
after the establishment of a series of European settlements.
Fossil deposits of late Quaternary age containing bird
remains are known from both natural and archaeological
contexts in the Kingston area, on the southern side of
Norfolk Island itself, and on Nepean Island about 1 km off
the southern coast (Meredith, 1985, 1991; Anderson, 1996).

Bird remains have been found in archaeol ogical deposits
of two ages: aPolynesian site at Emily Bay (Anderson, 1996),
and in a First (European) Settlement site dating from the late
1790s. The First Settlement site contained many petrel bones
(Meredith, 1985). Some of those which were retained in the
Commissariat Museum at Kingston, Norfolk Island, were
examined in December 1995. During a famine arising from
thewreck of the supply shipHM S Srriusat theidandin March
1790, the convicts, military, and free settler populationrelied
on the birdsfor sustenance until supplies could be obtained
from the host colony at Sydney (Hoare, 1987).

The present analysis is based on bird fossils collected
during archaeological investigations of the Polynesian site
at Emily Bay. This was discovered in December 1995
(Anderson, 1996), and further, more extensive, excavations
took place in the same areain 1996 and 1997, resulting in
theretrieval of thelarge amount of mainly fragmentary avian
material that is discussed here. The analysis deals with
collections from Trenches EB96:10, EB96:11, EB97:21,
EB97:22, EB97:23, and EB97:24in Emily Bay. Distribution
of material is presented for the largest collection, that from
Trench EB97:23. The composition of the archaeological
avifaunais reported and discussed both in the contexts of the
past and present avifaunaof theidand and of the resource that
the birds represented to the Polynesian population.

People are part of an island ecosystem but they also
interact with the ecosystem in different ways than other
species, especialy on islands with no history of human
occupation. A point of major consequence for faunal
analysis of archaeological deposits is that people interact
with living birds and whole avifaunas, not with the bones
that remain as evidence of the interaction. Hence, this
preliminary analysis of the avifaunal remains associated
with the archaeol ogical deposit at Emily Bay, Norfolk Island
goes some way beyond simple lists of bones and species.
The differences in composition between an archaeol ogical
faunaand that of thetotal avifaunaof theisland can provide
information such asthefowling strategy of the people, their
food preferences (Worthy, 1998), and the time of year that
the site was occupied. To that end, some attention is paid
here to the breeding season of the species that are best
represented in the deposits, and of the likely season of
passage or residence of migrants.

Before the archaeol ogi cal avifaunacan be compared with
the original avifauna, the composition of that original fauna
must be known. For Norfolk Island, determining which
species bred there at the time of Polynesian contact is made
more difficult by extinctions that occurred both before and
after thefirgt written records were made in the late eighteenth
century. To provide a basis for the inclusion or exclusion of
speciesfromtheavifaunal list, problems of identification of
fossil material and background information on the
identification of speciesknown from early European records
are dealt with in some detail in the Appendix to this paper.

The Appendix also discusses the present distributions of
species, which can a so provide clues asto theidentification
of species. Breeding distributions that enclose but do not
include Norfolk Island suggest that some speciesmight have
been part of the Norfolk Island fauna, whereas otherswhose
distributions are marginal might belesslikely to have bred
there in the past.

Extinctions are important because they indicate the
possible effects of human impact on the Norfolk Island
environment, and also have a major bearing on the
identification of the speciesin fossil deposits. Extinctions
are part of the process of human interactions with the
environment throughout the history of the Pacific
(Steadman, 1997) and so the loss of species that people
used for food, and those that went extinct in the same period
but for which there is no archaeological record of human
exploitation, are also discussed.

Methods

The excavation and collection techniques are described in
Anderson (1996), and Anderson, Smith and White (this
vol.). Material wasidentified to species using morphological
charactersif preserved, otherwisethe material wastaken to
the lowest taxonomic rank that could be supported (e.g.,
Pterodroma petrel, or “ other petrel” whichincluded petrels
such as P. neglecta and P. solandri which are larger than P.
pycrofti as well as Puffinus assimilis—see below), or left
as unidentified. Minimum numbers of individuals (MNI)
were determined for each taxon in each spit of each square,
using the maximum number of ipsilateral examples of the
commonest element. Crude estimates of biomass were
developed from the total numbers of individuals of each
species or taxonomic group, to give an order of magnitude



assessment of the resource represented in each excavated
area. Note that this calculation gives the greatest MNI and
biomass; quantification by layer or trench would reduce
the numbers considerably (cf. Table 1; Fig. 2, above).

Comparative material. Identifications were made with
reference to voucher specimens in the Museum of New
Zealand Te Papa Tongarewa (MNZ: Wellington, New
Zedand) and the Canterbury Museum (CM: Christchurch,
New Zealand). There islittle skeletal material for some of
the most significant species of petrel expected inthe Norfolk
Island deposits. In particular, only three specimens of
Pterodroma solandri (MNZ S23504; and two unregistered
individuals in MNZ, and three of Pterodroma neglecta
(MNZ S23720, CM Av 5201 and Av 27263 were available.
The paucity of material contributed to the difficulty of
identification of petrel remains. A full study of natural
material from the island in conjunction with a satisfactory
comparative collection will be necessary beforethe present
group taxon “other petrels’ can be re-analysed with
confidence. Meredith (1985, 1991) has provided a useful
baseline but present knowledge of the South Pacific petrel
faunaisinsufficient to justify confidence in identification
of the medium-sized petrels of the group.

Material consulted included representatives of all
relevant speciesheld in MNZ, and the following specimens
from CM: Puffinus bulleri (Av36803), Puffinus gavia
(Av12158), Gallirallus philippensis (Av36805), Gallirallus
australis (Av5187), Porphyrio porphyrio (Av22392),
Coenocorypha huegeli (Av5200), Limosa lapponica
(Av36583), Cyanoramphus novaezelandiae (Av5163),
Cyanoramphus auriceps (Av5194), Nestor meridionalis
(Av9956), Ninox novaeseelandiae (Av22387), and
Eudynamys taitensis (Av14854). The archaeological
material from Emily Bay will be accessed to the collections
of the Norfolk Island Museum.

Biomass. Body masses cited are from Heather and
Rabertson (1996) or Marchant and Higgins (1990). For large
petrels, amean body mass of 500 g was assumed, the normal
mass of the three largest species. As most of the animal
appearsto have been consumed, including much of the bone
(and presumably the viscera), thetotal meat masswastaken
to be the normal body mass. The estimateis therefore high
by an unknown amount. The total amount of avian biomass
represented in the excavations was calculated and
extrapolated to the whole Emily Bay site.

“Natural” versus “archaeological” deposits. The
distinction is made between “ natural” and “ archaeol ogical”
deposits, as a convenient shorthand to describe the
taphonomic processes involved in the development of the
deposit. Whilethereisclearly acasefor considering humans
to be a natura part of the environment, the distinction is
useful not least because non-archaeological (“natural™)
deposits can be formed by several different processes.
Not all of these are immediately obvious, and each
involves its own biases. “Natural” deposits are formed
regardless of human presence. For example, much of the
“natural” fossil material on Norfolk Island appearsto have
been accumulated beneath feeding stations of the one or
more species of Accipiter that once lived there (RNH,
unpubl. data). It istherefore biased by the time of hunting,
maximum and minimum prey size, agility of prey, and
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probably other factors including preferences of individual
predators. Other bones were preserved as a result of
mortality unrelated to predation, such as burrow collapse
or pathology. In contrast to the variety of possible origins of
the“natural” fossi| avifauna, the" archaeol ogical” materia was
assembled as aresult of by asingle process, the collection of
birdsby peoplefor food or other resources. That material yields
information onthe choicesof prey by people, and other factors,
such as seasonality, which are useful in reconstructing human
associations with the environment.

The term “petrel” is used for brevity in the broad sense
of al Procellariiformes and includes shearwaters, species
of Pterodroma, and other generathat may have been present
in the past. As well as the unknown range of species that
may be involved and the paucity of comparative material
for many, and the fragmentary nature of almost all the petrel
(and other) material from the archaeological deposit, the
catch-all headings serve the purpose of archaeological
analysis while not conveying a false sense of exactitudein
identification. Only P. pycrofti was determined to species,
on the basis of size for small fragments. The term “other
petrel” indicates al the other species of petrel that bred on
Norfolk Island, which were known to be present in the
archaeological fauna, but which could not be positively
identified regularly enough for quantitative analysis. Sufficient
elements of these other petrels could be identified to species
with greater or lesser confidence, to support their inclusion
in the list of species counted as present in the deposit.

Results

General. A total of 8699 bones and bone fragments was
identified to taxon (20 fragments of Sula dactylatra were
not included in the determination of MNI and are not
included in tabulated values); at least that number again
of unidentified fragments and small elements such as
vertebrae was also examined. For example, in Square
E12 in Trench EB97:23, there were 155 identifiable
elements, representing a minimum of 27 individuals, but
there were 145 elements such as quadrates, vertebrae, and
fragments that could not be certainly assigned to taxon
within the constraints of the present study. The bird bone
collection also contained material of the Pacific rat Rattus
exulans, and fish, which had been hidden among the bulk
of the fragmentary bird bones.

Preservation/taphonomy. The presence of large numbers
of small, fragile elements, and the occasional cranium or
other fragile elements demonstrated that the preservation
conditions were optimal for small bird bones. Most of the
damage to material that caused difficulties of identification
resulted from modification by human activities such as
heating, burning, breakage during dismemberment of the
carcass, and chewing. Immature bones were more affected
than adult bones. Some avian material, particularly in
Trench EB97:24, was clearly of natural origin and showed
no sign of human handling. Some of the “natural” material
was recorded as having been deposited in posthol e features
or burrows and appears to post-date Polynesian occupation
of the site. Some elements showed signs of damage by an
avian predator (either the owl Ninox novaeseelandiae or
goshawk Accipiter cf. A. fasciatus), on the basis that the
damage was similar to that characteristic of butchering by
accipitrid hawks, as observed in material from natural sites
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in New Zealand whose accumul ation has been attributed to
the extinct harrier Circus eylesi (RNH, unpubl. data).
Completebones, particularly long bones, wererare. Most
individuals were represented by proximal humeri,
fragmentary coracoids, anterior sterna, furcular symphyses,
proximal scapulae, or distal tibiotarsi or tarsometatarsi. Most
MNI were based on the proximal humeri and coracoids for
Pterodroma pycrofti and on coracoids and fragments of
coracoids for the other petrels. The waders were best
represented by coracoids (Pluvialis fulva) and distal
tarsometatarsi (Limosa lapponica). Of the two largest
common terrestrial species, the most common distinguishing
elements were the coracoid and distal tibiotarsus for the
large parrot Nestor productusand the coracoid for the pigeon
Hemiphaga spadicea. Two taxa that differed from the
pattern were Sula dactylatra and Accipiter cf. A. fasciatus:
the first was best represented by fragments and vertebrae,
and most hawk elementswere pedal phalanges, fibulae, and
distal tibiotarsi. These remains made estimates of numbers
of individual s suspect as the smaller, more numerous bones
in the body may have been widely spread through the site.

Emily Bay bird sample. The number of identifiable
elements and minimum numbers of individuals (MNI) of
taxa represented in the archaeological collections from
TrenchesEB96:10, EB96:11, EB97:21, EB97:22, EB97:23,

and EB97:24 at Emily Bay, Norfolk Island are shown in
Table 1. The 14 taxa or group taxa (e.g., “other petrels’)
differedintheir proportionsin the samples (Table 2). “ Other
petrels’, Pterodroma pycrofti and the Norfolk Island pigeon
(Hemiphaga spadicea) contributed most individuals (Table
1) and elements (Table 3). Their representation in the
smallest sample (Trench EB97:21) was skewed in
comparison to those in the larger samples and reflects
the heterogeneity of the distribution of material
throughout the site. The heterogeneity within alarge part
of the area (Trench EB97:23) was marked, both in terms
of elements (Fig. 1) and individuals (Fig. 2). Most squares
in Trench EB97:23 had fewer than 100 elements (Fig. 3,
above) and fewer than 20 individuals (Fig. 3, below).
Squares D10, D13, and E10 in Trench EB97:23 contained
the greatest concentration of bones (Fig. 1, below).

The concentrations of material appear to coincide with the
location of post-holes and afire scoop (Anderson, Smith and
White, thisval.). Six of the 42 squares contained most of the
elements, and three, most of theindividuals. The heterogeneity
of thedistribution within Trench EB97:23 showsthat estimates
of concentration over the whole Emily Bay area must take
into account the clumping of dense depositsamid amuch lower
density of material over most of the site. Squares D10, D13,
and E10 in Trench EB97:23 contained the greatest numbers
of identifiable individual birds (Fig. 1, above).

Table 1. Minimum number of individuals (above) and number of identified bones (below) for each taxon or group of taxa in each
excavationin Emily Bay. Totalsin parenthesesare M NI calculated on representation in all trenches combined (every element potentially

from same bird regardless of position in excavated area).

trench
EB96:10 EB96:11 EB97:21 EB97:22 EB97:23 EB97:24 totals
Pterodroma pycrofti 8 3 3 3 108 25 150 (141)
79 19 9 17 980 276 1380
other petrels and shearwaters 47 6 1 9 663 89 815 (807)
356 52 2 42 5599 544 6595
Limosalapponica 2 2 — — 12 8 24 (23)
13 8 — — 112 59 192
Pluvialisfulva 1 2 1 1 8 5 18 (13)
1 8 2 3 41 47 102
Nestor productus 2 2 — — 2 1 73
3 3 — — 9 6 21
Hemiphagaspadicea 5 2 — 1 28 12 48 (46)
19 4 — 2 136 40 201
Suladactylatra 2 2 — 1 16 5 26 (25)
4 7 — 2 82 18 113
GallirallusNorfolk  — — — 1 3 — 4(3)
— — — 1 6 — 7
Cyanoramphusnovaezelandiae = — 1 1 — 4 2 8 (5)
— 3 1 — 12 4 20
passerines 1 1 — — 2 2 6 (3)
1 1 — — 9 10 21
Galliralluscf. G. philippensis 1 — — — 2 1 4(3)
2 — — — 6 1 9
Accipiter cf. A. fasciatus — — — 1 1 — 21
— — — 1 8 — 9
Gallicolumba cf. G. norfolciensis — — — — 1 — 1(1)
— — — — 2 — 2
Porphyriosp. — — — — 2 — 2(2)
— — — — 7 — 7
total 69 21 6 17 852 150 1115
478 105 68 7009 1005 8679
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Table 2. Percentage of individuals in each excavation represented by each taxon or group of taxa.

trench
EB96:10 EB96:11 EB97:21 EB97:22 EB97:23 EB97:24 total
Pterodroma pycrofti 11.6 143 50.0 17.6 127 16.7 135
other petrels 68.1 28.6 16.7 52.9 77.8 59.3 73.1
Limosa lapponica 29 9.5 0 0 14 5.3 22
Pluvialisfulva 14 9.5 16.7 59 0.9 33 16
Nestor productus 2.9 9.5 0 0 0.2 0.7 0.6
Hemiphaga spadicea 7.2 9.5 0 5.9 33 8.0 4.3
Suladactylatra 7.2 9.5 0 5.9 1.9 33 2.6
Gallirallus Norfolk 0 0 0 5.9 04 0 0.3
Cyanoramphus novaezelandiae 0 4.8 16.7 0 0.5 1.3 0.7
passerines 14 4.8 0 0 0.2 13 0.5
Gallirallus cf. G. philippensis 14 0 0 0 0.2 0.7 04
Accipiter cf. A. fasciatus 0 0 0 59 0.5 0 0.2
Gallicolumba cf. G. norfolciensis 0 0 0 0 0.1 0 0.01
Porphyrio sp. 0 0 0 0 0.2 0 0.02

Patterns of representation of taxa within the site.
Pterodroma pycrofti wasfound in 76 (87.4%) of the squares,
other species of petrel were found in 78 squares (89.7%).
Least common were the Norfolk Island Ground Dove
(Gallicolumba cf. G. norfolciensis) and Swamphen
(Porphyrio species), elements of which werefound in three
squares only.

Squares contained up to 11 taxa, with the mode at seven
(Fig. 4). The bimodality of the distribution results from the
greater abundance of material in squaresin Trench EB97:23,
and the greater chance of finding more speciesin alarger
sample; the lower tail of the distribution reflects the small
number of speciesin the poorer parts of the deposit.

Biomass. Calculations of body mass represented by the
individuals of the different taxa are given in Table 4,
percentages of total biomass by trench in Table 5. By far
the greatest contribution to biomasswas by the petrels, over
80% when Pterodroma pycrofti are pooled with “other
petrels’. The Booby Sula dactylatra (Sulidae) contributed
significantly to the total biomass because of its greater
individual mass, although it was difficult to assess the total
numbers concerned because many examples were juvenile

and hence more poorly preserved.

All other taxa combined contributed less than 10% of
the biomassrepresented inthe site. Of theterrestrial species,
only the Norfolk Island Pigeon Hemiphaga spadicea was
important in the diet. Apparently vulnerable and palatable
species such as the flightless Norfolk Island Rail and the
Norfolk Island K akacontributed |essthan the more common
of the two migrant wading birds (Limosa lapponica). The
smaller species contributed negligible amountsto the total
biomass and were not favoured prey. The rarity or absence
of some palatable species (such as snipe and rails) and of
other species that might have been used for ornament, if
not for food, is noteworthy. In view of the common presence
of strongly flying species such as the two migrant waders,
the absence of snipe, for example, begs the question of
availability during the period of occupation.

The absence of ternsfrom the sample might be explained
by the very small meat content of the species present, and
the fact that all but the Sooty Tern (Sterna fuscata) nest in
trees. Sooty Terns breed on beaches or open ground, and
lack of open areasin Polynesian timesexcept for the beaches
in the Kingston area (which were subject to disturbance by
people), suggests that Sooty Terns might not have bred in

Table 3. Percentage of elementsin each excavation represented by each taxon or group of taxa.

trench
EB96:10 EB96:11 EB97:21 EB97:22 EB97:23 EB97:24 total
Pterodroma pycrofti 16.5 18.1 64.3 25.0 14.0 275 159
other petrels 74.5 49.5 14.3 61.8 79.9 54.1 76.0
Limosa lapponica 2.7 7.6 0 0 1.6 5.9 22
Pluvialisfulva 0.2 7.6 14.3 4.4 0.6 4.7 12
Nestor productus 0.6 29 0 0 0.2 0.6 0.2
Hemiphaga spadicea 4.0 3.8 0 29 1.9 4.0 2.3
Sula dactylatra 19 6.7 0 29 13 22 13
Gallirallus Norfolk 0 0 0 15 01 0 0.1
Cyanoramphus novaezelandiae 0 29 7.1 0 0.2 0.4 0.2
passerines 0.2 1.0 0 0 0.1 1.0 0.2
Gallirallus cf. G. philippensis 04 0 0 0 01 01 0.1
Accipiter cf. A. fasciatus 0 0 0 15 0.1 0 0.1
Gallicolumba cf. G. norfolciensis 0 0 0 0 <0.1 0 <0.1
Porphyrio sp. 0 0 0 0 0.1 0 0.1
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Figure 1. Plan of excavated sguares in Trench EB97:23, Emily Bay, Norfolk Island, showing number of bird
elements identifiable to taxon or taxon group, all spitsin each square pooled (above). |sometric representation of
number of identifiable bird elements in Trench EB97:23, Emily Bay, Norfolk Island, showing concentration of
material in afew squares centred on D10-13 to F10-13 (below).

numbers on the mainisland in the past. In any event, larger
speciesthat were easier to catch were abundant in and near
the occupation site. The archaeological sample is a subset
of the breeding bird fauna: many species, particularly terns
and tropichirds, are not represented at all (Table 6).

Seasonality. Someimpression of thetime of year that the site
was inhabited can be obtained from the composition of the
faunal remains, most of which represent seabirds whose
abundance on the idand fluctuates greatly with the seasons.
Many, including the most important taxa, were absent for at
least half the year while on non-breeding migration to the
Northern Hemisphere or elsewhere in the Pacific. Different
taxa can be defined as summer- or winter-breeding. Two of

theterrestrial specieswere also migratory, being present inthe
southern summer. The present statusand usual breeding season
of Norfolk Idland birds are given in Table 6.

Systematic list of speciesrepresented in the
Emily Bay settlement site

The following descriptions provide the mean individual
body weight of live birds, the proportional distribution of
remains in the excavations and pertinent zoological and
behavioural information.
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A 20
B 22
C 1 |16 | 16| 21| 27 | 10| 42
D 10 4 13 74 | 160 | 48 60 | 116
E 21 24 20 40 119 47 85 49 3
F 18 23 17 22 18 11 17 89 34 34 66 2
G 43 | 19
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Figure2. Plan of excavated squaresin Trench EB97:23, Emily Bay, Norfolk Island, showing the minimum number
of individualsrepresented by identifiable bones, all spitsin each square pooled (above). | sometric representation of
minimum number of individuals represented by identifiable bonesin Trench EB97:23, Emily Bay, Norfolk Island,
all spitsin each square pooled. Individuals were also concentrated in one section of the excavation (below).

PROCELLARIIDAE—PETRELS AND SHEARWATERS
(89.7% OF SQUARES)

Pterodroma pycrofti Pycroft’s Petrel 160 g (87.4% of
squares). Thesmallest petrel breeding in significant numbers
on Norfolk Island. The history of its discovery isdiscussed
in the Appendix.

Pterodroma solandri Providence Petrel or Solander’s
Petrel 500 g. These and the other petrel s cannot be assigned
a representation by sguare, because their records were
necessarily pooled (see Methods and A ppendix). At thetime
of European settlement, P. solandri seems to have been
largely, if not entirely, confined to the forest on Mt Pitt and
Mt Bates. Petrel bones of the size range of P. solandri are

abundant in the archaeological collectionsfrom Emily Bay.
Either the species had a wider geographical range on the
island before Europeans arrived, or the Polynesians
collected birds from farther afield on that island than the
environs of the Kingston flat. Pterodroma petrels can be
attracted to the ground from flight by making various loud
sounds (Tennyson and Taylor, 1990) so it isimpossible to
tell from the presence of P. solandri in the Emily Bay site,
just where the birds were nesting and being hunted in
Polynesian times.

Pterodroma neglecta Kermadec Petrel 500 g. The
Kermadec Petrel has not been recognized from Norfolk
Island fossil deposits before, although it has now been
recorded breeding on Philip Island (Moore, 1999). A
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Figure 3. Pattern of distribution of identifiable elements per squarein Trench EB97:23, Emily Bay, Norfolk Island
(above). Pattern of distribution of individuals represented of identifiable elements per square in Trench EB97:23,

Emily Bay, Norfolk Island (below).

summary of the reasons for including P. neglecta in the
avifauna of Norfolk Island is given in the Appendix. The
absence of reports of ground-nesting petrels in the notes
and diaries of the first European settlers may result from
the rarity of the species as aresult of predation by Pacific
rats, or because P. neglecta on Norfolk Island used different
nest sites to those in other populations. Kermadec Petrels
nest on the surface at the present colonies (Heather and
Robertson, 1996), but at none of these sites are the birds
hunted by diurnal birds of prey. On Norfolk Island at least

one large raptor was capable of killing P. neglecta; a petrel
population there would have had many thousands of years
to adopt a burrowing habit.

Puffinus pacificus Wedge-tailed Shearwater 450 g. This
is the common summer-breeding large petrel surviving on
Norfolk Island. It still attempts to breed on headlands on
themainidand, but catstake many birds, and the population
isprobably declining. Although they could not be quantified,
both adult and juvenile bones of P. pacificuswere obviously
abundant in the remains, supporting the view established
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Table 4. Biomass (kg) represented by minimum number of individualsin each excavation at Emily Bay, based on normal body masses

givenin text.
trench
EB96:10 EB96:11 EB97:21 EB97:22 EB97:23 EB97:24 total
Pterodroma pycrofti 1.28 0.48 0.48 0.48 17.28 4.0 24.0
other petrels 21.15 2.70 0.45 4.05 298.35 40.05 36.75
Limosa lapponica 0.6 0.6 0 0 3.6 24 7.2
Pluvialisfulva 0.13 0.26 0.13 0.13 1.04 0.65 234
Nestor productus 1.0 1.0 0 0 1.0 05 35
Hemiphaga spadicea 25 1.0 0 0.5 14.0 6.0 24.0
Sula dactylatra 34 34 0 17 27.2 85 44.2
Gallirallus Norfolk 0 0 0 0.25 0.75 0 1.0
Cyanoramphus novaezelandiae 0 0.075 0.075 0 0.3 0.15 0.6
passerines 0.09 0.09 0 0 0.18 0.18 054
Gallirallus cf. G. philippensis 0.17 0 0 0 0.34 0.17 0.68
Accipiter cf. A. fasciatus 0 0 0 05 05 0 1.0
Gallicolumba cf. G. norfolciensis 0 0 0 0 0.2 0 0.2
Porphyrio sp. 0 0 0 0 16 0 16
total 30.32 9.61 114 7.61 366.34 62.6 477.61
biomass m 2.76 32 0.19 7.61 8.76 272 5.55

by the presence of migratory wading birds that part of the
deposit was laid down in summer. Puffinus pacificus is
migratory in the opposite senseto the Bar-tailed Godwit and
Golden Plover, breeding on the idands and migrating to the
North Pacific in the southern winter. They are large and
aggressive petrelsand are not known to be attracted to strange
noises so must have been collected at the breeding colonies.
Puffinus assimilis Norfolk Island Little Shearwater 200
0. Holdaway et al. (2001) recognize theNorfolk Island form
of little shearwater as a separate species from others at the
Kermadecs, northern New Zealand, and the New Zealand
subantarctic. On this view, P. assimilis is a rare and
endangered species, as most breeding attempts on the main
island are thwarted by cats and rats. Only the population
breeding on Philip Island has both the space and freedom
from predation to be sure of survival in the mediumto long
term. Although this species is not abundant in the
archaeological samples, P. assimilis was certainly part of
the diet of the Emily Bay people. Both P. assimilis and the
similar-sized P. auricularis newelli may have bred on the

island formerly (Appendix). Their size makes both species
vulnerable to predation by Pacific rats (Booth et al., 1996)
and hence they may have suffered more from rat predation
than from human exploitation when there were larger
Species to concentrate on.

SULIDAE—GANNETSAND BOOBIES

Sula dactylatra Masked Booby 1700 g (73.6% of squares).
Boobies were the largest terrestrial prey available on the
Norfolk Island group. It is not surprising that they were
relatively common in the deposit (26 individuals; 2.6%
of total birds; 9.25% total body mass). At about four times
the mass of a large petrel, the boobies would have been
attractive and easy prey. At first contact, itislikely that S.
dactylatra nested on open, flat areas such as the tops of
stacks (to which they are largely confined today by human
persecution) and on the sandy beaches so would have been
extremely vulnerable. It is unlikely that beach colonies of
S dactylatra could have survived the first year of human
occupation of Norfolk Island. Masked Boobies elsewhere

Table 5. Percentage of biomass contributed by each taxon or group of taxain the excavations at Emily Bay.

trench
EB96:10 EB96:11 EB97:21 EB97:22 EB97:23 EB97:24 total
Pterodroma pycrofti 4.22 5.00 42.29 6.31 4.72 6.39 5.03
other petrels 69.76 28.11 39.65 53.22 81.44 63.98 76.79
Limosa lapponica 1.98 6.25 0 0 0.98 3.83 151
Pluvialisfulva 0.43 271 11.45 171 0.28 1.04 0.49
Nestor productus 3.30 1041 0 0 0.27 0.80 0.73
Hemiphaga spadicea 8.25 10.41 0 6.57 3.82 9.58 5.03
Sula dactylatra 11.21 35.40 0 22.34 7.42 13.58 9.25
Gallirallus Norfolk 0 0 0 3.29 0.20 0 0.21
Cyanoramphus novaezelandiae 0 0.78 6.61 0 0.08 0.24 0.13
passerines 0.30 0.94 0 0 0.05 0.29 0.11
Gallirallus cf. G. philippensis 0.56 0 0 0 0.09 0.27 0.14
Accipiter cf. A. fasciatus 0 0 0 6.57 0.14 0 0.21
Gallicolumba cf. G. norfolciensis 0 0 0 0 0.05 0 0.04
Porphyrio sp. 0 0 0 0 0.44 0 0.34
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nest mainly onlow islands and amid dunes (Serventy et al.,
1971). A larger species described from the island is not
accepted here (Appendix).

PHAETHONTIDAE—TROPICBIRDS

Only Phaethon rubricauda, the Red-tailed Tropichird at
900-1,000 g approached the mass of a Masked Booby. At
twice the mass of alarge petrel, and in relative abundance
around the islands, it is surprising that Red-tailed
Tropicbirds do not figure in the food remains. Their tails
are highly prized el sawhere in Polynesia (Steadman, 1997)
and it might have been expected that some birdswould have
been taken for that purpose, but if so their remains were
not found at the Emily Bay site.

ACCIPITRIDAE—HAWKS AND EAGLES

Accipiter cf. A. fasciatus Brown Goshawk 350-500 g (9.2%
of squares). Remains of the goshawk were rare in the site,
but most had clearly been cooked and eaten. Remains of
harriers (Circus species) are occasionally found in
Polynesian sites in New Zealand and appear to have been
eaten there as well.

RALLIDAE—RAILS

Gallirallus philippensis Banded Rail 170 g (9.2% of
squares). The status of the Banded Rail on Norfolk Island
has been the subject of debate (e.g., Schodde et al., 1983),
but fossil remains reported by Meredith (1985, 1991) and
inthis paper show that it was present in pre-European times
in sufficient numbersfor it to be available asaresource for
the Polynesian inhabitants. It was therefore sympatric with
the undescribed endemic flightless species of Gallirallus
and was possibly arelatively recent arrival.

Gallirallus new species 7250 g (5.7% of squares).
Meredith (1985, 1991) reported the presence of arail larger
than Gallirallus philippensis in fossil collections from
Norfolk Island, but did not describe or nameit. Hereferred
it to Gallirallus and suggested that it was flightless. A rail

painted during the first European settlement of Norfolk
Island (no. 79 in the “Sydney” series, Hindwood, 1965)
has been identified as G. philippensis but could equally be
this species.

Porphyrio species Swamphen 800 g (3.4% of squares).
Races of Porphyrio porphyrio and other species of
Porphyrio are widespread in the Pacific (Ripley, 1977;
Steadman, 1988). Ramsay (1888) was the first to record
Swamphens (Porphyrio porphyrio) on Norfolk Island in
historic times. By 1978 the species was still regarded as an
“uncommon, restricted self-introduced resident” (Schodde
et al., 1983). Meredith (1985, 1991) did not record fossil
material of Porphyrio. A few bones of a small Porphyrio
found in Trench EB97:23 constitute the only evidence for
the former presence of Swamphens on the island.
Unfortunately, thereisinsufficient material for astatistical
analysis, but comparison with an individual of the New
Zealand population suggests that the Norfolk Island
Porphyrio were smaller than New Zealand birds and perhaps
more similar to the small races of the islands to the north
thantotheAustralian and New Zealand forms. The presence
of more than one individual of Porphyrio at the Emily Bay
site indicates the presence of a population and hence that
suitable habitat for the species was present during the
Polynesian occupation.

Norfolk Island had at least four species of rail, a high
diversity of rails for its area. Besides the three discussed
here, the Spotless Crake (Porzana tabuensis) was also
present (Meredith, 1991, and Appendix).

SCOLOPACIDAE—SNIPE AND GODWIT

Limosa lapponica Bar-tailed Godwit 300 g (65.5% of
squares). Limosa lapponica migrates each year from the
breeding area on the Siberian tundra to wintering grounds
that include the estuaries of New Zealand. They occur on
Norfolk Island from September to March (Schodde et al.,
1983). The number of individualsin the Emily Bay deposit
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Table6. Thelate Holocene avifaunaof Norfolk Island, with representative body mass (g), present status at Norfolk |sland, representation
in the Emily Bay archaeological site, and breeding season. EB, present in the Emily Bay fauna; E, now extinct as a breeding species.

mass status EB  season

Procellariidae (petrels and shearwaters)

Pterodroma neglecta Kermadec Petrel 500 recolonizing Y al year

Pterodroma solandri Providence Petrel 500 recolonizing Y Winter

Pterodroma pycrofti Pycroft’s Petrel 160 extinct Y Summer

?Pterodroma nigripennis Black-winged Petrel 175 “recolonizing Summer

Puffinus pacificus Wedge-tailed Shearwater 450 breeding Y Summer

Puffinus assimilis Norfolk Island Little Shearwater =~ 200 breeding Winter
Hydrobatidae (storm petrels)

Pelagodroma albiclunis Kermadec Storm Petrel 45 extinct Summer

?Fregettagrallaria White-bellied Storm Petrel 50 “?extinct late Summer
Sulidae (gannets and boobies)

Sula dactylatra Masked Booby 1700 breeding Y al year
Phaethontidae (tropicbirds)

Phaethon rubricauda Red-tailed Tropic Bird €. 900 breeding Summer
Accipitridae (hawks and eagles)

Accipiter cf. A. fasciatus ?Brown Goshawk 500 extinct Y ?
Rallidae (rails)

Gallirallus undescribed sp. Norfolk Island Rail 250? extinct Y ?

Gallirallus philippensis Banded Rail 170 vagrant Y Summer

Porzana tabuensis Spotless Crake 45 E, vagrant Summer

Porphyrio sp. Swamphen 800 extinct Y Spring—Summer
Scol opacidae (snipe and godwits)

Coenocorypha undescribed sp. Norfolk Island Snipe 100 extinct Summer

Limosa lapponica Bar-tailed Godwit 300 migrant Y Summer

Numenius phaeopus Whimbrel 450 migrant Summer
Charadriidae (dotterels and plovers)

Pluvialisfulva Pacific Golden Plover 130 migrant Y Summer
Laridae (gulls and terns)

Sernafuscata Sooty Tern 210 breeding Spring—Summer

Anous stolidus Common Noddy 200 breeding Spring—Summer

Anous minutus Black Noddy 100 breeding Spring

Procelsterna cerulea Grey Ternlet 75 breeding Spring

Gygisalba White Tern 110 breeding Spring
Columbidae (pigeons and doves)

Hemiphaga spadicea Norfolk Island Pigeon 650 extinct Y al year?

Gallicolumba cf. G. norfolciensis Norfolk Island Ground Dove 200?  extinct Y ?
Psittacidae (parrots and parakeets)

Cyanoramphus novaezelandiae cookii - Norfolk 1sland Green Parrot 75 endangered Y Spring—Summer

Nestor productus Norfolk Island Kaka 400 extinct Y Summer
Cuculidae (cuckoos)

Eudynamystaitensis Long-tailed Cuckoo 125 migrant Summer
Strigidae (typical owls)

Ninox novaeseelandiae Southern Boobook 175 endangered Summer
Alcedinidae (kingfishers)

Halcyon sancta Sacred Kingfisher 65 breeding Summer
Songbirds
Campephagidae (trillers)

Lalageleucopyga Long-tailed Triller 50? extinct ?
M uscicapidae (northern flycatchers)

Turdus poliocephal us Grey-headed Blackbird 90? extinct Spring?
Pachycephalidae (thickheads)

Pachycephala pectoralis Golden Whistler 50? breeding Spring?
Acanthizidae (flyeaters)

Gerygone modesta Norfolk Island Gerygone 6.5 breeding Spring?
Monarchidae (monarch flycatchers)

Rhipidurafuliginosa Grey Fantail 8 breeding Spring?
Petroicidae (southern robins)

Petroica multicolor Pacific Robin 11  breeding Spring?
Zosteropidae (silvereyes)

Zosteropstenuirostris Slender-billed White-eye 15 breeding Spring?

Zosteropsalbogularis White-chested White-eye 16 breeding Spring?
Sturnidae (starlings)

Aplonisfusca Norfolk Island Starling 80? extinct Spring?
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suggeststhat L. lapponica wastaken from migrating flocks,
as relatively few birds would have been resident on the
island when it was still mainly forested.

CHARADRIIDAE—PLOVERS

Pluvialis fulva Pacific Golden Plover 130 g (48.3% of
squares). Less common than the godwit in the samples,
Pluvialis fulva was nevertheless more abundant than
resident land birds such asthe parrot and parakeet. Because
this species is a strong-flying migrant, the degree of
representation is rather anomalous, even though the birds
are much tamer on smaller islands than they are on the New
Zealand mainland (Heather and Robertson, 1996) and might
therefore have been easier to catch. The identification is
based on the likelihood of occurrence of the two species of
golden plover in the Pacific. The speciesis listed in older
literature as Pluvialis dominica, but that isnow regarded as
aseparate specieswith all opatric non-breeding distributions
(Connors, 1983).

COLUMBIDAE

Hemiphaga spadicea Norfolk Island Pigeon 650 g (73.6%
of squares). The Norfolk Island Pigeon was very similar to
Hemiphaga novaeseelandiae, the New Zealand Pigeon, of
which it has been regarded as a subspecies by some authors
(Schoddeet al., 1983). The New Zealand bird wasaregular
item in the diet of Polynesians there (Oliver, 1955).
Hemiphaga spadicea survived on Norfolk Island into the
early nineteenth century. It is the most abundant of the
terrestrial birds in the archaeological avifauna, in which
young birds as well as adults were represented.

Gallicolumba cf. G. norfolciensisNorfolk |sland Ground
Dove 200 g (3.4% of squares). The status of the small doves
on Norfolk Island has yet to be resolved. Whether
Chalcophapsindica was resident before habitat destruction
became important in the European era is not known.
Although fossils have been found (Meredith, 1991), none
has been dated. The presence of a species of Gallicolumba
was confirmed by Meredith (1985, 1991). It is probably
this species which was mentioned in the diaries of thefirst
European settlersand isthe subject of apainting done before
1800 (no. 89, “ Sydney” series, Hindwood, 1965). Bones of
a dove-sized pigeon, apparently this species, were rare in
the archaeol ogical fauna. The fragmentary material did not
allow complete certainty of the identification.

PSITTACIDAE

Nestor productus Norfolk Island, or Long-billed, Kaka400
0 (18.4% of squares). Although Nestor productus was
apparently common when Europeansreached theisland and
therefore was likely to have been a prominent component
of the avifauna exploited by Polynesians, surprisingly few
were represented in the archaeological deposits. The New
Zealand speciesN. meridionaliswas afavoured item in the
diet of Maori from settlement to historic times, and its
featherswere used in cloak manufacture (Oliver, 1955): N.
productus was even more colourful so Polynesiansmay have
caught it for its feathers as well as the meat.

Cyanoramphus novaezelandiae cooki Norfolk Island
Green Parrot; Norfolk Island Red-crowned Parakeet 75 g
(21.8% of squares). Green Parrots are rare in the
archaeological record and constituted only a minor and
opportunistic food source.

PASSERINES (20.7% OF SQUARES)

The Grey-headed Blackbird Turdus poliocephalus (7?90 g)
and other species such asthe Norfolk Island Starling Aplonis
fuscus represented atiny percentage of thetotal biomassin
the deposits. Their presence is important mainly as an
indication of the eclectic diet of theinhabitants, which again
parallels that observed in New Zealand sites where even
Petroicas (New Zealand Robins) were consumed.

Discussion

Thefaunal remainsin the archaeol ogical site at Emily Bay
are confined mainly to birds, fish, and introduced Pacific
rats. The dominance of seabirdsisunderstandable, because
the species were very abundant, easy to catch, and mostly
large enough to constitute worthwhile additionsto the diet.
It appearsthat the larger petrels were, indeed, a staple food
for the early Polynesian inhabitants of the island, as one
species was for Europeans for a short period in the early
part of their occupation. Other marine species, and most of
the land birds, appear to have beenincluded inthe diet only
as adjuncts, probably when they could be caught with little
or no effort. Asmost of the Pterodroma petrelscan becalled
from the sky during the breeding season, food gathering on
Norfolk Island—while the petrel populations survived—
would have been remarkably easy; but the diet might have
been rather monotonous.

Taphonomy, butchering, and consumption. Patterns of
survival of elements confirmed that most of the deposit
accumulated as debris from human occupation. The pattern
of bone breakage and survival wastypical of alarge predator
that could process and remove as much of the available
nutrients from each carcass as possible. For the major long
bones, such astibiotarsus, humerus, and ulna, only oneend
(often the proximal) iswell represented, indicating that the
sections holding the most meat have been removed, and
probably consumed along with the meat. Interestingly, the
pattern of archaeological bone survival is quite similar to
that found in deposits accumulated by the large extinct
harrier Circus eylesi in New Zealand (RNH, unpubl. data)
in which the larger long bones and most bones from the
body are not present, and peripheral, even tiny, elements
are well-represented in the sample.

The taphonomic processes contributed to the difficulty
of assigning most petrel material to species, apart from the
very small P. pycrofti, exacerbating the already difficult task
of separating closely similar species with inadequate
reference material. However, the lumping of petrel taxainto
two groups should not have altered the main conclusion of
the study, that petrelswerethe mainitem of diet of the people
who lived at the site.

Limited avifaunaaspart of alimited natural food supply.
Polynesians living on Norfolk Island had a much smaller
choice of natural foodsthan they did on other island groups
elsewherein the Pacific. In particul ar, most of the coastline
consists of steep dopesabovearocky shoreor vertical cliffs.
There are few beaches (Anson Bay, Cemetery Bay, Emily
Bay, Slaughter Bay), and the littoral zone has very few
speciesof (small) mollusc and echinoderms. The small area
of reef at Slaughter Bay meant that only fishing in deep
water waslikely to be productive enough to support ahuman
population. That in turn meant that the birds would have



been proportionately more important than on most other
islands. Their importance is reflected in their relative
abundancein the food remains at Emily Bay. Although the
avifaunawas limited in variety, some species, including two
or three petrels, were extremely abundant. Others, including
all the terns that are such a feature of the present avifauna,
were, for whatever reason, virtually ignored for food.

Choiceversusavailability of food. Thebiasesintheavian
remainsfrom the archaeol ogical excavations could indicate
either that the people actively selected a limited range of
speciesfrom those available on theisland, or took by default
those speciesthat were most abundant and easy to catch. In
general, most speciesin the depositscould havebeen collected
within 500 m of the site. The two most abundant specieswere
both Pterodroma petrels that could be harvested from the
surface or from burrows in the neighbourhood of Emily Bay,
and which could aso have been called down from the sky by
shouting or hand-clapping (Tennyson and Taylor, 1990).

Meredith (1985) reported that both P. pycrofti and his
Pterodroma new species were rare in the First Settlement
deposits that he examined. As the former, which is the
smaller of thetwo, iswell withinthe sizerangefor predation
on adults, eggs, and young by Pacific rats (Holdaway, 1999),
its rarity by the late eighteenth century is not surprising.
The apparently low abundance of the larger, Pterodroma
new species (probably P. neglecta) at European contact is
more difficult to explain. Pterodroma neglecta survived in
the presence of Pacific rats on Raoul 1sland from about 650
yearsago (Anderson, 1980) into the early twentieth century,
so apparently can cope with some predation even though
its egg is just within the ability of Pacific rats to open
(Holdaway, 1999). High numbers of rats maintained by the
year-round availability of animal and vegetable food might
have created conditionsthat allowed rat predation to be more
severe than it might have been otherwise. Another possible
factor in the rarity of P. neglecta in the First Settlement
deposits was the degree to which it might have been taken
as a preferred food by the Polynesians. Unfortunately,
identification problems for the petrels made quantification
of their relative representation impossible.

Seasonality. It is apparent that food was harvested
throughout the year at Emily Bay: P. pycrofti, a summer
breeder (Heather and Robertson, 1996), is a major part of
the sample, asis P. solandri, which breeds in the southern
winter. The young of P. pycrofti would be available up to
thetimeof their fledging in late summer and autumn. Again,
although P. neglecta has been recorded nesting at most times
of theyear in various parts of itshhuge breeding range, birds
in the remaining colonies usually lay their eggs from
October to March, so that species and Puffinus pacificus
would have supplemented the supply of P. pycrofti, which
as asmaller bird would provide less meat per animal.

A greater variety of birdswould be availablein summer,
with the presence of the migrant waders and several species
of petrel. In winter, the people would have had to depend
on P. solandri and Puffinus assimilis. That dependence, at
a time of greater frequency of storms and hence lower
availability of fish, may have limited the human population
that could be supported on theisland over aperiod of years.
The population of P. solandri on the higher areas of the
island could not sustain predation by the few hundred people
of the First Settlement for more than afew years.
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Species representation and extinction. There were
substantially fewer species represented in the Emily Bay
archaeological site than were available in the local
environment. To some extent, the comparison is unegqual,
because the natural bone deposits from which the
composition of the late Holocene avifauna of Norfolk Island
has been established (Meredith, 1985, 1991) accumulated
over thousands of years, whereas the archaeological site
may have existed for less than 200 years and, in addition,
only about 3.5% of it was excavated. While it is unlikely
that the avifauna found by the first Polynesian settlers
differed greatly from that reported by the earliest European
inhabitants—plus the known extinct species—it isdifficult
to tell whether the archaeol ogical absence of the more than
half of the late Holocene avifauna (excluding songhbirds) can
be explained by sampling biasesduring the prehistoric fowling
or during archaeological recovery, or by other factors.

The rarity of terrestrial species in the deposit is
noteworthy. Contrary to Meredith (1985), it is likely that
Rattus exulanswas responsible for the extinction of several
of the smaller, terrestrial birds on Norfolk Island. No other
environmental factorsare known which could have affected
small species, and terrestrial aswell as oceanic species. In
fact, the extinctions of small vertebrates on Norfolk Island
parallelsthefar more extensive extinctions attributed to the
Pacific rat in New Zealand (Holdaway, 1999). Species
lacking from the archaeological collection but known from
natural fossil depositsat Cemetery Bay and el sewhereinclude
a prion (Pachyptila species), a storm petrel (Pelagodroma
species, presumably P. albiclunis, the Kermadec Storm petrel),
and asouthern snipe (Coenocorypha new species), al of which
were paatable to both humans and rats.

The absence of Norfolk Island Snipe (Coenocorypha new
species) from the archaeological deposits is particularly
noticeable asthere are remains of two shorebirds (Pluvialis
fulva, Limosa lapponica) that should have been harder to
catch. Coenocorypha new species and P. fulva had roughly
the same body mass (105 gvs 130 g). Theformer isunlikely
to have been missed in recovery of material, because
passerine boneswere recovered and many elements smaller
than snipe bones were common in the collection. Given the
size of the sample, it is unlikely that Coenocorypha new
speci es was present when the archaeol ogical depositswere
formed. Why this should be, when other wading birds were
eaten regularly, is unknown, although the Pacific rat and
snipe of the genus Coenocorypha have been unable to
coexist elsewhere (Holdaway, 1999). If the rat population
roseto and was sustained at ahigh level by abundant petrels,
as it would have been on Norfolk Island, then extinctions
could have occurred extremely rapidly, as occurred when
Rattus rattus reached the Big South Cape Islands off
southern New Zealand in the early 1960s (Bell, 1978).

Various scenarios are possible in relation to the absence
of snipe and other taxa in the archaeological assemblage.
The lack of terns, which are the most obvious seabirds on
Norfolk Island today, may berelated to the cost and benefits
of harvesting. Some species, such as the Sooty Tern, may
have been more limited in numberson theisland in the past.
Tropichirds are used by Pecific peoples for ornamentation as
well as for food, so the absence of this presently common
species from the archaeological avifaunais rather surprising.
It is unfortunate that the archaeology of Norfolk 1dand does
not, so far, offer later prehistoric settlement sites with bird
bone middens in which to test some of the propositions
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suggested here. The only comparisons possible at present are
with therecords made by thefirst European settlers (Meredith,
1985) and the material in the deposits of that date.

Conclusions

In terms of body mass, and therefore avail able meat value,
the archaeological avifauna from Emily Bay discloses a
strong predominance of petrels and boobies, as might be
predicted from the relative body mass and probable
abundance of these taxa in the local environment. Larger
forest birdsarerelatively scarce, especialy therails, Norfolk
Island Kaka, and Norfolk Island Ground Dove. Some small
terrestrial taxaare absent and either were not sought or may
have become extinct so rapidly (probably as a result of
predation by the Pacific rat, Rattus exulans) that they were
not incorporated in the Emily Bay deposits. The archae-
ological fauna of Norfolk Island includes species such as
Pycroft’s Petrel (Pterodroma pycrofti) that were either
locally extinct, or at |east very rare, when Europeans reached
theisland. It is apparent, therefore, that Norfolk Island fits
the pattern of other Pacific Islands, where early contact by
Polynesian settlers resulted in the extinction of the more
vulnerable of the resident bird species (Steadman, 1997).
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Appendix

Problems of identification, reasons for inclusion or exclusion of
taxafrom the Norfolk Island avifauna, and comments on thetime
of some extinctions.

Petrels. There have long been problems in identifying the
species of petrel that originally bred on Norfolk Island,
notwithstanding the copious fossil remains and the existence of
paintings from the early period of European occupation. All the
Pterodroma petrel sare difficult to separate on fragmentary material
such asis normal in middens. It is usually necessary to examine
craniaof speciesthat are closely similar in post-cranial dimensions.

Meredith (1991) recorded three species of Pterodroma—
Pterodroma solandri, P. pycrofti, and an undescribed species—
from Norfolk Island. P. solandri and P. pycrofti are now extinct
on Norfolk Island itself. Pterodroma solandri breedsat Lord Howe
Idand 900 kmto thewest, and asmall breeding popul ation hasrecently
been found on Philip Idand (Hermes et al., 1986). It is not known
whether the Philip Island colony represents a recolonization of the
Norfolk 1dand group from the Lord Howe popul ation or isaremnant
of the popul ation that was otherwise extirpated on the Norfolk 1sland
group during the early years of European settlement.

Theonly large Pterodromato be recorded as definitely breeding
on Norfolk Island is Pterodroma solandri, the Bird of Providence,
Providence Petrel, or Solander’s Petrel. Meredith (1985, 1991)
recorded this species as being common in fossil deposits on
Norfolk Island. He also recorded an unnamed Pterodroma of
intermediate size (Pterodroma new species), but listed mainly leg
elements; wing elements from other collections were referred. In
the present study, it became apparent that, although all Pterodroma
humeri larger than those of P. pycrofti were of a size range
consistent with specimensof P. solandri, thereweretwo size classes
intheleg elements. Thelonger femora, tibiotars, and tarsometatars
werelong enoughto beof P. solandri but otherswere more comparable
to elements of Pterodroma inexpectata and therefore were at first
attributed to Pterodroma new species of Meredith (1985, 1991). The
absence of wing bonesintheintermediate sizerangewas problematic,
and other possibilities were explored.

Two other species of Pterodroma in the Pacific have humeri of
about the same length asthat of Pterodroma solandri, but shorter,
thinner legs. These are P. neglecta (Kermadec Petrel) and P.
arminjoniana (Herald Petrel). The Pacific populations of Herald
Petrel have been recognized as a separate species (P. heraldica)
and Brooke and Rowe (1996) split that speciesinto white-bellied
(P. heraldica) and dark-plumaged birds (P. atrata). The presence
of any of these species would explain the anomalous pattern of
smaller leg elements but larger humeri and ulnae. M easurements
of leg elements of both these species (T.H. Worthy, pers. comm.)
aresimilar to thosein the collection considered here. The material
isreferred to P. neglecta on the basis of present breeding range.
Harrison (1983) gave the breeding range of P. arminjoniana (P.
heraldica) in the Pacific as including Chesterfield Reef, Tonga,
Marquesas, Tuamotus, Gambier |lands, Pitcairn group, and Easter
Island. The putative P. atrata is confined to the Pitcairn Islands.
Theseislandsareall either north of, or are very closeto, the Tropic
of Capricorn: none of those in the western South Pacific is south
of 23°S. Therange of P. neglectaincludes Lord Howe, Kermadecs,
Austral, Pitcairn, and Easter groups, and islands off Chile. In the
southwestern Pacific its range is well south of that of P.
arminjoniana (P. heraldica) (Lord Howe is at 32°S, and Raoul

Idlandisat 28°S, roughly the same asNorfolk Island). AsNorfolk
Island lies between two of the present breeding stations of the
Kermadec Petrel, it is reasonable to suspect that P. neglecta
formerly bred there. Hindwood (1940) pointed out that two
specimens taken by Dr PH. Metcalfe in the 1880s referred to P.
solandri by North (1890) werein turn referred by Mathews (1912)
to P. neglecta, which, if correct, would constitute the first record
of that species from Norfolk Island, and add weight to the
conclusion that bones referred to an “intermediate” Pterodroma
(Meredith, 1991) are actually of P. neglecta.

A further point that may aid in distinguishing between the two
speciesin old accountsisthat Pterodroma neglecta usually nests
on the surface and does not burrow like P. solandri (Bartle et al.,
1993). Records of surface-nesting petrelsin early accountsarelikely
torefer to P. neglecta. A confounding factor may betheformer presence
on the idands of at least one species of Accipiter, whose predation
could conceivably haveforced P. neglecta to nest under cover.

Theidentity of the small species of Pterodroma that formerly
bred in large numbers on Norfolk Island has been especially
problematic. Until Meredith (1985, 1991) established that the small
Pterodroma bones from the island represented a previously
unknown and very large population of P. pycrofti, it was thought
that P. nigripennis was probably present at the time of European
settlement. Pterodroma pycrofti is now absent from the Norfolk
Island group: it breeds on small islands off the northeastern coast
of the North Island of New Zealand (Heather and Robertson, 1996).
Therearetoo few P. pycrofti on the present breeding islands (1500+
pairs, Heather and Robertson, 1996) for there to be any pressure
for young birds to find new breeding sites.

Part of the reason for suspecting the former presence of P.
nigripenniswasthat, by anal ogy with the present small population
of P. solandri, the P. nigripennis presently breeding on Philip Island
and attempting to breed on Norfolk Island have been takento bea
recolonization after extermination in the 1790s (Schodde et al .,
1983). Infact, P. nigripenniswasfirst identified on Norfolk Island
in 1965 (Serventy et al., 1971). It has not been identified among
the fossilsin either natural or archaeological contexts (Meredith,
1985, 1991; thisstudy), soitislikely to beinstead arecent colonist,
as it is in northern New Zealand and the Chatham Islands
(Tennyson, 1991) where there al so no records of former breeding.

The present populations on Lord Howe Island and Balls Pyramid
cannot be used asevidence of aformer more extensive breeding range
of P. nigripennis, as can be proposed for P. neglecta. The breeding
colonies of P. nigripennis (Philip Island, Lord Howe Idand, Balls
Pyramid) are part of the recent and on-going south and southwestward
expansion (Marchant and Higgins, 1990). The sourceis probably the
large population (2-3 million pairs, Heather and Robertson, 1996) on
Macauley |dand in the Kermadecs, 1300 km to the east. Pterodroma
nigripennis is not mentioned by Hindwood (1940) as being part of
the Lord Howe Island fauna, although he records two skins of
Cookilaria [=Pterodroma] cookii (under the common name “Blue-
footed Petrel”), citing abreeding range that includes the Kermadecs,
where P. cookii does not breed. The 1965 specimen of P. nigripennis
on Norfolk Island had blue instead of the typical fleshy pink legs
(Serventy etal., 1971). A small proportion of P. nigripennisindividuas
has blue legs (Serventy et al., 1971) so it is possible that the birds
seen by Hindwood were of this form rather than P. cookii. The
specimens should be re-examined.
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The identity of the small Pterodroma petrel portrayed in a
coloured drawing done at the time of the First Settlement (no. 96
inthe“ Sydney” collection, Hindwood, 1965) remains an enigma.
Whitley (1938) described it asanew species Cookilaria hindwoodi.
The discovery of a specimen of P. nigripennis on Norfolk led
Hindwood (1965: 90) to suggest that the “Norfolk Island Dove-
Petrel [had] beenre-discovered”. Earlier, Hindwood and Serventy
(1943) considered that the bird “ differsfrom all known species of
Cookilariainthe brown colour of the upper parts’ and considered
it to be incertae sedis. As painted, the bird appears to lack the
“powdering of grey... from the nape down the sides of the upper
breast” (Serventy et al., 1971) that is characteristic of P. nigripennis
and the dimensions (if the bird was indeed painted life size) fit
with those of P. pycrofti (Oliver, 1955). It is possible, contra
Serventy et al. (1971: 103), that the bird in the painting was P.
pycrofti. In favour of thisinterpretation are the dimensions taken
by G.M. Mathews from the painting (Hindwood and Serventy,
1943), which are all within the rangesfor P. pycrofti. In addition,
the colour pattern is similar to that species, although the colour
itself apparently differsin having a brown back, which could be
an artefact of the paint used. The reference in Heather and
Raobertson (1996) to a“huge” colony of P. nigripennison Norfolk
Island being destroyed by cats and rats ignores the fact that the
birds were not known to breed there before 1965 and have not
beenidentified inthelargefossil collections (Meredith, 1991, and
see above). The ssimplest view, and the one adopted here, is that
the late Holocene avifaunaof Norfolk Island included one species
of small Pterodroma petrel, P. pycrofti, which became extinct
shortly after European settlement, and whose place is now being
taken—for whatever reason, and in the absence of alarge source
population of P. pycrofti—by immigrant P. nigripennis from the
thriving populations on the southern Kermadec |slands.

A recent summary of birdsreported from the Norfolk Iland group
(Moore, 1999) includes references to several other petrels that may
well have been part of the original avifauna. Theseincludethe Flesh-
footed Shearwater (Puffinus carneipes: inaburrow on Philip Idand),
Newells Shearwater (Puffinus auricularis newelli: captured,
photographed and released on Philip Island), Tahiti Petrel
(Pseudobulweria rostrata: at seawithin 15 km of the idand, breeds
inthe South Pacific), Goulds Petrel (Pterodroma leucoptera: onerace
of which breedson New Caledonia), White-necked Petrel (Pterodroma
cervicalis: breeding in large numbers on Macauley Idand in the
Kermadec group, 1200 km east of Norfolk, and anesting pair found
on Philipldandin 1992), and Kermadec Petrel (Pterodroma neglecta:
breeding on idets off Raoul Idand, Kermadecs, and at Lord Howe
Idand, found nesting on Philip Idand in 1992). Other species, such
asthe Cape Petrel (Daption capense), have been seen near theidands,
but their breeding grounds are in the subantarctic and it is highly
unlikely that there were breeding populations of these speciesin the
Norfolk Isand area at any timein the past.

There appear to be previous records of the occurrence of two
of these species on the island. A specimen of Puffinus carneipes
taken on Norfolk Island by E.H. Saunders (Saunders and Salvin,
1896) isapparently thefirst record fromtheisland. Meredith (1991)
did not list P. carneipes in the fossil fauna while Schodde et al.
(1983) recorded it only as a vagrant before the recent breeding
record (Moore, 1999). The breeding distribution of the species
includes Lord Howe Island as well as islands off northern New
Zealand and many around Australia (Hindwood, 1940; Serventy
etal., 1971). Hence, aswith P. neglecta, it islikely onthe grounds
of agap in an otherwise continuous distribution that the species
once bred at Norfolk Island. For this reason, and as the
measurements of P. carneipes overlap with those of P. pacificus
(Oliver, 1955; Serventy et al., 1971), it is possible that material of
P. carneipes exists unrecognized in the fossil collections. If so, it
isincluded here in the unresolved “ other petrel” category.

In addition to the petrels dealt with above, it is possible that at
least one other subtropical petrel may have had a breeding
population in the group: four individuals of the Phoenix Petrel
(Pterodroma alba) were found ashore on Raoul Island in 1913
(Oliver, 1955), and it is likely that the species bred there before
rats and cats were introduced (Holdaway et al., 2001). That some
of the subtropical species have now been found breeding, or

attempting to breed, on Philip Island is evidence that they could
have included the group in their breeding range in the past. The
possihility of their former presence adds complexity to an already
difficult identification problem.

Sulids. Thesulid presently breeding inthe Norfolk Island group
isthe Masked Booby Sula dactylatra. An apparently extinct species
of booby (Sula tasmani) has been described from fossil remains
collected on Norfolk and Lord Howe ldlands (van Tetset al ., 1988).
Thematerial inthe present collectionisattributed to S. dactylatra
because the mensural differences listed by van Tets et al. (1988)
are not sufficient to support recognition of a separate taxon and
instead represent the upper sizerange of S. dactylatra (Holdaway
and Anderson, unpubl. data).

Other differences proposed included choice of nesting habitat, S
tasmani apparently differing from S dactylatra in nesting on sand
beaches where they were vulnerable to predation by humans (van
Tets et al., 1988). When undisturbed by humans, even Australasian
Gannets (Morus serrator), which typically nest on or above high sea
cliffs, nest on sand dunes at sealevel (Hawkins, 1988).

Wader s. Although several speciesof charadriiform have been
identified from the island, all are vagrants or regular migrants.
Only two species, the Bar-tailed Godwit (Limosa lapponica) and
Pacific Golden Plover (Pluvialisfulva) areregular in numberson
the island. Although Whimbrels (races of Numenius phaeopus)
have been reported live and as fossil from Norfolk Island, none
was recorded in the archaeological collection.

Hawks. The only predatory bird on the island today is the
Australian Kestrel (Falconidae: Falco cenchroides), which became
established as a breeding species in the 1970s (Schodde et al.,
1983). Reports of the presence of “hawks’ in the 1790s were
confirmed by the discovery of remainsof an Accipiter very closely
related to, if not identical to, the Brown Goshawk Accipiter
fasciatus of Australia and some islands to the north of Norfolk
Island, including New Caledonia (Meredith, 1985, 1991). It has
been thought that hawks died out on Norfolk Island very soon
after Europeans arrived or were vagrants (Schodde et al., 1983),
but Gurney (1854) referred to areport by F. Strange that hawks
were on Philip Island some time before 1853, presumably during
the residence of Strange’s informant on Norfolk Island, which
may mean that the goshawk survived on Philip Island for several
decades after its demise on the mainisland. Philip Island was still
vegetated at that time, and Strange records having met the man
“who exterminated the Nestor productus of Philip Island”. After
describing the way that the large parrot used its bill in climbing,
Strange reports that “He likewise informed me that there was a
large species of hawk that used to commit great havoc amongst
them [the parrots], but what speciesit was he could not tell me.”

Rails. The flightless endemic Gallirallus new species
discovered by Meredith (1985) may have survived into the
European period. A rail painted on Norfolk Island in the 1790s
(no. 79 in the “ Sydney” series, Hindwood, 1965) has a plumage
pattern similar to that of G. philippensis, but it may represent
Gallirallus new species rather than the extant Gallirallus
philippensisas has been assumed. Ripley (1977) identified Rallus
tenebrosus (Gray, 1862), asmall rail described from Norfolk Island
in 1824, as the Spotless Crake (Porzana tabuensis), which is
widespread in Australiaand the South Pacific. At present, both P.
tabuensisand G. philippensisarevagrantson Norfolk Iland, rarely
breed there, and their former status has been uncertain (Schodde
et al., 1983).

Parrots. Nestor productus survived until the late 1840s on
Philip Island (Strange, in Gurney, 1854) after being extirpated on
the main island in the early 1800s. By late 1853 the species was
known only from Philip Island. No mention of itsformer presence
onthemainisland ismade, although it figures prominently in the
collections of paintings made during the first convict settlement.
Strange’sinformant said that “they rarely made use of their wings,
except when closely pressed” and that when he went to theisland
to shoot them, he “would invariably find them on the ground”.
Such habits are not unusual in species confined to uninhabited
islands without mammalian predators and would have made the

birds easy prey for people.
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