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Abstract

Birds perform important functions for the maintenance of island ecosystems, and historically
have been highly valued as food and for providing materials for the manufacture of items that
display power and status. When Lapita migrants first arrived in Oceania they encountered
a much more diverse avifauna than exists today. Naive endemic fauna, having evolved in isolation,
were vulnerable to invasive human socioeconomic systems and introduced invasive mammals.
Rapid reduction in avian biodiversity in Remote Oceania and likely impacts on ecosystem
functionality occurred. While the evidence for bird extinctions and extirpations in Polynesia
is well established, it is not the case for Lapita—bird interactions in the Melanesian and western
Polynesian region. Here we review the evidence for Lapita bird exploitation and extinctions in
the South-West Pacific region of Oceania. We use the incomplete Lapita, immediately Post-
Lapita and pre-Neolithic archaeological record in Oceania to critically evaluate the evidence
for the causes of avian extinctions, considering bird characteristics, human activities and biased
sampling issues. Our data indicate that bird hunting in Oceania originated in the Pleistocene
and was extensive throughout the Lapita distribution, resulting in widespread extinctions and
extirpations of land and sea birds. This pattern probably represents a conservative estimate, the
full extent of prehuman avifauna diversity and early human impacts are likely obscured by limited
sampling of archaeological and palacontological sites.

Introduction

Recent studies indicate that birds have played a significant part in Pacific Island cultures and
continue to do so today. In these insular communities, birds have been traditionally hunted
for food and/or materials to make feathered cloaks and headdresses as displays of chiefly power
(Best 1979; Hartnup et al. 2011; Harwood 2011; Kirch 1997; Speiser 1996). Indeed, human—
bird interactions like these have roots deep in hominin prehistory with the development of
more complex cognition associated with the advent of specialised technologies and methods
to capture these often small and elusive prey (Blasco and Peris 2009; Finlayson et al. 2012).
At some stage, this highly developed hunting behaviour spread to the tropical Asia-Pacific region
during the late Pleistocene (Hawkins et al. 2017; Stimpson 2016; Wickler 2001). This complex
human behaviour continued into the late Holocene when horticulturalist human colonisation
had a profound effect on avifaunal diversity in the Pacific Islands and was likely associated with
ecosystem degradation (Steadman 2006a; Worthy et al. 2015).
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Oceanic islands are laboratories that have proven deleterious prehistoric human impacts on
avifauna (Steadman 1995, 2006a) compared to continental landmasses, which typically have
fewer recorded avian extinctions (Hull et al. 2015; Meijer 2014; Meijer et al. 2015). Many
reasons have been proposed for the greater susceptibility of birds to extinction on more isolated
tropical islands during human colonisation, including island size, degree of isolation from sources
of faunal immigration, bird characteristics and, most importantly, complex human behavioural
developments (Duncan et al. 2013; Hull et al. 2015; Karels et al. 2008; Meijer et al. 2015;
Steadman 2006a; Steadman and Martin 2003).

In some cases, the model of ‘overkill’ or ‘blitzkrieg—that is, intensive human hunting and
rapid depletion of populations—has been implied as the main mechanism for bird extinctions
(Bedford 2006). However, any level of hunting that was unsustainable for the taxon in question
can be considered as ‘overkill’. It is important to note that this overkill rate will vary between
taxa depending on the individual biological attributes of those taxa, such as longevity, fecundity,
etc. Further, the development of more complex sociopolitical horticultural economies during
the late Holocene, which saw the introduction of invasive mammals, and more intensive habitat
fragmentation (forest clearance for crops), were also likely important factors that combined to
exacerbate the situation (Blackburn et al. 2004; Hawkins et al. 2017; Pimm and Askins 1995;
Prebble and Wilmshurst 2009; Steadman 2006a). These models, however, have rarely been tested
in the prehistoric record (Duncan et al. 2002; Nagaoka 2012), probably because they are difficult
to evaluate rigorously as fossil and archaeological records are mostly missing and patchy at best
(Duncan et al. 2013; Hull et al. 2015).

Nonetheless, the most dramatic examples of avian extinctions are revealed in the archaeological
records of the Pacific, particularly those settled in the eastern Polynesian region by horticultural
societies (Steadman 1995, 2006a; Steadman et al. 2002b), c. 1000 BP (Wilmshurst et al. 2011).
It is estimated that about 50-90 per cent of endemic species, especially flightless rails and
megapodes, disappeared on several island groups in this region (Cook Islands, Easter Island,
Hawai‘i, Henderson Island, Marquesas, New Zealand, Society Islands) sometime after initial
human arrival (Steadman 1995, 2006a). Replacements of the lost taxa, estimated to be upwards
of 1000 species in total, by new arrivals, has yet to occur and extinction occurred at a considerably
greater rate than generally seen in the fossil record (Duncan et al. 2013).

Bird extinctions revealed by avifauna associated with earlier horticultural arrival in Oceania,
whether Lapita or immediately Post-Lapita settlements, are also documented (Hawkins 2015;
Steadman 2006a). The emergence of Lapita, a maritime Neolithic pottery-making mixed
economic culture originating in East Asia and rapidly arriving in the Bismarck Archipelago
c. 3300 BP (Skoglund et al. 2016), has been linked to a dramatic rise in human impacts on
island environments and biota in Oceania (Blackburn et al. 2004; Prebble and Wilmshurst 2009;
Steadman 2006a; Stevenson 1999; Summerhayes et al. 2009). Lapita voyagers became the first
humans to cross a 350-km water gap at the end of the main Solomon Islands chain (Sheppard
2011) and colonised the previously uninhabited South-West Pacific Remote Oceanic Islands
of eastern Melanesia and western Polynesia by c. 2850 cal. BP (Burley et al. 2015; Reith et al.
2008). They introduced invasive mammals (rats, pigs) to the region that are likely to have had
a great impact on prehistoric naive fauna lacking behavioural defences (Blackburn et al. 2004;
Hawkins 2015). The archaeological record within this region of Lapita expansion has provided
a few examples of extinctions of not just birds, but also of endemic large-bodied terrestrial reptiles
such as turtles, crocodilians and iguanas (Hawkins 2015; Hawkins et al. 2016; Irwin et al. 2011;
Mead et al. 2002; Pregill and Steadman 2004; Pregill and Worthy 2003; White et al. 2010).
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Figure 21.1. Map of the South-West Pacific (Near and Remote Oceania) and locations of one Pre-Lapita
and 32 Lapita and immediately Post-Lapita age archaeological sites with evidence of human hunting
and avian extinctions.

1: Mussau Island (Sites ECA, ECB, EKQ), 2: Kilu Cave, Buka Island, 3: Tikopia (Sites TK-4, TK-1, TK-32, TK-36), 4: Anuta (Site AN-6),
5: Malakula Island (Sites Yalo south, Navaprah, Malua Bay, Woplamplam), 6: Efate (Sites Teouma, Arapus, Mangaasi), 7: Erromango
(Sites Ponamla, Ifo), 8: Lakeba (Sites Qaranipuga rock shelter, Wakea), 9: Aiwa Levu and Aiwa Lailai (Sites Cave 1, Cave 2, Aiwa 1,

Dau RS), 10: Naigani, 11: Bega, 12: Mago (Sites Votua, Sovanibeka), 13: Ha'apai (Sites Tongoleleka, Holopeka, Faleloa, Toumu'a),
14: Tongatapu (Site Ha'ateiho), 15: Ofu Island (Site Toaga).

Source: Illustration by the authors.

However, detailing human-bird interactions from Lapita times has been problematic, as most
Lapita sites in Oceania have typically yielded small vertebrate assemblages from mostly small-
scale excavations (Hawkins 2015) or their descriptions have lagged far behind that of material
culture and dating of sequences. The use of coarse recovery methods in many excavations has
also occasionally limited vertebrate sample sizes, while preservation issues have been prevalent at
other sites (Hawkins 2015). These factors have severely hampered our understanding of Lapita
interactions with birds and the associated impacts on avifaunal diversity on Near and Remote
Oceanic Islands. As such, early Neolithic archaeological avifaunal records are sparsely distributed
in the Bismarck Archipelago in Near Oceania (Steadman and Kirch 1998). They increase steadily
where Lapita people dispersed via the gateway to Remote Oceania; in Tikopia, Anuta (Steadman
2006a; Steadman et al. 1990) and Vanuatu (Bedford 2006; Hawkins 2015; Steadman 2006a,
2006b; Worthy et al. 2015); and onwards to Fiji (Irwin et al. 2011; Worthy and Clark 2009),
Tonga (Steadman 1993a, 2006a; Steadman et al. 2002b) and Samoa (Steadman 1993b).

These problems in establishing the true scale of human impacts on avifauna by Lapita in
Oceania are compounded by the restriction of palacontological records, critical to reconstructing
prehuman ecologies, within the region of Lapita expansion to New Caledonia, Fiji and Tonga
(Anderson et al. 2010; Balouet 1991; Balouet and Buffetaut 1987; Balouet and Olson 1989;
Koopman and Steadman 1995; Molnar et al. 2002; Poplin 1980; Worthy 2000, 2001, 2004;
Worthy et al. 1999; Worthy et al. 2016).

In this summary, we review the current published data on Lapita bird exploitation, primarily
for the period c. 3300-2800 BP, and document the subsequent extinctions in Near Oceania
and Remote Oceania in the South-West Pacific (Figure 21.1). This we hope will improve
our understanding of human-bird interaction and its consequences during this remarkable
period of long-distance human dispersal and colonisation of the far-flung regions of Oceania.
We identify issues with current models discussed above and advances in zooarchaeology that



442 Debating Lapita

have been made recently at the Teouma Lapita site (Worthy et al. 2015). We also include one
archaeological site (Kilu Cave, Buka Island) in the northern Solomons that is substantially older
and hints at possible Pre-Lapita extinctions in this archipelago during the late Pleistocene (28.7—
20.1 ka BP) (Wickler 2001). We exclude analyses of the avifauna from the Pindai Caves, New
Caledonia, reported by Balouet and Olson (1989) and Anderson et al. (2010), because these
are primarily non-archaeological assemblages accumulated by pitfall and owl predation with age
ranges that extended well into the Pre-Lapita period. There is some mixing of early Post-Lapita
archaeological materials into these natural faunas, but it is impossible to separate archaeological
versus natural components of the total accumulation, with the exception of some burnt bones
that include Sylviornis.

We assess factors that may have contributed to the extinction of birds, including their inherent
characteristics such as flight capability and habitat preference, within the context of the period
of occupation (radiocarbon age and ceramic sequence), site type (open beach or cave), area
excavated (m?) and faunal recovery methods used. To assess models of human hunting we present
the number of extinct or extirpated taxa present, and the number of extinct/extirpated bird bones
relative to total number of bones of terrestrial animals in early archacological sites.

Methods

A few avian assemblages from early archaeological sites in the Mussau Islands, Solomons,
Vanuatu, Fiji, Tonga and Samoa have been published in detail (see Tables 21.1-21.3). These were
assessed for period of settlement based on calibrated radiocarbon dates and ceramic sequences,
site type, areal excavation size (m?), number of extinct species identified, quantity of extinct
bird bones relative to total terrestrial vertebrate remains and recovery methods employed. Dates,
when available, were calibrated in Oxcal 4.2, using ShCal 13 (Hogg et al. 2013) and Marinel3
(Reimer et al. 2013) to 95.4 per cent. Ceramic sequences follow those identified in regional
studies (e.g. Bedford 2006; Best 1984; Clark 2009; Kirch and Yen 1982). Extinct avian taxa were
quantified based on published identifications (Table 21.1) relative to extant taxa in the region
(Bregulla 1992; Doughty et al. 1999; Dutson 2012), and their remains tallied by the number of
identified specimens present (NISP) for each site. Total non-fish fauna including total bird NISP
were included to estimate the proportion of birds exploited during Early Lapita colonisation
when these data were available, although this was not always the case, as some sites lacked total
bone counts from all faunal classes. Recovery methods, particularly the sieving protocols used,
were also considered important to understanding the zooarchaeological record in the region, and
so we list mesh size in millimetres and whether wet or dry sieving was used, given these factors
can have a dramatic impact on the quantity and size of bones recovered (Hawkins 2015).

Each identified avian taxon was assessed for certain characteristics including general habitat
preference and flight capability (Tables 21.2 and 21.3). Habitat preferences were estimated for
each taxon based on where they spend most of their time foraging or nesting in the case of sea
birds into four general habitats (coastal, wetlands, forest, open woodlands).
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Results
To date, the bones (total bird NISP=5741; 55 per cent of which come from Teouma and five

Ha‘apai sites) of 33 families (excluding Passeriformes) representing at least 131 distinct species
have been identified from 29 Lapita and immediately Post-Lapita sites and one Pre-Lapita site
(Kilu Cave). These sites geographically span from the Mussau Islands in the Bismarcks to as far
as Samoa in Remote Oceania (Tables 21.1 and 21.3), a distance of some 4500 km. Diversity was
clearly much higher in the basal layers of the Early Lapita sites. Extinctions are classed as either
locally extinct, where a taxon is no longer found on a given island, or globally extinct. Fifty-eight
species (including eight from the small sample from Kilu Cave on Buka), representing 16 families
and 27 genera, are identified as being extinct (27 extinct globally) or extirpated from their island
groups or regions in the Pacific Island nations of Papua New Guinea, the Solomons, Vanuatu,
Fiji, Tonga and Samoa, from the combined sample (total extinct bird NISP=639; Tables 21.1
and 21.3).

Most taxa that have disappeared from the record are like known extant tropical forest-dwelling
species, while others represent wetland rails and crakes, and some are migratory sea birds.
Thirteen (39.4 per cent) of these taxa are the ground-dwelling megapodes, rails and one ground
dove, whose terrestrial habits contributed to their greater vulnerability. These are likely to have
disappeared very soon after initial human settlement, although some are present—probably
secondarily mixed—in Post-Lapita cave contexts, which are notorious for complex depositional
histories (O’Connor et al. 2011). Others were from small isolated islands such as Tikopia and
Anuta, which may have initially been settled in very late or Post-Lapita times.

Most of the archaeological sites reported here were open settlements behind beaches (n=22)
with midden deposits, although a number of archaeological cave and rock shelter sites (n=8)
were also represented and contained extinct species; for example, on Buka in the Solomons
(Wickler 2001), on the north-west coast of Malakula in Vanuatu (Bedford 2006) and in the
Lau group in Fiji (Jones et al. 2007; Worthy and Clark 2009). Many of the excavations were
quite small, c. <10 m?, but four sites (Arapus, Naigani, Teouma and Tikopia) stand out as
being relatively much larger. The recovery methods employed during these excavations were
generally suited to recovery of avifaunal material. Dry sieving was extensively employed at most
of the sites reviewed. A variety of mesh sizes was used, ranging from rather coarse at 12.7 mm,
only employed in some layers at Aiwa Levu (Jones et al. 2007), to 1.5 mm, although 5 mm
to 6.4 mm was more commonly employed. A number of the sites in Vanuatu (Bedford 2006
Hawkins 2015), at Kilu Cave (Wickler 2001) and one in Fiji (Worthy and Clark 2009) also
saw extensive wet sieving of basal deposits. Despite these recovery methods, sample sizes of bird
bones relative to total terrestrial vertebrate counts are quite low, except for Lakeba and Votua
in Fiji (both small sample sizes) and possibly Anuta, which had relatively abundant bird bones
(NISP=299; Steadman et al. 1990, Table 11) but did not have total bone count data available,
only weight in grams (Kirch and Rosendahl 1973).

Eleven of the sites are exclusively Post-Lapita in age and/or ceramic style and a large proportion
of extinct/extirpated taxa in the region are associated exclusively with these Post-Lapita deposits,
with 17 out of the 58 extinct or extirpated taxa (29.3 per cent). The best evidence for Lapita
impact on regional avifauna during early colonisation of Remote Oceania is from Vanuatu and
Tonga. In Vanuatu there are nine extinct/extirpated taxa listed in Table 21.2, from the Early
Lapita site at Teouma (Worthy et al. 2015) and in Tonga there are 10 extinct or extirpated species
recorded from sites in Ha‘apai and Tongatapu (Steadman 2006a).
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Early Lapita bird exploitation strategies in the Pacific

The full details of the nature of Lapita utilisation of wild birds is not clear, with only one study
focusing on bird bone taphonomy in Tonga (Steadman et al. 2002a). However, our findings
indicate a variety of Pacific Island bird exploitation strategies. First, introduced domestic chickens
(Gallus gallus) are present in 19 of the Lapita and Post-Lapita sites (Table 21.3) corroborating
their extensive introduction early in horticultural Pacific prehistory (Storey et al. 2008) and the
establishment of human commensal subsistence strategies. Second, hunting of small- to medium-
bodied native volant and ground-dwelling birds from coastal, forested and wetland habitats is
apparent throughout the Lapita distribution in the Pacific and since Lapita times in Near Oceania
(Table 21.3). These were likely hunted using a sophisticated array of technology and methods such
as ranged weapons, snares, traps and striking weapons (see Best 1979 for a treatise on Maori bird-
hunting techniques). All archaeological sites targeted in this study have relatively (to other faunal
components) small quantities of non-commensal bird bones representing wild taxa (including
extinct taxa) (Tables 21.2-21.3), suggesting that Lapita and Post-Lapita bird hunting was extensively
practised but was not as important as the exploitation of marine resources, fruit bats and large-
bodied reptiles (Hawkins 2015; Hawkins et al. 2016; Pregill and Steadman 2004).

Birds may have had other uses during Pacific prehistory that go beyond mere meat and egg
consumption and reflect more sociocultural values. The capture of birds of prey for ornamental
feathers appears to have originated with the Neanderthals potentially using simple bait and hand
capture techniques, at least since the late Pleistocene in Europe (Finlayson et al. 2012; Finlayson
and Finlayson 2016). This appears to extend to modern human use of raptors at Niah cave in
Borneo, by 45 ka BP (Piper and Rabett 2014). Birds of prey and owls are also common in Roman
and Medieval sites in Europe where they were used for falconry in demonstrations of social status
by the landed aristocracy (Bochenski et al. 2016; Dobney and Jaques 2002; Wallis 2014; Zeiler
2010). The earliest convincing evidence for falconry in the archaeological record appears to precede
Lapita culture by one or two millennia during the Bronze Age in Syria (Wallis 2014). The many
raptor species, not known as food items, present in 13 early Neolithic archacological sites in
the Pacific, from the Mussau Islands to Tonga (Tables 21.2-21.3), may reflect these otherwise
unknown aspects of Lapita and immediately Post-Lapita culture. These include four species of
birds of prey (brown goshawk, osprey, Brahminy kite, Sanford’s sea eagle) and two species of owl
(fearful owl, barn owl). Indeed, birds appear to have played a significant role in Lapita symbology
as evidenced by pottery decorations. Three-dimensional birds have been found at the Reefs-Santa
Cruz site RF—=6 (Green 1979) and on pot rims at Teouma in Vanuatu (Bedford and Spriggs 2007),
while there is a suggestion by Noury (2017) that elaborate and distinctive Lapita pottery face motifs
distributed from the Bismarcks to Fiji could in fact be symbolic depictions of birds. However, there
is little direct archacological evidence that Lapita elites practised falconry or were wearing feathered
garments (although see Hawkins 2015 for an exception on the possible use of feathers at Teouma).

Lapita impact on avifauna diversity in Oceania

Prehistoric human-bird interactions clearly had an impact on bird diversity and populations,
although the quantity and diversity of extinct bird bones in most Lapita sites is also small, relative
to excavation size and total NISP from most sites (Table 21.1). However, we argue that the
unexpectedly small samples of extinct bird bones in Lapita sites are likely an artefact of excavation
size and disparate preservation conditions. The diversity of avifauna, including both extant and
extinct species, increases with sample size. For instance, the large areas of excavations at Teouma
have revealed nine extinct taxa and account for a significant proportion of such taxa recorded
in our review. In addition, a few sites including Qaranipuqa 197 rock shelter on Lakeba in Fiji,
and Tikopia (NISP=468 from several sites combined) in the south-east Solomon Islands, and
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the Ha‘apai and Tongatapu sites, have revealed significant diversity and quantity of extinct taxa
from small-sized excavations, sharply revealing human impacts and disparate excavation spatial
sampling issues at the intra- and inter-site level.

Other effects of early human colonisation such as forest clearance and introduction of invasive
mammals (rats and pigs) are also evident. This is reflected by the attributes of birds that went extinct
versus those that are still extant. The families most impacted by extinction are the megapodes,
columbids and rallids. Large, flightless (or weakly flying) and forest-dependent taxa are over-
represented. Although some of the megapodes were not flightless, such as Megapodius alimentum,
egg harvesting by humans, rats and pigs was likely a fatal contributing factor to their extinction.
In the Indo-Pacific region, hunting had a big impact on some island bird species, particularly
those of large size such as the dodo (Cheke and Hume 2008). The South Pacific flightless birds
in our study could not be considered large-bodied and thereby at increased risk of extinction
by human hunting, as were moas in New Zealand (Duncan et al. 2002). Potential exceptions
revealed in the fossil record could have been the giant galliforms Sylviornis neocaledoniae from
New Caledonia (Worthy et al. 2016) and Megavitiornis altirostris from Fiji (Worthy 2000) as
well as the giant flightless pigeon Natunaornis gigoura reported by Worthy (2001), also from
Fiji. However, direct evidence for humans hunting the giant galliform species in Oceania is
generally tenuous (Anderson et al. 2010; Irwin et al. 2011) and absent for the giant pigeon.
Large browsing ground-dwelling herbivorous birds, such as the moa-nalos of Hawai‘i (Sorenson
et al. 1999) and moa (Dinornithiformes) of New Zealand (Worthy and Scofield 2012), apart
from Natunaornis, are absent in the archaeological and fossil record of the Melanesian region and
may have never formed significant radiations there. This may be due to the presence of large-
bodied land turtles (Hawkins et al. 2016), which may have taken the ground-level browsing/
grazing niche for Vanuatu and Viti Levu, as they did/do on the Mascarenes and Galapagos
Islands (Cheke and Hume 2008; van Denburgh 1914).

Being naive and lacking behavioural defences, however, did make medium-sized birds that
disappeared in the South Pacific more vulnerable to invasive introduced mammals and to the more
destructive Lapita economic systems. Localised habitat change may also have been significant in the
disappearance of these taxa in the archaeological record. At Teouma, the forest bird taxa declined
significantly relative to wetland bird taxa, which has been argued was the result of forest habitat
disturbance and the creation of swamp lands due to horticultural expansion after Lapita arrival,
and possibly also due to an explosion in the rat and pig population (Hawkins 2015). Numerous
species from many sites, which may have had more favourable longevity attributes, survived the
initial Lapita onslaught in the South Pacific, only to succumb to the cumulative effects of ecological
degradation from encroaching settlement and agricultural expansion sometime later.

An explanation for the discrepancy between the smaller number of extinctions that are recorded
in Near Oceania compared to Remote Oceania is required. For example, there are few extinct
birds recorded from Lapita sites in the Bismarcks where Lapita culture first appears c. 3300 BP
at Talepakemalai in the Mussau Islands (Steadman and Kirch 1998). Several reasons can be
advocated to explain this. The Bismarcks had already been settled by people for at least 40 000
years (Leavesley 2004) and had exposure to terrestrial mammals (rodents) for a much longer
period. This makes it probable that birds had long since lost some of their naivety to predatory
mammals. Also, the proximity of the islands to the diverse Papuan avifauna possibly allowed
supplantation of the Bismarck Island bird populations. Similar factors have been noted for Island
Southeast Asia and Australia, where over long periods birds coevolved with mammals in the
Sunda and Sahul regions. Here, closely spaced islands could result in rapid repopulation from
continental sources, making extirpations much less likely. This is reflected in the Pleistocene fossil
and archaeological record of Island Southeast Asia where few extinctions have been recorded
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(Meijer et al. 2015). On the other hand, some bird species, the most vulnerable to human
impacts, may have become extinct much earlier, long before Neolithic cultures developed in
Island Southeast Asia.

Thelimited fossil record hints that the avifauna was more diverse during the Pleistocene as Steadman
et al. (1999) identified 12 extinct bird species on New Ireland, where it has been estimated that
only fewer than 20 per cent of bird species disappeared from the fossil and archaeological record
(Steadman 2006a). At Kilu Cave on Buka Island in the Solomon Islands, where human occupation
ranged between 29 000 and 5000 BP, with a later horticultural component (Wickler 2001),
eight extinct and previously unknown species were present in Pre-Lapita deposits (Steadman
2006a). No extinct taxa were identified in any of the later deposits (Steadman 2006a; Wickler
2001), leaving open the possibility that Pleistocene and early Holocene human hunting, and not
the more invasive Lapita and Post-Lapita agricultural complex, may have been responsible for
extinctions in the Solomons. Additionally, the limited fossil record for the prehuman period is a
severely limiting factor in interpreting human impact. The few detailed records that are available
indicate how inadequate archaeological sampling from small-scale excavations combined with
variable bone preservation has been. There is as yet no prehuman fossil record in Vanuatu and
Samoa, but in New Caledonia, Fiji and Tonga, fossil records indicate a more diverse prehuman
avifauna with many species not appearing in the archaeological record (Anderson et al. 2010;
Koopman and Steadman 1995; Worthy et al. 1999).

Degree of isolation and island size appears to have greatly influenced the extirpation of sea
birds (Steadman 2006a) with extinctions of shearwater, booby and tern species on the small
isolated islands of Tikopia, Anuta and Ofu appearing quite early in the archaeological record
(Tables 21.2-21.3). This targeting of colony-nesting resident seabirds was clearly a successful
hunting strategy, given the concentration of easily harvested fauna providing optimal foraging
conditions. Seabird colonies have been proven to be quite vulnerable to human disturbances and
invasive mammals during the modern period (Petry and Fonseca 2002), and this is also likely to
have been the case during the initial period following prehistoric human arrival on these islands.
While single shearwater species, each present at Ponamla and Woplamplam, also disappeared
from the larger and inter-visible islands of Erromango and Malakula in the Vanuatu archipelago,
small quantities of sea birds were present at Teouma on Efate. The identified species still visit Efate
today; Efate is large and positioned close to other islands for possible repopulation after initial
declines. The island is also more central to urban settlement and ornithological observations
in Vanuatu, and other islands may require more detailed studies to record more accurate data
on extant seabird populations before we can understand whether they fluctuated in the region in
response to changing patterns in human settlement intensity.

Some insight into the likely causes of extinctions may be found not so much in what species
went extinct after Lapita settlement, but rather by identifying those that were exploited by
Lapita people and are still extant today. Table 21.3 shows 73 distinct taxa from 26 families
represented in these same archaeological sites that are still extant on their respective islands today.
The large number of extinct or extirpated taxa present in Post-Lapita deposits indicates many
species survived the initial human settlement, either because of biological attributes facilitating
longer extinction trajectories (e.g. larger populations, mean longer life expectancy, and greater
fecundity), or that they succumbed to cumulative changes in ecology from human activities.
Most of these are forest/woodland taxa, including many small passerine species recorded from
cave sites on the north-west coast of Malakula. Wetland and coastal bird species are represented,
but in fewer numbers. Nearly all these species are volant, with just one, the chicken, not capable
of sustained flight. The Vanuatu scrubfowl, buff-banded rail and spotless crake might not choose
to fly often, but they are all adept fliers, as attested to by their widespread distribution. These
extant taxa are all small to medium-sized birds, the largest of which are migrant seabirds or
successful open forest predators such as the barn owl.
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Limitations in the data

Insufhicient Early Lapita deposits have been sampled in the region to capture the real former
avian diversity. The archaeological record does not support an inference that there was intensive
bird hunting, in that there are no dense bone middens of species such as for moa in New
Zealand, or for the flightless sea ducks Chendytes spp. from islands off California (Livezey 1993),
but this could be a reflection of archacological sampling limitations (small excavation size, few
excavations) and also taphonomic effects (e.g. post-deposition bone destruction by scavenging
mammals, bioturbation, agricultural disturbance and weathering), which limit the preservation
of complete vertebrate assemblages.

While the sieving protocols employed at the sites varied, generally they all were effective at
recovering a reasonable sample, although at some sites such as Teouma and Votua, the recovery of
bones was exceptional. The lack of sieving during excavations at some sites in the region, which
did not make this list (because of the lack of bird bones), may have further contributed to the
loss of key data (see Hawkins 2015) on the extent of bird extinctions during Lapita settlement
of Remote Oceania. However, preservation characteristics are clearly an issue in some island
regions. For instance, in Fiji the deposits recovered from early sites to date are very fragmented
and eroded (Worthy and Clark 2009) due to post-depositional processes.

Disparate sampling and recording of avian vertebrate deposits from archaeological sites have
resulted in some regions being more under-represented than others. In some cases, such as
the St Maurice-Vatcha Lapita site of New Caledonia, abundant animal bone (rats, fruit bats,
fish, marine turtles) from basal Lapita levels are noted (Leach et al. 1997; Sand 1999). There
is no mention of bird bones, but a complete record of the fauna has yet to be published in any
detail. The lack of detailed studies of vertebrate deposits in New Caledonia is the single greatest
contributing factor for this region being the most under-represented island group in this study.

Palacontological records in New Caledonia and Fiji indicate that the archaeofauna
underestimates the extinctions in the region (Anderson et al. 2010; Worthy et al. 1999). For
example, on Fiji, the palacontological record has revealed the following terrestrial birds with
no extant populations: Megavitiornis altirostris, the weakly flying Megapodius amissus, an
indeterminate teal Anas sp., a giant flightless pigeon Natunaornis gigoura, a large Ducula species,
a snipe Coenocorypha miratropica, and three rails, the flightless Vitirallus watlingi, weakly flying
Hypotaenidia poeciloptera, and a Pareudiastes species of moorhen. None of these have been found
in archaeological sites on Viti Levu, although two have been recovered from Lapita sites on
nearby islands, Megavitiornis on Naigani and possibly the large Ducula on Beqa (Worthy and
Clark 2009).

These issues are important considering conservative estimates indicating that half the fossil record
does not get recovered (Hull et al. 2015). We therefore predict that once more fossil and Lapita
sites with abundant vertebrate remains are uncovered and expertly identified, an increase in the
range of known species and the number of novel species will be revealed, presenting a far more
dramatic story of avifaunal decline and ecological fragmentation during the Lapita settlement
of Remote Oceania, and possibly Near Oceania too, than previously revealed. Even some of the
extinctions associated with Lapita deposits may not have been the result of Lapita settlement,
because without a fossil record to establish the natural fauna pre- and post-human arrival to the
region we cannot rule out that some of these extinctions may have happened only recently.
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Conclusions

We have reviewed the data for prehistoric bird hunting and subsequent extinctions during Lapita
colonisation of Oceania c. 3300-2800 BP. Our findings indicate that birds were extensively
hunted across the region, but not necessarily intensively enough to support an overkill model in
isolation. Many bird extinctions and extirpations followed initial human settlement in Remote
Oceania, through a combination of hunting pressure, forest clearance and the effects of invasive
mammal species. However, human hunting of birds has a greater antiquity in Near Oceania,
and bird extinctions may have occurred long before Lapita colonists arrived in that region.
Domesticated chickens were exploited in the Bismarck Archipelago to Samoa region during
initial Lapita colonisation. Birds may also have been exploited for feathers or used in falconry, as
evidenced by raptor bones in many Early Lapita sites.

More importantly, this study indicates that a research gap exists during this critical period of
human migration where few Lapita sites with preserved vertebrate remains exist, especially in
New Caledonia, Fiji, Samoa and the Near Oceanic region of the Bismarck Archipelago. This is
likely a result of archaeological sampling and variability in preservation of vertebrate remains.
Most of the evidence for avian extinctions derives from Teouma in Vanuatu and sites in the
Ha‘apai Group, Tonga, but we argue this reflects an incomplete record across the region.

We predict that the discovery of more Lapita sites and the recovery of more abundant vertebrate
assemblages will result in a much broader story of colonising impacts during early human
settlement in the south-west Pacific. Most of these extinctions were terrestrial taxa, either ground-
dwelling or possessing weak flight in the families Megapodiidae, Columbidae and Rallidae, and/
or birds dependent on forest habitats. Nesting seabirds on more isolated small islands such as
Tikopia, Anuta and Ofu were also dramatically impacted, with nesting colonies eliminated soon
after human arrival. These taxa, which had developed few behavioural defences in isolation,
were quite vulnerable to the sudden introduction of invasive mammals, and human agriculture—
related forest clearance. Many extinctions occurred later than initial settlement in the region, as
evidenced by many taxa that disappeared sometime during Post-Lapita periods. However, the
majority of these were forest bird species that may have disappeared during more recent times
after the introduction of more intensive European agricultural practices and further predators.

Archaeological and fossil records are the keys to elucidating the profound implications of long-
term human-bird interactions on Oceanic islands. Understanding long-term patterns of avian
extinctions is important when considering human actions going forward and what this means for
the future of biodiversity and ecological sustainability. Birds are vital to maintaining ecosystems
around the world, with their functions in ecosystems only now becoming clearer (Wenny et al.
2011). Yet today, increasing human activity is threatening many species and it is estimated that,
while conservation has been effective in slowing down the rate of avian extinctions, their decline
in numbers and increasing geographical restriction are resulting in the cessation of their key
ecological functions (Butchart et al. 2006; Pimm et al. 2006; Sekercioglu et al. 2004). It is
predicted that in the twenty-first century, global extinctions will dramatically increase with the
rising intensity of habitat destruction (Hull et al. 2015). This is a process likely happening in the
Pacific with historic accounts in the region of bird hunting and agricultural restrictions of natural
ranges (Bregulla 1992; Speiser 1996). However, there are few effective studies measuring the rate
of decline in fauna, and critical debate has ensued due to limitations in datasets and assigning
extinction labels to rare taxa in both extant and fossil populations.

This study only serves to highlight this issue. The rate of extinction since Lapita times is likely
to have been so rapid that time-averaged archaeological deposits, few of which are stratified,
combined with a lack of fossil records in the region, means that attributing extinctions to
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Lapita settlement is problematic as these may have happened at any point in time after first
settlement. More work needs to be carried out to estimate prehistoric avian diversity. The large-
scale excavation of additional well-preserved Lapita deposits using fine-grained recovery methods
as well as the discovery and detailed examination of more palacontological prehuman fossils will
most likely illuminate an increasing picture of declining avian diversity soon after Lapita arrival
in Oceania.
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