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At the Lapita-era (1100-550 B.C.) settlements (Bourewa and Qoqo) along the
Rove Peninsula in Fiji, valves of the reef-surface-dwelling giant clam Hippo-
pus hippopus (long extirpated in Fiji) occur in shell midden. Valve size/weight
increase with depth, suggesting that human predation contributed to its local
disappearance. The timing of this event is constrained by (a) the confinement
of H. hippopus remains to the lower part of the midden, (b) their likely associa-
tion with only the stilt-platform occupation phase at both Bourewa and Qoqo
(approximately 1100-900 B.C.), and (c) radiocarbon ages. All these suggest
that H. hippopus disappeared from reefs here about 750 B.C. Yet human preda-
tion is not considered to be a significant cause of extirpation of H. hippopus in
the entire Fiji group. More plausible is that (climate-driven) sea-level fall (55
cm) during Lapita times in Fiji (approximately 1100-550 B.C.) forced changes
to coral-reef ecology that saw this sensitive species extirpated throughout the
Fiji archipelago. It is also considered possible that the Lapita colonizers intro-
duced bivalve predators or diseases to Fiji that spread independently of humans
throughout these islands. C© 2011 Wiley Periodicals, Inc.

INTRODUCTION

Humans are implicated in many biotic extinctions, even
though it is being increasingly acknowledged that other
factors contributed to these (Barnosky et al., 2004; Sodhi,
Brook, & Bradshaw, 2007). Insular species are regarded
as uncommonly vulnerable to human-mediated extinc-
tion (Steadman, 2006; Vogiatzakis & Griffiths, 2008).

Some of the earliest people to settle the island groups of
Oceania (Figure 1) appeared in the Bismarck Archipelago
(Papua New Guinea) around 3300 years ago and are
known today as Lapita, their distinctive cultural traits
having been widely commented on (Kirch, 1997a; Green,
2003). Among these was a high dependence on marine
foraging, particularly in Remote Oceania where it is likely
to have sustained the earliest people almost entirely for
the first 50–200 years that they occupied island groups
such as Vanuatu (Galipaud & Kelly, 2007), Fiji (Nunn
et al., 2004) and Tonga (Burley & Dickinson, 2001). A

conspicuous manifestation of the dependence of early
Lapita settlers on marine foods is the stilt houses that
they occupied and built out across coastal flats; exam-
ples have been described from the Bismarcks, the eastern
outer Solomon Islands, Vanuatu, and Fiji (Kirch, 2001;
Nunn et al., 2006; Walter & Sheppard, 2006; Galipaud &
Kelly, 2007; Nunn, 2007a).

There are many unknowns about the degree to which
the earliest humans to occupy and routinely interact with
these pristine reef-lagoon ecosystems impacted them and
altered their ecology. This has sparked a debate about
the degree of early human impact in the tropical Pa-
cific Islands, one group of researchers leaning toward the
idea of rapid impact shortly after colonization (Kirch &
Ellison, 1994; Kirch, 1997b), the opposing group argu-
ing that early-human demands on these environments
were likely to have been inherently low-impact (Nunn,
2001; Kennett, Anderson & Winterhalder, 2006). The
difficulties of assessing early-human impact on island
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Figure 1 Map of the western tropical Pacific showing themain island groups. Archaeologists commonly divide the region into Near Oceania and Remote

Oceania, the former characterized by larger higher islands closer together with greater terrestrial biodiversity than the latter. The Lapita culture began in

the Bismarck Archipelago of Papua New Guinea and spread eastwards beginning about 1330 B.C. reaching its maximum extent with outposts in Tonga

and Samoa about 900 B.C. Blue arrows show likely migration routes.

environments in Oceania are compounded by the ev-
idence for climate-driven sea-level changes during the
later Holocene (last 4000 years) that altered environ-
ments in much the same way as some infer humans to
have done (Nunn, 2007b).

This study focuses on the extinction of a marine species
in Fiji and the possibility that this event was a result of
human predation. In such cases, whether referring to ter-
restrial or marine taxa, the evidence of human involve-
ment in island species extinctions has often been circum-
stantial owing to the difficulties of precisely dating the
remains of the extinct species. This argument applies to
the mekosuchine crocodile and the giant iguana that once
lived in Fiji (Worthy, Anderson, & Molnar, 1999; Pregill
& Worthy, 2003) though less so to avifaunal remains,
the sharply increased abundance of which in sediments
immediately post-dating human arrival suggests a direct
causal connection (Steadman, 2006).

It has generally been more difficult to detect ma-
rine extinctions than terrestrial extinctions because of
their relative states of preservation; marine faunal re-
mains are often more dispersed, extinction more diffi-
cult than localized extirpation to demonstrate conclu-
sively (Dulvy, Sadovy, & Reynolds, 2003). The larger the
species, the more confined an individual range, the easier
it is to demonstrate extinction. Shell middens are excel-
lent places to detect nearshore (reef-lagoon) ecosystem
changes that may include (local) extinctions. This paper
describes a giant clam species that was living in Fiji at
the time of human arrival but became extirpated in this

island group subsequently. Several possible causes of ex-
tirpation are discussed.

HIPPOPUS HIPPOPUS IN FIJI AND THE
PACIFIC

Hippopus hippopus (Linn. 1758) belongs to the genus Hip-

popus, which is a member of the Tridacnidae (giant clams)
found throughout the Indo-Pacific (Rosewater, 1965).
This family became established in the island groups of
the western Pacific during the early Miocene (17–24 Ma:
Cloud, Schmidt, & Burke, 1956) but is found in fossil de-
posits from Fiji of only late Cenozoic age (<5 Ma: Ladd,
1934; Schneider & Foighil, 1999). Hippopus hippopus was
“very common” in Fiji during the Pleistocene (<2 Ma:
Adams, Dalzell, & Ledua, 1999: 369).

Hippopus hippopus has long been known to be extir-
pated (locally extinct) within the Fiji Islands as well as
certain other Pacific Island groups such as Guam and,
most recently, Tonga (Lewis, Adams, & Ledua, 1988;
Paulay, 1996). Yet, there are extant populations else-
where in the Pacific Islands region (including in Kiribati,
Marshall Islands and Vanuatu) as well as in island groups
of the western Pacific margins such as Papua New Guinea
and the Philippines (Wells, 1997).

There are two major differences between Hippopus spp.
and Tridacna spp., the other main genus within the Tri-
dacnidae. Tridacna spp. have a well-defined byssal orifice
that have no interlocking teeth whereas Hippopus spp.
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have a very narrow byssal orifice that is bordered by in-
terlocking teeth (Lucas, 1988). The mantle of Tridacna,
when fully extended, projects laterally beyond the shell
margins whereas Hippopus’ mantle reaches only the mar-
gin of the shell when fully extended. Of the two modern
species of Hippopus, the inhalant aperture of H. porcellanus
has fringing tentacles, which are absent in H. hippopus
(Rosewater, 1982).

Hippopus hippopus lives in sandy areas of coral reefs
down to a depth of 6 m. Most individuals are found in
the shallower part of the range, typically in intensely lit
parts of intertidal reef flats (Griffiths & Klumpp, 1996)
and indeed H. hippopus has been characterized as a “reef-
top” species (Adams, Dalzell, & Ledua, 1999: 369), which
underlines its exposure to marine foragers walking across
reef flats at low tide (Bird & Bliege Bird, 2002; Thomas,
2007). Younger individuals of H. hippopus are attached by
their byssus to the substrate but adults are unattached
(Rosewater, 1965) making the latter easier to collect than
other giant clams (Thomas, 2002).

Hippopus hippopus are ciliary filter feeders of plankton
that are carried into the mantle cavity by the inhalant
feeding current generated by ciliary gill tracts of the clam
(Rosewater, 1982). The labial palps sort out the food
and undesirable substances are ejected. In common with
other tridacnids, H. hippopus do not depend entirely on
food filtered from the environment but also get nour-
ishment from symbiotic zooxanthellae, which are sub-
ject to the same environmental stresses as have been
studied more fully in corals (Lesser, 2011). Compared to
other clam species, H. hippopus has a low-weight-specific
zooxanthellae population at large size, which means that
adults have comparatively low absolute photosynthetic
rates (Griffiths & Klumpp, 1996), something that may
have been a factor in the extinction of H. hippopus in Fiji
(see below).

ARCHAEOLOGICAL SITES OF THE ROVE
PENINSULA: INTERPRETATION AND
SIGNIFICANCE

Several ancient settlement sites dating from the Lapita era
(approximately 1100–550 B.C.), the earliest period of Fiji
prehistory, are found along the coasts of the limestone
Rove Peninsula in southwest Viti Levu Island (Figure 2a).

The Bourewa archaeological site lies on the windward
side of the Peninsula, adjoining a fringing coral reef that
is uncommonly broad, almost 3 km in places. Discov-
ered in 2003, Bourewa is regarded as the first place in
Fiji to be settled, an event that occurred about 1100 B.C.
when sea level was some 1.5 m higher than today and
the Rove Peninsula was an island 1–2 km off the coast of

a larger (Viti Levu) island. The Bourewa settlement en-
dured some 550 years when, in common with all other
Lapita-era settlements along the Rove Peninsula, it was
abandoned. The three-phase settlement history of the
Bourewa site (after Nunn, 2007a, 2009) is as follows.

� Bourewa I, 1100–900 B.C.—stilt-house occupation,
marine foraging dominant; initial occupation at
1100 B.C. is most probable.

� Bourewa II, 900–750 B.C.—ground occupation,
marine foraging, consumption of brackish-lagoon
shellfish, start of horticulture.

� Bourewa III, 750–550 B.C.—decline of marine for-
aging, expansion of horticulture; occupation end at
550 B.C. is most probable.

At the time of its maximum extent, it is estimated that
the Bourewa settlement accommodated around 250–300
individuals (Nunn, 2009) and there is no reason to sup-
pose that marine foraging on the Bourewa reef could
not have largely sustained this number during the ear-
liest phase of settlement. From informal observations, it
is estimated that 400–500 people living on and around
the Rove Peninsula today obtain about 30% of their food
from this reef as well as surpluses for sale that are season-
ally equivalent to an additional 10–30%. Under present
climate conditions this relationship appears to be sustain-
able in the sense that available resources clearly outweigh
demand, and no areas are reported to have become un-
productive within recent memory.

Excavated on seven occasions (2003–2009), the
Bourewa site features a dense shell midden that pro-
vides excellent chronological control on the nature, age,
and duration of the settlement. The earliest houses at
Bourewa were stilt-houses, built along a sand barrier ex-
tending across the front of a tidal inlet (Figure 2c). Fol-
lowing human arrival about 1100 B.C., the combination
of sea-level fall (10 cm/100 years) and the accumula-
tion of shell midden beneath the stilt platforms led to the
emergence of this sand barrier about 900 B.C. in the cen-
tral part of the site and the end of stilt-house occupation.

The Qoqo archaeological site is today on an island
(Qoqo) located in the middle of an extensive mangrove
forest at the mouth of the Tuva River (Figure 2a). About
1000 B.C. when this site was established on a tombolo
connecting the two bedrock islands, the surrounding area
was fringing reef (Figure 2b). The earliest settlement also
appears to have been a stilt-house settlement (Nunn
et al., 2006) although this was discontinued once the
tombolo emerged.

Bourewa and Qoqo are the two earliest known human
settlement sites in the Fiji archipelago and the only two
to have featured stilt-house occupations, an observation
that helps confirm their precedence. In addition, both
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Figure 2 The earliest (Lapita-era) human

settlements in Fiji are on the Rove Peninsula,

southwest Viti Levu Island. The founder

settlement is believed to have been established

at Bourewa about 1100 B.C.; that at Qoqo

within the following century. Bourewa and

Qoqo are the only two stilt-house settlements

known from Fiji and these appear to have been

positioned to allow optimal access to

nearshore marine resources.

(a). The modern geography of the Rove

Peninsula showing the uncommonly broad

fringing coral reef along its southwest side. At

the time of its human colonization about 1100

B.C., the Rove Peninsula was an island 1–2 km

off the shore of larger Viti Levu Island.

(b). Environmental reconstruction of the Qoqo

area 1000 B.C. (after Nunn et al., 2006). Even

though the area around Qoqo is now covered

with mangrove forest, midden evidence

suggests that at the time the Lapita people

established their stilt-house settlement on a

tombolo, the area was fringing reef. Note that

since the time of this reconstruction, sea level

has fallen a net 1.5 m resulting in the

emergence of the tombolo.

(c). Environmental reconstruction of the

Bourewa area 1100 B.C. (after Nunn, 2009). An

undersea sand ridge is occupied by people

living in stilt houses, a location that allowed

access to both reef foods and those of a tidal

(nonreefal) inlet. The earliest stilt-house

occupation is shown (see also Figure 5) as is the

maximum extent of the settlement (about 550

B.C.). Note that since the time of this

reconstruction, sea level has fallen a net 1.5 m

resulting in the drying up of the inlet and

emergence of the sand ridge.

Bourewa and Qoqo were abandoned at the end of the
Lapita era (about 550 B.C.) and never reoccupied, a fact
that makes their Lapita histories easy to isolate. Bourewa
and Qoqo are not the only archaeological sites in these
islands to have shell middens containing H. hippopus but
they are the only ones to be described where shells of this
species are present in the lower parts of the sequence but
not its upper parts.

OCCURRENCE OF H. HIPPOPUS AT
BOUREWA AND QOQO

There is some mystery about why H. hippopus became lo-
cally extinct (extirpated) in Fiji but not in other Pacific
island groups, the most common explanation being to do

with both excessive predation and low resilience in Fiji
compared to elsewhere (Braley, 1989). Until now, there
has been no evidence with which to test such ideas, but
during the 2007–2008 summer’s field research (phase 6)
at Bourewa and Qoqo, 48 valves of H. hippopus were re-
covered from deep within the early layers of the site and
a further 16 from the ground surface along the eroding
beach front (Figure 3; Table I). Basic morphometric anal-
ysis was carried out on these shells (Figure 4).

The histogram of (reconstructed) valve weights (Fig-
ure 4a) shows a distribution that could be interpreted
in a number of ways. Assuming it is meaningful (rather
than sampling bias), it is possible that the larger weight
group (1600–3200 g) represents most of the individuals
gathered by the earliest people at a time when the reef
was in a comparatively pristine condition. The corollary
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Figure 3 Illustrations of Hippopus hippopus from the Bourewa archaeological site.

(a). Valve of H. hippopus exposed in sand 15–25 cm below the base of the shell midden in Pit A2C. Pole is graduated in 10-cm intervals. This specimen

was not removed.

(b). Close-up of H. hippopus valve exposed within the shell midden 78 cm below ground surface in Pit BS2. Pole is graduated in 10-cm intervals. This

specimen was removed for morphometric analysis but not dated.

(c). Detail of incomplete valve of H. hippopus from Pit A1A, dated to 2855–2670 cal. B.P. (905–720 B.C.).

(d). Valve of H. hippopus from Pit C6H, dated to 2850–2605 cal. B.P. (900–655 B.C.).

to this is that the smaller weight group (0–1200 g) in-
cludes most of the individuals collected later in the settle-
ment history of the area when larger individuals could no
longer be found. Some confirmation of these inferences
comes from the plots of weight and height against depth
(Figures 4b, 4c), which show how larger individuals oc-
cur generally lower down the midden sequence. Neither
of these relationships is particularly strong, perhaps be-
cause of factors associated with clam-gathering strategies
(a range of sizes collected at one time) and differences
between the times of clam-shell incorporation into the
midden relative to collection times.

A likely interpretation of these data is that when the
first settlers at Bourewa arrived, H. hippopus was living
on the fringing reef and became attractive as a food
source to the earliest settlers because of its great food
yield and accessibility; in comparable situations, H. hip-

popus is the top target of reef-flat foragers (Thomas,
2007). As demand grew and/or environmental conditions
deteriorated, so the mean size of available H. hippopus

decreased.
The issue of accessibility is important, given that in

comparable situations, because the shells of H. hippopus

are considered too heavy to carry far, the meat is removed
from the clams where they are found and the shells dis-
carded near where they are found (Bird, 1997; Bird &
Bliege Bird, 2002). The fact of large H. hippopus valves
being found in the shell middens at Bourewa and Qoqo
suggests either that these clams had other uses that made
it necessary to bring them to the (over-water) stilt-house
village and/or that they were found so close to it that the

effort involved in transporting them there for processing
was considered unimportant.

The former option might be favored if the people of the
Bourewa and Qoqo settlements worked tridacnid shell to
produce valuables. Yet, while shell valuables are a con-
spicuous part of the material culture here, tridacnids were
hardly ever used for this (Szabó, 2010).

The latter of the two options is favored because the reef
at Bourewa (and probably that beneath the mangrove
forest that now exists at Qoqo) is a true fringing reef, ex-
tending unbroken outwards from the shore. Even though
no clams are found living within 150 m of the shore to-
day, this is attributed to disproportionate human preda-
tion pressure because the habitats in which Tridacna spp.
are observed to be living are identical to those of the inner
reef. It therefore seems plausible to suppose that H. hip-
popus was found within a few tens of metres of the Lapita
stilt village and that whole valves were carried there on
account of this proximity.

At the Bourewa site, the form of the stilt village can be
reconstructed from the distribution of postholes found in
the excavations (Figure 5). This reconstruction is possible
if it is assumed, not unreasonably, that Lapita-era post-
holes found at the site supported raised structures and
that those parts of the site where no (or few) postholes
are found did not support such structures. The relation-
ship between the reconstructed form of the stilt platforms
and the occurrence of H. hippopus shown in Figure 5 is
instructive.

All samples of H. hippopus come from beneath or on
the edges of the stilt platforms, an observation that
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Table I Morphological characteristics of individual Hippopus hippopus valves from shell middens at Bourewa and Qoqo (Rove Peninsula). For a valve to

be defined as such, the hinge had to be present. For this reason, each specimen is regarded as representing a single individual.

A. Midden Samples (n = 48)

Site Pit Depth (cm) Length (cm) Width (cm) Height (cm) Estimated Weight of One Valve (g)

Bourewa X5 5 6.2 5.6 nr 70

Bourewa E2 17 nr nr nr nr

Bourewa E2 18 nr nr nr nr

Bourewa E2 21 nr nr nr nr

Bourewa E2 22 nr nr nr nr

Bourewa E2 25 nr nr nr nr

Bourewa E2 26 nr nr nr nr

Bourewa E2 27 nr nr nr nr

Bourewa E4 28 18.7 14.5 6.9 530

Bourewa E2 30 nr nr nr nr

Bourewa E2 46 nr nr nr nr

Bourewa E6 47 17.6 18.2 8.8 1000

Bourewa E10 47 nr nr nr nr

Bourewa E6 48 18.7 9.4 7.4 1000

Bourewa E6 50 23.7 15.4 7.8 1200

Bourewa C22A 54 nr nr nr nr

Bourewa E5 54 nr nr nr nr

Bourewa C6H 55 nr nr nr nr

Bourewa E10 55 26.3 19.3 8.9 2100

Bourewa X1 55 5.6 6.4 nr 95

Bourewa A2A 56 nr nr nr nr

Bourewa E10 56 24.5 16.2 8.8 800

Bourewa E5 59 17.6 11.6 5.8 500

Bourewa A1A 65 10.5 8.1 nr nr

Bourewa C9T 65 31.9 21.1 9.3 2928

Bourewa E7 65 10.5 7.8 3.6 110

Bourewa E2 66 nr nr nr nr

Bourewa BS2 78 17.9 15.3 7.5 nr

Bourewa E4 83 nr nr nr nr

Bourewa E6 84 5.6 3.6 1.7 51

Bourewa E4 85 nr nr nr nr

Bourewa Y1 85 16.4 11.5 6.1 nr

Bourewa E1 88 24.5 14.4 9.3 2200

Bourewa E7 97 31 20.6 10.1 2600

Bourewa X2 105 7.9 12.3 nr 250

Bourewa E6 106 14.6 11 6.3 498

Bourewa E6 113 nr nr nr nr

Bourewa E7 115 22.8 14.9 8.1 680

Bourewa E6 116 17.8 8.8 7.8 910

Bourewa E2 117 nr nr nr nr

Bourewa E6 117 nr nr nr nr

Bourewa E6 119 nr nr nr nr

Bourewa C9R 125 23 18 9.4 nr

Bourewa E6 127 21.5 13.4 11.3 3200

Bourewa E2 133 nr nr nr nr

Qoqo F1A 135 5.6 9.2 nr nr

Qoqo F1B 165 3.6 5.4 nr nr

Bourewa A2B 170 23.7 17.9 9.4 2050

suggests that most consumption of H. hippopus occurred
at the time when people at Bourewa occupied stilt plat-
forms and these clams were to be found comparatively
close by. To test this hypothesis, radiocarbon age deter-

minations were obtained for nine in situ specimens of H.

hippopus (Table II). Other than the anomalously old shell
(from Pit C9R), all others probably lived during the two
earliest phases of site history, most perhaps during the
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Table I continued.

B. Samples from Surface Collection (n = 16)

Site Pit Depth (cm) Length (cm) Width (cm) Height (cm) Estimated Weight of One Valve (g)

Bourewa sc na 12.1 8.3 3 142.2

Bourewa sc na 12.5 8.7 3.2 144.8

Bourewa sc na 12.3 8.5 3.7 151.2

Bourewa sc na 12.4 8.7 3.6 159.8

Bourewa sc na 12.5 8.8 4 217.8

Bourewa sc na 12.5 8.8 4.1 232.4

Bourewa sc na 12.7 9 4.5 378.7

Bourewa sc na 14.1 9.2 4.4 409.6

Bourewa sc na 15.3 11.6 5.3 439.4

Bourewa sc na 19.1 13.4 6.4 742

Bourewa sc na 21 12.9 6.4 911

Bourewa sc na 19.1 13.7 6.5 1092.9

Bourewa sc na 19.2 14.9 6.7 1129.6

Bourewa sc na 23.2 16.9 7.6 1714

Bourewa sc na 24.1 17.5 7.5 1882.2

Bourewa sc na 26.7 18.6 7.6 2100

nr: not reconstructable; sc: surface collection; na: not applicable.

Figure 4 Weight and morphometric analysis of H. hippopus valves found at the Bourewa and Qoqo sites; raw data in Table I.

(a). Valve-weight distribution.

(b). Plot of weight against depth.

(c). Plot of height against depth.

earliest phase that was coincident with the existence of
the stilt-house occupation. This confirms the inferences
from stratigraphy and distribution (relative to stilt plat-
forms) that H. hippopus collection and consumption oc-
curred only during the earlier history of the Lapita settle-
ment at Bourewa, not its later part.

One radiocarbon age is clearly anomalous, predating
known human arrival at Bourewa by as much as 900

years. Although other explanations are possible, it is
likely that this specimen is that of a long-dead individ-
ual whose shell was brought onshore to bolster a large
post holding up this part of the platform, something also
suggested by the depth at which it was found (–125 cm).
Fortuitously, this anomalously old date does demonstrate
that H. hippopus was living on the reef off Bourewa be-
fore human arrival, something inferred for Fiji by Adams,

8 Geoarchaeology: An International Journal 27 (2012) 2–17 Copyright C© 2011 Wiley Periodicals, Inc.
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Figure 5 Distribution of H. hippopus in the central part of the Bourewa site. Pits in which specimens were found are outlined in bold. All other pits

excavatedare shown. Thedistributionof postholes found in excavations is also shown. Thegreatest density of postholes is equatedwith the reconstructed

form of stilt-house platforms, shaded in this map, which represent the earliest phase of settlement. Note how the finds ofH. hippopus are associated with

these platforms, suggesting (independently of the radiocarbon dates) that this species was associated exclusively with the earliest period of settlement

here.

Table II Radiocarbondates for specimensofH.hippopus fromBourewa.All dates fromtheUniversity ofWaikatoRadiocarbonDating Laboratory corrected

using marine correction factor (DeltaR) of 11 + 26 years (Petchey et al. 2008) and calibrated using the IntCal09 and Marine09 curves (Reimer et al. 2009)

in OxCal v4.1.7 (Bronk-Ramsey 2010).

Pit Sample

Laboratory

number Depth (cm) δ13C

Conventional

Radiocarbon

Age (B.P.)

Calibrated

Radiocarbon

Age (cal. B.P.) Calendar Age

C6H Bourewa C6H/55 Wk-23224 55 2.8 ± 0.2 2963 ± 39 2850–2605 900–655 B.C.

E7 Bourewa E7/65 Wk-28030 65 2.9 ± 0.2 2994 ± 40 2870–2670 920–720 B.C.

A1A Bourewa A1A/65 Wk-23223 65 3.0 ± 0.2 2985 ± 36 2855–2670 905–720 B.C.

E4 Bourewa E4/85 Wk-28027 85 3.1 ± 0.2 3005 ± 39 2880–2685 930–735 B.C.

Y1 Bourewa Y1/85 Wk-23222 85 3.0 ± 0.2 2997 ± 38 2870–2680 920–730 B.C.

E7 Bourewa E7/97 Wk-28029 97 2.9 ± 0.2 3027 ± 40 2905–2700 955–750 B.C.

E7 Bourewa E7/115 Wk-28028 115 2.7 ± 0.2 2884 ± 39 2745–2475 795–525 B.C.

C9R Bourewa C9R/125 Wk-23225 125 2.7 ± 0.2 3899 ± 40 4000–3695 2050–1745 B.C.

A2B Bourewa A2B/170 Wk-23226 170 2.9 ± 0.2 3016 ± 39 2890–2690 940–740 B.C.

Dalzell, and Ledua (1999), and was probably one of its
earliest large-size invertebrate colonizers.

There is a moderately strong correlation between me-
dian age and depth, as well as between various size pa-
rameters and age (Figure 6). These relationships confirm
the earlier inference that larger older individuals of H. hip-
popus are found in the lower parts of the Bourewa mid-
den and were therefore collected exclusively by earlier
human occupants of the site.

The important conclusion from the age determinations
is that no H. hippopus was incorporated into the midden
during its later stages of accumulation, perhaps 750–550
B.C. Given the likely predilection of earlier settlers for

H. hippopus, this observation is best explained by the con-
temporary absence of H. hippopus from the reefs close to
Bourewa and Qoqo. Since comparable information is not
available from elsewhere in the Fiji archipelago, it cannot
be said whether this was part of a widespread disappear-
ance of H. hippopus or merely localized.

INTERPRETATION

Given that H. hippopus lived for perhaps several hundred
thousand years in island groups of the tropical western
Pacific Ocean (such as Fiji) in the absence of humans,
many would consider it plausible to assume that humans
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Figure 6 Analysis of radiocarbon ages of the nine specimens of H. hippopus from Bourewa (details in Table II).

(a). Plot of median age against depth.

(b). Plot of valve width against median age.

(c). Plot of valve weight against median age.

(d). Plot of valve height against median age.

contributed significantly to its extirpation. This assumes
that H. hippopus lived here continuously but it may have
been an episodic occupation with alternating periods of
colonization and extirpation being linked to particular
environmental changes, such as (rapid) sea-surface tem-
perature change or sea-level change.

Hippopus hippopus is the only tridacnid species to have
become extinct within Fiji (and other island groups), so it
is worth summarizing the principal reasons for its height-
ened vulnerability to extinction compared to other giant
clam species. Hippopus hippopus—

� filter feeds, which renders it vulnerable to increased
sea-surface turbidity.

� receives food produced by photosynthetic sym-
bionts (zooxanthellae), which are liable to become
bleached when stressed, particularly as a result of
sea-surface temperature warming.

� has small numbers of symbiotic zooxanthellae (rela-
tive to size) and thus photosynthesizes slowly com-
pared to other tridacnids, which means that H. hip-
popus is disproportionately affected by factors (such
as increased sea-surface turbidity) that reduce light
penetration in shallow water.

� has a very low tolerance to heat compared to other
tridacnids, as demonstrated by the sharp decrease in
production/respiration exhibited in warming water
(Blidberg et al., 2000).

� lives almost exclusively in nearshore reef-top loca-
tions, making it generally easier for humans to lo-
cate than other tridacnids that occur in deeper wa-
ter and/or farther offshore.1

� grows to large sizes, making it attractive to coastal
peoples as a food source.

� is unattached to the substrate in adulthood, mak-
ing it comparatively easy to remove, especially for
foragers who lack a knife that is essential for re-
moving other giant-clam species from the substrate
(Thomas, 2002).

� may be a less successful colonizer than other giant-
clam species, perhaps even liable to be crowded
out of suitable habitats by more aggressive species
(Govan, Nichols, & Tafea, 1988).

Acknowledging these aspects of vulnerability and
building on the interpretation of the data from Lapita-era
settlements along the Rove Peninsula, five explanations,
not mutually exclusive but discussed separately below,
are envisaged for the extirpation of H. hippopus during the
Lapita era in Fiji.

1A study of Nukakau Island in New Britain Province (Papua New
Guinea), where contemporary ethnographic studies have long
informed the understanding of Lapita marine foraging, it was
found that H. hippopus was commonly collected by women and
young children who paddled and poled to adjacent reef areas
(Swadling & Chowning, 1981).
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Overexploitation by Humans

There is no doubt that humans are capable of having
major impacts on clam populations; in many parts of
the world, “there is compelling evidence that foragers
have had a significant impact on mollusc populations”
(Mannino & Thomas, 2002: 463). A far older yet pos-
sibly analogous situation to that involving H. hippopus

described from the Rove Peninsula comes from the Red
Sea where the recently discovered Tridacna costata spp.
nov. may have been targeted by out-of-Africa migrants
of Homo sapiens 125,000 years ago resulting in it being
brought to the brink of extinction (Richter et al., 2008).
The question remains as to whether such impacts could
extirpate a clam species in a diverse archipelago such as
Fiji, where there are more than 300 habitable reef-fringed
islands as well as hundreds of large offshore reefs where
giant-clam species are living. The key may lie in under-
standing the probable nature of these impacts.

The inferred disappearance of H. hippopus from the
Bourewa reef around the middle of the Lapita era is
consistent with the notion that the people living there
consumed all that lived there, at least beyond a thresh-
old where the population could become re-established.
Such a threshold could refer to stock density, something
that plays a major role in giant-clam reproductive success
(Adams, 1988). This threshold could also refer to recov-
ery potential: a comparable situation with giant clams in
Solomon Islands, where H. hippopus is extant, concluded
that “recovery of overexploited populations is slow indi-
cating low recruitment rates” (Govan, Nichols, & Tafea,
1988: 8).

There are no age data on the time of disappearance of
H. hippopus from other reefs in Fiji, although the fact that
it evidently disappeared from these earlier than recorded
in ethnographic history hints at a great age for its Fiji-
wide extirpation.2 It is possible that, as along the Rove
Peninsula, humans occupying Fiji coasts during the first
millennium B.C. did in fact consume most individuals of
H. hippopus, leaving the remainder unable to recover and
the species condemned to extirpation. Yet, while continu-
ing to allow for a role for human impact, this explanation
cannot satisfactorily account for the extirpation of H. hip-
popus throughout Fiji at this time. For although Lapita set-
tlements were established in most parts of the archipelago
(Clark & Anderson, 2001, 2009), population densities are
likely to have been comparatively low and direct hu-

2This situation contrasts with that in the neighbouring
Tonga island group where H. hippopus is also now ex-
tinct but where elderly fishermen questioned a decade ago
recalled where this species once lived and even how it
tasted (www.tellusconsultants.com/tongan.html [accessed in
May 2011]).

man impact uneven. Whole areas of reef with popula-
tions of H. hippopus are unlikely to have been visited by
people.

Echoing earlier doubts about whether human forag-
ing can result in extinction of particular shellfish species
(Hockey, 1994), later work concluded that, owing to
the mobility of foragers and their preference for acquir-
ing food from well-endowed nearshore ecosystems, it is
highly unlikely that extinction could result from foraging
alone (Mannino & Thomas, 2002). Much of the present
and recent endangerment of giant-clam species has been
due to their exploitation for nonsubsistence purposes,
particularly for their shells.

Effects of Alien Predators and Diseases

The principal cause of the extirpation of H. hippopus may
therefore not have been direct predation but may still
have been moderated by humans. By analogy with recent
thinking about terrestrial human impact in the Pacific Is-
lands (Athens et al., 2002), when humans arrived in the
Fiji Islands, they may have inadvertently introduced alien
predators and diseases to shallow-water marine ecosys-
tems perhaps bringing about massive, unanticipated, and
undesired changes in their ecology within a few hundred
years.

A similar explanation was proposed for the existence of
temporal hiatuses in coral-reef surface growth revealed
by radiocarbon dating of fossil mid- and late-Holocene
corals in various parts of Fiji (Nunn, 2001). These hia-
tuses, some lasting up to 1000 years, mark times when
no poritid corals apparently grew on reef surfaces where
previously and subsequently some grew. The hiatuses oc-
curred at different times in different island groups within
the Fiji Islands, which militates against the cause being as-
sociated with a single group-wide event such as a tsunami
or an earthquake or a temporary dip in sea level. Rather it
seemed more plausible to suppose that the hiatuses repre-
sented coral dieback resulting from predators or diseases
introduced by itinerant human groups in the process of
colonizing the archipelago. This may have been a contrib-
utory cause of the Lapita-era decline of H. hippopus within
the Fiji Islands.

It is difficult to identify the exact nature of the alien
predator or disease that may have been carried unwit-
tingly by Lapita voyagers from reef to reef across the
Pacific. Yet, a scenario in which predators or disease-
vectoring agents found themselves introduced from the
more biodiverse and complex ecosystems of Near Ocea-
nia to the less biodiverse and simpler ones of Remote
Oceania (see Figure 1) does seem plausible. Both bacte-
rial and protozoan causes of bivalve disease have been de-
scribed (Paillard, Le Roux, & Borrego, 2004) and potential
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pathogens have also been linked to the intentional intro-
duction of new shallow-water marine species, including
abalone and octopus (Romalde & Barja, 2010). There is
certainly a well-known potential for coral diseases to rad-
ically modify reef ecology within short periods of time but
very little information about the causes of these diseases
(Richardson, 1998; Jackson et al., 2001). Infections of H.
hippopus populations in Micronesia and the Philippines by
rickettsiales-like organisms were reported by Norton et al.
(1993) as having been responsible for the deaths of up to
60% of juveniles (<11 months).

Increased Sea-Surface Turbidity

All giant clams are filter feeders but get most of their
food from photosynthetic zooxanthellae that live symbi-
otically within them. This dual mode of feeding is a useful
adaptation in shallow-water marine habitats where wa-
ter may be only occasionally turbid. Yet when turbidity
increases, particularly for prolonged time periods, both
forms of feeding may suffer in consequence. Inhalant
siphons used for filter feeding may become choked with
the excess sediment, something to which H. hippopus is
particularly liable because it lacks the tentacles around
the inhalant mouth that all Tridacna species (except T. gi-
gas) have. And, especially for clams living more than 1 m
below low-tide level, there may be insufficient light pen-
etration to allow the zooxanthellae to photosynthesize.
The net result is that the clam may die.

Turbidity can increase in inshore reef-lagoon waters for
various reasons, natural or human-associated. Prolonged
turbidity increases would result from increased terrestrial
sediment inputs, such as would result from increased pre-
cipitation or forest clearance. Many nearshore shellfish
species have decreased in number today as a result of in-
creased sediment inputs, typically from the conversion of
forest to cropland (van der Meij, Moolenbeek, & Hoek-
sema, 2009).

The available evidence suggests that the Lapita inhab-
itants of Bourewa subsisted largely by marine foraging
from the time of their arrival about 1100 B.C. to the
time when they were joined by a new group of migrants
about 900 B.C. who introduced cultivars of taro (Colo-
casia esculenta) and yam (Dioscorea esculenta) (Horrocks &
Nunn, 2007; Nunn, 2009). This led to the start of horti-
culture in the area (perhaps including the adjacent main-
land) which, combined with the changes to the nearshore
environment associated with sea-level fall, may have led
to increased sediment inputs to this area. More than any
other giant-clam species, it was H. hippopus that lived clos-
est to the shore and, as a filter feeder, would have been
particularly vulnerable to the increased sedimentation.

Sea-Level Fall

During the 550-year occupation of the Rove Peninsula
settlements by the Lapita people, sea level fell by some 55
cm (Nunn & Peltier, 2001). The environmental effects of
this have been documented for the Bourewa site, where
the tidal inlet that existed at the start of Lapita occupation
was transformed into a brackish-water coastal lagoon and
eventually dried up (Nunn, 2005). It has been proposed
that these changes and those on the adjoining reef flat
impacted the nearshore marine resource base to such an
extent that the Lapita people abandoned the area (Nunn,
2009).

If it is assumed that the reef flat, which fringed the
Rove Peninsula, was in an optimal condition for diversity
of marine habitats at the start of Lapita occupation 1100
B.C., then the progressive sea-level fall would have seen
this diversity progressively decline as occupation contin-
ued. The reasons would have been because of

� the emergence of the shallow reef surface, espe-
cially around high tide, perhaps killing the subtidal
biota (maybe including some H. hippopus) after pro-
longed exposure;

� the consequent creation of barriers to water circu-
lation within the lagoon, which caused stagnation
in the shallow pools where giant clams are likely to
have been living; reduced water circulation is im-
plicated in the spread of rickettsiales-like diseases
affecting H. hippopus (Norton et al., 1993).

Predictions that inner-reef shellfish species in the Pa-
cific Islands would undergo local extinctions during sea-
level falls (regressions) are borne out by fossil data
(Paulay, 1996). An analogous situation is inferred to have
arisen from sea-level fall during the A.D. 1300 Event
(approximately A.D. 1250–1350) in the tropical Pacific
(Nunn, 2007c). For example, the long-distance interis-
land trade in shells of the pearl-oyster (Pinctada margari-
tifera) from Aitutaki Island (Cook Islands; Walter, 1996)
ceased abruptly 550–450 14C yr B.P. (∼A.D. 1400–1500)
as a result of increased sediment in their lagoonal habi-
tat (Allen, 1992). It is envisaged that the inputs of sedi-
ment did not increase significantly in volume but that its
mobility within the lagoon decreased sharply as a result
of sea-level fall during the AD 1300 Event. Specifically
many pearl-oyster habitats were smothered by sandy sed-
iment on which they were unable to grow. There are also
abundant empirical data from the islands of Micronesia
(northwest Pacific Ocean) to show that the fall of sea
level, which occurred during the A.D. 1300 Event, led to
a decline of mangrove-dwelling Anadara and an increase
of sand-burrowing Strombus (Amesbury, 1999, 2007).
Similar situations have been described for this period
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elsewhere in the tropical Pacific (Szabó, 2001; Nunn,
2007c; Morrison, 2010).

Changed Sea-Surface Temperatures

There are examples of seawater temperature changes
contributing to molluscan extinctions, although the con-
tribution of sea-level change to these is unacknowledged
(Taviani, 1998). Experimental research on the sensitivity
of giant clams to elevated seawater temperatures show
that H. hippopus is more sensitive than other common
tridacnids on account of the sharp decreases in produc-
tion/respiration that occur when the surrounding water
warms, a conclusion that receives support from observa-
tions during the 1998 El Niño in the Philippines during
which bleaching and mass mortality of H. hippopus was
observed (Blidberg et al., 2000).

More recent work found a strong positive correlation
between sea-surface temperature and shell growth in H.
hippopus (Aubert et al., 2009). Of particular interest is that
abrupt, short-lived drops in sea-surface temperature led
to significant and sustained reductions in shell growth.
It is therefore possible that the cooling that accompanied
the sea-level fall around the Rove Peninsula during the
period of its Lapita settlement contributed to the extirpa-
tion of H. hippopus here and perhaps elsewhere in the Fiji
archipelago.

IMPLICATIONS FOR UNDERSTANDING
EARLY HUMAN IMPACT ON MARINE
RESOURCES

It is possible that all five explanations discussed in the
preceding section contributed to the extirpation of H. hip-
popus in Fiji. As noted earlier, the fact that this clam had
lived in Fiji for probably several hundred thousand years,
perhaps surviving many changes in climate, sea level, and
environment, might suggest that it was the presence of
humans in the ecosystem that tipped the scale toward
extirpation. On the other hand, it is doubtful whether
humans can by themselves cause the extinction or ex-
tirpation of marine mollusc species (Mannino & Thomas,
2002). This conclusion seems applicable to the issue of
the premodern extirpation of H. hippopus within Fiji for,
had this been a result solely (even largely) of unsustain-
able levels of human predation, it is unlikely that H. hip-
popus would have disappeared so completely from the
archipelago as it did, given that some reefs where it lived
were so distant from centers of human occupation. So
while the process of extirpation may have been locally
moderated by the presence of humans, there is still a re-
quirement for an archipelago-wide cause of extirpation.

One key question that needs to be answered before a
complete understanding of the cause(s) of extirpation of
H. hippopus in Fiji can be reached is what relation the ap-
parent disappearance of H. hippopus about 750 B.C. from
the reefs around the Rove Peninsula has to the extir-
pation of this species throughout the Fiji archipelago. It
seems unlikely that the two observations are unrelated.
Further, it seems plausible to suppose that the former
presaged the latter, although the time frame from local
(around the Rove Peninsula) to archipelago-wide extir-
pation is unknown.

It is clear that both climate and sea level were changing
during the period of occupation (1100–550 B.C.) of the
Lapita settlements along the coasts of the Rove Peninsula.
Temperatures are estimated to have fallen by perhaps 1–
2◦C while sea level fell by 55 cm (Nunn, 1999; Nunn &
Peltier, 2001). Such changes certainly have the potential
to change reefal ecology and may have been the principal
cause of the extirpation of H. hippopus in Fiji.

Also compelling is the idea that humans inadvertently
introduced diseases and/or predators that attacked H.
hippopus, perhaps killing individuals only in particular
age groups (Dulvy, Sadovy, & Reynolds, 2003). While
such introductions may have needed humans to trans-
port them across the 1100-km wide ocean gap that sep-
arates Fiji from Vanuatu (to the west), they may have
been able to spread by themselves throughout the Fiji
archipelago where inter-reef ocean gaps rarely exceed 10
km. This explanation is supported by the observation that
in those archipelagos where H. hippopus is (or was re-
cently) extant, islands are generally much farther apart.

CONCLUSIONS

In some ways it is unfortunate that the colonization phase
of western Pacific Island groups coincided with a time
of temperature cooling and sea-level fall, because this
makes the understanding of observed changes such as
the extirpation of H. hippopus in the Fiji Islands more dif-
ficult to explain. It is unlikely that humans had a direct
(predation-linked) impact on H. hippopus in Fiji except lo-
cally. Yet, it is possible that groups of colonizing humans
moving from island to island introduced diseases against
which the indigenous fauna had no resistance and so be-
came extirpated; this explanation is persuasive in the case
of H. hippopus but has not been considered in the case
of other Pacific Island species that also became extinct
shortly after colonization.

More compelling than human-moderated explanations
of H. hippopus extirpation in Fiji is the likelihood that
sea-level fall, perhaps in concert with other environmen-
tal changes, was the principal cause simply because it
occurred simultaneously across the Fiji archipelago. It has
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already been inferred that sea-level fall changed reef-
flat ecology so profoundly at the end of the Lapita era
(550 B.C. in Fiji) that marine foraging could no longer
sustain coastal populations, which relocated elsewhere
and became largely agriculturalists (Nunn, 2009). A sit-
uation in which reef-flat surfaces were permanently ex-
posed as a result of sea-level fall would see profound
ecosystem change; in the case of H. hippopus in Fiji, this
change would probably have reduced habitats to small
unconnected areas and resulted in archipelago-wide
extirpation.

More research on the timing of the disappearance of
H. hippopus from Fiji reefs, as could be determined from
studies of other Lapita-age shell middens in these islands,
might help resolve the issue of whether that described
from the Rove Peninsula was part of a widespread or a
localized such event. This in turn would improve insights
into the dominant mechanism(s) behind the extirpation
of H. hippopus in Fiji. Attention should also be given to
understanding H. hippopus extirpation in other Pacific is-
land groups as well as the reasons why it survived in
others.

This study also shows that shell middens can provide
excellent data on the nature, timing, and causation of
marine-species extinctions (Faylona et al., 2011). Yet it
should not be uncritically assumed that because these
data derive from archaeological contexts, that the as-
sociated extinctions were necessarily human-mediated.
There is abundant evidence from many parts of the world
to show that climate (-driven) change affected marine
populations that were being simultaneously exploited
by humans. In some such instances, it is clear that the
changes observed in the marine populations would have
occurred largely irrespective of whether or not humans
were present (Paulay, 1996; Andrus, 2011).

Both the Faculty of Islands and Oceans and the Faculty of Sci-
ence, Technology, and Environment at the University of the
South Pacific provided funds to enable this study and the radio-
carbon dating it involved. Discussions with Dr. Frank Thomas,
Dr. Susanne Pohler, Roselyn Kumar, and Ledua Kuilanisautabu
were helpful, as were the comments from referees.
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