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Abstract

Starch residue, pollen and phytolith analysis was carried out on coralline deposits from a c. 3050e2500 cal. yr BP Lapita site at Bourewa,
Viti Levu, Fiji. Starch grains, calcium oxalate crystals and xylem cells of introduced Colocasia esculenta and Dioscorea esculenta were iden-
tified, involving a process of elimination of possible taxa by cross-correlation of microfossil types. The data provide an eastward extension of
direct evidence of Lapita horticulture in Remote Oceania previously identified in Vanuatu.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Early ethnographic reports from throughout the Pacific
recorded the cultivation of many introduced plant species
(Whistler, 1991), most of which originate in Asia and recent
research suggests also in the Sahul continental region (Den-
ham et al., 2003; Haberle, 1995; Lebot, 1999; Matthews,
2003). Starch crops featured significantly, comprising four
species of aroids (Araceae): Colocasia esculenta (taro), Aloca-
sia macrorrhiza (elephant ear taro), Amorphophallus paeonii-
folius (elephant yam) and Cyrtosperma merkusii (giant swamp
taro); five species of yam: Dioscorea alata (common yam), D.
bulbifera (bitter yam), D. esculenta (lesser yam), D. nummu-
laria (spiny yam) and D. pentaphylla (five-leaved yam); and
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Curcuma longa (tumeric), Ipomoea batatas (sweet potato),
Tacca leontopetaloides (arrowroot), Artocarpus altilus (bread-
fruit) and Musaceae (bananas). Except for the latter two where
the starchy fruit is harvested, these are tuberous or root crops.

Whether or not the ancestors of these Pacific horticultural-
ists, the Lapita people (Kirch, 1997), also practiced horticul-
ture has been the subject of considerable debate (reviewed in
Davidson and Leach, 2001). Archaeological evidence of the
Lapita Cultural Complex is found across the tropical western
Pacific, appearing first in the Bismarck Archipelago of Papua
New Guinea c. 3500 BP, then spreading east into the eastern
outer Solomon Islands c. 3300 BP, reaching Fiji c. 3050 BP
and as far east as Tonga c. 2900 BP (Burley and Dickinson,
2001; Kirch, 2000; Nunn and Peltier, 2001; Spriggs, 1997;
Fig. 1). Lapita settlement of the western Pacific crossed a major
biogeographic boundary, between Near and Remote Oceania
(Green, 1991). Near Oceania encompasses New Guinea and
the main Solomon Islands chain, and has been occupied by
humans since the late Pleistocene, tens of millennia before
Lapita (c. 36,000 BP). It comprises a far richer biogeographic
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environment than Remote Oceania, which includes all islands
to the north, east and south east of the main Solomons chain.
In Remote Oceania, Lapita settlement represents initial human
colonisation.

A perceived paucity of plant food remains in the archaeo-
logical record (cf. Gosden, 1992; Gosden et al., 1989; Kirch,
1989; Matthews and Gosden, 1997) has led some researchers
to argue that (early) Lapita people were transient hunter-gath-
erers and that horticulture was a later development (Anderson,
2003; Burley et al., 2001; Groube, 1971; Hather, 1992). Others
maintain that there is sufficient indirect evidence to suggest that
the Lapita economy included a horticultural component (perma-
nent settlements, domestic animal bones, associated artefacts,
historical linguistics), typical of the Pacific Islands ethnographic
pattern (Kirch, 1997; Kirch and Green, 2001; Spriggs, 1997).

Until recently, fossil evidence of possible food plants asso-
ciated with Lapita was restricted to the Bismarck Archipelago,
Near Oceania (Fig. 1). On Mussau Island in the Saint Matthias
Group, macrofossils of a wide range of possibly cultivated
trees were identified (Kirch, 1989). Similar remains were
found in the Arawe Islands in New Britain, where researchers
reported direct evidence for plant use (Gosden, 1992; Gosden
et al., 1989; Matthews and Gosden, 1997). Yet all the taxa rec-
ognised in the Mussau and Arawe macrofossils are known to
enter modern beach drift by natural processes, from wild
and cultivated sources. Microfossil evidence of possible food
plants associated with Lapita from the Bismarck Archipelago
includes starch grains and calcium oxalate crystals of Coloca-
sia esculenta, identified in New Ireland (Crowther, 2005).
However, possible natural populations of this species are rec-
ognised in the Bismarcks (Kirch, 1997; Matthews, 1995).
There is also evidence suggesting starch of C. esculenta and
Alocasia macrorrhiza was being utilised on Buka Island in
the main Solomons chain during the Pleistocene (Loy et al.,
1992), well before Lapita. Similarly, Lentfer and Green
(2004) identified phytoliths of Musaceae at a Lapita site in
New Britain, raising questions about whether these were
derived from cultivated plants or natural populations.

Fig. 1. Map of western Pacific.
In contrast, Remote Oceania lacks natural populations of
most of the cultivated Oceanic plants and their close relatives,
allowing the ready identification of introduced plant remains
in archaeological deposits. A recent plant microfossil study
from a Lapita site in Vanuatu (Fig. 1) revealed starch grains,
calcium oxalate crystals and xylem identified as introduced
aroid (non-Colocasia), representing the first direct evidence
of Lapita horticulture in Remote Oceania (Horrocks and
Bedford, 2005).

Farther east, the earliest-known of numerous Lapita sites
identified in the Fiji Islands is at Bourewa in southwest Viti
Levu (Kumar et al., 2004; Nunn et al., 2004). Discovered in
December 2003, this site has been the subject of three phases
of fieldwork. In the most recent (JuneeJuly 2005), an area of
127 m2 was excavated in the central part of the site. This pre-
sented an opportunity to look for further direct evidence of in-
troduced plants and Lapita horticulture. Presented here are
preliminary results of analysis of starch residues, pollen and
phytoliths in deposits from the Bourewa site.

2. Study area and site

Today Bourewa is situated on the southwest coast of Viti
Levu Island, the largest in the Fiji group, adjacent to the
Tuva River (Fig. 2). Yet at the time of its establishment, c.
3050 BP, the Lapita settlement at Bourewa was located on
a small offshore island, at least 1 km from the Viti Levu shore
(Nunn, 2005). The settlement itself was built on a sand spit,
perhaps underwater at high tide during the earliest period of
the settlement’s history when sea level was around 1.5 m
higher than today (þ1.55 m at 3170 cal. yr BP, Nunn, 2005;
Nunn and Peltier, 2001). The Bourewa site is an excellent
place to examine Lapita culture in Fiji because there is no
significant overlay of younger cultural deposits; after Lapita,
people apparently lived elsewhere.

Thick midden deposits of marine shells show that the
marine, particularly reefal and nearshore foods played an im-
portant role in the diets of the Lapita inhabitants of Bourewa.
The adjacent reef flat is nearly 3 km wide in places. Palaeo-
geographic reconstruction of the site at the time of its Lapita
occupation shows that the sand spit on which it was focused
partly enclosed a large tidal inlet in which shellfish were prob-
ably also abundant. As sea level continued to fall after the ini-
tial occupation of Bourewa, so this inlet progressively dried
out, plausibly creating swampy environments suitable for plant
cultivation. Inland within 100 m of the Bourewa site is an up-
land area (10e18 m above sea level) on which no evidence for
Lapita-era human use was found. Full details of the Bourewa
and other Lapita sites in Fiji are given elsewhere (Kumar et al.,
2004; Nunn et al., 2004).

3. Methods

One of the main aims of the 2005 fieldwork at Bourewa
was to recover samples of cultural deposit that could be ana-
lysed to see whether or not there were remains of cultivatable
plants. Radiocarbon dates for the human occupation of
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Fig. 2. (a) Map of main Fiji Islands showing location of Lapita sites (Kumar et al., 2004; Nunn et al., 2004). (b) Map of area of southwest Viti Levu Island where

Bourewa and other Lapita sites (Kumar et al., 2004; Nunn et al., 2004) are located (dark shading represents mangroves). (c) Map of Bourewa Lapita site showing

modern coastline, former sand spit and locations of pits excavated JuneeJuly 2005.
Bourewa (see Section 4, below) come both from shell midden
and from charcoals within the palaeobeach sand below it.
Owing to the overlap in dates, the charcoals are considered
to date from the human era. By extension, the upper
10e20 cm of palaeobeach sand are also considered to contain
traces of the earliest human occupation in particular parts of
the site. In some of the 27 pits excavated in JuneeJuly
2005, a dark-stained layer was observed at the top of the beach
sand below the shell midden, and it was thought that this layer
might contain traces of some of the plants growing in particu-
lar places during the site’s Lapita occupation.

Two samples were obtained of the dark-stained sand. The
first (X20/59) was from the east wall of pit X20 (Fig. 2c) at
a depth of 55e63 cm. The second (X25/134) was from below
an unusually thick shell midden deposit exposed in the south-
west corner of pit X25 at a depth of 134 cm. Radiocarbon
dates from the same sections place these deposits firmly in
the Lapita era (see Section 4, below).

Sub-samples (2.5e3.0 cm3) were prepared for pollen (and
spore) analysis by the standard acetylation and hydrofluoric
acid method (Moore et al., 1991). Sub-samples (2.5e
3.0 cm3) were prepared for analysis of starch residues and
phytoliths by combined density separation (Horrocks, 2005).
At least 300 phytoliths were counted.

Other plant residues were extracted along with starch
grains: calcium oxalate crystals, and xylem fragments. Sam-
ples were analysed for the presence/absence of starch and
other significant material (Torrence and Barton, 2006). At
this stage, methods of quantifying such material are not well
established. The density separation method commonly used
in starch residue analysis also separates out other types of
plant material and mineral material (Horrocks and Weisler,
2006). Problems to overcome thus include differentiating
tiny starch grains from background detritus on slides, and
counting grains obscured in large clumps or by cellulose tis-
sue. Identification was carried out with the aid of a modern
reference collection, which includes tissue samples from the
starch crops and many other plants known to have been culti-
vated in the prehistoric Pacific. Previous reports of starch grain
morphology were also consulted (Hoover, 2001; Rao and Beri,
1955; Reichert, 1913; Seidemann, 1966). Key attributes for
starch grain identification to specific taxa are shape and size,
contour and surface features, number and characteristics of
pressure facets, presence or absence of demonstrable lamellae,
and position and form of the hilum (developmental origin of
the grain) and fissure (Piperno et al., 2000). The position of
the hilum can be seen under cross-polarised light; grains char-
acteristically show birefringence with dark lines intersecting at
this point (‘Maltese’ cross). As starch grains degrade and lose
their structure (gelatinisation), the Maltese cross progressively
disappears. Other symptoms of gelatinisation are distortion,
expansion and shrinkage of grains (Banks and Greenwood,
1975). Heating causes sudden gelatinisation depending on spe-
cies and temperature (Hoover, 2001); however grains in
archaeological deposits would be expected to gelatinise
progressively over long periods. Grains showing signs of ge-
latinisation may be identified to species depending on the
number of the diagnostic features outlined above that they
have retained. Although starch grains are normally colourless,
grains extracted from soils and other weathered sediments may
appear brown or amber, possibly a result of staining by humic
acids or tannins, in which case the Maltese cross is not visible.
In those cases, loss of the cross may be due to gelatinisation
and/or the staining.
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4. Results

The earliest period of occupation of the Lapita settlement at
Bourewa has been dated from six radiocarbon dates to be-
tween 3210 cal. yr BP and 2920 cal. yr BP (Nunn et al.,
2004), although a shell from the base of the midden in pit
X25 has been dated to 3430e3200 cal. yr BP (Wk-17544,
3474 � 39 14C yr BP, d13C 3.2 � 0.2). It is uncertain whether
the latter is a true indication of the site’s human occupation.
Two radiocarbon dates from pit X20, just below sample
X20/59, are 2680e2360 cal. yr BP (Wk-17971, 2831 �
39 14C yr BP, d13C 3.8 � 0.2) and 2670e2360 cal. yr BP
(Wk-17972, 2824 � 36 14C yr BP, d13C 3.0 � 0.2). These pro-
vide maximum ages for this particular sample.

The pollen and biogenic silica results provide limited infor-
mation and are given in the appendix. Evidence for introduced
Colocasia esculenta in both samples from Bourewa was pro-
vided by starch grains, calcium oxalate crystals (raphides and
druses) and xylem tracheary elements (Fig. 3). Modern refer-
ence samples of C. esculenta are shown in Fig. 4 (see also Hor-
rocks and Barber, 2005; Horrocks et al., in press; Loy et al.,
1992). As an approximate indication of relative abundance,
fragments of xylem and druses were present in tens, and raph-
ides and starch grains in thousands. Starch grains and xylem of
introduced Dioscorea esculenta were also identified in both
samples (Fig. 5). Modern reference samples of D. esculenta
are shown in Fig. 6 (see also Loy et al., 1992). As an approx-
imate indication of relative abundance, these xylem fragments
were present in tens and starch grains in hundreds.

5. Microfossil identification

Starch grains and other material of a number of the intro-
duced Pacific Island species of plants are difficult to differen-
tiate. The rationale for the identification of Colocasia
esculenta and Dioscorea esculenta in the Bourewa samples
involves a process of elimination of possible taxa by cross-
correlation of microfossil types. Essentially, we found two
types each of starch grains (tiny, Figs. 3a,b; and relatively
large, Figs. 5a,b) and xylem tracheary elements (helical,
Fig. 3h; and with pitted walls, Fig. 5d). Xylem is elongated
cells (tracheary elements) joined end to end forming conduc-
tive tubes. Apart from differentiating raphides and druses (cal-
cium oxalate crystals) from each other, we did not identify
more than one type for each. Raphides are fine and needle-
like; druses are compound, more or less spherical crystals
with many component crystals projecting from their surfaces.

5.1. Colocasia esculenta

One of the key variables used in Pacific studies to make
taxonomic identifications of starch residues is the co-presence
or absence of raphides (Crowther, 2005). For the raphides (and
druses) in this study, we can largely rule out all of the starch
crops introduced to this part of the Pacific by early people
(Whistler, 1991), except the four aroids (Colocasia esculenta,
Alocasia macrorrhiza, Amorphophallus paeoniifolius and
Cyrtosperma merkusii). Although many plants have calcium
oxalate crystals in their leaves, stems and roots, aroids are
known to have these in their corms, rhizomes, etc. in ex-
tremely high concentrations. For example, Colocasia esculenta
has up to 120,000 calcium oxalate crystals/cm2 (Sunell and
Healey, 1979). Some aroids may be differentiated by their cal-
cium oxalate crystals, especially on the basis of raphide size
and shape (Loy et al., 1992). However, in this case we were
unable to do this because: (i) the Bourewa crystals are mostly
degraded and fragmented (Fig. 3g); (ii) the differences are
generally subtle; and (iii) the maximum magnifications in-
volved (600�, or 1000� with oil immersion) are near the
limits of light microscopy. Thus, whilst the calcium oxalate
crystals in the Bourewa samples may be from several plant
families (including Dioscorea esculenta, Loy et al., 1992),
given their relatively high abundance in the samples and co-
presence of other types of microfossils (see below) a logical
conclusion is that most are from aroids.

For the helical xylem (Fig. 3h), we can also rule out all in-
troduced starch crops except the aroids and Musaceae. The
others have tracheary elements with pitted walls (e.g.,
Fig. 5d). Artocarpus altilus also has helical tracheary elements
but we can likewise rule it out on the basis of size; in the mod-
ern fruit specimens of this species we examined these ap-
peared more delicate and smaller, with thinner thickenings
and elements not more than 10 mm wide. Tracheary elements
of the four Pacific aroids and Musaceae we examined are up to
60 mm and 30 mm across, respectively. However, we found no
starch grains characteristic of Musaceae (large, ovate, eccen-
tric hila, without facets) in the Bourewa samples. We thus con-
clude that this type of xylem in the Bourewa samples is most
likely from aroids.

The tiny starch grain type (<4 mm in diameter, Figs. 3a,b)
was found densely packed in cell membranes or large masses.
Its identification relies on its size; on this basis we can rule
out all introduced starch crops except Colocasia esculenta.
These all have mean starch grain sizes considerably larger
(c. �10 mm in diameter) than C. esculenta and maximum sizes
often several times their mean. A recent plant microfossil study
from a Polynesian site (Horrocks and Weisler, 2006) outlined
problems associated with identifying small starch grains in
weathered deposits such as those from Bourewa. Although
a common feature of starch grains of any size in weathered de-
posits is loss of the Maltese cross, grains of C. esculenta are in
any case often too small to see the cross under light micros-
copy. Identification of individual small starch grains is possible
but they often cannot be differentiated from small particles of
other material on slides. Identification is most easily achieved
when the grains are present in large groups (Figs. 3a,b). Cell
membranes may degrade with the previously enclosed starch
grains fused together as a result of gelatinisation.

In summary, we conclude that the calcium oxalate crystals,
xylem tracheary elements with helical thickenings and tiny
starch grains in the Bourewa samples are most likely from
Colocasia esculenta. Elsewhere in the Pacific region, these
have been identified in early Holocene archaeological deposits
in Island New Guinea (Denham et al., 2003), Lapita deposits
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Fig. 3. Microfossils characteristic of introduced Colocasia esculenta corm from Bourewa (400� or 600�). (a, b) High concentrations of tiny starch grains within

cell membranes (c.f. parenchyma storage cells of C. esculenta, Figs. 4a,b). (c) Corroded druse (c.f. druse of C. esculenta, Fig. 4c). (d) Druse (that in c), highly

visible under cross-polarised light (c.f. druse of C. esculenta, Fig. 4d). (e) Druse fragments within dense mass of starch grains (c.f. druse fragments of C. esculenta,

Fig. 4e). (f) Druse fragments (those in e), highly visible under cross-polarised light (c.f. druse fragments of C. esculenta, Fig. 4d). (g) Fragments of raphides highly

visible under cross-polarised light (c.f. raphides of C. esculenta, Fig. 4g). (h) Fragment of brown-stained xylem tracheary element showing helical wall thickening

(c.f. xylem tracheary elements of C. esculenta, Fig. 4h). Scale bars, 20 mm.
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Fig. 4. Microparts of Colocasia esculenta corm from modern reference samples (400� and 600�). (a, b) Parenchyma storage cells, with densely packed grains.

Grains are also in abundance outside the cells. Storage cells are spherical to ovate, up to w185 mm in diameter, with very thin walls, <0.5 mm thick. Grains are tiny,

mostly <4 mm in diameter, spherical and often angular. (c) Druse. These are typically up to w75 mm in diameter. (d) Druse (that in c), highly visible under cross-

polarised light. (e) Druse fragments within dense mass of starch grains. (f) Druse fragments (those in e), highly visible under cross-polarised light. (g) Two raph-

ides, highly visible under cross-polarised light. ‘Short-thick’ raphides (bottom) are up to 90 mm long and 1.0e2.5 mm in diameter. ‘Long-thin’ raphides (top) are up

to w125 mm long and <0.25 mm in diameter. (h) Xylem tracheary elements. Elements are up to 60 mm across with helical bands up to 5 mm wide. Scale bars,

20 mm.
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Fig. 5. Microfossils characteristic of introduced Dioscorea esculenta tuber from Bourewa (400� and 600�). (a, b) High concentration of brown-stained starch

grains within cell membrane. (c.f. parenchyma storage cells of D. esculenta, Figs. 6a,b). The membrane is damaged and peeling off. (c) Clump of brown-stained

starch grains (c.f. starch grains of D. esculenta, Fig. 6c). (d) Fragment of brown-stained xylem tracheary element showing small, bordered ellipsoid pits (c.f. xylem

tracheary element of D. esculenta, Fig. 6d). Scale bars, 20 mm.
in the Bismarck Archipelago (Crowther, 2005) and Polynesian
deposits in Easter Island (Cummings, 1998), Pitcairn Island
(Horrocks and Weisler, 2006) and New Zealand (Horrocks
and Barber, 2005; Horrocks and Lawlor, 2006; Horrocks
et al., in press) (Fig. 1).

5.2. Dioscorea esculenta

The second, larger type of starch grain (Figs. 5a,b) in the
Bourewa samples was found densely packed in cell mem-
branes or as individuals. Birefringence was lost due to
brown-staining. The identification of this type of grain in
our case relies partly on the associated xylem evidence. On
the basis of approximate starch grain shape (Loy et al.,
1992) we can rule out all introduced starch crops except the
three non-Colocasia aroids (Alocasia macrorrhiza, Amorpho-
phallus paeoniifolius and Cyrtosperma merkusii), Artocarpus
altilus, Tacca leontopetaloides and Dioscorea esculenta. While
there are differences in mean grain size between these species,
some of their standard deviations overlap and differences in
shape may be subtle (Loy et al., 1992). However, Dioscorea
esculenta grains are generally more angular and irregular.
For the xylem, we can rule out all other contenders except sev-
eral Dioscorea spp., including D. esculenta. Xylem tracheary
elements of this group have ellipsoid wall pits while the others
either have slit-like wall pits or helical thickenings rather than
walls. However, we found no starch grains characteristic of Di-
oscorea spp. other than D. esculenta. The other four intro-
duced Pacific Island species of Dioscorea have much larger
grain sizes (up to 45e75 mm in diameter) than D. esculenta
(up to 10 mm in diameter) and a distinctly different shape
(ovate to triangular, often elongated, eccentric hila, without
facets) (Loy et al., 1992). Thus, while some of the starch
grains of this type in the Bourewa samples are broadly similar
to those of several introduced species, given the high concen-
trations of Dioscorea xylem and lack of starch of other Dio-
scorea spp., we consider they are probably from D. esculenta.

In summary, we conclude that the large starch grains and
xylem with pitted walls in the Bourewa samples are most
likely from Dioscorea esculenta. Elsewhere in the Pacific,
starch grains from a Lapita site in the Bismarcks (Therin
et al., 1999) and a prehistoric Torres Strait island site (Parr
and Carter, 2003) were assigned to the genus Dioscorea, and
D. alata starch grains and xylem were identified at a Polyne-
sian site in New Zealand (Horrocks and Barber, 2005; Fig. 1).
Of consideration for post-Lapita sediments, starch grains of
Ipomoea batatas (introduced to the Pacific post-Lapita) may
be similar in size and shape to some of the species discussed
here but can be differentiated from all other introduced Pacific
starch crops by their central vacuole (Loy et al., 1992).
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Fig. 6. Microparts of Dioscorea esculenta tuber from modern reference samples (400� and 600�). (a, b) Parenchyma storage cells, with densely packed starch

grains. Storage cells are spherical to ovate, up to w185 mm in diameter, with very thin walls, <0.5 mm thick. Grains are ovate to sub-triangular with central hila,

facetted and up to 10 mm in diameter. (c) Group of starch grains. (d) Xylem tracheary elements. Elements are up to w75 mm across with walls up to 5 mm thick,

and small ellipsoid pits, often seen bordered, up to 10 mm across. Scale bars, 20 mm.
6. Implications for Lapita subsistence

Because ancient starch analysis is a relatively new plant
microfossil technique (cf pollen which has a well known taxon-
omy), we take a cautious approach and consider the Bourewa
results preliminary. However, the Bourewa samples are clearly
anthropogenic and Fiji has no endemic aroids or indigenous
members of the yam family (Dioscoreaceae). The natural dis-
tribution of terrestrial aroids in Oceania extends east as far as
Vanuatu, and one widespread Rhaphidophora climber extends
to Samoa (Fig. 1) (A. Hay, pers. comm.). From a methodologi-
cal point of view, the results show the value of including xylem
in starch analysis e this extra line of evidence helped us to nar-
row down one of the two starch types found in the Bourewa
samples to a probable single species (Dioscorea esculenta).

The Bourewa results suggest that the sampled areas were
used for the intensive cultivation or preparation of Colocasia
esculenta and Dioscorea esculenta crops. It is possible that
we are looking at evidence of food processing involving
starches at the site, but that the food was being grown else-
where. If the site was underwater (and the people living in stilt
houses) during the time of its earliest occupation (Nunn, 2005;
Nunn et al., 2004), then the only option would be to grow
these crops on the higher part of the island. Yet, given the
date of horticulture at Bourewa (from apparent mid-Lapita
times), it may be that only after sea level had fallen enough
to expose dry land around the fringes of the former tidal inlet
were these crops planted. As suggested for the Lapita site on
Vanuatu (Horrocks and Bedford, 2005), despite absence of
running water the inhabitants may have successfully culti-
vated crops partly by well irrigation, tapping into the Ghy-
ben-Herzberg lens (Whittaker, 1998). A well feature has
been reported in a Lapita context in similar environmental
conditions in the Reef Santa Cruz Islands (Green and Pawley,
1999; Fig. 1).

The evidence from Fiji supports the growing body of
direct evidence (plant macro- and microfossils) (Crowther,
2005; Gosden, 1992; Gosden et al., 1989; Horrocks and
Bedford, 2005; Kirch, 1989; Matthews and Gosden, 1997),
and indirect evidence (permanent settlements, domestic ani-
mal bones, associated artefacts, historical linguistics) (Kirch,
1997; Kirch and Green, 2001) from sites in Near and Remote
Oceania that horticulture was an integral component of the
Lapita economy. The data significantly contribute to the sub-
sistence debate by providing evidence for the cultivation of
domesticated plants by eastern Lapita populations. The data
also support previous predictions (Horrocks and Bedford,
2005) that further plant microfossil studies of well-preserved
Lapita sites will show evidence for widespread horticultural
activity.
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Appendix. Results of pollen and phytolith
analyses from Bourewa

Microscopic charcoal, which resists digestion and is con-
centrated along with pollen (and spores), was found in abun-
dance in both Bourewa samples, reflecting anthropogenic
fires. However, only traces of fern spores were found, and
not enough for counting. These comprised spores of Cyathea
tree ferns and undifferentiated ground ferns. The latter are
included in a spore type known as ‘monolete’. The fern
spores are highly corroded and are the only pollen and spore
remnants of the vegetation at the time; a result of poor pres-
ervation in these porous and presumably alkaline deposits.

Traces of spores consistent with truffle (hypogeous Asco-
mycotina) were found in the pollen and starch preparations
of both samples. Most truffles are ectomycorrhizal, growing
in intimate association with host plant roots and producing
the spore-bearing bodies in close proximity. This putative

Fig. 7. Percentage phytolith diagram from Bourewa (þ represents found after

count).
truffle spore type resembles those of the Australasian truffle
genera Labyrinthomyces, Dingleya and Reddellomyces but is
not identifiable to any known species (Trappe et al., 1992).

Phytoliths also showed signs of corrosion but were present
in sufficient concentrations for counting. Phytoliths found in
sediments usually provide less information than pollen about
vegetation history because the identification of phytolith sour-
ces to family, genus or species level is more difficult. The phy-
tolith assemblages of both samples are dominated by spherical
verrucose phytoliths, attributed mainly to undifferentiated
trees and shrubs (Kondo et al., 1994; Fig. 7). However, given
the phytolith corrosion some of these may be spherical spinu-
lose phytoliths with spines corroded off. This type, also abun-
dant in both samples, is attributed only to bromeliads
(Bromeliaceae) and palms (Arecaceae) (not to be confused
with Araceae) (Piperno, 1988). The former do not occur natu-
rally in the Pacific (Heywood, 1993) and for the latter, coconut
(Cocos nucifera) can probably be ruled out because this partic-
ular palm is thought not to produce this type of phytolith in
large numbers (D. Piperno, pers. comm.). The aroid and
yam families, identified in the starch analysis, are not accumu-
lators of silica (Piperno, 1988) and thus would not be expected
to be found in phytolith assemblages.
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