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I ntroduction

Barry Evans*, R. Michael Bourke' and Paul Ferrar*

A rive-pAY workshop on South Pecificindigenous
nutswas held in Port Vila, Vanuatu, in October—
November 1994. Theworkshop provided thefirst
opportunity to bring together the growing number
of peoplefrom adiverserange of disciplinesand
countries who are associated with the develop-
ment of indigenous nutsin the region. This pub-
lication brings together most of the papers pre-
sented at the workshop plus afew additional pa-
pers. Twenty-two papers are presented on awide
range of issues associated with the production,
processing and marketing of indigenous nuts
(Parts| to I11). These papers cover primarily the
genera Canarium, Barringtonia, Terminalia,
Inocar pus and Pandanus. Workshop discussions
are summarised in Part IV as country priorities
for research and development, and a compiled
bibliography is presented in Part V.

The Traditional I mportance of
Indigenous Nutsin
the South Pacific

Indigenous nuts are an integral part of the com-
plex arboricultural, agricultural and sociobio-
logical systems that have evolved to suit the di-
verse biophysical conditions of the South Pacific
islands. Selection, conservation, cultivation and
exchange of superior cultivars over thousands of
years by Pacific |slanders has produced a wide
range of indigenous nut morphotypes, a unique

* World Wide Fund for Nature (WWF) South Pacific
Program, PMB, GPO Suva, Fiji, tel: +679 31 5533, fax:
+679 31 5410, e-mail: 100236.1715@compuserve.com

T Department of Human Geography, Research School of
Pacific and Asian Studies, Australian National University,
CanberraACT 0200, Australia, tel: +61 6 249 2234, fax:
+61 6 249 4896, e-mail: rmbourke@coombs.anu.edu.au
T Australian Centre for International Agricultural
Research, GPO Box 1571, Canberra, ACT 2601, Australia,
tel: +61 6 248 8588, fax: +61 6 257 3051, e-mail:
ferrar@aciar.gov.au

wealth of ethnobotanical knowledge, and strong
cultural and spiritual affinities with the crops.
Despite the introduction of exotics and a corre-
sponding changein diets, indigenous nutsremain
aseasonally important part of rural people’sdiet.

Contemporary Interest in Indigenous
Nuts

Recent interest in the commercial development
of indigenous nuts has developed for a number
of diverse but interrel ated reasons. South Pacific
countries are experiencing rapid growth in popu-
lation, urbanisation and youth unemployment.
Overseasaidisdiminishing inreal termsand the
shift to acash economy hasincreased the demand
for imported consumer goods. To tackle these
problems, governments need to increase revenue
from exports and provide rural income-earning
opportunities. However, commodity prices and
export revenue from established cash crops such
as copraand cocoa have steadily decreased over
the past 20 yearsthrough competition from other
crops and increased supply from other countries.
Governmentsarethereforekeento diversify their
agricultural production to high-value, low-vol-
ume crops with little overseas competition. The
introduction of many new exotics has been tech-
nically and managerially problematic and there
is now a growing awareness of the commercial
potential of indigenous species such as nuts. At
the sametime, governmentsin western Melanesia
have supported a dramatic expansion in indus-
trial logging sincethelate 1980sto provide short-
term revenue. Aside from the controversy and
concerns about the sociological and environmen-
tal effects of this logging, there is growing do-
mestic and international concern over the effects
of logging on the current and future production
of non-timber forest products such as many of
theindigenous nutsfound in theregion. Thishas
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hastened the need to attach an economic value
to these products by developing them commer-
cially, both to provide an alternative to logging
and to support their conservation.

Commercial Activity

Commercial processing and marketing of
Canariumindicumand C. harveyi (known locally
as ngali nut) began in Solomon Islandsin 1989.
This stimulated commercial development of the
same two species (nangai) in Vanuatu in 1991,
aswell as Terminalia catappa (natapoa) and ed-
ible Barringtonia spp. (navele). This was fol-
lowed by Terminalia kaernbachii (okari) and
Canariumindicum (galip) in PapuaNew Guinea
in 1993 and 1994 respectively.

Inall three Melanesian countries, commercial-
isation of indigenous nutsisin avery early stage
of development, theindustriesare still very small,
and they are being run under diverse managerial
arrangements. In PNG, a rural development
project in West New Britain funded by Austral-
ian aid has built aprocessing unit and has started
to buy and sell nutslocally. In Solomon Islands,
development iscontrolled by government depart-
ments and the Commodity Export Marketing
Authority in Honiara. And in Vanuatu, commer-
cial development is promoted and run by a pri-
vate businessman in Port Vila. Each country and
managerial model has faced unique problems
(and opportunities), but many more are shared
and a need exists to exchange information and
experiences.

South Pacific Indigenous Nuts
Workshop

Early in 1994, the USAID-funded Commercial
Agriculture Development (CAD) Project, which
had sponsored work on the development of a
mechanical cracker for Canarium, proposed a
regional Pacific workshop on marketing tropical
nuts and spices. After discussions with Barry
Evans, then a Visitor at the Botany Department
at the University of Queensland, CAD agreed to
focus the workshop on South Pacific indigenous
nuts and expand the scope to include aspects of
production and processing. The workshop was
organised by Michael Brown (CAD, Apia, West-
ern Samoa), Barry Evansand Mike Bourke (Aus-
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tralian National University, Canberra) with con-
tributions from John Kreag (CAD, Suva) and
Paul Ferrar (Australian Centre for International
Agricultural Research (ACIAR), Canberra).
Funding was provided by USAID, IRETA (the
Ingtitute for Research, Extension and Training
inAgriculture at the University of the South Pa-
cific, Alafua campus, Western Samoa), ACIAR
and AusAID.

The workshop was held in October—Novem-
ber in Port Vila, Vanuatu, and was attended by
some 40 people of diverse interests and back-
grounds from 10 countries (see list of partici-
pants). There was lively discussion throughout
the workshop and a number of experienced con-
ference participants commented that this was
one of the most enthusiastic gatherings they had
attended.

The workshop considered a number of
important questions:

« Which species of nuts could be exploited com-
mercially?

« From what sources can they be obtained?

. Would there be any negative consequences
from such exploitation, either socially or
environmentally?

« What types of commercial product could be
obtained from the indigenous nuts?

« Who would be likely to buy the nuts and
associated products, and in what forms?

« What processing isneeded to harvest, prepare,
preserve and pack the products?

. What is the best way to organise production
and marketing?

Theworkshop papers and discussions brought
together here address many of these questions,
including prehistoric and recent usage of indig-
enous nuts by villagers, distribution, production,
sustainability, processing and marketing. Two
papersoutline experience outside the region with
Canariumovatum (pili nut) inthe Philippinesand
macadamiaworldwide. Thereportisdivided into
five parts.

Part I: Overview of the Resour ces

The papersinthispart provide an historical, geo-
graphical, developmental and resource overview
of indigenous nuts in the South Pacific. Barry
Evans presents the type and size of the natural



resource available for commercial development
in the region, and Doug Yen discusses its his-
torical and biogeographical context. The paper
by Mike Bourke and the paper by Annie Walter
and Chanel Sam give details of indigenous nuts
in Papua New Guinea and Vanuatu respectively.
Finally, Barry Evans summarises the problems
facing the embryonic industries as a precursor
to further discussion and country priorities (see
Part 1V).

Part 11: Developmentsin the Region

Papers in this part give the experiences of the
peopl e and organisations currently involved with
the development of South Pacific indigenous
nuts. The papersby PitakiaPelomo and Ted L on-
don describe very different approaches to the
development of canarium nut in Solomon Islands.
CharlesLong Wah’s paper describes hiscommer-
cial experience in Vanuatu with arange of nuts.
Papers by Max Henderson, David Wissink,
Damien Ase, Micael Olsson and Ken Houghton
describe projects to develop canarium nut and
okari nut in PNG. The latter three authors offer
different perspectives of the same okari nut
project: producer organisation, non-government
organisation (NGO) donor-collaborator and
wholesaler-retailer.

All these papersclearly show that devel opment
of culturally important, non-timber forest
products such as indigenous nuts requires a
multidisciplinary approach.

Part 111: Aspects of Developing the
Resource

This part, which is divided into four sections,
looks at the current work to develop techniques
for improving the production, processing and
marketing of indigenous nuts in the region, and
examines the lessons learned from elsewherein
the world in developing similar commodities.

The papers by Will Akus, Noel Roposi and
Semion Iputu, in the first section, describe cur-
rent research and development work at govern-
ment-run agriculture and forestry stations. All
three papers emphasise the lack of systematic
research on indigenous nuts and stress the need
to look ahead.

In the next section, Mary Maimalooks at cur-

rent processing systems and problems and
stressesthe need for comprehensivetrials. Loren
Gautz reports on the design and testing of elec-
tric and hand-powered mechanical crackers.

John Kreag and Michael Brown discuss op-
portunities for marketing in the third section.
Kreag recommends management structures and
modelsfor producer organisationsin the embry-
onic industry. Brown describes the marketing
potential of indigenous nutsin the rapidly grow-
ing tourist industry in the South Pacific. Both
authors stress the important need for market-
driven development of the industry.

Finally, Roberto Coronel’s paper describesthe
Philippine experiencewith the closely related pili
nut, and Andrew McGregor’s paper on mac-
adamianut provides somelessons on another nut
tree species that has been commercialised
relatively recently.

Part 1V: Country Priorities for Research
and Development

At the end of the workshop, participants from
the South Pacific countries were asked to
discuss their priorities for future research and
development on nuts and nut industries. The
discussions of the production, processing and
marketing working groups and the research and
development priorities of the country groups are
summarised by Paul Ferrar in Part IV. These
decisions were made by people based in the
Pacificisland countries and are designed to steer
their own work and guide potential donors.

Part V: Bibliography

A bibliography of indigenous nuts in the South
Pacific by Annie Walter, Barry Evans and Mike
Bourke and compiled by Patty Hobsbawn con-
stitutes the fifth and final section of this report.

The Future

This publication represents asnapshot of thebirth
of an industry: an industry based on natural, in-
digenous, traditional and potentially sustainable
forest resources in the South Pacific. The sus-
tainable development of non-timber forest prod-
ucts, such asindigenous nuts, isacomparatively
new science. As interest grows in developing
similar resources, such as wild fruits and fungi,



for example, it will beimportant that the lessons
learned so far for indigenous nuts not be lost.
We hopethat this publication will serveasacase
study and will guide thefuture of theindustry by
recording its history, mistakes and opportunities.

Tapes

Audiotape and videotape recordings of the
workshop were made and can be obtained direct
from IRETA, University of the South Pacific,
Alafua Campus, Apia, Western Samoa.
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Overview of Resource Potential for Indigenous Nut Production
in the South Pacific

Barry Evans*

THese Proceedings are testimony to the current
interest in developing indigenous nuts in the
South Pacific region. The development of non-
timber forest products, such as indigenous nuts,
holds the promise of combining monetary in-
come, conservation and sustainable rural devel-
opment. PNG, Solomon Islands and Vanuatu
have already begun commercialisation of some
nuts based on existing production from wild and
traditionally cultivated trees. And interest in fur-
ther development of other nutsishigh. But what
is the capacity of the existing resource? Will it
withstand commercialisation? Isit sustainable?

Theaim of thispaper isto provide background
information on the status, potential and current
production of indigenous nuts in the South Pa-
cific region. For each genus of nut with signifi-
cant economic potential, an outline is given of
its economic species, economic and marketing
characteristics, distribution, seasonality, poten-
tial and current production levels, and resource
capacity and sustainability. The paper concen-
trates on canarium nut asit is the focus for most
current commercial development. More detailed
information from South Pacific countries, includ-
ing greater detail on some of thetaxa, isgivenin
other papers in these Proceedings.

Before going into details of South Pacific in-
digenous nuts | would like to prescribe a stand-
ard terminology for their description. This will
help minimise confusion and enhance meaning-
ful comparisons between the papersin these Pro-
ceedings and perhaps set standards for the em-
bryonic industry.

Table 1 summarises the suggested standard
terminology for indigenous nuts in the South

* World Wide Fund for Nature (WWF) South Pacific
Program, PMB, GPO Suva, Fiji, tel: +679 31 5533, fax:
+679 31 5410, e-mail: 100236.1715@compuserve.com
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Pacific. The kernel-to-nut (K:N) ratio isthe best
measure of overall nut-in-shell (NIS) quality. It
encompasses NIS and kernel-in-testa (KIT)
weight and moisture content and allows mean-
ingful comparison of different batches, cultivars,
varieties and species of nutsindependent of size.
The K:N ratio has a critical effect on the profit-
ability of commercia production by lowering
unit kernel purchase costs (Fig. 1) and raising
the productivity of cracking NIS (Evans 1991b).

South Pacific Indigenous Nuts

Based on work by myself and others, and to fo-
cus attention on economics, | have split the in-
digenous nuts of the South Pacific into two
groups. those with traditional importance and
significant commercial potential (group 1; Table
2) and those with traditional importance or pos-
sible commercia potential (group 2; Table 3).

a1

N

N

[

Cost of 1 kg of kernels ($)
w

0
0 5 10 15 20 25 30 35
Kernel content (%)

Figurel. The effect of kernel content on the real
purchase cost of kernels-in-testaat a
constant nut-in-shell buying price. As
kernel content (K:N ratio) increases, the
unit cost of kernels decreases



Tablel. Glossary of nut terminology

Fruit The outer skin (exocarp) and flesh (mesocarp), the nut-in-shell and the kernel-in-

testa
The shell (endocarp) and kernel-in-testa.
Kernel-in-testa (KIT)  The edible kernel (seed) and testa.

Nut-in-shell (NIS)

Testa The skin surrounding the kernel
K:Nratio The percentage of nut-in-shell that is kernel-in-testa, sometimes known as the
‘kernel content’
= weight of dry kernel-in-testa + weight of dry nut-in-shell x 100%
Kernel oil The oil pressed from the kernel
Kernel cake The residue after oil extraction

Table2. South Pacific indigenous nuts with significant commercial potential

) _ Standard Common, pidgin or vernacular name
Genus Main species Abbrev. common —
name PNG  Solomonls. Vanuatu Fiji
Canarium indicum CANIND  canariumnut  galip ngali nangai —
salomonense CANSAL  Ccanarium nut —! adoa/bush — —
ngali
harveyi CANHAR  Canarium nut — SantaCruz  nangai  kauningai
ngali
Barringtonia procera BARPRO cut nut pau cutnut navele
edulis BAREDU cut nut pau cutnut navele  vutu kana
novae-hiberniae BARNOV cut nut pau bush/wild navele
cut nut
Terminalia  catappa TERCAT sea almond talis dite natapoa tavole
kaernbachii TERKAE okari okari bush alite — —
Inocarpus  fagifer INOFAG Polynesian ala ailai namambe ivi
chestnut
Pandanus julianetti PANJUL  pandanus nut  karuka — — —
brosimos PANBRO  pandanusnut  wild — — —
karuka
dubius PANDUB  pandanus nut screw pine panadanas  fada

— known not to occur
1. Bougainville Island only

Source: Smith (1979, 1985), Henty (1982), French (1986), Henderson and Hancock (1988), Carlos and
Dawes (1990), Evans (1991a), Walter, Sam and Mabonlala (1993), Bourke (pers. comm.)
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The word potential is emphasised. Although
several nuts (particularly in group 1) are being
commercially developed, none has yet become
an established commodity.

Group 1: Nutswith traditional importance
and significant commercial potential

Nutsin this group are discussed in much greater
detail in the following sections, but it is worth
outlining some of their characteristics here. The
group contains 12 species of nuts from five gen-
era (Table 2). For commercial and marketing
purposes the 12 species can be condensed into
six commodities. These have been given care-
fully chosen standard common names (by my-
self and my colleagues Mike Bourke and Annie
Walter): canarium nut, cut nut, seaamond, okari
nut, Polynesian chestnut and pandanus nut.
None of the nuts in group 1 is botanically
classed as anut (defined as a‘ hard, indehiscent,
one-seeded fruit”), but all arecommonly referred
to asnuts. Thelist notably excludesthree candi-
dates: betel nut, the kernel from the Areca cat-
echu palm, which is chewed with lime asamild
stimulant in PNG and Solomon Islands; bread-
fruit (Artocarpus altilis), whose segments are
often referred to as nuts, but considered here as
a
staple; and the ubiquitous coconut (Cocos
nucifera), which iswell covered elsewhere.

Group 2: Nutswith traditional importance
or possible commercial potential

The list of nuts shown in Table 3 is not exhaus-
tive. There are probably more than 50 (non-
botanical) ‘nuts' found in the South Pacific and
many regionally important types are missing, but
| havetried to cover theimportant taxaand those
with possible commercial potential. Some of the
nutsin this group are covered in other papersin
these Proceedings. The group includes somenuts,
such as candle nut and kauri pine, which arewell
known in and outside theregion, and others, such
as lotus nut in PNG, which are of local impor-
tance only.

The listing of common, pidgin and common
vernacular names is incomplete and | would
welcome comments and additions.
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Canarium Nut (Canarium spp.)

Why Canarium nuts?

Before describing Canariumin detail it isworth
highlighting some of the main reasons why the
tree and its nuts are seen as such a strong pros-
pect for commercial development.

« Thekernels have a unique delicate taste.

« The NIS has a hard, non-perishable shell,
which protects the kernel from verminand
pathogens.

. The tree is widely distributed throughout
Melanesia

« The trees have been cultivated for thousands
of yearsin Melanesiaand hence are well inte-
grated into existing agricultural systems.

« Cultivation has produced a wide variety of
cultivarswith inherent pest and disease resist-
ance. This should provide a sound basis for a
modern systematic breeding program.

« Thetrees are multipurpose:

—they form part of existing multilayered
arboricultural systems

—the shells can be used for fuel wood, char-
coa and jewellery

—the kernel oil can be used for cooking and
cosmetics

—the oleoresin can be burnt for lighting and
incense or used to caulk boats

—the mesocarp can be eaten, used asfertiliser
or fed to animals.

In fact, the commercial potential of canarium
nut was recognised many years ago, but it has
taken a inexcusably long time for action to be
taken.

Economic species

There are more than 50 species of Canarium
(Burseraceae), spread from West Africato Poly-
nesia (Leenhouts 1959). Thetrees are dioecious,
but some cultivated species have become
polygamodioecious (male and female flowerson
separate trees plus variable ratios of hermaphro-
dite flowers on both) (Evans 1991a). The geo-
graphical centre of their genetic diversity isthe
Molucca Islands of eastern Indonesia, but their
centre of cultivated diversity is undoubtedly
western Melanesia. Twenty to 25 species are
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Table4. Economic characteristics of edible Canarium nuts
Species NIS wt KITwt K:Nratio Treeyield Treeyield Easeof Variation Taste
(9) (9) (%) (kgNIS)  (kgKIT) opening inNIS
NIS shape
C. indicum 12(5-200 2149 17 100 16 (5-81) variable . high ?
(<10-27)  (50-300)
C. salomonense 5 (4-6) 1(0.5-1.5) 19 25 5(2-11) easy low ?
(<15-22) (10-50)2
C. harveyi 15 (12-21) 4 (2-6) 24 (20-32) 50 (25-75) 12 (5-25) easy medium ?

1. Most data taken from Solomon Islands (Evans 1991a). Figures are averages and (ranges)
2. Tree NIS and KIT yields for C. salomonense and C. harveyi are estimates only

found in the South Pacific, of which 21 are in
PNG (Leenhouts 1959), eight in the Solomon
Islands (Evans 1991a) and three or four in
Vanuatu (Wheatley 1992). Probably all Canarium
species produce edible kernel s, but many are bit-
ter and small. Commercial interest in the South
Pacific is currently focused on three tradition-
ally cultivated species: C. indicum, C. salomon-
enseand C. harveyi (collectively called canarium
nut).

C.indicum(Fig.Al) isclosely related to three
species (in the taxonomic group vulgare) that are
semicommercialised in other countries: C.
vulgare (kenari nut) in Indonesia, and C. ovatum
(pili nut) and C. luzonicum (Manilaelemi) in the
Philippines. Pili and Manila elemi are discussed
by Coronel elsewhere in these Proceedings.

C. salomonense and C. harveyi are closely re-
lated (in the taxonomic group maluense). Both
species have a number of wild subspecies and
varieties, the taxonomy of which is complicated
and confused by cultivation. Commercial atten-
tion is focused on C. salomonense ssp. salom-
onense (Fig. A2) and C. harveyi var. nova-
hebridiense (Fig. A3).

Two other species of Canarium areworth not-
ing here. Little is known about the New Guinea
natives C. lamii and C. kaniense, but both have
very large NIS and kernels that are reputedly
edible. (See the paper by Yen in these Proceed-
ings for details of these last two species.)

Economic and marketing characteristics

The main economic characteristics of canarium
nut in the South Pacific are shown in Table 4.
Variation in the morphology of the NIS of C.
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indicum var. indicum is very high. This is
important commercialy as it results in a wide
range of K:N ratios, which necessitatesthe grad-
ing of NISto balance thereal cost of purchasing
kernels (Fig. 1). Some cultivars found on
Choiseul, Solomon Islands, have shells thin
enough to break by conventional hand crackers
(making them a candidate for Christmas nuts),
plusalarge kernel, and hence have acorrespond-
ingly high K:N ratio. Samples from commercial
purchases in West New Britain suggest that the
maximum K:N ratio in PNG could be much
higher than the 27% recorded in Solomon Islands
and Vanuatu (Evans, unpublished). Femaleflow-
ered trees of C. indicum have very high yields;
one tree in the Solomon Islands produced more
than 300 kg of NIS in one season (Chaplin and
Poa 1988).

Variation in the shape and size of the NIS of
C. salomonense ssp. salomonense is very low,
making it agood candidate for mechanical crack-
ing. Although the species produces relatively
small NIS, the K:N ratio is still quite high.

The NIS of C. harveyi var. nova-hebridiense
is very large and easy to crack. The trees yield
much fewer NIS than the other two species, but
the very high K:N ratio might result in similar
kernel yields.

Table 4 deliberately highlightsthe lack of any
measure of taste, acharacteristic of critical com-
mercial importance. The Natural Resources In-
stitute in the UK and Conservation I nternational
inthe USA have carried out some taste tests, but
to date there have been no comprehensive taste
trials using fresh material from al three species
prepared in a standard method. Thisis essential



D Canarnum indicum

Figure2. Distribution of Canarium indicum (adapted from Leenhouts 1959)

since the high oil content (> 70%) and soft tex-
ture of Canarium kernels makes them particu-
larly sensitive to processing techniques. | have
found peopl e’ s opinions (especially those of first
timers) on the taste of canarium nut to vary and
to be sensitive to processing technique. Gener-
ally, the kernels of C. salomonense are deemed
to be sweeter than the other two speciesand hence
a higher price is paid for them in Solomon Is-
lands. C. harveyi kernels are considered oily—
probably aresult of their different fatty acid com-
position as their total oil content is no higher
(Evans 1991b). Like the shape of their NIS, the
taste of C. indicum kernels differs enormously,
from a virtually unpalatable bitter to a soft
delicate coconut butter taste.

Distribution

Canariumisfound throughout Melanesiaaswell
as Tonga and Samoa, mostly below 500 m, and
on all land systems except swamps and man-
groves. Generally, smaller fruited species, which
are propagated by birdsand small animals, grow
wild in densities ranging from 0.1 to 2.0 trees
per hectare, but the larger fruited species are
mainly planted. The large size and number of
inland settlements that existed in Melanesia for
thousands of years before European contact has
led to clumpings of cultivated Canariumtreesin
and around those now abandoned sites. Near-

monocrop densities as high as 100 trees per
hectare can be found in some areas.
Thedistribution of C. indicumiswide (Fig. 2)
and its boundary with C. vulgare (its close taxo-
nomic relative) is blurred along its western
boundary. Interestingly, it is absent from the
Santa Cruz Islands of eastern Solomon Islands,
but reappears further south east in Vanuatu.
C. harveyi also has awide distribution (Fig. 3),
but the cultivated variety nova-hebridiense is
confined to alow number of small islandswhere
it is intensively selected. C. salomonense is an
endemic of the geographic Solomon Islands
(Bougainvilleto Makira), and has been found on
afew New Guineaislands aswell (Fig. 3).

Seasonality

The phenology of Canarium is determined by
day length; trees in the lower latitudes of the
South Pacific (PNG and western Solomons)
flower and fruit earlier than those in the higher
| atitudes (eastern Solomons and Vanuatu). Fruits
of C. indicum beginto mature asearly asMay in
West New Britain, PNG (7°S), whereasthose in
central Vanuatu (17°S) begin to mature around
October to December (Fig. 4). C. harveyi var.
nova-hebridiense begins to mature around
October to December. C. salomonense appears
tofruit sightly earlier than C. indicum at the same
latitude.
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Figure 3. Distribution of Canarium salomonense, C. harveyi and C. harveyi var. nova-hebridiense
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Figure4. Flowering and fruiting peiods of Canarium speciesin Melanesia. Trees in the lower latitudes
(PNG and western Solomons) flower and fruit earlier than those in the higher latitudes (eastern

Solomons and Vanuatu)

The flowering period of Canarium is very
brief—Iess than two weeks—and is followed by
along gestation of six to nine months.

The extended fruiting season of canarium nut
throughout M elanesia means that the region can
produce fresh canarium nuts for at least six
months a year, with the potential for each coun-
try to fill seasonal niches without overtly com-
peting against the others. Allowing for marketing
lead times, PNG in particular iswell placed to sup-
ply the Christmas period, when demand for nutsin
Europe and the USA more than doubles.

16

Production

Total production of canarium nuts in western
Melanesiais estimated to be more than 100 000
tonnes of NIS (= 16 000 t KIT @ 16% kernel
content) ayear from two million trees (Table 5).
(Estimates of total production from natural re-
sources are notoriously difficult but nonetheless
important for aspiring industries. Canarium nut
production is no exception, but the completion
of forest resource inventories in Vanuatu and
Solomon Islands now gives us a much clearer
idea of tree numbers. The figures shown in



Table 5 are the first attempt to estimate the an-
nual production of canarium nut in western Mela-
nesia. In compiling the figures | have always
erred to the conservative.) At current farm gate
prices this is worth US$25m annually as dried
NIS (US $0.20 to $0.37/kg) and a minimum of
US$50m (using aconservative price of US$3.00/
kg) as value-added processed kernels (cf. cur-
rent value of macadamia nuts, US$10/kg, Brazil
nuts, US$3.70/kg, and cashew nuts, US$5.90/kg).
In comparison, total world production of planta-
tion-based macadamia and natural Brazil nut
kernels is currently 7000 t and 26 000 t p.a
respectively.

Because of the remoteness of trees, the steep
and difficult terrain, low population densitiesand
poor infrastructure in western Melanesia, how-
ever, perhaps only 10% of total production isac-
cessiblefor commercial harvesting. Nevertheless,
after these allowances and using conservative
figures, total accessible production is estimated
to be 1600t kernelsayear, worth nearly US$5m.

These figures are not unrealistic. To put them
in perspective, the total accessible annual pro-
duction from ‘natural’ trees could be produced
by a plantation of just 2000 ha of mature C.
indicum (@10 t N1S/ha, 100 trees’ha and 50 kg
of NIS per tree).

Production does not, however, equal supply—
especialy inimperfect rural Melanesian markets.
The supply of canarium nuts, like any other ag-
ricultural commodity, will be a function of the
normal array of factors, such as price, accessto
and knowledge of the market, opportunity cost
of labour, and less tangible constraints such as
the strong cultural values attached to canarium
nuts. These latter constraints should not be
underestimated.

Current supply

Purchasing of canarium nuts began in Solomon
Islandsin 1989, in Vanuatu in 1990 and in PNG
in 1994. In Solomon Islands, where nuts are
bought at eight copra buying centres scattered
around the country, supply was more than 200 t
of NISin 1992 (Table 6), but has since declined
because the Commodity Export Marketing Au-
thority (CEMA) has ceased buying C. indicum.
In Vanuatu, where supply has ranged from 2 to

Estimated annual production of edible Canarium nuts in western Melanesia

Tableb.

Total revenue (US$m)
(at farm gate)

Current farm
gate NIS

Total KIT
production

Total NIS
production

of edible
Canarium trees
(million trees)

Total number

Average
density of
edible
Canarium

Area with
Canarium

Total lowland

forest area

buying price

(@50kg

KIT
(@$3/kg)

NIS

(US$/kg)

(@15%)
(®)

[treelyr)
(t)

trees’ha

(million ha)

(million ha)

Country

21.6

9.6
9.9
5.6

0.20
0.22
0.37

7 200
6 750

48 000
45 000
15 000
108 000

1.0
0.9

0.3

0.2?
0.5°
1.0

1.7

6.0

23.0

PNG

20.3

18
0.3
81

2.0
04

254

Solomon Is

6.8

48.6

2250
16 200

Vanuatu
Totd

251
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All figures rounded to one decimal place 1. North coast of New Guinea, New Britain, New Ireland and Bougainville 2. Evans (1994)

3. Forest inventories found edible Canarium densities of 0 to 1.1 (av. 0.76) trees’ha (> 60 cm) (SIG 1992-1994)

4. Sampl e transect inventories have found densities from 1 to 87 Canarium trees/ha (Walter pers. comm.)

Source for total lowland forest area: PNG: [UCN (1991); Vanuatu: Tacconi and Bennett (1993); Solomon Islands: SIG (1992-94); plus Barden (1993)

[
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Table®6.

Commercial supply (t of NIS) of edible Canarium nutsin western Melanesia

Country 1989 1990 1991 1992 1993 1994
PNG 30.0
Solomon Is. 3.5 2.6 45.8 205.2 7.28

Vanuatu* 24 10.6 55 151 28.8
Total 35 5.0 56.3 210.8 223 58.8
1. Oct-Dec only

2. July-Dec only

3. Purchasing of nuts stopped

4. Production in Vanuatu bridges calendar year i.e. Oct-Mar
Source: Evans (1991b), Pelomo (1993), Long Wah (pers. comm.), Wissink (pers. comm.)

30t NIS ayear, nuts are bought by a single pri-
vate businessin Port Vila (see the paper by Long
Wah in these Proceedings). The situationin PNG
is different again. There, an Australian-funded,
regional development project started to buy nuts
at twoto four existing trade storesin the Kandrian
and Gloucester Districts of West New Britain.
Nevertheless, supply reached 30 tonnes of NIS
in the first year of operation. Assuming that
CEMA resumes buying all nuts in Solomon
Islands, we can expect total supply in the region
in 1995 to approach 500 t of NIS— approxi-
mately 75t of KIT.

Resour ce capacity and sustainability

Existing supply in western Melanesiaislessthan
5% of estimated total accessible production and
less than 1% of estimated total production. As-
suming a consumption of 1 kg KIT per person
per year, current rural demand for NIS is esti-
mated to be a maximum of 10 000 t of NIS a
year. These deliberately cautious estimates (mini-
mising production, maximising demand) still
indicate a production surplus of 800t NISayear
(120 t KIT) from accessible trees in western
Melanesia, and 90 000t NIS (13500t KIT) from
total production.

The ecological potential for sustainable man-
agement of natural productsisafunction of their
botanical characteristics, life strategy, productiv-
ity and population structure (Peters 1994). Over-
all, the potential of Canarium is high (Table 7)
because of its high yields and easily dispersed
fruits. But other factors, such asitslow tree den-
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sity, recalcitrant seed and poorly understood re-
productive biology, will require good manage-
ment practices (for example, selection and re-
search) to ensure sustainability.

Finally, it is worth reiterating that production
of canarium nuts in the short to medium term
depends on existing stands of wild and semi-cul-
tivated trees in western Melanesia. This areais
currently facing an unprecedented logging boom.
The effect of the logging on canarium nut (and
other non-timber forest products) isunquantified.
In most cases, Canariumis listed as a protected
species, but the trees are still being cut for their
premium timber. (An indication of the despera-
tion for raw logsis demonstrated by the fact that
in classical timber manuals Canarium wood is
considered second-rate but, with the world sup-
ply of tropical timbers disappearing, Canarium
now attracts a premium.) Clearly, with a poten-
tial value of US$25 per tree per year from ker-
nels alone, it is important that the trees should
not be cut for their monetary value alone. One
possible benefit from sustainable logging is that
access to more remote Canarium trees could be
improved. Providing, of course, they are left
standing.

Cut Nut (Barringtonia spp.)

Why cut nut?

« Widely distributed throughout the south west
Pacific

« Very common cultivated treein coastal villages

. Easy to cultivate

« Good ‘nutty’ taste when processed



Table7. Overall management potential of Canarium based upon botanical characteristics
Feature Potential for sustainable management*
Resource group resins, fruits, seeds (1)

Yield/plant high (2)
Species characteristics:

Flowers smal, many (2)

Fruits small, many (2)

Seed germination
Sprouting capability

intermediate (1)
low (1)

Population structure:

Size—class distribution

type | curve (2)

Tree density/hectare 0-5 adults (0)
Spatial distribution clumped (1)
Regeneration guild primary (2)
Flower and fruit phenology annual (2)
Reproductive biology:
Pollination biotic, with generalist vector (1)

Pollinator abundance
Seed dispersal

Disperser abundance

unknown (0)
biotic, with generalist vector
common: pigeons, bats etc. (2)

Total points

20 (high ecological potential for sustainable
management)

* 0=low, 1 =medium, 2 = high
Adapted from Peters (1994)

« Long shelf-life after processing
« Comparatively low ail content.

Economic species

Barringtonia belongs to the diverse family
L ecythidaceae, which also contains Brazil nut.
Thereare some 40 speciesaround theworld, with
about 10 species found in the Pacific (Payens
1967). The herbarium-based taxonomy of
Barringtonia has restricted use in the field, but
for now is used to name three species of eco-
nomic importance: B. procera, B. edulis(Fig. A4)
and B. novae-hiberniae (collectively known as
cut nut).

Economic and marketing characteristics

Cut nuts have large inter- and intraspecies varia-
tion (Table 8). B. procera is more fecund than
the other two species. It has generally smaller
fruits but a higher K:N ratio, resulting in higher
kernel production per tree. The colour of thefruit,
endocarp and testa (see Table 1 for glossary of
terms) of cut nut is particularly variable, giving
12 distinguishable cultivarsin PNG (Jebb 1992),
15 in Solomon Islands (Evans 1991a) and more
than 10 in Vanuatu (Walter et al. 1993), but these
differences appear to have no correlation with
taste. Cut nut has a very high moisture content
when fresh, necessitating quick, effective and
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Table 8.

Economic characteristics of edible Barringtonia nuts

Est. tree Est. tree Ease of

Species Fruitwt KIT wt K:N ratio yidd yidd opening Variation in
0 X

© © ) gty (kgKIT)  fuit Titshape
B. procera 61 55 9.0 10-50 1-5 easy medium
B. edulis 99 5.0 45 10-50 05-25 easy medium
B. novae-hiberniae 91 3.7 39 10-50 0.5-2.0 easy medium
Most data taken from Solomon Islands (Evans 1991a)
standardised processing for marketing. Production

Distribution

Cut nut is cultivated in and around coastal vil-
lages, and isfrequently found growing semiwild
in near-coastal disturbed forest. The larger tree
of B. novae-hiberniae is also sometimes found
growingwildin primary forest. All three species
arefound in PNG, Solomon Islands and Vanuatu.
B. edulis extends eastwards to Fiji (Fig. 5) and
possibly further.

Seasonality

Cut nut trees fruit irregularly two or three times
ayear at lower latitudes (PNG and Solomon Is-
lands) and once or twice a year more regularly
further south in Vanuatu and Fiji.

It isnot possibleto accurately assess the number
of cut nut treesin the region astheir distribution
is clumped around villages and they are not re-
corded in (predominantly timber-based) forest
inventories. It would appear that there is not a
huge potential surplus from existing trees as de-
mand for their fresh, tasty and nutritious kernels
ishigh. However, the potential to easily increase
future production is very high as the trees are
easy to propagate (from seed or cuttings), arefast
growing, start to fruit early and grow on awide
range of sites.

Current supply

Cut nuts areregularly sold in local markets. The
only commercial sale of cut nuts has been in
Vanuatu: in 1990, 200 kg, and in 1994, 1200 kg

[J Barringtonia edulis
A Bartingtonia novae-hibernis
53 Barringtonia procera

Equator—

Figure5. Distribution of cut nut (Barringtonia procera, B. edulis and B. novae-hiberniae)
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KIT, at an approximate farm gate value of
US$2000.

Resour ce capacity and sustainability

Results from Vanuatu suggest that the commer-
cial market demand for processed cut nutsishigh.
However, current production from village-based
treesisunlikely to fully satisfy demand from any
expanded marketing operation. And it would be
nutritionally counterproductive to divert nuts
away from fresh consumption in villages. Any
major marketing initiative will, therefore, have
to be accompanied by an appropriate agricultural
and nutrition extension program aimed at increas-
ing tree humbers and maintaining domestic
consumption.

The ecological potential for the sustainable
management of cut nut from naturally occurring
treesisonly low to medium (Table 9), so unsup-
ported commercialisation is not recommended.
Given its uncomplicated agronomy, however, it
should be relatively easy to increase production
and to treat it more as a conventional cash crop
than as a naturally occurring, non-timber forest
product.

Sea Almond and Okari Nut
(Terminalia spp.)

Why Terminalia?

Interestin Terminaliaishigh because at least one
speciesisvery common in the South Pacific and

Table9. Overall management potential of cut nuts based upon botanical characteristics
Feature Potential for sustainable management*
Resource group fruits, seeds (1)

Yield/plant medium (1)
Species characteristics:

Flowers few, large (0)

Fruits few, large (0)

Seed germination high viability (2)

Sprouting capability high (2)

Population structure:
Size—class distribution
Tree density/hectare

Spatial distribution

type | curve (2)
10+ adults (2)
clumped (1)

Regeneration guild

late secondary (1)

Flower and fruit phenology

supra-annual (1)

Reproductive biology:
Pollination
Pollinator abundance
Seed dispersal

Disperser abundance

biotic, with generalist vector (1)
intermediate (1)
biotic, with specialist vector (0)

rare: large birds (0)

Tota points

15 (low to medium ecological potential for
sustainable management)

* 0=low, 1 =medium, 2 = high
Adapted from Peters (1994)
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because of thekernel’sdelicate flavour. The PNG
species produce very large kernels with a taste
considered by many to be the best of all indig-
enous nutsin the region.

Economic species

The genus Terminalia (Combretaceae) contains
around 250 species, many of which are impor-
tant for timber. Twenty to thirty speciesarefound
in the South Pacific (Coode 1969 and 1978); the
greatest diversity isin PNG. Commercial inter-
est is currently centred around T. catappa (sea
almond, also known as Indian aimond) and T.
kaernbachii (okari nut) (Table 2). T. impediens
isvery similar to T. kaernbachii but ismuch less
common in its native PNG. T. copelandii is re-
ported to have agood ediblekernel (Coode 1978),
asisT. sepicana.

Economic and marketing characteristics

T. kaernbachii (Fig. A5) are tall trees that can
produce more than 100 kg of very large fruits
(90-200 g) withaKIT ranging from5gto 159
and aK:N ratio of 5% to 10% (Table 10). Many
would consider okari nut to be the best tasting
indigenous nut in the Pacific.

T. catappa (Fig. A6) is a shorter, broader tree
that can produce morethan 50 kg of much smaller
fruits (8-20 g) and sweet tasting KIT (0.5-2.0g)
with a similar K:N ratio of 6% to 12% (Table
10). Intense selection of sea almond on certain
smaller islands has produced some large-
kernelled cultivars with distinctive tastes.

The kernels of seaamond and okari nut con-
tain more than 50% and 60% oil respectively,
which consists of mostly palmitic and oleic ac-
ids (Morton 1985, Clark et al. 1951).

The fruits and NIS of both species have to be
laboriously cut or prised opened with aknife. For

long-term storage the kernels must be dried,
roasted or frozen immediately after collection
owing to their high moisture content. The kernel
consists of a delicate and intricately entwined
cotyledon (first embryonic leaf), which is prone
to break apart unless handled very carefully.

Distribution

The pan-tropical seaamond isvery commonin
all coastal areas of the South Pacific and can be
found as far south as 30°S. The trees are mostly
self-sown, but on smaller islands are frequently
cultivated as part of multistorey tree crop sys-
tems. Okari nut is endemic to western and south-
ern New Guinea and is found at 50 to 1100 m
(see the paper by Bourke in these Proceedings).
The trees have been dowly introduced eastwards
and afew specimens can now be found as far east
asMakirain Solomon Idands.

Seasonality

Sea almond fruits sporadically throughout the
year at lower latitudes, and has heavier cropsto-
wards the end of the year at higher latitudes.
Okari nut fruits once ayear between March and
August according to latitude.

Production

No figures are available for either ssaalmond or
okari nut. The total production of seaamond in
the region is probably very high given its wide
distribution, but it is unclear if a real commer-
cial surplusexistsbecause, except onavery small
scale in Vanuatu, it has not been commercially
marketed. The trees are easy to propagate, how-
ever, so production could be quickly increased.
Production of okari nutisvery highin regions of
PNG but many trees are in remote areas.

Table 10. Economic characteristics of edible Terminalia nuts

. Fruitwt  KITwt KN raio v Uee  Bsttree  Baseof -\ iionin
Species ©) © %) yield yield opening o . shape
(kg fruit) (kg KIT) fruit
T. catappa 820 052 612 10-50 0.6-6.0 time- medium
consuming
T. kaernbachii 90-200 5-15 5-10 10-100 0.5-10.0 medium low

Source: Evans 19914, Chaplin 1985

22



Current supply

The only commercial sale of sea almond in the
region hasbeenin Vanuatu: in 1994 nearly 100 kg
of KIT was bought at avalue of US$1000. (Sub-
stantial amounts of sea almonds are regularly
traded in parts of Asiaand SE Asia.)

Okari nut has been commercially sold only
from the Managalas Plateau of PNG. In 1994,
1200 kg of KIT was bought from tree owners at
afarm gate price of US$1.50/kg and a total re-
tail value of nearly US$10 000 (see papers by
Houghton, Ase and Ol sson in these Proceedings).

Resour ce capacity and sustainability

Both Terminalia nuts are important local sources
of nutrition. They are frequently sold and bartered
inlocal markets and given as presents. The poten-
tial capacity of seaamond isvery high, but profit-
ability and hence supply could be limited by high
processing costs (mostly cracking). Local demand
for okari nut is high; with suitable processing tech-
niques, commercial demand could be likewise.
Seaalmonds are easily propagated, hardy and
fecund and therefore have a high potential for
sustainable management (Table 11). Prospectsfor

Table11. Overall management potential of edible Terminalia based upon botanical characteristics

Feature Potential for sustainable management*
T. catappa T. kaernbachii
Resource group resins, fruits, seeds (1) resins, fruits, seeds (1)
Yield/plant high (2) high (2)
Species characteristics:
Flowers smal, many (2) small, many (2)
Fruits intermediate (1) few, large (0)
Seed germination intermediate (1) low viability (0)
Sprouting capability high (2) low (1)

Population structure:

Size—class distribution  type | curve (2)

type | curve (2)

Tree density/hectare 0-5 adults (0) 0-5 adults (0)

Spatial distribution clumped (1) clumped (1)
Regeneration guild late secondary (1) primary (2)
Flower and fruit phenology annual to supra-annual (1.5) annual (2)

Reproductive biology:
Pollination
Pollinator abundance
Seed dispersal

Disperser abundance

biotic, with generalist vector (1)
common: small insects (2)

biotic, with generalist vector (1)

common: pigeons, bats etc. (2)

biotic, with generalist vector (1)
intermediate (1)

biotic, with generalist vector (1)
common: mammals, pigeons, bats etc.

&)

Total points 20.5 (high)

18 (medium to high ecological
potential for sustainable management)

* 0=low, 1 =medium, 2 = high
Adapted from Peters (1994)
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okari nut are generally good, but the rudimen-
tary seeds have difficulty sprouting and areafa-
voured food of animals. Commercial develop-
ment would therefore require backup with nurs-
ery propagation to ensure adequate regeneration.

Polynesian Chestnut (Inocarpus fagifer)

Why Polynesian chestnut?

The trees are widely distributed and site-toler-
ant, and there are agreat many cultivars. Theker-
nels, which must be cooked before eating, are
declining in importance as alocal food, making
them potentially available for commercial mar-
keting without anti-nutritional consequences
(outside disasters).

Economic species

Inocar pus belongsto thelarge leguminous‘ bean’
family Fabaceae. There are various accounts of
closely related edible species in the genus
Inocarpus, but most have been reduced to taxo-
nomic synonyms (for example, . fagiferus and
I. edulis) and cultivars of |. fagifer (Fig. A7).

Economic and marketing characteristics

The fruit is a large (6-10 x 5-10 cm), green-
brown, indehiscent pod that contains a single
starchy seed (kernel). The seed must be roasted
or boiled before eating to remove mild toxins.
Once roasted, the taste is rather bland, but the
seeds are easily stored and transported, making
them a good candidate for commercial market-
ing—perhaps with flavour enhancements. Trees
can produce more than 100 fruits per season
(Aburu 1982). Variation in fruit—and to alesser
extent seed size—is high, as there are many
cultivars throughout the South Pacific.

Distribution

A native of Malesia, Polynesian chestnut grows
naturally and is cultivated in most lowland, wet
and seaside parts of the South Pacific (see pa-
persby Bourke and Walter in these Proceedings).

Seasonality

Fruiting is seasonal, around January to May de-
pending on latitude, but some cultivars appear
to produce unseasonal crops.
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Production

No figuresare avail able. Assumed to be high but
decreasing owing to a decline in the importance
of the kernels as alocal food crop.

Current supply

Polynesian chestnuts are still an important food
and barter crop in some areas of the South Pa-
cific, but thereisno current commercial market-
ing of the kernels.

Resour ce capacity and sustainability

Regional production is assumed to be high, but
there might not be existing local surpluses suit-
ablefor marketing. Thereisapotential for com-
mercia production, however, as the kernels are
becoming less important as alocal food source,
and thetrees arerobust, site-tolerant and easy to
propagate, and have a high potential for sustain-
able management (Table 12).

Pandanus Nut (Pandanus spp.)

Why pandanus nut?

There are many endemic speciesthat are easy to
propagate true-to-type and that cover a wide
range of sites. The nutsform part of existing food
systems with a strong production base.

Economic species

Pandanus (Pandanaceae) has about 600 species,
many of which are endemics. The taxonomy of
the Pacific speciesremains unresolved, but three
current species are of commercial interest: P.
julianettii (karuka), P. brosimos (wild karuka) and
P. dubius (collectively known as pandanus nut).
(Thecultivated P. julianettii could be acultivated
form of P. brosimos (Stone 1992).)

Economic and marketing characteristics

Thefruit is asyncarp that can grow up to 30 cm
in diameter and 15 kg in weight. It contains 50
or more fibrous segments, each with two to four
edible seeds and flesh that can, according to spe-
cies, be eaten raw or after cooking. After roast-
ing or slow drying the seeds can be preserved
for several months. The seeds contain between
10% and 60% oil according to species. Cultiva-
tion of karuka has produced many cultivarswith



variabletastesthat can be reproduced true-to-type
from suckers or stem cuttings.

The hardy stemsand |leaves of most Pandanus
are used in handicraft, furniture and building
materials.

Distribution

The karukas are confined to the higher altitudes
(above 1800 m) of New Guinea (see paper by
Bourkein these Proceedings), whereasP. dubius
is found throughout the sandy shorelines of the
South Pacific islands.

Seasonality

The karuka fruiting season usually starts at the
beginning of the year, but can vary dramatically
according to temperature and rainfall (see paper
by Bourkein these Proceedings). P. dubiusfruits
sporadically according to latitude, site and stress.

Production

No figures are available. Karuka production is
variable. P. dubius production is said to have
declined in Polynesia.

Current supply

Karukaisan important seasonal food crop in the
PNG highlands, where local demand is high.

Table 12. Overall management potential of Polynesian chestnuts based upon botanical characteristics

Feature Potential for sustainable management*
Resource group fruits, seeds (1)

Yield/plant medium (1)
Species characteristics:

Flowers smal, many (2)

Fruits intermediate (1)

Seed germination
Sprouting capability

high viability (2)
high (2)

Population structure:
Size—class distribution
Tree density/hectare
Spatial distribution

type | curve (2)
0-5 adults (0)
clumped (1)

Regeneration guild

late secondary (1)

Flower and fruit phenology

annual (2)

Reproductive biology:
Pollination
Pollinator abundance
Seed dispersal

Disperser abundance

biotic, with generalist vector (1)
intermediate (1)
biotic, with generalist vector (1)

common: bats (2)

Total points

20 (high ecological potential for sustainable
management)

* 0=low, 1 =medium, 2 = high
Adapted from Peters (1994)
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Informal trading takes place but thereis no com-
mercial marketing. Similarly, preserved P. dubius
seeds are also bartered and marketed locally on
some smaller Polynesian and Micronesian is-
lands, but no formalised trade existsin the South
Pacific.

Resour ce capacity and sustainability

Total karuka production is evidently high, but
observers are quick to point out the nutritional
importance of the seasonal crop. It would there-
fore be wise to complement any commercialisa-
tion with increased (nursery?) propagation and
planting. Although karuka is known to be site-
tolerant, thefragile ecosystem of the New Guinea

highlands will necessitate careful site selection
and management for any intensification of pro-
duction (Table 13).
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FigureAl. CanariumindicumL. var. indicum, canarium nut. A: branch with leaves, stipules and
inflorescence with flowers (male + hermaphrodite). B: nutsin-shell from different cultivars.
(Drawn from composite Solomon Islands material)
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Figure A2. Canarium salomonense Burt. ssp. salomonense, canarium nut. A: branch with leaves, stipules
and inflorescence with flowers (sex unknown). B: inflorescence with fruit. C: nuts-in-shell. D:
kernel with testa removed. (Drawn from composite Solomon Islands material)
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Figure A3. Canarium harveyi Seem. var. nova-hebridiense Leenh., canarium nut. A: branch with fruit,
leaves, stipules and inflorescence with flowers (male + hermaphrodite). B: nuts-in-shell.
C: kernel with testa removed. (Drawn from composite Solomon Islands material)
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Figure A4. Barringtonia edulis (?) (Miers) Seem. ex Solomon Islands, cut nut. A: inflorescence. B: fruit.
U: leaves. (By kind permission of Chris Henderson)
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Figure AS. Terminalia kaernbachii Warb., okari nut. A: tree. B: flowering branch with fruit. C: leaf.
D: cross-section of kernel. E: longitudinal section of fruit. (By kind permission of Graham
Chaplin)
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Figure A6. Terminalia catappa L., ex Solomon Islands, sea amond. A: tree. B: branch with leaves and fruit.
C: branch with inflorescence and flowers (sex unknown). D: fruit. (From Henderson and
Hancock 1988)
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Figure A7. Inocarpus fagifer (Park. ex Zoll.) Fosh. ex Solomon Islands, Polynesian chestnut. A: tree.
B: branch with fruit. C: inflorescence. (From Henderson and Hancock 1988)
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