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Abstract Archaeological wood charcoal analysis or

anthracology has been applied for the first time in New

Caledonia as part of an interdisciplinary research program

examining Kanak pre-colonial landscape management in a

valley on the northeast coast of the subtropical Pacific

island. In contrast to previous hypotheses, this study

demonstrated that when the Kanak traditional cultural

complex emerged around AD 1000, following the initial

2,000 years of human presence on the island, the vegeta-

tion cover showed few signs of deforestation and the

tropical rainforests were still prominent. The vegetation

surrounding Kanak settlement sites evolved during the first

half of the 2nd millennium AD towards a more open but

more complex composition that included useful taxa. This

was interpreted as showing a form of forest management

and possible arboriculture (the cultivation and management

of trees). However, in sharp contrast to its Melanesian

neighbours, very little is known about arboricultural prac-

tices in New Caledonia. Through the interpretation of data

from two sites in particular, a discussion of the two-step

analytical process is used to argue for the existence of

arboricultural practices associated with these sites: (1)

using anthracological data to reconstruct the vegetational

landscape, together with ethnobotanical, ethnohistorical

and archaeological data; (2) allowing for the recognition of

specific practices of forest domestication, based on the

manipulation of plants and of spatial patterns of forests. At

a time when archaeology is engaged in a process of post-

colonial re-evaluation of its schemes of interpretation, it

seems timely for archaeobotany to try integrating more

indigenous systems of representation into its analyses. The

approach presented here is an effort in this direction, trying

to make sense of new data by reading them through a local

lens.

Keywords Anthracology � Pacific � Arboriculture �
Tropics � Indigenous systems of representation

Introduction

New Caledonia is a subtropical Pacific archipelago located

at the southern tip of the so-called region of Melanesia, first

peopled 3,000 years ago during the Lapita cultural

expansion (Fig. 1; Sand 2010). Within this archipelago, the

study of Kanak traditional societies has long been the field

of ethnology, while analysis of traditional plant manage-

ment practices has mainly been the focus of cultural

geographers (Dotte 2010). Multidisciplinary and dia-

chronic approaches on these questions have remained rare,

with archaeology originally concentrating on issues of first

settlement (Sand et al. 2008) and with sparse palaeoenvi-

ronmental data available (Sémah 1998; Stevenson 2004).

To start addressing these gaps in our knowledge, a

multidisciplinary research project combining anthracology

(wood charcoal analysis), settlement patterns in archaeol-

ogy and ethnohistorical as well as ethnological analyses

was conducted in the Tiwaka valley, northeastern Grande

Terre (Fig. 1; Dotte-Sarout 2010; Dotte-Sarout et al.
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2013a). The main goal of the project was to understand

past changes in forest composition and uses by humans of

vegetation resources, in order to define the dynamics of

landscape transformation during the Kanak pre-colonial

period, from around AD 1000 to the late 19th century (Sand

et al. 2008).

Based on the subsistence model classically applied to

New Caledonia and the Pacific islands in general (e.g.

Haberle et al. 2010; Kirch 2000, 2004; Kirch and Hunt

1997; McWethy et al. 2010; Sand 2002), the initial use of

an extensive slash-and-burn horticultural system with the

arrival of people 3,000 years ago would have left strong

signatures of deforestation on the vegetation. The subse-

quent development of cultivation techniques using irrigated

terraces and drained mounds during the Kanak pre-colonial

period is usually seen as a more sustainable way to exploit

natural resources and to reduce the human impact on the

environment (Sand 2002; Sand et al. 2008). Surprisingly,

the results of the present study produced a more complex

history in the Tiwaka valley, beginning in the 2nd mil-

lennium AD with Kanak land occupation patterns develop-

ing in a well-forested landscape showing few signs of

deforestation. Rapid forest perturbations and savanna

extension appear after the 17th century AD, when the

human presence in the valley seems to have intensified

with the development of settlement and horticultural sites

(Dotte-Sarout et al. 2013a). These results stand in sharp

contrast to the expectations produced by the classic model

of itinerant slash-and-burn horticulture usually associated

with the first millennia of human presence in Pacific

archaeology narratives (e.g. Haberle et al. 2010; Kirch

2000, 2004; Kirch and Hunt 1997; McWethy et al. 2010;

Sand 2002). However, and rather paradoxically, the results

make sense in relation to the large body of ethnological

data on traditional practices of arboriculture and on the

existence of complex practices of forest ‘‘domestication’’

or management throughout Melanesia and southeast Asia

(Barrau 1962; Blench 2005; Kennedy 2012; Latinis 2000;

Walter and Sam 1999; Yen 1996), but only rarely referring

to New Caledonia. Here, two case studies are presented

from the research undertaken in the Tiwaka valley to dis-

cuss the two-step analytical process that was used to move

from anthracological data to interpretation within local

sociocultural frameworks, eventually leading to an argu-

ment for the existence of specific practices of forest

domestication in New Caledonia.

Materials and methods

Methods

This project represents the first application of anthracology

in New Caledonia, and in the Melanesian region generally

(Dotte-Sarout et al. 2015). The archipelago is renowned for

its highly diverse and peculiar flora, constituting, alone, one

of the world’s most floristically diverse regions with more

than 3,200 indigenous species of vascular plants, of which

77 % are endemic (Jaffré et al. 2004). The pioneering work

of Rita Scheel-Ybert in a similarly diverse and complex

tropical environment in Brazil (2000, 2001, 2002) has pro-

vided a set of essential references, especially with regard to

Fig. 1 Location of New

Caledonia and the Tiwaka

valley, adapted from Dotte-

Sarout (2010)
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diversity indices and size of assemblages. A local reference

collection of 142 woody taxa from New Caledonia was first

established by the author and a wood anatomy database

developed (Dotte-Sarout 2010). To strategically prioritize

certain taxa with regard to the extreme richness of the New

Caledonian flora, botanical surveys were conducted in

associationwith a review of the ethnobotanical and botanical

literature (Dotte 2010). In accordance with the main eco-

logical characteristics of the Tiwaka valley, and within the

archaeological focus of the study, the collection was orien-

tated towards species associated with rainforest (65 % of the

taxa) or with human activities such as cultivation, symbolic

use or as ruderals, with an over-representation of non-en-

demic species (close to 50 % of the collected taxa).

Three pre-colonial Kanak settlement sites located in

different parts of the valley were chosen for excavation.

Here, we focus on the two providing the richest anthraco-

logical records, Pwadaunu, a site located on a mountain

slope at one of the higher elevations in the valley, and

Komijièn, a site located on the coastal alluvial plain, close

to the mouth of the river Tiwaka. Abandoned traditional

Kanak habitation sites are visible in the landscape as

clusters of round mounds on top of which were once

erected the houses of individual nuclear families. One

settlement mound was chosen at each of the sites for

excavation, according to various criteria (Dotte-Sarout

2010). Test pits of 1 9 1 m to 2 9 1 m were excavated, so

as to expose the three usual layers of a traditional Kanak

house mound.

1. the pre-construction layer, expected to yield an

anthracological assemblage representative of vegeta-

tion clearance before construction;

2. the mound construction layer, expected to hold an

anthracological deposit related to the very first occu-

pation of the site, as new house mounds were

progressively constructed and the site expanded as

the resident population increased (Dotte-Sarout et al.

2013b; Sand et al. 2008);

3. the occupation(s) layer(s), expected to produce an

anthracological assemblage representing the later

phase(s) of occupation of the site, in particular the

occupation(s) of the related house.

All excavated sediments were collected by stratigraphic

units and features and wet-sieved in a nearby river with 2

and 4 mm meshes. Because flotation proved to be ineffi-

cient due to the clayey nature of the sediment, all charcoal

fragments were handpicked directly from the sieves, dried

and bagged in the field. The two sites described in the

present study did not yield any concentration features

within the excavation test pits, so ‘assemblage’ hereafter

relates only to samples created by the collection of

dispersed charcoal from occupation, construction and pre-

construction layers (Dotte-Sarout 2010, Dotte-Sarout et al.

2013a). Preparation, observation and identification of

charcoal fragments followed standard anthracological

techniques (Chabal et al. 1999), with reference to the local

wood anatomy database (ESM). Based on an ideal size for

charcoal assemblages from tropical environments sug-

gested by Scheel-Ybert (2002), archaeological assemblages

consisted of 300–400 identifiable fragments depending on

the deposit charcoal richness, while pedo-anthracological

assemblages from the pre-construction layers contained

around 100 fragments each, as these were generally in

poorer states of preservation. Exact numbers for the Pwa-

daunu and Komijièn sites are presented in Table 1. Satu-

ration curves (taxa/fragments) and Gini-Lorenz indices

(taxa rank/taxonomic diversity) were used to test the eco-

logical diversity of the assemblages and guarantee their

representativity (Chabal et al. 1999; Dotte-Sarout et al.

2015). Most of the Gini-Lorenz indices are between 25:75

and 29:71, in accordance with the ideal reference of 25:75

and lower limit of 30:70, as calculated for diverse tropical

environments by Scheel-Ybert (2002) (Table 1). There are

two low indices for Komijièn (32:68, 36:64) and these

reflect assemblages where extreme diversity is likely to

have resulted from two factors: (1) mixed origins of orig-

inal wood samples from a composite environment of for-

ests, mangroves and riverine as well as coastal vegetation;

(2) depositional contexts favouring high taxonomic diver-

sity (stratigraphy in Dotte-Sarout 2010, Dotte-Sarout et al.

2013a).

Overall, two thirds of the fragments analysed were

identified, more than 50 % to genus level, representing 136

different taxa, with high taxonomic diversity in the

assemblages (Table 1). Unidentified taxa comprise 70

different types, represented in proportions of less than 1 %

of the assemblages, except for one type that reached 9.4 %

in one assemblage from the third site, which is not con-

sidered here. Twelve taxa were found in half or more than

half of all the assemblages analysed during the project,

eight in total, and showed the highest occurrence in pro-

portions of fragments, ranging from 2 to 13 % per

assemblage on average (Table 2 and ESM). Among these,

nine are typical rainforest taxa, and one is a savanna woody

taxon, Melaleuca quinquenervia, which often spreads fol-

lowing fire. However, the most frequently occurring taxon

in all the assemblages is from the Casuarinaceae family.

The latter comprises two genera that demonstrate close

anatomical similarity (Fig. 2). Only one species, Casuarina

equisetifolia can be clearly differentiated, by the length and

width of its rays (Détienne and Jacquet 1999; Dotte-Sarout

2010). It is associated with halophytic vegetation and is

found in low frequency at Komijièn. The majority of the

Casuarinaceae found in both assemblages could be either:
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(1) C. collina, a very wide-ranging species that inhabits

wetlands, open, dry or secondary vegetation and which is

planted close to houses; or (2) Gymnostoma nodiflorum, a

species characteristic of deep valley riverside vegetation,

and one of the main woody taxa in a specific type of

rainforest, characterised by an open and light-demanding

vegetation, called ‘‘photoxerophilous rainforest type’’

(Jaffré et al. 1994, 2004; Virot 1951).

Archaeological and theoretical background

On the Grande Terre, the Kanak territorial settlement

system appears to have been organized as inter-connected

spatial, social and economic units that had a certain degree

of mobility within a fixed territory, known as ‘‘country’’ in

the Kanak languages (Dotte et al. 2013b; Sand et al. 2008;

Saussol 1990). This territory, ideally corresponding to an

alluvial valley, was linked, according to anthropological

studies, to a chiefdom and to an extended kinship group

associated with the ‘‘house’’ society type (Bensa and Riv-

ierre 1982, pp. 32–33).

Most archaeological occupation sites identified on the

Grande Terre are related to artificial earth features for

horticultural use of the land, either drained or irrigated.

This division of the landscape between dry and wet areas

corresponds to a spatial model widely applied throughout

Oceania (Barrau 1962, 1965). For dry crop cultivation

mainly of numerous local varieties of Dioscorea alata and

D. esculenta (yams), these features consist of parallel

elongated raised mounds separated by drainage trenches,

arranged according to the topography (Barrau 1956). For

growing wet crops mainly of numerous varieties of Colo-

casia esculenta (taro) associated with Saccharum offici-

narum (sugar cane) and Musa spp. (banana), the features

consist of irrigated terraces that were built around the

slopes of mountains and hills. Ethnohistorical accounts also

report that extensive terraces and other types of irrigation

structures existed in the alluvial plains or on smaller islands

of the archipelago (Barrau 1956; Sand 2012).

According to current archaeological datasets, it has been

proposed that the wet and dry types of horticultural features

could have had different histories (Dotte-Sarout et al.

2013a). Indeed, the dry horticulture features could be seen

as stemming from pre-Lapita traditions which had

Table 1 Richness and

taxonomical diversity of the

anthracological assemblages for

Pwadaunu and Komijièn

Layer Sample size (n identifiable fragments) n identifiable taxa Gini-Lorenz Index

Pwadaunu SU1 400 66 28:72

SU2 300 61 29:71

SU3 94 33 29:71

Komijien SU2 406 77 25:75

SU3 300 74 32:68

SU4 100 36 36:64

Note that in the sites presented here ‘Sample’ = ‘Assemblage’. N identifiable taxa record the number of

securely differentiated taxa, hence when some fragments were tentatively identified as confer to a previ-

ously securely identified taxon in the same assemblage (mainly due to difficulty in observation of specific

features on some fragments) these were not counted as two different taxa (i.e. Carpolepsis and cf.

Carpolepsis)

Table 2 Most frequent taxa

throughout the three original

sites analysed as part of the

Tiwaka valley study (eight

assemblages)

Taxon N assemblages Average% in assemblage

Casuarina collina/Gymnosperma nodiflorum 6 13.1

Symplocos arborea/Nemuaron vieillardii 6 7.3

Melaleuca quinquenervia 6 4.1

Schefflera spp. 6 4

Montrouziera cauliflora 4 4

Ellatostachys apetala 5 3.9

Cunoniaceae 8 3.5

Crossostylis spp. 6 3.4

Hibiscus tiliaceus 5 2.8

Cyatheaceae 7 2

Fagraea berteroana 6 2

Carpolepis laurifolia 7 2
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developed in Papua New Guinea from the early Holocene

(Denham 2005), while irrigated fields appear to have

emerged at the end of the 1st millennium AD on the Grande

Terre and then developed on a particularly large scale there

relative to other Pacific islands (Sand 2012). Until the

present study, it was generally considered that these types

of constructions represented a sustainable answer to the

destructive effects of the progressive intensification of

agricultural slash-and-burn practices before this. This

interpretation was based mainly on the observation of some

thick sedimentary layers and increased charcoal deposits

directly pre-dating the development of the Kanak complex

(Sand 2002; Sand et al. 2008), and on pollen analyses

which showed an opening-up of the vegetation in the

centuries following the arrival of people on New Caledonia

in the 1st millennium BC (Sémah 1998; Stevenson 2004).

Such data and explanation were easily integrated within the

classic regional interpretative framework applied through-

out the Pacific regarding the history of human deforestation

on the islands (Kirch 2004).

In parallel, the work of cultural anthropologists has

tended to emphasize the universal presence and multiple

functions of plants, especially woody taxa, within Kanak

societies (Bensa and Rivierre 1982; Guiart 1956; Leenhardt

1953; Saussol 1990). Although the importance of plants in

the Kanak world is usually taken for granted, the actual

presence of trees or plants around ancient occupation sites

can be easily overlooked in archaeological studies that deal

Fig. 2 Anatomy details of Casuarinaceae wood charcoals found in high frequencies in the study
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with spatial occupation patterns or in non-archaeological

reconstructions of past environments.

To address these issues, and in order to help build

a better theoretical framework for the anthracological

analysis, a preliminary study was conducted to explore

models of management of the vegetation within the terri-

torial framework and the associated subsistence system of

Kanak pre-colonial societies (Dotte 2010). Archaeological

field surveys were done at the beginning of the research

programme which were associated with botanical surveys

and ethnobotanical observations. Comparison of the vari-

ous types of field data with ethnological, archaeological,

botanical or ethnobotanical literature resulted in a redefi-

nition of the pre-colonial horticultural system. In particular,

it was proposed that a specific territorial pattern existed

which integrated trees and other woody plants with fores-

ted land. Three kinds of vegetation areas were charac-

terised, based on taxonomic diversity and the degree of

domestication, in the sense of human manipulation.

Twenty species most often associated with pre-colonial

Kanak habitation sites were also identified (Table 3).

The first area was characterized as the domestic space,

one dominated by culture, in every sense of the word. This

is where the occupation and horticultural structures or

gardens are found, and where the pre-existing forest had

been cleared to plant crops and symbolic or useful plants,

according to a strict spatial organization (Bensa and Riv-

ierre 1982; Guiart 1956; Leenhardt 1953; Saussol 1990).

This domestic area comprises two distinctive spatial units

that can mix. One is a strictly social and ritual space where

only plants fulfilling a symbolic role are found, such as

Araucaria columnaris, Cocos nucifera, Cordyline and

Dendrocalamus. The other is the horticultural economic

space consisting of small gardens adjacent to the settlement

or more distant and extensive horticultural features where

food crops are grown, including some trees such as Musa

spp., Syzygium malaccense and Artocarpus altilis, and later

on, post contact introductions such as Carica papaya

(Table 3; Dotte 2010).

The regular occurrence of several crops or symbolic tree

taxa on the edge of archaeological occupation sites seems

to indicate the past frontier zone between the domestic area

and the forest. This hybrid area, the second vegetation area

identified as part of the territorial system, is characterized

by the presence of rainforest taxa that also produce edible

fruits and nuts, or woody plants with known ecological,

ritual, useful or aesthetic functions. Several of these

important attributes are often present in a single tree taxon,

for example Hibiscus tiliaceus, Fagraea berteroana and

Ficus spp. (Table 3; Dotte 2010).

Based on oral traditions and ethnographical studies, the

forest is the domain of the ‘‘uncultivated’’, rather than the

‘‘wild’’ in the Western sense of the term (Haudricourt

1964). This uncultivated land, the third vegetation area, is a

space occupied by various elements that have left the

‘‘cultivated’’ world for a time only: ancestor spirits or

abandoned settlements and horticultural structures in fal-

low. This forest is still part of the daily landscape though,

crossed by the paths that connect related occupation sites

and horticultural features, or places that are used for

hunting. These trips and specialized visits facilitate the

collection of fruits, nuts or other edible plant parts, as well

as timber (Barrau 1962; Leenhardt 1953) and, we can

hypothesize, firewood.

In neighbouring islands and archipelagos where detailed

ethnobotanical studies on arboriculture have been under-

taken, specific practices of resource management within the

forest have been recorded. The location of the most useful

trees is precisely known by local communities and trans-

mitted within a social group. Specific trees are tended by

pruning or protection during slash and burns, and useful

taxa can be transplanted within or between determined

forest areas to extend their range or distribution, or, in the

case of important economic crops such as fruit trees, be

planted along paths (Kennedy 2012; Latinis 2000; Walter

and Sam 1999; Yen 1996). Several observations made in

the field in New Caledonia tend to show that similar

practices may have existed during pre-colonial times

(Dotte 2010); in line with Haudricourt’s definition of the

forest as the uncultivated, that is, not part of the social

world, rather than the natural or wild space, the forested

landscapes surrounding Kanak habitation sites could have

been profoundly manipulated environments. However,

until the present study, no precise archaeobotanical data

could directly confirm or refute such a model.

Results

Pwadaunu

The occupation site of Pwadaunu is situated at ca. 500 m

a.s.l. on Mwı̂dip mountain, which reaches 959 m a.s.l. A

total of 88 different taxa were identified including 15

indeterminate types within the three assemblages studied in

the anthracological analysis.

The oldest assemblage comes from SU3, a stratigraphic

unit (SU) at a level lying directly on the natural rocky

substrate and preceding the mound construction level.

These deposits were archaeologically sterile with the

exception of signs of a fire event dated to ca. 11th–12th

century AD, interpreted as the result of forest clearance for

the establishment of the first occupation mounds in the area

(Dotte-Sarout 2010, pp. 237–251; Dotte-Sarout et al.

2013a). An unequivocally strong rainforest signature

characterizes the anthracological assemblage and there is a
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Table 3 Woody taxa with known uses or symbolic values, recorded as being present and exploited in or around traditional Kanak habitation

sites, from literature and field surveys by Barrau (1962), Jaffré et al. (2004), McKee (1985) and Walter and Sam (1999)
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notable absence of savanna or ruderal taxa (Fig. 3). All of

the identified taxa are found in New Caledonian rain-

forests; the most abundant families in the assemblage are

typical of these vegetation types, Euphorbiaceae, Myr-

taceae, Clusiaceae, Rubiaceae, Meliaceae and Cunoniaceae

(Jaffré et al. 1994, 2004). The assemblage displays an

average taxonomic diversity for its relatively small size, in

comparison with the medium number of taxa and diversity

recorded for New Caledonia during the study (Dotte-Sarout

2010; Dotte-Sarout et al. 2015). It comprises 33 taxa from

94 fragments and its Gini–Lorenz index of 29:71 falls

within the tropical reference range.

There appears to be an over-representation of the two

most frequently occurring taxa, Type 1 cf. Symplocos sp./

Nemuaron vieillardii representing two endemic taxa with

strong anatomical similarities, and a member of the

Casuarinaceae, cf. Casuarina collina/Gymnostoma nodi-

florum. Both Symplocos sp. and Nemuaron vieillardii are

typical of dense tropical rainforests. The two Casuari-

naceae share a common association with open, light-de-

manding and relatively dry vegetation, as mentioned

above. Moreover, a small number of taxa, including the

secondary taxa Carpolepis laurifolia and Dysoxilum sp, are

characteristic of the low and medium altitude photoxe-

rophilous rainforest (Jaffré et al. 1994; Virot 1951). This

forest type is distinguished by the presence of more light-

seeking taxa adapted to drier conditions than is usually the

case in typical rainforests, and is characterized by the

dominance of Gymnostoma (Jaffré et al. 1994; Virot 1951).

Hence, it appears that the vegetation covering the area just

before the establishment of the Kanak occupation site at the

turn of the 2nd millennium AD was a diverse rainforest, but

a specific open type.

While we observe the presence of this open rainforest, it

is interesting to note that, at the turn of the 11th century,

the regional climate seems to have changed relatively

abruptly from generally dry conditions to the establishment

of cyclonic and wet conditions, which continued until the

mid 15th century. Following these changes, it appears that

the climate entered a phase marked by a strong irregularity

in rainfall patterns which has continued up to the present

day (Dotte-Sarout 2010).

In the overlying mound construction deposits (SU 2), the

first traces of human activity are recorded in the form of (1)

pre-contact archaeological remains (Dotte-Sarout et al.

2013a) and (2) the appearance of woody taxa commonly

associated with people, such as economic and symbolic

trees (Fig. 3, see taxa grouped under ‘‘anthropogenic veg-

etation’’). According to the development patterns of Kanak

pre-colonial occupation sites, this deposit is interpreted as

representing remains from surrounding domestic activities

on some early mounds, between the 13th and 14th centuries

cal AD. The mound itself is thought to have been

constructed at some point during the 15th century AD

(Dotte-Sarout et al. 2013a).

These developments appear to have resulted in a sub-

stantial transformation of the surrounding forested land.

Indeed, the assemblage from SU 2 shows, as well as purely

socio-cultural taxa, the appearance and multiplication of

trees characterized by a wide variety of ecological condi-

tions and reflecting a clear opening of the forest associated

with human impact. There are secondary taxa such as

Geissois spp. and savanna taxa such as Melaleuca quin-

quenervia (Fig. 3). Nevertheless, this transformation hap-

pened in parallel with a general persistence of the

rainforest, with the photoxerophilous type still being

strongly represented and Casuarina collina/Gymnostoma

nodiflorum type remaining the most frequent taxon in the

assemblage. The most frequent families continue to be

those of the main rainforest woody species, Euphorbiaceae

and Myrtaceae, then Cunoniaceae, Apocynaceae and

Sapindaceae. A third of the taxa (a quarter of the frag-

ments) are restricted to rainforests. The assemblage is a

large and rich one with 61 taxa from 300 fragments, and

with a satisfactory Gini-Lorenz index of 29:71.

A suite of taxa seems to represent various forms of

human impact on the forest, which could be linked to the

increasingly open type of vegetation there, in spite of the

wetter climatic conditions recorded for the period. Firstly,

the appearance of the savanna species Melaleuca quin-

quenervia and of pioneer rainforest taxa such as Sapin-

daceae cf. Guioa villosa, Pagiantha serifera and Geissois

spp., is notable. Secondly, the assemblage includes rain-

forest taxa with specific socio-economic value such as

Aleurites moluccana, also represented by nut remains,

Fagraea berteroana, Ficus sp., Araucariaceae cf. Arau-

caria columnaris and Syzygium cf. malaccense, three of

which produce edible fruits or nuts. There is also the

possible presence of important Kanak crops, with Cocos

nucifera nut remains, monocotyledon cf. Cordyline sp.,

monocotyledon cf. Dendrocalamus sp. and Moraceae cf.

Artocarpus altilis.

Similarly, SU1, the occupation level of the Pwadaunu

mound records the presence of the traditional vegetation

associated with pre-colonial Kanak occupation sites, with

remains of useful or culturally important taxa such as

Cordyline or coconut, as well as hybrid taxa associated

with both rainforest and vegetation modified by humans,

such as Fagraea berteroana or Ficus spp. (Fig. 3;

Table 3). The most abundant families are the Euphor-

biaceae, Cunoniaceae, Meliaceae, Apocynaceae and Myr-

taceae and these are typically the dominant families

represented in the New Caledonian rainforests (Jaffré et al.

1994). Again, there is a clear dominance of photoxe-

rophilous and particularly open and/or dry rainforest types

(Fig. 3). It is a large assemblage of 400 fragments that
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displays a typical high taxonomic diversity for tropical

vegetation types, with 66 taxa recorded. The Gini-Lorenz

index of 28:72 falls well within the tropical reference

range. Nevertheless, the relative proportions of taxa are

less differentiated in this phase than in the construction and

pre-construction sequences. As well as Casuarina collina/

Gymnostoma nodiflorum type, Montrouziera cauliflora is

one of the most frequent taxa, one of the Clusiaceae typical

of New Caledonia medium altitude rainforests and with a

valued timber of high socio-cultural value. The savanna

taxon Melaleuca quinquenervia increases in frequency

compared to earlier assemblages, showing a more severe

Fig. 3 Anthracological spectra from Pwadaunu
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disturbance of the forests at the time of occupation of the

mound, between the 15th and 18th centuries.

Komijièn

The site of Komijièn is located on an alluvial plain close to

the mouth of the river Tiwaka. It was completely sur-

rounded by several hectares of horticultural dry gardening

mounds, and there is evidence of considerable landscape

changes that included the diversion of streams and the

creation of drainage canals. In the three anthracological

assemblages studied, a total of 120 plant taxa were iden-

tified, including 15 indeterminate types.

In addition to the archaeological excavations described

above, three auger cores were taken in a transect across the

plain, in order to understand its sedimentary history (Dotte-

Sarout 2010, pp. 326–331; Dotte-Sarout et al. 2013a). This

survey indicated that what is now a plain used to be a wide

estuary bordered by mangroves and a swamp adjacent to

the mountainsides. Unfortunately, no dating material was

recovered from the deepest sedimentary levels, but radio-

carbon dates obtained from charcoal samples from the

upper alluvial levels indicate that build-up continued at

varying rates of deposition until the 15th century AD, when

a Kanak pre-colonial occupation is first recorded (Dotte-

Sarout 2010, pp. 326–331). The Kanak occupation appears

to have lasted throughout the 16th century, and can be

recognized in the SU 4 sedimentary sequences recorded

during excavations on the Komijièn mound. The SU 4

deposits and associated anthracological assemblage appear

to have resulted from human activities that occurred on the

plain before the construction of the settlement and the

horticultural structures currently visible in the landscape.

The deposits may also have incorporated material from the

sides of the adjacent mountains, transported and deposited

onto the plain by the nearby streams, before they were

channelled in later periods (Dotte-Sarout 2010,

pp. 326–331).

The assemblage records the strong presence of rainforest,

although of a relatively complex type with taxa adapted to

open and dry vegetation (Fig. 4). However mangrove,

riverine and halophytic vegetation types, typical of the

diverse estuarine ecotones, are also well represented in the

assemblage. This ‘mixing’ of ecological zones is well

illustrated by the dominance in the anthracological record

of families such as Myrtaceae and Sapindaceae that are

frequently found in both rainforests and dry forests,

Cunoniaceae with taxa that grow in wet rainforest in asso-

ciation with the mangrove family Rhizophoraceae, and the

Casuarinaceae family of halophytic, forest and riverine

Fig. 3 continued
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taxa. The assemblage displays a moderately high taxonomic

diversity for a relatively small sized sample due to the pedo-

anthracological depositional context, with 36 taxa from 100

fragments. The low Gini-Lorenz Index of 36:64 can be

linked to the small size of the assemblage in relation to its

high taxonomic diversity, which can be principally

attributed to the mixture of different vegetation types, from

mangrove to rainforest, represented by the charcoal deposit.

The absence of the savanna taxon Melaleuca quin-

quenervia and other taxa associated with vegetation dis-

turbance indicates that the forests had been little affected

by human activities at this time, though the archaeological

Fig. 4 Anthracological spectra from Komijien
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and anthracological data clearly record a human presence.

Indeed, although ruderal taxa are absent from the assem-

blage, a suite of woody taxa is represented which were

either cultivated, planted or of socio-cultural importance.

These include rainforest or estuarine taxa also traditionally

associated with Kanak occupation sites such as Hibiscus

tiliaceus, Casuarina equisetifolia, Calophyllum inophyllum

or Agathis sp. and Montrouziera cf. cauliflora. The fruit-

bearing tree Syzygium malaccense and a monocotyledon,

possibly Cordyline, were also present (Fig. 4; Table 3). It

is therefore likely that the plain was covered by diverse

woody vegetation of mangrove-dominated swamp forest

along tidal riverbanks, gradually changing further inland to

a rich rainforest on the mountain slopes, interspersed with

small pockets of useful or symbolic plant communities.

In the following 17th century AD, a range of archaeo-

logical and ethnohistorical data demonstrates an intensifi-

cation of human occupation on the plain (Dotte-Sarout

2010, pp. 314–362). At this time, it is likely that there were

successive extensions to horticultural and habitation

structures, with progressive channelling of all streams

running through the plain. The SU 3 deposits might record

some of these events through the infilling of the mound

construction, an event dated to the mid 18th century AD

(Dotte-Sarout et al. 2013a). The excavations and material

culture show that the anthracological assemblage from this

level represents the vegetation exploited by the inhabitants

of a Kanak settlement site, maybe consisting of the first

mounds of the Komijièn site (Dotte-Sarout 2010,

pp. 316–338).

The assemblage is still dominated by rainforest and

estuarine vegetation taxa, of which approximately one third

also have a ruderal or sociocultural status (Fig. 4). The

richest families in the assemblages continue to be those

associated with open rainforest and with diverse forest types

associated with riverine wet environments or the more

exposed mountain slopes, Euphorbiaceae, Myrtaceae,

Cunoniaceae, Apocynaceae, Rubiaceae and Sapindaceae.

The assemblage is characterized by a high diversity with 74

taxa, and a low Gini-Lorenz index of 32:68 despite the small

number of 300 fragments studied. This is again probably

related to the varied types of vegetation surrounding the site.

Relative proportions between taxa are hence little differen-

tiated, with no taxon being represented by more than 6 % of

the fragments.While the diversity of the estuarine vegetation

decreases in comparison to previous phases of activity, the

forest vegetation becomes more complex. Most of the

dominant taxa in the assemblage are commonly associated

with open or dry forest types, showing the presence of an

open type of lowland forest. It is noteworthy that among the

two most frequently occurring taxa is the savanna tree Me-

laleuca quinquenervia, along with the less well represented

Pagiantha serifera or Guioa villosa, typically found on the

disturbed edges of rainforests.

Tree crops or woody taxa associated with Kanak occu-

pation sites are also recorded in this phase of activity.

Fig. 4 continued
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These include Artocarpus altilis and Syzygium malaccense,

Cocos nucifera and other species with a double halophytic

status such as Hibiscus tiliaceus, Calophyllum inophyllum

or Thespesia populnea, a suite of rainforest taxa also

known for their socioeconomic role like Ficus spp.,

Elaeocarpus angustifolius, Aleurites moluccana (only

represented by nut remains), Araucariaceae cf. Agathis sp.

or Montrouziera cf. cauliflora, and the more ubiquitous

Fagraea berteroana, Morinda citrifolia and Pandanus sp.

As a whole, the SU 3 assemblage demonstrates clear signs

of landscape transformation by humans through direct

clearance of forest and the establishment of socioeconomic

gardens, as well as more subtle manipulation of the taxo-

nomic composition and spatial organisation of the sur-

rounding forest.

The archaeological analysis of Komijièn suggests that

the upper layer, recorded as SU 2, is the result of succes-

sive late occupations on the mound in the late 18th or early

19th century cal AD. This includes a destruction layer

involving a fire that possibly relates to a punitive colonial

military expedition against the Kanak sites on the plain in

1862, documented in ethnohistorical records (Dotte-Sarout

2010, pp. 316–338).

The SU 2 assemblage consists of 77 different taxa from

400 fragments, with a very satisfactory Gini-Lorenz index

of 25:75. The SU 2 anthracological assemblage is still

dominated by taxa of the rainforest, ruderal and socio-

economic vegetation and halophytic vegetation (Fig. 4). In

the meantime, the number of taxa associated with human

activities increases in comparison to the preceding layers,

while the taxonomic diversity of the halophytic vegetation

decreases. In addition, the evidence for an open and drier

type of rainforest becomes stronger. Indeed, the most

abundant families in the assemblage are the Euphor-

biaceae, Rubiaceae, Sapindaceae, Meliaceae, Myrtaceae

and Moraceae, which are a mixture of wet rainforest and

dry or open forest types (Jaffré et al. 1994, 2004). The

dominant taxa of the assemblage each represent between 5

and 10 % of the fragments (Fig. 4). Apart from the most

frequent one, which is an indeterminate type, these are two

Rhizophoraceae (mangroves), a group of Casuarinaceae

taxa (Casuarina collina/Gymnostoma nodiflora and some

fragments of Casuarina cf. equisetifolia) associated with

halophilic, riparian and ruderal vegetation types as well as

the photoxerophilous rainforest. Also common is Mon-

trouziera cf. cauliflora, typical of the photoxerophilous

rainforest but also of great sociocultural importance, valued

for its use in the construction of traditional houses. There is

a possibility that the charcoal fragments of this taxon in the

assemblage represent the remains of such timber destroyed

by the fire event. The Type 1 taxon Symplocos arborea/

Nemuaron vieillardii also represents rainforest. In addition,

the savanna species Melaleuca quinquenervia is

represented in just under 5 % of the charcoal fragments.

Finally, the SU 2 assemblage records the presence of a

suite of ruderal and/or useful trees with various ecological

associations, such as Artocarpus altilis, Ficus spp., Aleu-

rites moluccana, Fagraea berteroana, Cocos nucifera,

Hibiscus tiliaceus, Calophyllum inophyllum and Pandanus

sp.

Hence, the change in the vegetation represented in the

anthracological assemblage from SU 2 follows the general

trend that is apparent from the first occupation of the

mound onwards. The rainforest became an increasingly

open and complex vegetation and the diversity in estuarine

vegetation decreased through time. The proportion of

vegetation associated with human activities increases, not

only in the form of savanna and secondary vegetation, but

also as a suite of useful trees with low frequency but rel-

atively high diversity.

The upper deposits at the Komijièn site, recorded as SU

1, represent a fairly recent alluvial deposit, substantially

disturbed due to post-colonial agricultural and pastoral

activities; these were not considered for anthracological

analysis.

Discussion

In the two sites presented here, the comparative analysis of

the anthracological assemblages reveals a general trans-

formation of the vegetation over time that began early in

the 2nd millennium AD, with a clear dominance of rain-

forest-only taxa. This vegetation changed to a more com-

plex composition with an increased proportion of taxa

which represent secondary or ruderal vegetation and crops.

Overall, taxa associated with rainforests still remain dom-

inant throughout the time period, from the 12th to the 19th

century cal AD, while taxa associated with more open or

drier vegetation types are present from the beginning and

show a continuous increase over time. At the same time,

the number of useful or cultivated taxa increases. Finally,

the occurrence of taxa representing savanna and secondary

vegetation is clearly associated with the development of the

Kanak settlement system and extensive use of horticultural

structures, according to associated archaeological data.

By comparing the anthracological results from Pwa-

daunu and Komijièn with the initial table of useful taxa in

Table 3, it is possible to identify the three vegetation areas

characterized in the horticultural model defined earlier,

from the cultivated to the uncultivated. Indeed, taxa were

identified in the assemblages that correspond with the

cultivated area and are traditionally planted on Kanak

habitation sites for specific symbolic reasons, or as crops in

gardens in horticultural areas. Other socio-economic taxa

recorded in our literature and field surveys as being
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associated with the hybrid or forest areas were also iden-

tified within the assemblages (Table 3).

In particular, the persistence of photoxerophilous or

open rainforests during the 2nd millennium is striking,

although the climatic conditions were then progressing

towards an increase in rainfall and cyclonic activities. The

co-occurrence of many socioeconomic taxa amongst the

typical rainforest community suggests that this particular

type and taxonomic composition of the forests is a direct

result of human manipulation in the form of

1. Construction of drainage channels and associated

stream diversion strategies identified during surveys,

linked to horticultural features within and around the

forests (Dotte-Sarout 2010; Dotte-Sarout et al. 2013a).

2. Precise minimal use of slash-and-burn, and the trans-

planting or specific care of selected taxa to create an

open forest in which more light encouraged production

of fruits and nuts, incorporating a variety of significant

socioeconomic and symbolic taxa.

Such practices as planting, maintaining and/or protect-

ing certain trees, applying controlled and precise slash-and-

burn techniques and the selective cutting and burning of

potential plant competitors are described in tropical Asia or

in northern Melanesia and Micronesia as traditional

methods used to create managed or ‘‘domesticated’’ forests

(Athens et al. 1996; Kennedy 2012; Kennedy and Clarke

2007; Latinis 2000; Michon 2005; Walter and Sam 1999).

Interestingly, according to the local Kanak word view there

is no such thing as ‘‘nature’’; however, there is a distinction

between the forest that is exploited and experienced by

people on a daily basis and the ‘‘deep forest’’, which is not

‘‘socialized’’ and is inhabited by supernatural beings and

spirits (Leblic 2005). The forests represented in the

anthracological assemblages from the sites of Pwadaunu

and Komijièn appear to be those which were regularly

visited and exploited by people, in particular for firewood,

applying the concept of daily itineraries as defined in

Salavert and Dufraisse (2014) and can thus be considered

as belonging to the forest domain within the social world.

However, the deep forest, which was regarded as danger-

ous and was not socialized, probably corresponds to the

higher altitude dense wet rainforest ecosystems that are not

represented in the anthracological assemblages. According

to local ethnographic information, one such forest still

exists on the Mwı̂dip mountain top, close to Pwadaunu.

Until recently, it was only frequented on very special

occasions, for example when a complete tree of Mon-

trouziera cauliflora was needed for the construction of the

central pillar of a men’s house, or when a large trunk was

to be obtained to build a canoe (Dotte-Sarout 2010,

pp. 380–386). However, it was avoided during daily

activities and its absence from the anthracological assem-

blages is to be expected.

This study demonstrates that it is possible to reconstruct

the changing spatial structure of the forests based on

anthracological data, using a detailed knowledge of the

particular local sociocultural systems and social landscape.

By understanding the archaeological data within the con-

text of the local and regional environmental and ethno-

logical framework, it is even possible to identify specific

forest management practices, especially through two

observations:

1. The identification of a suite of taxa with known

economic or symbolic uses correlating with archaeo-

logical remains of human occupation.

2. The recognition of a specific open type of rainforest,

which is seen as the result of human actions, as

detailed above.

The fact that this more open forest seems to precede the

development of Kanak occupation sites could indicate that

specific practices of managing the forest emerged during

the preceding millennia of human presence on the island.

This, together with the absence of ruderal, savanna or

pioneer taxa in the oldest levels analysed, demonstrates

that rather than simple deforestation, the major human

impact on the forests of New Caledonia until the devel-

opment of the Kanak sociocultural complex could have

been in the form of a precise, but substantial, manipulation

of the taxonomic composition and structure of the forests.

This can be seen as ‘‘domesticating forests’’ (Michon 2005)

or practising a subtle arboriculture or sylviculture that

transformed tropical forests into gardens, or ‘‘artefacts’’ as

per Barton et al. (2012).

Such a model of vegetation resources management and

exploitation makes sense when compared with other

regional palaeoenvironmental studies that have shown how

the importance of subsistence systems based on trees in

Oceania span the entire archaeological sequence, from the

late Pleistocene to the late Holocene (Barker 2013; Blench

2005; Denham 2004, 2011; Huebert 2014; Kennedy 2012;

Kennedy and Clarke 2007; Kirch and Yen 1982; Latinis

2000; Lepofsky 1992; Michon 2005; Oliveira 2008; Piper

and Rabett 2014). Moreover, a comparison between the

pan-Pacific plants of socioeconomic importance identified

in the New Caledonian assemblages with those from other

regional archaeobotanical studies shows interesting corre-

lations. Taxa such as Aleurites moluccana, Artocarpus

altilis, Cordia sp., Crossotylis sp., Hibiscus sp., Ficus spp.,

Syzygium malaccense, Sapindaceae, Terminalia sp. and

Thespesia sp., as well as various monocotyledons rarely

identified to genera, except for Cocos nucifera, Pandanus

sp. and fragments of Araceae tubers, represent an
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arboricultural corpus that is regularly found in Pacific

assemblages, from the early Holocene in Timor and Bis-

marck, to the late pre-colonial period in Micronesia, New

Caledonia and East Polynesia (Athens et al. 1996; Huebert

2014; Kahn et al. 2015; Kirch et al. 2015; Lepofsky 1992;

Lepofsky et al. 1996; Millerstrom and Coil 2008; Orliac

1997, 2000, 2003; Oliveira 2008; Weisler 2001).

Moreover, the existence of traditions of forest manage-

ment makes sense in the context of the immensely diverse

and peculiar tropical world, where subsistence systems are

based on horticulture, which is the exploitation of diversity

and the specific care of individual plants, especially tubers

such as Colocasia spp. and Dioscorea spp., essentially

associated with the rainforest (Barrau 1962; Barton et al.

2012; Denham 2011).

The central argument presented through the case studies

of Komijièn and Pwadaunu is the importance of under-

standing the anthracological data within their sociocultural

as well as socioecological context. This allows proposing

interpretations that are based, as much as possible, on local

ways and knowledge rather than exclusively on the clas-

sical Western academic point of view (Dwyer 1996; Bru-

nois 2005). In this example, this means reconsidering the

classical paradigms of what agriculture is, what is

domesticated and what is wild, especially so in the tropics.

Indeed, numerous scholars have demonstrated that dis-

criminating between domesticated or cultivated and wild or

natural taxa is an artificial notion, typically produced by

pre-conceived ideas which are derived from cereal-based

agricultures and deeply rooted in ‘‘Western’’, or maybe

even non-tropical, representations of the world (Barrau

1962, 1965; Barton et al. 2012; Denham et al. 2007; Des-

cola 2005; Haudricourt 1964; Kennedy and Clarke 2007;

Latinis 2000; Michon 2005; Yen 1996). Such a binary

division is utterly unadapted to tropical vegetation, land-

scapes and subsistence modes. It is also foreign to socio-

cultural representations of the Indo-Pacific region that

integrate hybrids of nature and culture with fundamental

links between society and the environment (Brunois 2005;

Dwyer 1996; Leblic 2005).

Conclusions

There is now in Oceania a considerable body of evidence

that demonstrates the existence of horticultural systems

which are largely based on the precise management of

forests, necessarily avoiding extensive forest clearance.

These systems are currently known in most islands of the

Indo-Pacific region, although still poorly represented by

archaeobotanical data, but have been little studied in New

Caledonia, so far. This paper seeks to demonstrate how

anthracological data and the use of local interpretative

frameworks can be combined to identify the long-term

existence of forest-based horticultural systems on the

island. This conclusion requires consolidation and refine-

ment by further work. It also calls for attention to several

aspects of current classical models used to characterize

subsistence systems throughout Oceania, especially at the

time of first human settlement. Most notably, it appears that

the subtle processes of complex forest transformation

should be investigated more thoroughly, considering the

non-linear evolution of human impact on the vegetation

over time, rather than simply identifying changes in forest

structure and composition as reflecting deforestation and

destructive ‘‘agricultural’’ practices following initial

human settlement. In addition, a single universal model

should not be applied to all the islands and sub-regions of

the Pacific and Island Southeast Asia. For example, the

subtle long-term manipulation of the forests described here

seems to be commonly shared by the islands of the western

Pacific, while islands of eastern Polynesia tend to demon-

strate more abrupt human impacts on the indigenous veg-

etation associated with arboriculture.

This case study also demonstrates how anthracological

studies can go beyond the reconstruction of palaeoenvi-

ronment and firewood collection strategies, and be applied

to investigate questions of past landscape management and

subsistence systems, as demonstrated for instance by Del-

hon et al. (2009) or Asouti et al. (2015). By comparing the

anthracological data with local botanical, ethnological and

archaeological data, it is possible to move from the

anthracological spectra to perceptions of the spatial

organisation of the vegetation and then to interpretations

about the horticultural system. Trying to interpret the data

within an indigenous socioecological framework not only

provides a powerful way of acquiring a deep understanding

of past interactions between societies and the vegetation,

but it can also help tropical archaeobotany to free itself

from long-standing patterns of thoughts that are inherited

from its origins in classical Near Eastern and Mediter-

ranean agricultural studies.
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Descola P (2005) Par-delà nature et culture. Gallimard, Paris

Détienne P, Jacquet P (1999) Manuel d’identification des bois de

Polynésie. CIRAD-Forêt, Montpellier

Dotte E (2010) Modes d’exploitation et intégration au sein des
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Grande Terre (Nouvelle-Calédonie). Journal de la Société des
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Composition et caractérisation de la flore indigène de Nouvelle-
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