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Abstract

The growth of the Indigenous Arts Industry in Australia over the last few decades has

seen an increase in the number of Indigenous communities producing woodcarvings from

native timber species. In this thesis, I apply integrative methodology from the social and

biological sciences to examine the socio-cultural, economic and ecological determinants

of sustainability in relation to harvesting timber for the woodcarving sector in the

Maningrida region of central Amhem Land. Analysis of a long term art sales database

showed that the number of woodcarvers and the number of carvings produced in this

region has grown rapidly over the last two decades. Accompanied with this have been

major shifts in the age demographics and gender of woodcarvers with younger artists and

women increasingly engaging in carving production. Whilst artists were observed to be

engaged in a range of activities, art production was the prominent means of productive

cash income generation. An artist's place ofresidence also influenced the amount of

carving undertaken, with artists residing on 'country' at an outstation more engaged in

sculpture production than those living in the township of Maningrida.

There were many cultural differences in harvest practice among language groups.

Kuninjku and Kunibidji woodcarvers harvested a greater number of tree species, larger

quantities per harvest trip and smaller sized stems compared to the other language groups.

However, two tree species were predominantly used for carving across all language

groups in the region: Bombax ceiba and Brachychilon diversi/olius. A high percentage

(65-88%) of harvested B. ceiba and B. diversifolilis stems coppiced following harvest,

with coppice stems growing up to six times faster than similar sized non-coppice stems.

Stage-structured population models show that whilst B. diversifolius is more resilient to

increasing harvest intensity than B. ceiba, current harvest regimes for both species are

sustainable. This study has reduced the uncertainty surrounding the sustainability of
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harvesting these species for woodcarving in this region, helping to ensure the continuation

of this important livelihood component for indigenous Australians.
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Chapter 1: General Introduction
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Chapter One: Genera/Introduction

1.1 "Too many trees!"

"Too many trees!" is a frequently heard comment when talking with indigenous

woodcarvers and Traditional Landowners in the Maningrida region of central Arnhem

Land, in northern Australia. Whilst not to be taken in the strict literal sense, the statement

refers to the good health of the country and the perception that the trees are so numerous

that demand simply cannot outstrip supply. This remark highlights the contrast between

the situation in some parts of Australia and that of many other areas of the world where

declining access to timber resources is fast becoming a major problem for commercial

woodcarvers (Cunningham et a/. 2005). indigenous people throughout the world rely on

forests to provide a variety of domestic and customary needs (e.g. food, medicine, shelter

and firewood). However, the resource base is often unable to support the number of

people utilizing the forest and these activities further compete with harvesting for

commercial purposes including the production of wooden artefacts for sale (Aagesen

1998; Lugoa el al. 2000).

in remote regions of Australia (particularly north and central Australia) large tracts

of structurally intact and sparsely populated land are owned by Indigenous people under

land rights law (Aboriginal Land Rights Northern Territory Act 1976). In these regions,

Indigenous people have a long history of plant use and management. Before European

settlement, hundreds of different plant species were used by indigenous people in the

customary economy and many Indigenous groups carved woodcarvings from local timber

for ceremonial or mortuary purposes (Berndt et al. i982). However, over the last few

decades a growing number of Indigenous harvesters have utilized naturally-occurring tree

species to produce wooden carvings for the art market. Despite this growth, there has been



Chapter One: Genera/Introduction

little research that has combined assessment of the social, cultural, ecological and

economic determinants of the sustainability of woodcarving production.

In this thesis, I address this issue with reference to the growing production of

woodcarvings in the Maningrida region of central Arnhem Land. Each of the following

chapters in this thesis begins and ends with a detailed self contained introduction and

discussion. Therefore, in this general introduction I present relevant background

information to contextualise the whole thesis. In particular, I give a brief overview of

some of the factors that have affected Indigenous society in Australia, especially in the

Northern Territory, the history of woodcarving production by Lndigenous Australians, an

overview of the development of the Indigenous Art Industry and a description of the study

location and its people. I then outline the broad aims of the thesis and describe the

structure of the chapters that follow.

I feel it is important to note that this project was initiated after concerns were

raised by community members to staff at Maningrida Arts and Culture (MAC), the local

community-owned art centre. Whilst MAC did not have the expertise or human resource

capacity to address this important sustainable production issue, it was aware that natural

resource management is of crucial significance to the viability of the woodcarving sector.

Thus, it wanted to have access to rigorous research and information that was not available

in the community or in the existing scientific literature to assist it to deal with this issue.

Subsequently, a collaborative research project was devised funded by an Australian

Research Council Linkage grant awarded to Tony Griffiths (Charles Darwin University)

and Jon Altman (Australian National University) with Bawinanga Aboriginal Corporation

(the Djelk Aboriginal Rangers) and Maningrida Arts and Culture (Apolline Kohen and

Fiona Salmon) as partner investigators. Whilst the initial research project was

conceptualised by my supervisors and they provided supervision throughout the project, I
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undertook all of the work as laid out in this thesis. As is befitting of a collaborative

project, I have included my supervisors and partner investigators on the publications

arising from this work.

1.2 Indigenous Australia - past and present

In pre-European times, the indigenous production system was based almost exclusively on

hunting, gathering and fishing activities and available evidence suggests that Indigenous

people were able to maintain an adequate and at times, rich standard of living (Altman

1998). Small local groups which shared cultural values and practices were the basic units

of Indigenous society and they had economic and ceremonial dealings with other groups.

Everywhere, kinship was important in establishing relationships with people, land and

sacred property and with these relationships came rights, obligations and appropriate ways

of behaving (Sutton 1988). [n most regions, an individual (by virtue of birth) belonged to

a clan that was closely associated with a particular area of land (Williams 1983). Through

kinship ties and marriage an individual could also acquire rights to other land areas.

Immense cultural diversity manifested from the diversity of physical environments

in Australia and prior to European settlement in 1788, there were about 200 hundred

distinct indigenous languages, further divided into hundreds of dialects (Sutton 1988).

Law and order was maintained through the infusion of religious ideology into everyday

actions and through enforcement by senior men and women. The attainment of religious

knowledge began with initiation during adolescence and became a life-long quest through

religious ceremonies. Material culture was kept to a minimum and was simple, ingenious

and multifunctional (Morphy 1998).
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The massive social and economic changes to Indigenous communities in Australia

as a result of European colonisation are well documented and occurred over a relatively

short period of time. From an Indigenous viewpoint, the most serious consequence of

colonisation was the loss ofland, as land was central to Indigenous religious life and was

the only basis of economic survival (Peterson and Langton 1983). Early government

policies moved Indigenous populations away from traditional lands and centralised them

into settlements where they could be easily assimilated into western modes of education,

work and general lifestyles (Baker et a/. 200 I). This movement to settlements undennined

the attachment to the land, the basis for the traditional hunting and gathering way of life,

and forced them into wage labour to survive. In the Northern Territory, many Indigenous

people worked in the pastoral, pearl, mining and logging industries, however, the advent

of equal wages for Aborigines reduced the demand for Indigenous workers, causing many

to become refugees in their own land, living on the margins of society (Sutton 1988).

It was not until the early 1970s that there was a major shift in the national

approach to Indigenous Australians and general policies changed from assimilation to that

of self-detennination and land rights (Altman 2000). The passage of the Aborigina/ Land

Rights (Northern TerritOlY) Act 1976 recognised the Indigenous system ofland ownership

and set up the processes for acquiring land as inalienable freehold title. This also provided

a catalyst for Indigenous people in other parts of the country to assert their detennination

for similar rights (Peterson and Langton 1983). During this time, Indigenous people

received equitable access to citizenship entitlements (i.e. welfare payments and pensions)

and extensive reoccupation of customary lands occurred in northern Australia, a migration

often referred to as the outstations movement (Altman 2003a; Commonwealth of

Australia 1987). The Australian High Court's Mabo decision in 1992 debunked the legal

fiction of terra nullius (land belonging to no-one) and recognised a fonn of native title
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existed in common law. Following from this, the Commonwealth Native Tit/e Act /993

gave Indigenous Australians the rights to use, manage and control resources in some

circumstances (i.e. if native title was not deemed to be extinguished).

Currently 740,000 km2 or 53% of the Northern Territory is under Aboriginal

Freehold Title or under claim and is home to about 40,000 Indigenous people (72% of the

Northern Territory's non-urban population; Taylor 2003). Whilst Lndigenous people living

on Aboriginal land have maintained strong cultural identity and managed to continue

customary practices, they face significant economic development problems in a

mainstream or western sense. There is usually little scope for commercial activity on

Aboriginal lands, particularly as they are often located in isolated areas remote from the

markets and most Aboriginal Land is unproductive for orthodox primary production

enterprises (Taylor 2003). Thus, Indigenous incomes in remote regions are relatively low

and the majority of the population remain overly dependent on welfare and detached from

the labour market (Altman e1 al. 2004; Altman 2001 b; Taylor 2003).

Altman (200Ib) describes the economic structure of many remote Indigenous

communities as a hybrid, consisting of a varying mix of market, state and customary

elements with associated linkages and interdependencies. For example, in many remote

Indigenous communities the economy consists of a mix of customary or non-market

activity (e.g. hunting and gathering), government welfare support (unemployment benefits

or pension), participation in a 'work for welfare' scheme called the Community

Development Employment Projects (CDEP), some mainstream employment and art and

craft production (Altman 200 Ib). The production of art, particularly in remote Indigenous

communities, is often the only productive goods export commodity available and micro

economic studies have indicated that in some remote Lndigenous communities, income
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from art and craft sales can be as high as 46% of cash income earnings (Altman and

Taylor 1989).

Today, there is renewed policy and public debate as to the benefits of land rights,

self determination policies and in particular the extent to which Indigenous people

residing on their traditional lands can obtain and maintain positive economic futures.

Whilst recent government policies have aimed to enhance private sector employment, this

has led to only minor improvements in Indigenous economic development. Increasingly, it

is being argued by some commentators that an alternative strategy to enhance productive

activity on remote Aboriginal lands is to strengthen informal markets and customary

sectors of the economy (Altman 2003b; 2004b). This would also help to maintain

valuable Indigenous ecological and cultural knowledge, would enhance engagement with

the market, reduce overall welfare dependence, as well as provide positive informal self

employment opportunities.

The increasing aspirations of many Indigenous people to return to, or remain on,

the lands they now own has raised a number of concerns about their use and management

of natural resources. Many of these concerns arise from the changes to harvesting

practices that accompany modem settlement patterns, the use of new technology to

increase harvesting returns and the use of wildlife for commercial purposes (Caughley et

a/. 1996). Until recently the scientific community in Australia were not researching these

issues or engaging with Indigenous ecological knowledge. There was no information

about wildlife stocks or harvesting rates and it was difficult to assess whether or not the

modem hunter-gatherer lifestyle was ecologically sustainable (Altman 2003b). However,

there is now a growing recognition among scientists and social scientists that Indigenous

people on country actually contribute ecological benefits at catchment, regional and even

national scales (Altman 2003; Yibarbuk 2003).
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1.3 Indigenous woodcarving in Australia

Prior to European settlement, the three-dimensional woodcarvings produced by

Indigenous Australians were almost always religious and directly related to stories of the

Dreaming. In Indigenous cosmology, the Dreaming refers to the beginning of the universe

and a time when the Ancestral Beings emerged from and travelled across the earth,

creating everything in it and laying down the laws of social and religious behaviour

(Jurzak 2001; Sutton 1988). Carvings were, and some still are, used in restricted and

public religious and mortuary ceremonies (Berndt et al. 1982). The production of these

woodcarvings was recorded from the northern areas of Australia such as Arnhem Land,

Bathurst and Melville Islands and Cape York Peninsula. It is no coincidence that these

areas were among the last to be colonized by European settler society. The first few

woodcarvings were collected by white ethnographers in Arnhem Land at Milingimbi

during the mid 1920s, Caledon Bay in the 1930s and at Yirrkala in 1938. However,

evidence suggests these figures were seen by missionaries in the region at least a decade

earlier (Hoff 1977; Berndt et al. 1982).

Woodcarvings were a traditional feature of north-east Amhem Land. There is no

direct evidence of when or how they first developed in this region. However, these

woodcarvings, with their post-like features, are a form thought to have been influenced by

Macassan grave posts (Hoff 1977; Caruana 1993). Macassan fisherman from Sulawesi in

Indonesia regularly visited the north coast of Australia in search oftrepang (sea

cucumber) from the 1700s to the early 1900s. In northeast Arnhem Land, woodcarvings

produced before the mid-I940s were highly stylized, with rudimentary anatomical

features combined with painted or string decoration. However, the production of realistic

woodcarvings became widespread in northeast Amhem Land by the early 1960s (Hoff

7
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1977). In the western regions of Amhem Land various woodcarvings were produced for

use in Maraiin rituals and exchange ceremonies called Mamllrrng, performed to celebrate

the birth of a male child (Berndt et a/. 1982). These carvings remained entirely for use in

the ritual domain until production for the art market began and escalated over the last

three to four decades.

The Tiwi people who live on Bathurst and Melville (Australia's second largest

island) Islands to the north of Darwin were physically isolated from mainland Australia

and developed unique cultural art forms, particularly in woodcarving (Caruana 1993). The

mortuary ceremony ofPukumani yields much of the art of the Tiwi. Painted poles called

tlltini are carved from dense timber from ironwood trees (Elyrhroph/eum ch/orostachys)

and used as grave markers. According to knowledgeable Tiwi artists, the carved forms

and painted motifs on grave posts symbolize the transition from life to death. Each grave

post represents a recently deceased human body beginning to decay (Hoff 2000). Since the

1930s the Tiwi have been producing painted figurative woodcarvings, a development

from the Pukumani pole, and more recently carvings of animals and birds.

In central Australia, toas appeared in the early 1900s and debate continues as to

their meaning and place in pre-colonial Indigenous life. The toas were small carved and

painted constructions of wood and ochre, often embedded with feathers, bone, hair or

other artefacts (Sutton 1988). Toas were supposedly carved as direction markers or

signposts and were left at abandoned camps to infoml the next visitors of important

features of the landscape such as Dreaming sites and water holes (Morphy 1977; Sutton

1988). These carvings set a precedent for Indigenous artists across the desert and sculpted

objects were the first forms of portable art to be made specifically for the public domain.

During the influx of non-Indigenous people into the desert during the 1900s, Indigenous

people were encouraged to produce woodcarvings for sale to mission shops in the cities

8
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and an associated tradition of fine pokerwork carvings has continued to this day (Morphy

1998).

Carved figures, in human and animal fornl, were used in rituals by Wik-mungkan

and Aurukun people on the Cape York Peninsula (Queensland Art Gallery 2003; Sutton

1988). These carvings were associated with mythical and spirit beings and were used in

ceremonial dances. The woodcarvings were either held by the dancers or arranged on the

dancing ground itself (Berndt et a/. 1982). Very few woodcarvings from this region were

made for sale outside the community until recent production for the art market.

The development of the Indigenous Arts Industry has seen an expansion in the

production of woodcarving, both in communities where carving was undertaken in pre

colonial times and in those where it has become a new medium to express traditional

themes. Present-day carvings may be created for use during ceremony, but increasingly

most are made specifically for sale in the broader commercial art market. The depiction of

human and spirit beings through sculpture gives a tangible, physical capacity to the body

(Croft 2003) and the use of woodcarving has emerged as a popular medium to depict

cultural themes.

1.4 Australian Indigenous art industry

Indigenous visual arts in Australia have a relatively short market history. Indigenous

artefacts were observed and collected by many early white explorers and settlers,

however, these manifestations of Indigenous culture were not seen as art but as

ethnographic curios for museums. The 20th century saw the beginning of anthropological

interest in Indigenous Australian society and a greater appreciation oflndigenous art

(Morphy 1998). The era of self determination and land rights during the 1970s impacted

9
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positively on the growth of Indigenous Arts production and marketing (Altman 2005).

There was a general recognition that Indigenous arts and craft might provide a means to

combine cultural maintenance with economic activity for both Indigenous and national

benefit (Altman el 01. 2002).

Artefact production for sale increased markedly with the growth of the outstations

movement. This is partly because the movement was associated with strong cultural

revival and also because it involved a withdrawal from formal labour market participation

in Indigenous townships (Altman 1988). In areas where people choose to live on their

land the manufacture of art allows them to use customary skills and locally available

materials to earn money. Items are produced at a pace set by the artists and their families,

free from demands of more formal labour markets and the pursuit of other important

cultural and economic activities are not constrained (Altman 1988; 2003b).

Comprehensive data are not available about the scale and value of the Indigenous

arts industry across Australia, the precise number of Indigenous artists, their geographical

distribution, or their use of local resources to produce artefacts. However, estimates have

put the annual total value of the industry at between A$100 million and A$300 million

(Altman et a/. 2002). This imprecise figure reflects the lack of any systematic collection

of such information and also reflects the contested definition of Indigenous art (Altman et

a/. 2002). Of this total annual value an estimated 80% is made up of manufactured tourist

art, of which only a proportion is actually made by Indigenous manufacturers (Altman

2000).

Information on the numbers of Indigenous art producers in Australia suggests that

they number in the region of 5000-6000 (Wright 1999). Most community based art

centres are located in regional and remote Australia and the majority of producers

(possibly up to 80%) live at small Indigenous communities that are located on Aboriginal
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land (Altman 1988). The high mobility of many Indigenous artists between townships and

outstations and vice versa adds to the difficulty of ascertaining the precise numbers of

participants in the industry (Altman et a/. 2002).

In remote regions of Australia (particularly northern Australia), most Indigenous

art is made from naturally-occurring media: seasonally available plant materials and

ochres and pigments (Wright 1999). Whilst Indigenous harvest rates in Australia are

generally assumed to be sustainable for subsistence and customary purposes (Bomford

and Caughley 1996), there has been little research on the commercial use oflocal plant

resources, including the production of artefacts for sale. It is as yet unclear if there are

established lndigenous processes to ensure the sustainable use of species.

The woodcarving sector of the Indigenous Arts Industry is experiencing rapid

growth. In a recent survey of 39 remote Indigenous art centres in northern and central

Australia, 18 listed woodcarvings as a marketed product (Wright 1999). The paucity of

infonnation about the Indigenous arts industry is even more apparent when trying to

obtain data for individual sectors of the market such as woodcarving. For example,

questions such as the numbers of artists involved in woodcarving, the contribution of

carving to the total Indigenous Visual Arts lndustry, the number of trees felled annually,

or the species used to produce woodcarvings in different regions remain unanswerable.

This complete lack of available data makes it difficult to assess the sustainability of the

woodcarving industry in the face of growing market demand.

1.5 Study location

The Maningrida region of central Amhem Land refers to an area of approximately 10,000

km2 encompassing Amhem Land sandstone escarpment to the south and extensive
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wetlands and lowland plains to the north (Figure 1.1). The climate in this region is marked

by wet and dry seasons and daily maximum temperatures average above 30°C throughout

the year. Maningrida's mean annual rainfall is 1245 mm of which 92% falls in the wet

season's months between December and April inclusively (Maningrida, Bureau of

Meteorology 2000). The dominant vegetation is Eucalyptlls savanna and this is

interspersed with wetlands and monsoon rainforest patches (Griffiths et al. 2000). The

vegetation in this region is largely intact - there has been no large scale clearing and roads

and infrastructure are limited. Management of the landscape by fire is important in this

seasonally tropical region, particularly in the highly flammable grass-dominated

vegetation types such as the savannas (Yibarbuk et al. 2001). However, in some areas of

the Maningrida region a change in fire regimes, feral animal damage and weeds have

caused some degradation.

The last available five-yearly national census (200 I) indicated that 1,850

Indigenous Australians resided in the region: 1,350 in the main township of Maningrida

and around 500 at a number of outstations scattered throughout the region (Figure 1.1).

These outstations are smaller extended family size communities with an average

population of 20 persons (Altman 2006; Commonwealth of Australia 1987). The range

utilised by these groups consists of a number of traditional parcels ofland, or estates over

which members have rights and a variety of custodial responsibilities (Yibarbuk et al.

200 I). Linguistically, the Maningrida region is highly diverse with up to 10 distinct
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Figure 1.1: Map of the Maningrida region in central Amhem Land, Australia, showing

the location of the township of Maningrida and the small family-based outstation

residences (solid circles).
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Indigenous languages being spoken in this relatively small region (Bawinanga Aboriginal

Corporation 2004).

The earliest non-indigenous contact in the Maningrida region was with Macassan

trepangers during the seventeenth century but this contact was neither regular nor intense

(Altman 1987). From the early nineteenth century there was sporadic contact with

European explorers and then pastoralists. In 1931, Amhem Land was proclaimed an

Aboriginal reserve under the Crown Lands Ordinance and permits were required for entry

in an attempt to restrict access to the area (Altman 1987). Church missions were

established during this time in many of the neighbouring communities, including Oenpelli

to the west, Goulbourn Island to the north and Millingimbi to the east of Maningrida

(Altman 1987; Meehan 1982; Taylor 1996). However, the township of Maningrida was

established as a service centre and trading post by the Northern Territory Welfare Branch

in 1957 (Altman 1987). As the only government settlement in the region, the community

became a political instrument for government policy and a range of development projects

were initiated including an 'artefact' project for the production of arts and crafts (Altman

1987; Altman 2004a).

Archival notes indicate that artefacts were sold during the earlier days of the

trading post and by the mid 1960s there is regular mention of arts and crafts in the annual

reports of the Welfare Branch that administered Maningrida (Altman 2004a). In 1968 an

arts and craft centre (Maningrida Arts and Crafts) was established and this created a major

increase in the amount and quality of production (Altman 2004a). The new policy

framework of the 1970s, that of self determination and land rights, and the burgeoning

outstation movement that followed, saw resources allocated to programs to establish

Indigenous community-based art organisations. Since then, the small, but relatively stable

annual government funding allocated to Maningrida Arts and Culture has provided a
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salary for an arts advisor as well as some operational costs. Maningrida Arts and Culture

have employed 12 senior arts advisers/directors since it was founded in 1968 (Altman

2004a). These art advisers have usually been non-Indigenous employees with a

background in arts or anthropology and they have guided the growth of the market for

Maningrida art.

Today, the arts industry in the Maningrida region of central Arnhem Land is

growing and diverse (Maningrida Arts and Culture 2004). The community-controlled art

centre provides opportunity for marketing arts created in the region, an opportunity taken

up by over 700 artists who produce a range of artefact lines (e.g. bark paintings, wooden

carvings, fibrecraft weavings, hollow coffin logs and musical instruments). Almost all of

this artwork is dependent on naturally occurring raw materials (wood and grass species,

ochres, pigments, and plant dyes; see http://www.maningrida.com) for production.

Turnover for MAC has grown from $50,000 in 1977 (Altman 1999) to around $1.8

million in the 2005-2006 financial year (A. Kohen pers. comm.).

Maningrida Arts and Culture operates as a business unit within the regional

resource agency, Bawinanga Aboriginal Corporation (Bawinanga Aboriginal Corporation

2004), and focuses on fine art marketing. Artwork produced in the region is bought by the

art centre and later resold either wholesale or retail to a variety of customers. However,

unlike some markets, the sale of art is not entirely dependent on passing trade. Access to

Maningrida is restricted under land rights law, limiting the potential for on-site sales.

Hence, as much as 80% of the artwork (individual items) handled by MAC is sold in

capital cities and metropolitan areas throughout Australia by major commercial galleries

(48%), small galleries and tourist shops (15%), and public institutions and private

collectors (17%) (data 2000-200 I; Maningrida Arts and Culture 2002).
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The production of figurative woodcarvings is a relatively new innovation in and

around Maningrida. Carved objects such as spears and woomeras were produced in the

region, however, the expression of material culture has adapted and evolved using these

same techniques. A Kuninjku man, Crusoe Kunningbal, produced the first figurative

carvings (of Mimih spirits) in the region during the 1960s for use in ceremonies and by

the 1970s he was producing Mimih sculptures for sale at the Maningrida art centre (Hoff

and Taylor 1985; Kohen 2004, Taylor 2004). Since then, the production of woodcarvings

by Indigenous artists in the Maningrida region has grown rapidly to become a significant

component of local art production.

1.6 Project aims and structure

This project aims to examine the cultural, social, economic and ecological determinants of

the sustainability of harvesting timber for the production of woodcarvings in the

Maningrida region of central Amhem Land. Assessments of the sustainability of

indigenous resource use are complex and require an interdisciplinary approach to data

collection taking into account the social, cultural and economic factors that affect the

harvest practises employed by local people (Ticktin 2004). Whilst this work is primarily a

science based thesis, I have taken this interdisciplinary approach in order to address the

following major research questions:

• How has the woodcarver population and the production of woodcarving changed

over time?

• What is the current harvest practice of indigenous woodcarvers and what factors

affect their use of natural resources?

• What factors influence the participation of artists in woodcarving production?
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• What is the population ecology of the main tree species used for woodcarving and

how are they affected by harvesting?

• Are harvest regimes ecologically sustainable?

My thesis consists offive data chapters covering the scope of the topic. Each of these

chapters is written as a manuscript in a fonn for direct submission to journals. Therefore,

each chapter begins and ends with a self-contained introduction and discussion and there

is some unavoidable overlap in the presentation of ideas and material.

The first three data chapters examine the social, cultural and economic factors that

influence harvesting for woodcarvings. In chapter 2, I analyse the Maningrida Arts and

Culture database to examine how the woodcarver population and production have

changed over time; chapter 3 presents a detailed analysis of the resource use and harvest

practice of lndigenous woodcarvers in the region using methodology from the social and

biological sciences; and in chapter 4, I examine the factors that affect the participation,

production and returns from woodcarving.

Chapter 5 presents a detailed demographic study of the two main tree species used

by woodcarvers in the Maningrida region and chapter 6 combines this ecological data

with that oflocal harvest practice to assess scenarios related to ecological sustainability of

this woodcarving practice. The final chapter presents an overall synthesis of the thesis,

specifically discussing the results of the project and the implications for conservation and

management of the woodcarving resource by the community. All of the following

research was conducted under approval from the Charles Darwin University Human

Research Ethics Committee (H02009).
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Chapter Two: Sculpture Production

2.1 Abstract

The growth of the lndigenous Arts lndustry in Australia over the last few decades has

seen an increase in the number of lndigenous communities producing woodcarvings. The

timber used for carving is sourced from locally available tree species. Whilst the practice

relies on the continued supply of timber from native forests, very little is known about the

harvesters and their production of sculpture. I use a long-term community art centre sales

database from Maningrida Arts and Culture in central Amhem Land to examine the

changes the woodcarving sector has experienced over the last 20 years. Our results show

that woodcarving production has grown rapidly over the last two decades. Arts production

is a flexible economic activity and carving is a popular artistic medium that can be

utilised due to the seasonal availability and accessibility of the plant resources. One

language group in the region produces the majority of woodcarving pieces and major

shifts in the age demographic and gender of sculpture producers attest to the social and

cultural sustainability of carving production in the region. This large dataset from

Maningrida Arts and Culture illuminates the changing dynamics of arts production and I

highlight the importance of compiling similar detailed and historical arts information.
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2.2 Introduction

Indigenous people worldwide have used wild living resources for hundreds of centuries.

Such resources provide a variety of domestic subsistence needs (e.g. food, medicine,

shelter and fuel) and also represent an important source of income. Whilst their collective

identities, cultural traditions and management practises have enabled Indigenous people

to maintain resilient and productive ecosystems, these societies, their use of resources and

their management systems are changing (Alcorn 2000) and in many cases, this has led to

a massive overexploitation of resources (Ticktin 2004). Given the importance of these

resources to local livelihoods, many studies have assessed the sustainability of Indigenous

resource use, focusing on the impact of harvesting on wildlife populations (Endress et al.

2004; Griffiths et 01. 2005; Siebert 2004; Ticktin 2004) and assessments of optimal

harvest levels (Freckleton et al. 2003; Olmstead and Alvarez-Buylla 1995). These are

indeed important factors, however, the management of Indigenous resource use in a

sustainable manner depends as much upon an understanding of the social components

(related to the resource users themselves) as it does on the biological factors

(Cunningham 200 I; Zaccagnini et al. 200 I). Of particular importance, is an

understanding of how the harvester population and harvesting patterns respond to the

social, economic and ecological changes that face Indigenous people worldwide.

In Australia, European colonisation (since 1788) wrought massive social and

economic changes in Aboriginal communities in a relatively short period of time. From

an Aboriginal viewpoint, the most serious consequence of colonisation was the loss of

land, as land was central to Aboriginal religious life and was the only basis of economic

survival (Sutton 1988). Early government policies moved Aboriginal populations away

from traditional lands and centralised them into settlements and it was not until the early

1970s that there was a major shift in the national approach to Indigenous Australians and
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general policies changed from assimilation to that of self-detennination and land rights

(Altman 2000). Today, Indigenous Australians are marginalised, with high rates of

unemployment, low education levels, high adult mortality and severe economic

development problems (Taylor 2003). The production of art, particularly in remote

Aboriginal communities, is often the only productive goods export commodity available

and micro-economic studies have indicated that in some remote Aboriginal communities,

income from art and craft sales can be as high as 46% of cash income earnings (Altman

and Taylor 1989).

The majority of art produced in remote Australian Aboriginal communities is

derived from local plant materials (Wright 1999). The continued availability of these

plant species represents a significant asset base for these communities and is a critical

input in production (Griffiths et al. 2003). Changing patterns of resource use and arts

production as a result of social, economic and ecological factors may place pressure on

the natural resources used for production. In many parts of the world, declining access to

natural resources has become a major problem for Indigenous artisans, particularly

woodcarvers (Cunningham el al. 2005; Omeja el al. 2004; Peters el al. 2003) and

fibrecraft artists (Coomes 2004; Joyal 1996; Konstant el al. 1995; Runk 200 I; Siebert

2004). The resource base is often unable to support the number of people utilizing the

forest for subsistence and such activities further compete with harvesting for commercial

purposes, including the production of artefacts for sale (Aagesen 1998; Dahdouh-Guebas

et al. 2000; Luoga et al. 2000). In Australia, it is as yet unclear if there are established

Indigenous processes to ensure sustainable species use, particularly in one sector of the

arts industry that has experienced rapid changes and growth - woodcarving (Griffiths el

af. 2003).
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Aboriginal art in Australia has grown to become an important cultural and

economic enterprise (for a description of the art industry's development see Altman

2003a) and the last few decades saw an expansion in the number of communities

producing woodcarvings. In a recent survey of 39 remote Aboriginal art centres in

northern and central Australia, 18 listed wooden sculpture as a marketed commodity

(Wright 1999). Whilst present-day carvings are still created for use during ceremony,

most are made specifically for sale in the broader commercial art market, both in

communities where carving was undertaken traditionally and in others where it has

become a new medium to express cultural identity and themes.

There is a lack of comprehensive data about the scale of woodcarving both across

Australia and within individual communities, including the number of Indigenous artists

involved, their geographical distribution, and their use of local resources to produce

artefacts (Altman et 01. 2002). However, in the last decade a few leading community

based art centres have developed sophisticated and computerised arts databases to record

and archive artistic and financial management records (Wright 1999). Such data offer an

opportunity to raise meaningful questions related to the changing production of art and

the use of natural resources by artists. These community generated datasets may span

many years - longer than the time within which most researchers can spend in the field

and may give an important time frame in which to observe trends that may be highly

variable in the short term.

In this chapter I examine an extensive art purchase and sales database from the

Maningrida region of central Arnhem Land, in the Northern Territory of Australia. Data

obtained from this particular region provides a unique opportunity to examine broad

trends in carving production as the community art centre is well established (founded in

1963; Altman 2004a) and it has been keeping sales records spanning the last 20 years. In
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analysing this data, the aim is to understand how the woodcarver population and

harvesting patterns have changed over time and more specifically: (i) to examine changes

in carving production, (ii) to examine changes in the demographic characteristics of the

main sculpture producers (e.g. age, gender and language group), and (iii) to examine the

elements of individual artist production.

2.3 Methods

2.3.1 Study area

Maningrida is a small, remote Aboriginal township located in central Arnhem Land,

Australia (Figure 2.1) that was established as a service settlement by the Northern

Territory Welfare Branch in 1957. The last five-yearly national census (2001) indicated

that 1,850 Indigenous Australians resided in the region (Australian Bureau of Statistics

2002): 1,350 in the main township of Maningrida and around 500 at a number of

outstations scattered throughout the Maningrida region (an area of approximately 10,000

km2
). Linguistically it is extremely diverse with over 10 distinct Aboriginal languages

being spoken in this relatively small area. The local art centre, Maningrida Arts and

Culture (MAC) specialises in fine and tourist art production. Artwork produced in the

region is bought by the community-controlled art centre and then resold to a variety of

wholesale and retail customers. A range of artefact lines are produced and almost all

depend on naturally occurring raw materials (e.g. bark paintings, wooden carvings, fibre

craft weavings, ochres and dyes; see http://www.maningrida.com).
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Figure 2.1: Map of the Maningrida region in central Amhem Land, Australia, showing

the location of outstation residences (solid circles) and major woodcarving language

groups (in italics).
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2.3.2 Art sales records

Maningrida Arts and Culture is the main outlet in the region for artists to sell their work,

and their database provides an important source if information to monitor the changes in

production and markets for artefacts. I collated all available records of individual pieces

of artwork purchased from artists in order to examine the dynamics of woodcarving

production. Prior to 1992, all works were recorded on individual artist cards and included

information on the artist, their language and land-owning group, the date of purchase by

the art centre, the medium, subject, and the price paid for the art work. From 1992-1997,

all artwork was recorded in receipt books on purchase from the artist and included the

same information as that on the artist data cards. In 1998, as the art centre business was

growing, MAC realised the importance of keeping accessible and accurate sales

information for accounts and archival purposes and established a computerised database.

Each piece of art purchased from artists is individually labelled with a catalogue number

which is recorded in the database along with the following information: artist's name,

language and land-owning group, the date of production, the size, medium and subject

matter of the piece and the purchase and sale price. For the years 1998-2003 all artworks

were compiled from MAC's database (i.e. carving, bark painting, fibre craft and hollow

logs), however, for the years 1985-1997 only records for carvings and bark paintings

were compiled from the written records and entered into our database.

2.3.3 Data analysis

Descriptive statistics were used on the art centre data to describe production trends and

the artist population. A contingency table analysis was used to compare the differences

between carving and bark painting production. I assumed all records to be independent as

24



Chapter Two: Sculpture Prodllction

each artwork is given a unique catalogue number and the data were checked for multiple

entries of the same artwork. All data were tested for significance at the p = 0.05 level and

checked for relevant assumptions prior to analysis. Sales price analyses are not included

in this paper as they are discussed elsewhere in a thorough examination of carving

production economics (Chapter 4). Analyses on the size (length and diameter) of

woodcarvings at MAC were not undertaken as the data were too few for meaningful

results.

2.4 Results

2.4.1 Production trends

Between the I5t January 1985 and the 31 5t December 2003 (19 complete years of data

collection), 6,925 individual woodcarvings were bought from artists by Maningrida Arts

and Culture. The total number of carvings for each year during this period (1985-2003)

was highly variable (Figure 2.2), ranging from less than 50 (prior to 1992) to over 1000

individual carvings per annum (1999-2002). There were significant differences in the

number of carvings purchased each year compared to bark paintings for the period 1985

2003 (x' ~ 7868.367, DF ~ 36, p < 0.0001). Prior to 1994, carvings accounted for only a

small percent « I0%) of combined bark and carving records in each year. However, from

1994 onwards roughly equal numbers of bark paintings and carvings were purchased. For

the period in which I have a complete data set, including all types of artwork (e.g.

fibrecraft and musical instruments), woodcarvings represented 30% (1999), 28% (2000

and 2001), 23% (2002) and 13% (2003) of all artwork purchased.
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Figure 2.2: The total number of carvings purchased each year between 1985 and 2003 by

Maningrida Arts and Culture.
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Since 1994, the purchase of carvings has been highly seasonal with over 70% of

carvings bought between the months of July and December (Figure 2.3). Prior to this the

purchase of woodcarvings throughout the year was more uniform with roughly

6-12% of carvings purchased each month (Figure 2.3), however, general carving

production levels during this time were much lower.

2.4.2 Demographics ofwoodcarvers

2.4.2.1 Artist production

A total of259 individual woodcarvers have produced carvings for sale at MAC from

1985-2003. The number of artists producing woodcarvings each year has been increasing

over the last ten years and more than doubled during 1999 (Figure 2.4). However, the

proportion of new woodcarvers each year has decreased from >90% new carvers in the

mid 1980s to around 30% new carvers each year from 1999 onwards (Figure 2.4). On

average, woodcarvers produce between 2-10 carvings per year with only 6.5% of carvers

producing an average of more than 20 carvings per year. The number of carvings

produced by each woodcarver between the two time periods, 1993 and 2003, has

changed. The small number of woodcarvers in 1993 produced less than 20 carvings each

(Figure 2.5). By 2003, the majority of carvers were still producing in the low end of the

spectrum (79% of carvers produced less than ten woodcarvings in 2003), however, a

number of woodcarvers produced a significant number of carvings in that year (Figure

2.5). The most sculpture produced by an individual woodcarver in one year was 99

carvmgs.
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Figure 2.3: The percent of all carvings produced each month during two time periods,

1984-1993 and 1994-2003 from Maningrida Arts and Culture.
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Figure 2.4: The total number of carvers and the number of new carvers producing

woodcarvings each year between 1985 and 2003 from Maningrida Arts and Culture.
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Figure 2.5: The number of carvings produced by woodcarvers during 1993 and 2003 in

the Maningrida region.
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The production of carvings by artists is highly variable from year to year. For

example, an artist may produce many carvings in one year, very little the next, may not

carve at all and produce other types of artwork and then may start again after a few years

break. Between 1985 and 2003 around half of the woodcarvers had produced carvings

during only one year in that period (Figure 2.6). A very small number of woodcarvers

(15%) had been actively carving for 5 or more years (Figure 2.6). However, the majority

of woodcarvers produce art works in other media (Figure 2.7) and only 20% of both male

and female woodcarvers solely produce woodcarvings. Male carvers are also producers of

bark paintings, whereas female carvers, in addition to carvings, produce fibrecraft, bark

paintings and/or a combination of all three (Figure 2.7).

2.4.2.2 Language ofartists

Of the many language groups residing in the Maningrida region of central Amhem Land,

woodcarvers from ten language groups were recorded in the arts database between 1985

and 2003. Some language groups produced more wooden sculptures than others (Figure

2.8). Whilst artists from the Kuninjku, Burarra and Rembarmga language groups have

been carving for the longest period of time, and have artists documented in this data

producing woodcarvings in the mid 19805, artists from the Kuninjku language group have

been responsible for producing the majority of woodcarvings (50%) since 1985. They

were also the language group responsible for that massive peak in production during the

late 1990, (Figure 2.8).

2.4.2.3 Age o/woodcarvers

In 1993, all woodcarvers were over 30 years of age, and of these, 54% were aged over 50

(Figure 2.9). However, in a ten-year period, the age demographic of carvers has changed
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number of years active

Figure 2.6: The number of years that each sculpture artist had been actively carving

between 1985 and 2003 at Maningrida.
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Figure 2.7: The percent of carvers at Maningrida who produce artwork in other media

grouped by gender for the period 1985-2003. CW = carving wood, Fe = fibre craft, BP =

bark painting.
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Figure 2.8: The total number of carvings produced by the major language groups

between 1985 and 2003 at Maningrida.
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Culture.
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with particular increases in the 20-40 year old age bracket (Figure 2.9). The youngest

producing woodcarver was recorded in 2002 when a 15-year-old male produced 7

woodcarvings for sale at the art centre. The oldest recorded woodcarver is a 77-year-old

(in 2003) Kuninjku man who continues to carve.

2.4.2.4 Gender ofartists

Of the total 259 woodcarvers recorded in the arts database between 1985-2003, 81 are

female and 178 are male artists. It is only relatively recently that women have produced

woodcarvings for sale at Maningrida Arts and Culture. Prior to 1993, the art data records

that on only one occasion a carving was produced by a female artist. By 1999,25% of all

woodcarvings were being produced by women artists (Figure 2.10). It is interesting to

note that women from the Kuninjku language group account for 68% of women's

woodcarving production between the years 1985-2003.

2.4.3 Subject Matter

Artists in the Maningrida region carve many types of sculpture, however, the subject

matter of carvings can be broadly broken down into 2 categories; spirit and animal

carvings. Sculptures of Spirit Beings accounted for 89% of all carvings from 1985-2003.

The different language groups carve different spirit beings based on their particular myths

and Dreamings. For example, in the most recent data (2002-2003) Kuninjku carvers

mainly produced Mimih (72%), Yawk Yawk (23%) and Buluwana (2%) spirits, Burarra

and Gunartpa artists carved Wangarra spirits (70%), Djinang Mewal spirits (81 %), and

Rembarrnga carved Wurum spirits (9%). Only the Burarra and Rembarmga artists carved

significant numbers of animal figures. Over 25% of carvings produced by Burarra artists
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Figure 2.10: The total number of carvings produced by male and female carvers in the

Maningrida region.
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were bird sculptures whilst 63% of Rembarrnga carvings were animal sculptures

(predominantly mammal, fish and reptile carvings).

2.5 Discussion

The production of woodcarvings by Indigenous artists in the Maningrida region of central

Amhem Land has grown rapidly over the last 20 years (Figure 2.2). This growth

represents a potent example of an Indigenous enterprise that has responded positively to

market opportunity in the face of a myriad of social constraints and economic

disadvantage affecting Indigenous people in Australia. The period of data analysed in this

study (1985-2003) covers the main period within which carvings have been produced for

sale in the region. Unlike other areas of Amhem Land, the production of woodcarvings is

a relatively new innovation in and around Maningrida (see Chapter I). A number of

economic, ecological and social factors interplay with the dynamics of the arts market and

the role of local art advisers to explain the changes in carving production reflected in the

arts database from Maningrida Arts and Culture.

The production of art in remote Aboriginal communities is an important economic

activity. It is one of very few ways to engage in market activity and is often the only

means by which individuals can increase their cash income levels above citizenship or

welfare entitlements (Altman and Taylor 1989). On inspection of the production

dynamics of individual carvers it is evident that the majority of artists have been active

for less than 5 years (not necessarily consecutively) and the average number of sculptures

produced by an artist each year is relatively low (e.g. under 10 carvings per year). Thus,

very few artists consistently carve a significant number of pieces from year to year. This

type of production is typical of Indigenous people in remote communities throughout the
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world (Chibnik 2003) where art and craft production is a flexible activity that can be

undertaken within a hybrid economy framework, combining elements of market, state and

customary economies (Altman 200 Ib).

The majority of woodcarvers produce other forms of artwork as well as carvings

(e.g. bark paintings or fibre craft weavings). Due to the seasonality of plant resource

availability (Figure 2.3), artists are moving into new media as a way to produce work

throughout the year and thus earn a larger income over a larger part of the year (Taylor

2001). In this region of Australia, the bulk ofrain falls within a six-month period of the

year and the year is divided into distinct wet and dry seasons. Such marked seasonal

changes affect the availability of plant resources during the year. For example, the bark

sheets utilised for making bark paintings can only be removed from the stringybark tree,

Eucalyptus letrodonla, during the wet season months when sap runs freely in the trees

(Maningrida Arts and Culture 2003; Taylor 200 I). Conversely, carvings are mostly

produced during the dry season months when the wood takes less time to cure. However,

a small number of artists who rely solely on carving production have started to make

carvings throughout the year.

Whilst woodcarving has been a male dominated activity there are a growing

number of women who practise carving (Figure 2.9). For most women, their main artistic

endeavour has been the making of fibre items including utilitarian, ceremonial and

sculptural fibre works (Kohen 2004). However, women are now working in other media

as recent changes within local social groups have seen it become readily acceptable for

women to produce other forms of artwork in the Maningrida region, including carvings.

Whilst women have often shared the work of producing art with their male relatives, it

was not until the late 1990s that men began to openly acknowledge the participation of

women in their work and allow them to produce artworks independently and pursue their
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own artistic endeavours (Kohen 2004). Most of the women producing sculpture today are

the spouses or daughters of prominent male carvers. Indeed, the very first woman to

produce carvings was the wife of Crusoe Kunningbal (the first woodcarver in the

Maningrida region). There is also an added economic incentive for women to produce

such art forms, as women receive a higher monetary return for sculpture (and bark

paintings) than for the fibre craft weavings they more typically produced, and this

benefits combined family incomes (Taylor 2001).

Producing art is a culturally important practice and utilises skills and knowledge

that are highly valued in the community. The variation in subject matter and sculptural

fonn reflects how art is embedded in the cultural identity of different groups. Whilst there

are 10 different language groups from the Maningrida region recorded in the arts data as

producing sculpture, there are significant cultural differences with respect to overall

levels of production. One language group, Kuninjku, have consistently been high

producers of artwork in the region. To some extent this can be traced back to the social

history of the Kuninjku language group - a group particularly marginalised in the main

township of Maningrida during the early days of the settlement (Altman 2004a). During

the 1970s, many Kuninjku returned to live on their ancestral estates. This migration was

associated with a strong cultural and customary harvesting revival, however, cash was

still needed, generating an economic imperative to make money from art (Altman 2004a).

Since then, the Kuninjku have dominated in all areas of arts production in this region of

Arnhem Land.

The growth of the carving industry at Maningrida can also be attributed to a

growth in market demand for sculptural works. The art data from MAC reflects a

transition of the Aboriginal art market, which occurred during the late 1980s and 1990s,

into that of fine art. The expertise of a few key arts advisors resident at Maningrida Arts
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and Culture as well as a number of key sculpture exhibitions in the 1990s (Pizzi 1997;

Ryan 2001; Taylor 2001), helped Maningrida to develop the market for their

woodcarvings. Market demand can have a mixed influence on arts production. Remote art

centres often have policies to market the works of all artists in the community. Thus, the

industry tends to be driven by production as opposed to market demand (Altman et al.

2002). However, a positive relationship is evident when the arts adviser is able to

interpret market trends and pass this infonnation on to the artists, provided that the skills

and capacity for artistic creativity already exist. For example, woodcarving production at

Maningrida increased dramatically during 1999 as the arts adviser was keen to take up

opportunities for increased sales and marketing due to the then up coming 2000 Sydney

Olympics (Altman 2004).

Assuming that market demand for woodcarvings remains at current high levels,

can we hypothesise about the level of growth in carving that may be experienced over the

next few decades based on the changing age demographics of carvers? The current age

demographic shows many differences to that of the ten years prior. Ln 1993 all sculpture

artists were over the age of 30 and more than half were aged over 50. In the ten-year

period within which sculpture production experienced its biggest growth (1993-2003), the

age demographic shifted and by 2003 there were significant increases in the 20-40 year

old artist age bracket, as well as continued production in the older age brackets. More

recent fieldwork in the region (June-July 2006) indicates that more and more young

female and male artists are engaging in woodcarving (J. Altman, pers. comm.). In the

Maningrida community, carving production is seen as the artwork style that requires the

least teaching, skill and time involved for production and yet still gives significant returns

to artists. Bark painters and fibre artists in the region may spend many years learning

from established practitioners (Taylor 1996), however, because carving is a relatively new
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phenomenon in Maningrida, their production is not ritually restricted and this kind of

apprenticeship is generally not required. The relative ease with which carvings can be

produced means that both younger and older people are able to produce sculptural works.

Combining this with the high fertility and population growth of remote Indigenous

communities (Taylor 2003), the increase in women producers, and the economic

imperative to make an income from art production, we can reasonably expect carving

production to continue to grow in the future.

2.6 Conclusions

The dynamics of woodcarving production in the Maningrida region over the last 20 years

reflects the social and economic changes that the community, its artists and the art centre

have experienced in relation to the development of Aboriginal Art. Artists in the region

have embraced woodcarving, particularly over the last decade, as it provides a flexible

economic activity and can be undertaken when the plant resources for other art fOffilS are

unavailable. General production levels and the number of sculpture artists have increased

over the last 20 years and associated with this have been shifts in the age demographic

and gender of sculpture producers, illustrating the social and cultural sustainability of

carving production in the region

The use of the community arts database from Maningrida provided an important

long-term record to assess carving production dynamics from this region. Aspects of the

data related to the number of artworks, the number of artists, their age, gender and

language group were accurate, subject to few biases and particularly useful for describing

production dynamics and artist demographics. Whilst there are numerous Aboriginal art

centres in Australia that cover a broad geographical distribution, the potential to gather

comprehensive data on the dynamics of arts production Australia wide (information that
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is sadly lacking) is limited as the available infrastructure and the history of particular art

centres have prevented long-tenn data accumulation in many cases. However, I highly

recommend that community art centres with adequate resources should be recording such

infonnation in an electronic fonnat for archival, financial and analytical purposes.
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Chapter Three: Resource Use

3.1 Abstract

Plant resources are used, managed and conserved by local communities in many parts of

the world, however, very few studies have examined the site-specific factors and

mechanisms that affect resource extraction. I apply methodology from the social and

biological sciences to examine the cultural and socio-economic factors that innuence the

harvest practice and resource use of Aboriginal woodcarvers from six language groups in

the Maningrida region of central Amhem Land. Woodcarvers from this region use a small

number of carving timbers with two species dominant, Bombax ceiba and Brachychiton

diversifolius. There were many cultural differences in harvest practice with Kuninjku and

Kunibidji woodcarvers harvesting a greater number of tree species, larger quantities per

harvest trip and smaller sized stems compared to the other language groups. Socio

economic factors also played an important role in facilitating the collection of stems as

artists owning a vehicle acquired more stems than those who did not. Harvest sites closest

to the main township of Maningrida had higher visitation frequencies than those further

away. These influences on harvest practice have significant implications for the ecological

sustainability of timber harvesting in this region and highlights the need to examine such

localised factors when assessing the sustainability of Indigenous wildlife harvests.
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3.2 Introduction

The harvest of non-timber forest products (NTFPs) represents an important source of income

to millions of Indigenous people worldwide (Ticktin 2004) and is often promoted as a way to

provide economic development for communities whilst having lower impacts on forest

communities and ecosystem processes than other land uses (Cunningham 200 I; Endress et at.

2004; Siebert 2004). NTFPs can roughly be defined as any useful and valuable product that can

be extracted when timber production is not the primary focus of forest management including

wild foods (Aagesen 1998; Muniz-Miret et al. 1996; Orlande et at. 1996), medicinal products

(Botha et at. 2004; Van On et at. 2001) and materials for art and craft production (Coomes

2004; Peters et al. 2003; Runk 2001). [n many instances the demand for such products is low

and does not exceed sustainable supply, however, the harvest of NTFPs can also result in

overexploitation and this has been well documented in recent years (Ticktin 2004).

Given the economic importance ofNTFPs to indigenous people, the last few decades

have seen an increase in the number of studies examining the harvest of wild plants for both

subsistence and commercial use, particularly in areas of Africa, Asia, South America and Latin

America. These include descriptions of ethnobotanical uses, production, harvest and species

inventories (Aguilar and Condit 200 I; Dahdouh-Guebas et at. 2000; Joyal 1996; Ladio and

Lozada 2004; Luoga et at. 2000), quantitative assessments of availability (Griffiths et at. 2003;

Obiri et at. 2002; Omeja et al. 2004; Paoli et at. 200 I), the use of population models to assess

sustainability (Freckleton et at. 2003; Olmstead and Alvarez-Buylla 1995) and the impact of

harvesting on plant communities (Botha et at. 2004; Endress et at. 2004; Shackleton 200 I;

Siebert 2004; Ticktin 2004). However, very few studies have examined the site-specific factors

and mechanisms that influence resource extraction. Plant resources are primarily used,

managed and conserved by local communities, and an understanding of the harvest and
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management strategies employed by them is essential to evaluate the sustainability of

extraction (Endress et al. 2004).

In northern Australia, there is usually little scope for commercial activity for

Indigenous people resident on Aboriginal land, particularly as these communities are

often located in isolated areas remote from the markets (Taylor 2003). However, one

resource that remote Indigenous communities have in abundance is native plants, the

harvest of which plays an important role in the customary economy, providing a source of

food, medicine, firewood and material for ceremonial artefacts (Yunupingu et al. 1995).

The Indigenous Arts Industry is an important indigenous enterprise that commercially

utilises plant species with the majority of art produced in remote Indigenous communities

of northern Australia being derived from local plant materials (Altman and Whitehead

2003; Wright 1999). The production of art is significant to local and regional Aboriginal

economies in remote areas of Australia as it is often the only means for Aboriginal people

to increase their cash incomes above welfare entitlements or Community Development

Employment Project (CDEP) scheme earnings (Altman 2000).

The continued supply of plant resources for arts production represents a significant

asset base for these communities and acts as a critical input in the continued success of

the commercialisation of art (Griffiths et al. 2003). Whilst production and sales have

proved robust over the last few decades (Altman 2003a; Wright 1999), the rapid growth in

production, the social and cultural sustainability of art production, the increasing numbers

of Indigenous people returning to traditional lands and above average expected population

growth (Taylor 2003) suggests that ecological sustainability issues are examined. There

are surprisingly few case studies in Australia that have attempted to assess the size and the

potential impact of harvesting native plants for Indigenous arts production. Griffiths et al.

(2003) assess the local availability of one tree species used for woodcarving in central
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Amhem Land, however, no quantitative infonnation on the amount and frequency of

harvests was gathered.

In this Chapter I undertake an extensive field-based study to quantitatively

describe a commercial plant harvest undertaken by Aboriginal woodcarvers in the

Maningrida region of Amhem Land. Harvest regimes can vary greatly between and within

cultures, and even between individual harvesters (Ticktin and Johns 2002). In the

Maningrida region, there are over a hundred sculpture producing artists from very

different backgrounds including different language groups, identity, gender and place of

residence (Chapter 2). The aim of this research was to describe the factors that influence

the harvest practice and resource use of woodcarvers in the Maningrida region. In doing

so I identify the trees that Indigenous artists are harvesting to carve wooden sculptures and

the sites from which trees are harvested. I document the harvest practice of local artists

and examine how these aspects of resource use are influenced by cultural and socio

economic factors. I also establish whether a community arts database could be used as a

cost-effective means to monitor local resource use in the future.

3.3 Methods

3.3.1 Study location and artist participants

This study was carried out in the Maningrida region (Figure 3.1), an administrative area of

approximately 10,000 km2 located in central Amhem Land, Australia (for detailed

descriptions of the study location refer to Chapter 1.5). Linguistically it is a very diverse

region with over 10 distinct Aboriginal languages being spoken in this relatively small
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Figure 3.1: Map of the Maningrida region in central Amhern Land, Australia, showing

the location of outstation residences (solid circles) and language groups (in italics).

48



Chapter Three: Resource Use

area. Of these, six language groups in this region of Amhem Land comprise the majority

of carvers (Chapter 2). For this study, these six language groups were broadly classified

into two groups of producers. The first consists of woodcarvers from the Kuninjku and

Kunibidji language groups (hereafter referred to as language cluster A), and the second

consists of carvers from all the other language groups: Burarra, Djinang, Gunartpa and

Rembarrnga artists (referred to in this paper as language cluster B). Members of these two

language clusters have been producing sculpture since at least the early 1980s and account

for over 80% of the carving produced in the region (Chapter 2). I stratified the languages

this way as personal observation indicated that the carvings produced by artists from the

Kuninjku/Kunibidji community were quite distinct, although not perfectly discrete, from

other producers in the region. The Kuninjku and Kunibidji language groups are

particularly closely allied, with existing cultural ties and are interrelated through social

networks such as marriage.

All woodcarvers from these two language clusters (clusters A and B) who were

actively carving during 2002 (i.e. producing carvings for sale at the art centre) and who

were willing to participate in the study were involved. The woodcarvers involved covered

a range of demographics, including gender, artists of varying age and artistic experience

and artists of different residence (either in the town of Maningrida or at one of the

outstations in the region) and accounted for 70% of active carvers that year. Of the 31

artists involved in the study, 18 were from language cluster A, and 13 from the language

cluster 8. This included 24 male and seven female woodcarvers. Nine of the artists

involved in the study, who were actively carving during 2002, were inactive during 2003.

Participants were paid for giving their time to help with this research.
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3.3.2 Participant abservatian

Participant observation was used as a preliminary method for gathering information on the

timber species used by artists in the Maningrida region to carve sculpture, the sites from

which they harvest these trees and aspects of their harvest practise (Zent 1996). Between

May and September 2002, I accompanied 21 individual woodcarvers on 25 timber

harvesting trips. The vehicle and fuel was provided for the trips from project funds,

however, artists used their own timber harvesting equipment. During the harvest trips, for

each harvested tree the following information was recorded including: the tree species, its

height (m), diameter at breast height (130 cm), reproductive condition (the presence of

flowers or seeds were noted), the number of timber pieces taken from the tree and the

dimensions of these pieces. The location of every harvested tree was recorded with a

Global Positioning System (GPS) waypoint.

3.3.3 Resource accounting

The participant observation described above was a somewhat artificial method of data

collection where I was actively involved in the harvest of trees and provided key resources

for the harvest trip (e.g. vehicle and fuel), perhaps making it easier for artists to acquire

timber for carvings than it would otherwise be. To further investigate patterns of resource

use, I undertook a resource accounting study (Zent 1996), where the resource types (i.e.

tree species) and the amounts acquired or utilised by artists during specific periods were

observed. I undertook the resource accounting study over six consecutive months between

June and November 2003 with 31 artists from the region. Each month all the artists were

visited on two occasions spaced seven days apart. Artists were visited at their place of

residence and visits were generally unannounced (permission was granted by each artist at
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the start of the study). Ifan artist was unavailable at this time, family members were

involved and/or follow-up questions were directed to the artist on a subsequent trip. On

each of these visits any harvested sterns or unfinished carvings were measured and

documented. The tree species of each piece was recorded along with its length and

diameter. A description was also made of the extent of production on the carving

including the subject matter of the piece and the colours used for painting. In conjunction,

artists were questioned on aspects of the harvest such as: the location of the harvest, the

time since the timber was cut and the tree species harvested.

3.3.4 Semi-structured interviews

Semi-structured interviews were conducted with artists involved in the resource

accounting study (lent 1996). Interviews were undertaken opportunistically throughout

2003, at the artist's place of residence and local language interpreters were used. All

interviews were recorded using a digital Minidisk and later transcribed. Interview

questions related to many aspects of woodcarving from the history of sculpture

production. The interview data were collated and responses to structured questions were

grouped into themes. I have included a small number of direct quotes to highlight the

main themes raised by artists.

3.3.5 Arts database

Since the Maningrida township-based art centre, Maningrida Arts and Culture (MAC), is

the only outlet in the region for artists to sell their work, the centre's database has the

potential to be a useful tool for monitoring tree species use. Each piece of art that is
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brought to the centre by local artists is individually labelled and recorded in a database

that includes: artist's name, primary language community, the date of production, size, and

price of the work. At the commencement of this project, I developed a tree identification

booklet of the range of species used for carving in the region. This book contained colour

photographs of each tree, its leaves, bark, flowers and or seeds and a description of its

habitat. Accompanying each photo was a list of local language names for each species. As

each woodcarving was brought into the art centre the artist would flip through the book

and identify the species used for the carving and for the duration of the project this

information was entered into MAC's database. Based on the length and diameter

measurements of stems observed in the field and visual descriptions of work, the arrival

of individual woodcarvings at the art centre could be traced and the field data linked to the

arts data. This enabled comparisons to be made between the tree identifications observed

in the field and those recorded at the art centre.

3.3.6 Data analysis

Descriptive statistics were used on both the participant observation and resource

accounting data to describe trends in harvest practice and resource use. Wilcoxon or

Students t-tests were used to compare the difference between two means and contingency

table analyses were used to compare the frequency of variables in the art centre database.

All data were tested for significance at the p = 0.05 level and checked for relevant

assumptions prior to analysis.

To investigate the factors that affect the frequency of harvest site use a number of

explanatory variables were incorporated in the a priori development of a candidate set of

models (Burnham and Anderson 1998). These included a measure of the distance of the
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harvested patch to Maningrida township, a measure of the distance between the patch and

where the woodcarver lives, the language cluster of the carver and the tree species used

(Table 3.2). Similarly, to investigate whether the number of stems acquired by artists was

most influenced by the language cluster of the artist, the ownership of a vehicle, the

woodcarvers residence (i.e. outstation or Maningrida township), the gender of the carver

or the average income received per carving, these explanatory variables were incorporated

into a candidate set of models (Table 3.6).

Models were fitted using generalized linear modelling (GLM) and a poisson (log

link) distribution was used in both cases, as the response variables were count data

(Crawley 2002). Changes between the residual and null deviance were examined to assess

the goodness offit of the models (Crawley 2002). Candidate models were ranked using

Akaike's Information Criterion corrected for small sample sizes (AICc ; Burnham and

Anderson 2002). I estimated overdispersion (c) using the ratio of mean deviance to

degrees of freedom for the global model and where there was evidence of overdispersion

(c> I) used the quasi-likelihood modification (QAIC).I1AICc or LiQAICc values, the log

likelihood (log (L)), and Akaike Weights (Wi) were calculated based on Burnham and

Anderson (1998) allowing the easy interpretation and ranking of candidate models.

Values of LiAICc less than two have substantial support given the data, values between 4-7

have considerably less support and values over ten essentially no support (Burnham and

Anderson 1998). A given Wi is considered as the weight of evidence in favour of model i

being the actual K-L best model given the models at hand (Burnham and Anderson,

1998). All analyses were undertaken using R 1.9.1 (The R Foundation for Statistical

Computing).
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3.4 Results

3.4./ Tree species harvested

Sculpture artists were observed to collect timber from seven different tree species during

the participant observation trips and the resource accounting study (Table 3.1). The two

methods revealed similarities in the number of tree species, however, two of the six

species were observed only during the participant observation, £xcoecaria ovalis and

Sterculia quadriflda, and the use of Hibiscus tiliaceus was observed only during the

resource accounting. All of the species that were used for sculpture are native to the

region and distributed widely throughout northern Australia (Brock 2001). Of the tree

species, two are large (~ 20 m in maximum height), two are medium sized (10-20 m

height) and three are small to medium sized trees (Table 3.1). Five out of the seven tree

species are deciduous or semi-deciduous, and all seven tree species do not suffer from

internal insect damage (e.g. compared to the tennite hollowing of trunks which is

common in other tree species in northern Australia; Fox and Clark 1972). The two

methods of data collection showed similar relative use of the tree species. During the

participant observation, Bombax ceiba and Brachychiton diversifolius accounted for the

majority of harvested tree stems (29% and 63% respectively), however, whilst these

species continued to dominate in the resource accounting, the use of another species

Nalle/ea orientalis accounted for 30% of harvested stems.
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Table 3.1: Summary of tree species harvested by woodcarvers in the Maningrida region

of Arnhem Land based on participant observation and resource accounting data.

Tree Family Habitat Height Habit

Bomba~ ceiba Bombaceae Monsoon Forest 10 - 20 m Deciduous

Brachychitoll diversifolius Sterculiaceae Open Forest 7- 15 m Semi-deciduous

Cal/arill/II allstraliallllm Burseraceae Monsoon Forest 15 - 25 m Deciduous

Excoecaria ovalis Euphorbiaceae Mangrove Forest 5- 10 m Deciduous

Hibiscus tiliacells Malvaceae Coastal 5-8 m Evergreen

Nauclea oriemalis Rubiaceae Monsoon Forest - 10-25m Semi-deciduous

Riparian

Sterculia quadrifida Sterculiaceae Monsoon Forest 5 - 10 m Deciduous
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3.4.2 Harvest sites

A total of20 harvest sites were identified from the participant observation (n = 13) and

resource accounting (n = 12) studies and of these, five sites were observed during both.

During the participant observation study, artists travelled an average distance of 33 km to

harvest sites A Wilcoxon rank-sum test revealed that there was no significant difference

between the two language clusters (cluster A and 8) with respect to the mean distance

travelled to harvest sites (W ~ 94.5, df ~ 24, P ~ 0.6\).

The frequency of use of a harvest site (including results from both the participant

observation and resource accounting) was primarily related to the distance of that site

from the main township of Maningrida. As evidenced by the differences in 6AICc and

Akaike weights (IV;), the first two models in the candidate set were clearly supported

above the others (making up over 90% of the Akaike weights; Table 3.2). 80th these

models contained distance to Maningrida as a parameter, inferring that the distance of the

harvest site from the main township of Maningrida influenced the frequency of harvesting

at that site (Table 3.2), whereby the frequency of harvest site use decreases with

increasing distance away from Maningrida.

3.4.3 Harvest quantity

A total of 177 trees were harvested during 2002 on the participant observation trips (n =

25). All trees were destructively harvested. The entire tree was felled at the trunk between

5-50 cm from the ground using a metal axe and the artists cut different lengths of timber

from the fallen tree for their carvings. Certain tree species were targeted more often than

others. Of the 25 harvest trips that I participated in, Bombay: ceiba was felled on 14 trips
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and Brachychiton diversifolius on II trips (Table 3.3). However, the number of individual

trees harvested and thus the average number of trees cut per trip was much higher for B.

d;versifolius compared to B. ce;ba (Table 3.3). Yet, the average number of pieces of

timber taken from each tree (i.e. the number of sculptures that will be made per tree) was

higher for B. ceiba, at around two pieces per tree, compared to an average of one piece per

tree for B. diversifolius (Table 3.3).There were marked differences between the two

language clusters with respect to their choice of timber. Combining all data of tree use

(participant observation and resource accounting), artists from language cluster B mostly

harvested B. ce;ba stems for their carvings (Figure 3.2). In contrast, artists from language

cluster A were more varied in their choice of timber (Figure 3.2). Amongst the cluster A

artists, the majority (23 out of 30) only used one tree species for their carvings. However a

small percentage of artists sourced their timber from a number of tree species (Figure 3.3).

Individual trees were selected for harvest based on the attributes the artist desires

for their woodcarving (i.e. length, thick vs thin, straight vs curved). The length and

diameter of a harvested stem was significantly different between the language clusters.

Cluster A artists harvested significantly longer (mean length = 2088 mm vs 1800 mm, t =

4.11, dJ~ 136,p < 0.0001) and skinnier tree stems (mean dbh ~ 9.3 em vs 16.8 em, I ~

13.8, df= 126, P < 0.000 I) than artists from language cluster B. As artists from language

cluster B harvest Bombax ceiba stems, they had the largest diameter at around 16 cm,

whilst B. d;versifolius, Naue/ea and Canar;lIm stems (the species used by cluster A

artists) had smaller diameters (Table 3.4). These patterns do not reflect the maximum

diameter of mature trees of these species but selection of particular size classes by artists.

B. d;versifohus was the only tree in which curved and straight sterns were harvested,

however, the number of straight trees chosen was greater than that of curved ones (Table

3.4).
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Table 3.2: Model selection outcomes for generalised linear modelling of the factors

affecting the frequency of harvest site use. The global model included the following

parameters; distance to Maningrida (Mng), distance to artist's residence, language cluster

(A or B) and tree species. The .1AICc = the difference between that model's Akaike's

Infonnation Criteria (A ICc) value, and the minimum AICc value in the candidate set. Log

(L) = the likelihood of the model and Wi = Akaike weights. Null deviance = 64.10.

Candidate models with the greatest levels of empirical support (.1AICc< 2) are shown in

italics.

Model Parameter Change in K Ale, ~AIC Log (L) Wi

deviance

%

1 Distance to Mng 17 2 110.43 0 ~52.86 0.64

2 Distance to Mng + 19 3 111.78 1.35 ~52.49 0.32

Distance to artist

residence

3 Distance to artist 6 2 117.02 6.59 ~56.16 0.Q2

residence

4 Language cluster 4 2 118.76 8.34 ~57.03 0.01

5 Global 61 10 121.43 11.01 ~38.49 0.003

6 Tree species 25 7 123.99 13.57 ~50.33 0.001
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Table 3.3: Summary of harvesting trips undertaken during the participant observation

study including the number of trips, the total number of trees harvested, the number of

timber pieces obtained and the number of pieces obtained from each harvested tree.

Average values displayed are ± the standard error

Tree # Trips Total # Trees Total # Pieces # Pieeesrrrip # Pieecsrrrcc

Bombax 14 34 64 4.57 ± 0.5 1.88 ± 0.2

ceiba

Brachychiton 11 124 138 13.9±3.0 1.12±0.0

diversifolius

Callarium 8 8 8

aUSlralianum

Nauclea 2 11 11 5.5 ± 4.5

orientalis
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Figure 3.2: The number of tree species used for woodcarving by the two language

clusters (Clusters A and B) in the Maningrida region.
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Figure 3.3: The tree species used by woodcarvers from the two language clusters (Cluster

A and B) in the Maningrida region.
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During the 42-day sampling period (spread over 6 months) of the resource

accounting study, woodcarvers acquired a total of211 pieces of timber. The average

number of stems acquired by each artist during each 7-day period is given in Table 3.5

and divided into the two language clusters. From this data, I calculated the average

number of stems acquired by an artist each month (30.4 days) and per carving season

(taken as encompassing 6 months, Chapter 2). From this data, I estimate that each active

carver in the Maningrida region would produce 12 carvings per carving season, with

cluster B artists producing an average of 4 carvings and cluster A artists an average of 18

carvings per season (Table 3.5).

The number of stems acquired by artists was associated with the language cluster

of the carver and also whether the carver owned their own vehicle, as the model relating

the number of stems acquired to language cluster and vehicle had the greatest support

from the candidate set (Table 3.6). The other candidate models with good support given

the data were the univariate models of language (Wi = 0.21) and vehicle (Wi = 0.18). In

fact, the three models that made up the top 81 % of Akaike weights contained only the two

parameters language and vehicle (Table 3.6). Examination of model co-effIcient's show

that cluster A artists acquired more stems per unit time than those in cluster B, and artists

who owned their own vehicle acquired greater numbers of stems.

3.4.4 Cultural determinants afspecies and site selectian

Based on interviews with 31 woodcarvers, there were some distinct patterns in the transfer

of skills and knowledge about woodcarving. An artist's use of tree species was highly

influenced by who taught them about carving. All of the women woodcarvers interviewed
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Table 3.4: The characteristics of harvested stems observed during the participant

observation. Average values are displayed ± the standard error

Tree Length or Stem (em) Diameter or Stem (em) Straight:Curvy

B. ceiba (n - 34) 191.8±7.2 16.17±0.5 34:0

B. diversifolills (n = 193.5 ± 4.8 11.21 ± 0.3 22:1

124)

C. allstralianllm (11 = 8) 247.4 ± 13.1 6.76 ± 0.2 8:0

N. orientaJis (n = 11) 282.6 ± 12.4 5.93 ± 1.0 11:0
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Table 3.5: The average number of stems acquired by individual artists per carving season

± the standard error. Results are extrapolated from the average number of carvings acquired

during the seven-day resource accounting period. Carving season is taken as 6 months of

the year.

Group

Cluster B (n - 13)

Cluster A (n = 18)

Total (n=31)

Av. #/7 days

0.15 ± 0.1

0.70 ± 0.3

0.47 ± 0.2

Av. #/month

0.65 ± 0.4

3.0 ± 1.0

2.0 ± 0.6

Av. #/carving season

3.9 ± 2.6

18.0 ± 6.0

12.0 ± 3.8
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Table 3.6: Model selection outcomes for generalised linear modelling of the factors

affecting the number of stems acquired by artists during the resource accounting. The

global model included the following parameters; language cluster (A or B), vehicle

ownership, residence (outstation or town), gender and average $ return. The L'lQAICc =

the difference between that model's Akaike's Infonnation Criteria (QAICc) value, and the

minimum QAICc value in the candidate set, Log (L) = the log likelihood of the model and

Wi = Akaike weights. Null deviance = 165.734. Candidate models with the greatest levels

of empirical support (L'lQAICc< 2) are shown in italics.

Model Parameter Change in K QAlc. AQAlc. Log wi

deviance % (L)

i Language + 33.5 3 34.7 0 -77.5 0.42

Vehicle

2 Language /9.8 2 36./ /.4/ -88.9 0.2/

3 Vehicle /9 2 36.4 1.66 -89.6 0./8

4 Language + 32.1 4 38 3.30 -78.6 0.08

Residence

5 Residence + 40.6 5 38.8 4.03 -71.6 0.06

Language +

Vehicle

6 Residence 15 3 40.2 5.45 -92.8 0.03

7 Return 2.4 2 41.3 655 -103.3 0.02

8 Gender 1.8 2 41.4 6.70 -103.8 0.01

9 Global 45.6 8 49.6 14.82 -67.4 0.00
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identified that they had learnt carving techniques from their husbands who were also

artists. In contrast, the male woodcarvers identified that they learnt about carving from

their fathers (40%) or older male relatives (55%). One cluster A artist describes this as

follows:

I started carving from when I was 18 years old, I was looking at my father when he

was making and I see. So I do that right way, doing like my father, he taught me

carving, he told me "when J die just work this carving cause every carving belongs to

me". My father was first and eve'yone copy and he taught j/l.st me. (Cluster A artist

CK,2003).

The older (>50 years of age) cluster B woodcarvers (n = 4) identified that they learnt

about carving from elder men who used to carve dugout canoes from the B. ceiba tree.

Over 80% of woodcarvers mentioned that carving was started in the region by a

Kuninjku man, Crusoe Kunningbal, during the 1960s and 70s for use in a trade or

exchange ceremony context and also for sale at the Maningrida art centre. One of

Kunningbal's sons describes his father's use of carvings in the following way:

"He made it (carvings) for sale andfor shows as well. He used to Plit it (the carving) in

the middle and would dance around it" (Cluster A artist CK, 2003).

Kunningbal only used B. diversifolius for his carving and around two thirds of the Cluster

A artists in this study (including 3 of his sons) indicated that they used B. diversifolius as

they are following the influence and tradition of this now deceased man.

He got that idea (for carving) from rock art, from all that mimih. (Cluster A artist OY

talking about his father Kunningbal, 2003).

When asked about restrictions for harvesting timber, none of the artists identified

any restrictions for harvest based on language, gender or moiety (in much of Arnhem

Land, individuals belong to one of two patrilineal moieties; Duwa and Yirritja; (Morphy

1998). However, a small percent of woodcarvers indicated that there are harvesting
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restrictions related to certain sites, such as ceremony or Dreaming sites. Thus, 90% of

artists mentioned that you must ask for permission if you are harvesting timber from other

peoples land (over 80% of artist's harvested stems at one time or other from country that

was outside of their traditional estates). Artists described this, saying:

There are some secret places. YOIl ask the traditional ownerfirst before you go

through and cut them, you have to ask the right way so they can show you the right

place, they might say don't go through there don't cut that tree. (Cluster A artist OY,

2003).

Its okay as long as I ask the ownerfor the countlY, I ask him, "Hey I want Salamuna

(B. ceiba)" and he says "yeah, go and cut 2 or 3". Sometimes people are crazy these

days. Sometimes we save 0111' site, let them grow up a bit until good sizefor carving

and then go and cuI. Don't cUI it jllst forfun but for reason. Poor thing tree ... but he

grows again. (Cluster B artist TN, 2003).

Seasonal access was not identified as a problem for collecting B. diversifolius

stems, however, artists mentioned that most B. ceiba sites are flooded and inaccessible

during the wet season months as they are located near seasonally inundated floodplains.

The most accessible B. ceiba sites year round identified by woodcarvers are also the

patches located closest to the main settlement of Maningrida.

When describing the key characteristics of the woods that they use for carving,

woodcarvers using B. ceiba mentioned "soft" and "easy to carve" whilst artists using B.

diversifolills mentioned "hard" and "doesn't crack" A few alternative uses of these tree

species were described by artists including the production of string and rope, edible seeds

and tap root for B. diversifolius and use of timber for dugout canoes and wooden water

canying bags, an edible tap root and cottonwool like fibre for B. ceiba.

My father taught me that you have to cut this one tree Manblltbllt (B. diversifoliw,)

instead ofKordow (B. ceiba). I tried to cut Kordow and all ofa sudden you get crack, I

tried different trees bUlthey didn't work. My father taught me just cUI one tree. My
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father used to Clit Manbutbut tree (8. diversifolius) all the t;me not any other tree.

(Cluster A artist OY, 2003).

You know like for carving, ifyOIl want soft tree, to make any kind you only you need

Bombaxfromthejungle, not any other tree, just that one. You can make canoe,

anything from Bombax, Lots ofpeople doing carving, Men and women, men first

before women. (Cluster B artist LY, 2003).

Only two artists (a husband and wife) spoke ofa dreaming story related to the B.

ceiba tree at a particular site in their country. Other artists mentioned that the trees were

created but had no particular story.

When you go to that jungle, to that tree (B. ceiba), don't tolich that tree cause its really

dangerous. When they (artists) have an axe or especially ifkids touch that tree we'll

have lots ofwind and really cold weather and make rain out ofthat tree, really strong

just like cyclone. (Cluster B artist BB, 2003).

3.4.5 Species inventOly ji-om the arts database

There were 14 tree species recorded as being used for sculpture production during 2002

and 2003 in the Maningrida arts database. This corresponded exactly with the total

number of trees that were in the identification booklet (some of which were included as

hoaxes). Two species were recorded in the art database as the main species used by artists

in the region, Brachychiton diversifolius and Bombax ceiba (Table 3.7), accounting for

40% and 39% respectively of known tree use (excluding unknown records). However,

many species recorded in the arts database were not observed to be harvested in the field

(Table 3.7).

Using the linked field data and art centre data, the tree identifications recorded in

the arts database ranged in accuracy with the most commonly used species B. ceiba and B.

diversifolius having the highest percentage of correct identifications (57% and 47%
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Table 3.7: Summary of the tree species recorded in the art centre database as being used

for woodcarving as identified using the identification booklet between 2002-2003

Common name Scientific name % carvings

(n ~ 1851)

Collonwood Bombax ceiba 31.7

Kurrajong Brachychiton diversifolius 30.8

Leichhardt Tree Nallclea orientalis 8.2

Peanut Tree Sterculia qlladrifida 2.9

Beach Hibiscus Hibiscus tiliaceus 2.2

Coral Tree E,ythrina variegata 1.8

Ironwood £Iythrophleum 1.7

chlorostachys

Canarium Canarium australianum 0.2

Other 1.0

Unknown 19.4
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Table 3.8: The percentage of correct tree identifications between tree stems observed in

the field and identifications for that stem later recorded in the arts database during 2002

and 2003. no = not observed during that year and sample sizes (n) are displayed as 2002

and 2003 consecutively.

Species 2002 (%) 2003 (%) Average (%)

Bombax ceiba (n - 73; 57) 67 47 57

Brachychiton diversifo/ius 40 54 47

(n~141;104)

Canarium allstra/ianum (n 12.5 0 6.3

~ 8; 2)

Excoecaria ova/is (n = 8) 0 no 0

Naue/ea orienta/is (n = 16; 0 22 11

87)

Hibiscus ti/iaceus (n = 7) no 43 43
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respectively; Table 3.8). The less commonly used timbers showed a high degree of error

in identifications (Table 3.8).

3.5 Discussion

Woodcarvers from the Maningrida region of central Amhem Land use a relatively small

range of timbers to produce wooden sculptures. Whilst there are hundreds of available

tree species in the region (Griffiths et al. 2000), two species dominate in the production of

carvings, Bombax ceiba and Brachychiton diversifolius. Many tree species that are

available in the Maningrida region and not utilised by local woodcarvers are used in other

indigenous communities of the 'Top End'. For example, on the nearby Tiwi Islands the

production of carved mortuary poles are made solely from the ironwood tree,

Elythrophleum chlorostachys (Hoff 2000) and in eastern Arnhem Land the timber from

over 10 plant species have been identified as being used commonly for woodcarving

(Yunupingu et af. 1995). The regional diversity and differences in resource use for

woodcarvings reflects the development of carving production in particular areas. As in

other parts of the world, a small range of different timbers are often favoured as a result of

social, cultural and historical factors (Chibnik 2003; Cunningham and Choge 2004).

The artists in this study from language cluster B used just one species, Bombax

ceiba, for their sculpture whilst artists from cluster A utilised a range of species but

predominantly Brachychiton diversifolius for their carvings. This difference in species use

with respect to these language groupings is not related to the tree species distribution in

the region as most of the trees (aside from Hibiscus and Excoecaria which are distributed

along the coast) are found throughout the entire study area (Griffiths et al. 2000). instead,

these patterns of tree use can be related to the development of sculpture production within
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particular language groups and pre-colonial artistic practises. A Kuninjku artist, Crusoe

Kunningbal, was the first artist to produce sculpture in this region for inclusion in a local

trade ceremony and later for sale at the newly established art centre during the 1960s.

Kunningbal carved spirit figures from the B. diversifolius tree and today, artists from the

language cluster A continue to produce the majority of carvings from this tree. As the

market developed (see Taylor 200 I) many more artists, from many language groups in the

region started using this carving to depict their own cultural themes.

The early woodcarvers from the other language cluster B drew from their

knowledge of Bombat ceiba, which was used to produce dugout canoes, to derive their

timber for woodcarvings. It is interesting to note that dugout canoes were strongly

influenced by the Macassan traders from Indonesia who visited the coastline of Amhem

Land on a regular and seasonal basis in search oftrepang (sea cucumber) between 1500

1900s (Morphy 1998) and B. ceiba is a species widely distributed throughout the Asia

Pacific region (Brock 2001). However, the use ofjust one tree species means that these

artists may be most affected may be by local timber depletions, whereas the cluster A

artists could mitigate such effects by utilising other sources of timber.

Tree sizes are selected based on the attributes the artist requires for their carving

and this is influenced by cultural subject matter. Artists from the language cluster B carve

a number of spirit and animal (mostly bird) figures whereas, cluster A artists

predominantly just carve mimih spirit figures (Chapter 2). Culturally, mimih spirits are

recognised as tall slender spirits who live in the rock crevices of the Amhem Land

escarpment (Taylor 2001) and so sculptural representations are also tall and slender. Thus,

the average diameter of stems harvested by cluster A artists was almost half the average

diameter of those harvested by the other artists. These differences in size class selection

can have significant influences on the sustainability of the timber harvest. Studies have
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shown that the harvesting of reproductively active, adult stems can increase the risk of

over-harvesting in many tree species (Peters 1994). Often it is the survival of the largest

size classes that contribute the most to population growth while seed and juvenile survival

contributes relatively little (Tick tin 2004).

Harvest models have shown that the timing, fonn and intensity of harvesting are

all important in detennining harvested plant population behaviour (e.g. Freckleton et al.

2003). The cluster A artists, particularly the Kuninjku, demonstrated a higher intensity of

harvest than the other artists in the study and this has been documented elsewhere as a

result of a number of social, cultural and economic factors (Chapter 2). The average

harvest sizes for B. ceiba and B. diversifo/ius are over the minimum reproductive sizes

recorded for these species in the Maningrida region (Chapter 5). The harvesting of timber

for woodcarvings is conducted during the dry season months (June-November), the timing

of which coincides with the production of flowers and seeds (Brock 200 I). Whilst

harvesting may affect the reproductive potential of trees in the short tenn, the actual

method of harvesting has been observed to be conductive to coppicing in Bombax ceiba.

Griffiths el al. (2003) estimate that 80% of the BombCL,( ceiba trees harvested in the

Maningrida region will coppice, of which many will grow to become reproductively

active. The contribution of coppicing to sustainable yields of non-timber forest products

has been recognised for other tree species around the world (e.g. Obiri et al. 2002;

Shackleton 200 I).

Harvested plant species that have a low rate of occurrence or restricted distribution

in the landscape may be more susceptible to over-harvest (Van On el al. 200 1). The two

main species utilised for carving in the Maningrida region differ in their distributions and

habitat. Brachychilon diversifo/ius is found throughout the eucalypt savanna landscape in

varying densities (Griffiths et al. 2000), with patches of particularly high density located

73



Chapter Three: Resource Use

around coastal fringes and watercourses. in contrast, Bombax ceiba is limited in

distribution to small and isolated dry monsoon forest patches that are scattered throughout

the eucalypt dominated forest and floodplains. Whilst B. ceiba is well distributed in

monsoon forest throughout the region (Griffiths et al. 2003), its confinement to rainforest

vegetation may leave it more susceptible to over-harvest at the individual patch level.

The Indigenous population in the Maningrida region is highly mobile with people

moving between the service centre of Maningrida township (where most reside for part of

the year) and their outstations. The harvesting sites closest to the main township of

Maningrida are used by artists living permanently in Maningrida and also those who may

reside there at some time through the year. Griffiths et al. (2003) found that harvesting

intensity for B. ceiba at individual rainforest patches was highly variable across the region

and showed a trend towards an increase of harvest intensity at the sites closest to

Maningrida. This finding is supported further by this work as the sites closest to

Maningrida showed an increased frequency of use. Such patterns of use and potential

over-use at the individual patch level may affect the economic and social viability of the

carving industry, as some artists who depend on local patches may be unable to access

more distant sources and may be disadvantaged.

Socio-economic factors play an important role in determining the quantity and

frequency of harvesting timber for woodcarvings in Maningrida. The average distance of

33 km that a woodcarver travels to harvest timber is not a trivial distance when taking into

account the high fuel prices, the bad condition of roads and the low rate of vehicle

ownership. Carvers are generally not harvesting from local patches near their place of

residence but are actively travelling considerable distances to reach particular harvest

sites. Carvers may be travelling these distances in order to harvest from particular sites

with high densities of the target species. Woodcarvers who owned a vehicle were able to
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acquire more tree stems and thus were able to be more active in sculpture production and

income generation. Whilst the Maningrida art centre has a vehicle that is used periodically

to take artists to collect plant materials for artwork, this vehicle supports over 300 artists

and is not monopolised by any individual artist. Artists of lower economic standing

without the means to purchase a vehicle may be disadvantaged in their attempts to

participate in the arts industry and earn an income from arts production.

In other parts of the world, these access issues have been mediated by having the

wood resource cut and delivered by intermediary suppliers. In many cases this has

evolved due to local depletions of the wood resource, requiring supplies to be delivered

from other communities (Chibnik 2003; Cunningham and Choge 2004). However, in

these cases woodcarvers are no longer involved in the harvest process. In tum this has

affected their quality of wood and the artisans are often unhappy about the wood they use

for their carvings (Cunningham et 01. 2005). The woodcarvers are also reliant on someone

else to supply the goods for their income generation, which may be a hindrance and they

have to pay for the raw timber resource.

In the Maningrida region Traditional Owners manage their lands and are

responsible for the health of their country (ecological well-being also incorporates

spiritual well-being). Woodcarvers mentioned that there are cultural restrictions on the

use of particular sites for harvesting carving trees and hence, they were required to ask

permission when collecting wood from other peoples land and this has been demonstrated

elsewhere for other resource extraction (Myers 1998). In practice, this may translate to

asking permission once a year and it is difficult for landowners to regulate the exact

intensity of harvest on their land due to the large tracts of country involved. In general, the

Traditional Owners receive no monetary reward for the timber that is sourced by other

Aboriginal artists in the region from their land (except when they are the carvers). Once
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the timber is cut it becomes the resource of the harvester and they gain most of the

monetary benefits from the production and sale of the artwork (in some cases there may

be redistribution to kin). The supply of some timber from local landowners could help in

regulating the amount of harvesting that occurs on their land, may help to spread the

harvest throughout the region rather than focussing on timber patches close to the main

township and could provide employment and an income source. However, this could also

lead to over supply and wastage as currently artists just take what they want to carve and

there is very little wastage.

The integrative use of several different methodologies in this study provided a

robust means of examining the resource use and harvest practise of Aboriginal

woodcarvers in central Arnhem Land. However, this methodology proved to be very time

consuming and expensive (I needed to drive 4000 km each month on remote dirt roads).

As an alternative, the Maningrida art centre database has the potential to be a useful and

inexpensive tool for monitoring resource use. I found that for the most commonly used

species, B. ceiba and B. diversifolius, tree identifications were 50% accurate in the

database. However, the actual number of carvings and artist information recorded in the

arts database are likely to be accurate, as records must be entered into the computer before

the artist can be paid (Chapter 2).

This chapter clearly illustrates the importance of understanding the variation in

local harvest regimes and how these variations affect assessments of harvest sustainability

(Ticktin 2004). The harvest data collected raise many hypotheses about the ongoing

sustainability of harvesting specific timbers in the Maningrida region. For example, B.

ceiba may be more vulnerable to over-use as the tree is constrained to isolated rainforest

patches and the larger, reproductively adult stems are taken. Alternatively, whilst B.

diversifolius is more widely distributed and smaller sized sterns taken, cluster A artists are
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much more prolific carvers and harvest greater quantities which may affect sustainability.

In order to assess such hypotheses, the influence of the different aspects of harvest

practice on the vital rates of the tree species, including their growth, recruitment and pre

and post harvest survival will be examined in Chapters 5 and 6.
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Chapter Four: Livelihoods and Art Income

4.1 Abstract

Participation in the Indigenous arts sector provides one of few market opportunities for

Indigenous Australians resident on remote Aboriginal lands. The materials used for

artwork are derived from locally available plant materials, the sustainable supply of which

is critical to the continuation and growth of the Indigenous Arts Industry. I examine the

factors that influence this resource use, in particular, those that affect the participation,

production and returns from the woodcarving component of the Indigenous art sector in

central Arnhem Land using scan and focal sampling of woodcarvers, resource accounting

and sales data from the Maningrida art centre. Woodcarvers were observed to be engaged

in a range of activities of which art production was the prominent means of productive

cash income generation. A woodcarver's residence and also their language group were

found to influence the amount of sculpture production undertaken, with carvers residing

on 'country' at an outstation more engaged in sculpture production than those living in the

township of Maningrida. The annual income earned by an artist for carving was highly

variable and a large proportion of woodcarvers also earned income from producing

artwork in other media. Capital costs were relatively minor, with travel costs and labour

the main input into carving production. Based on the average return for a single

woodcarving, AUD$160 (range $20-1400), I estimate the average hourly return to artists

as between AUD$12.00-$14.00. Whilst this figure is relatively low and comparable to the

award wage for unskilled labour, the income earned from arts production makes an

important contribution to people's livelihoods.
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4.2 Introduction

indigenous people around the world face an array of economic development problems,

however, many have aspirations to develop economic opportunities that will allow them

to engage in a market economy. in many parts of the world the harvest of non-timber

forest products (NTFP) have been identified as one way of providing economic

development whilst having fewer impacts on forest communities and ecosystem processes

than other land uses (Cunningham 200 I; Endress et al. 2004; Siebert 2004). NTFP's can

roughly be defined as any useful and valuable product that can be extracted when timber

production is not the primary focus of forest management including wild foods (Aagesen

1998; Muniz-Miret et al. 1996; Orlande et al. 1996), medicinal products (Botha et al.

2004; Van On et at. 2001) and materials for art and craft production (Coomes 2004;

Peters et al. 2003; Runk 200 I). Such products may provide both for non-market and

market income, act as a type of insurance in times of need and as a bank for self-financing

of investments in alternative productive activities (Coomes et al. 2004; Cunningham

2001).

The development of Lndigenous livelihoods based largely on natural resource use

requires that extraction be sustainable in order to support communities in the long term.

The concept of sustainable use is a complex one, and embraces ecological, social, cultural

and economic aspects which may interact in different ways that are difficult to predict

(Sohartonno and Newton 2002). Over the last few decades, many studies have examined

the harvest of wild plants by indigenous people, for both non-market and market scale

use. Most studies have focussed on the impact of harvesting on wildlife populations

(Endress et al. 2004; Griffiths et al. 2005; Siebert 2004; Ticktin 2004), assessments of

optimal harvesting levels (Freckleton et al. 2003; Olmstead and Alvarez-Buylla 1995) and

79



Chapter Four: Livelihoods and Art Income

also the value of non-timber forest products and their contribution to Indigenous

livelihoods (Campbell el 01. 1997; Godoy and Bawa 1993; Orlande el 01. 1996; Paoli el

01.2001).

In Australia, Indigenous people living on Aboriginal land face significant

economic development problems. Whilst they have maintained strong cultural identity

and managed to continue customary practises, there is usually little scope for commercial

activity on Aboriginal lands, particularly as they are often located in isolated areas remote

from the markets and most Aboriginal land is unproductive for orthodox primary

production enterprises (Taylor 2003). One strategy advocated as the most likely to

enhance livelihoods for Indigenous people in Australia is to strengthen customary sectors

of the economy that utilise natural resources (Altman 200 Ia). Such commercialisation of

the customary sector is not new and is articulated successfully in the Indigenous Arts

Industry (Altman 2004a; Altman 1988). The majority of art that is produced in remote

Indigenous communities is derived from native plant materials (Wright 1999) and is a

material product of Indigenous culture from the customary domain which is then

exchanged with the art market.

The importance of arts production as an income source for Indigenous Australians

has been well documented (Altman et al. 2002; Wright 1999). In many cases, art and craft

production is the only means by which individuals can increase their cash income levels

above welfare entitlements (Altman and Taylor 1989). In the Maningrida region of central

Amhem Land, artists harvest locally available tree species to produce woodcarvings to

sell at the Maningrida art centre. The production of wooden sculpture and the number of

woodcarvers in this region have increased rapidly over the last 20 years (Chapter 2). Why

has woodcarving become so popular and why are people to choosing to engage in this

livelihood activity? In this chapter I examine (i) the participation of woodcarvers in
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sculpture and other art production compared to other activities, (ii) the factors that

influence the amount of sculpture production undertaken and (iii) the monetary returns

that woodcarvers receive. I also discuss which of these may affect the profitability of

production and ecological sustainability of extraction, and comment on the economic

sustainability of carving in the Maningrida region.

4.3 Methods

4.3./ Study area and artist participants

This study was carried out in the Maningrida region, an area of approximately 10,000 km 2

located in central Arnhem Land, Australia (Figure 4.1). This region lies in the wet-dry

tropics of Australia where greater than 90% of the rain falls between December and April

(mean annual rainfall is 1245 mm; Maningrida, Bureau of Meteorology). The township of

Maningrida is a small, remote Aboriginal community that was established as an

administration outpost by the Northern Territory Welfare Branch in 1957. The last five

yearly national census (2001) indicated that 1,850 Indigenous Australians resided in the

region (Australian Bureau of Statistics 2002): 1,350 in the main township of Maningrida

and around 500 at a number of outstations (small family based dwellings) scattered

throughout the Maningrida region. The landscape is structurally intact and characterised

by the Arnhem Land sandstone escarpment to the south and extensive wetland and

lowland plains to the north where the dominant vegetation is Eucalyptus savanna

(Griffiths el at. 2000).

Linguistically it is extremely diverse with over 10 distinct Aboriginal languages

being spoken in this relatively small area. Whilst many of the language groups in this
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Figure 4.1: Map of the Maningrida region in central Amhem Land, Australia, showing

the location of outstation residences and language communities (in italics).
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region of Amhem Land produce wooden sculpture for sale at the art centre, six language

groups comprise the majority of carvers (Chapter 2). For this study, these six language

groups were broadly classified into two groups of producers. The first consists of

woodcarvers from the Kuninjku/Kunibidji language groups (hereafter referred to as

language cluster A) and the second consists of carvers from all the other language groups;

Burarra, Djinang, Gunartpa and Rembarrnga artists (referred to as language cluster B). I

stratified the languages this way as earlier work indicated that the harvest practice of

artists from the Kuninjku/Kunibidji group were quite distinct from the other language

groups, although not perfectly discrete (Chapters 2 and 3). All artists from these two

clusters who were actively carving during 2002 and who were willing to participate in the

study were involved. The artists involved covered a range of demographic variables,

including gender (male n=24, and female n=7 artists), artists of varying age grades and

artistic experience, and artists of different residence (either in the town of Maningrida or

living at one of the outstations in the region). Of the 31 artists involved in the study, 18

were from language cluster A and 13 from language cluster B.

4.3.2 Time allocation

I describe the relative time investment woodcarvers spent in art production compared to

other activities using a systematic or instantaneous scan of artist behaviour. This

methodology is particularly suited to sampling large numbers of people over a large

geographical area and over a long temporal time frame (Gregory and Altman 1989; lent

1996). The data were collected over six consecutive months between June and November

2003 in conjunction with a resource accounting study (see 4.3.3 below). Each month all

the woodcarvers were visited on two occasions spaced seven days apart and the activity
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being perfonned by the carvers at the moment they were first sighted was recorded.

Activities were classified into the following broad categories: leisure; subsistence

harvesting activity; visiting; ceremony business; art production; and other (including

cooking and eating; shopping and equipment maintenance; see Altman, 1987 for similar

time allocation work). Cultural and socio-economic variables were recorded for each

artist, including: their age, gender, residence (e.g. whether the artist lived in Maningrida

township, on an outstation, or a combination of both), language group, their employment

in the region, whether they own a vehicle, how long they have been carving and whether

their spouse or close family member carve.

Individual focused sampling was undertaken for a period of 12 days in July 2002

when I resided with a small Kuninjku family group at an outstation (Barrhidjowkeng).

During this time the activities of the adult members of the household (n=5) were recorded

at 3-hourly intervals into the above broad activity categories (Altman 1987).

4.3.3 Sculpture production

I examined the inputs of technology and labour used to produce a sculpture and associated

production costs. An inventory of tools was recorded for each woodcarver and estimated

to last over two carving seasons at local purchase prices. Travel costs to harvesting sites

were estimated for each carver using the distance travelled (to the harvest site) and the

cost of travel per kilometre based on local fuel costs. To quantify the average labour time

needed to produce a single sculpture, a small number of woodcarvers were involved in

individual state behaviour sampling (n = 3). These carvers were observed and timed from

the start to finish of specific timber collection and sculpture production activities (Zent
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1996). All other carvers were questioned on their labour effort during the interview

process.

As sculptures are created intermittently and woodcarvers are geographically

isolated it was impossible to use time as a measure of production effort per week for each

artist (i.e. it may take weeks to observe the production of a single carving). Instead, I

undertook a resource accounting study (Zent 1996), and observed the production

undertaken on individual stems during set time periods. As described previously (see

4.3.2), the resource accounting study was conducted over six consecutive months and

each month all the woodcarvers were visited on two occasions spaced seven days apart.

Carvers were visited at their place of residence and visits were generally unannounced

(permission was granted for this to occur by each artist at the start of the study). If a carver

was unavailable at this time, family members were involved and/or follow-up questions

were directed to the artist on a subsequent trip. On each of these visits any harvested

stems, unfinished or finished carvings were measured and documented and the amount of

work undertaken on each sculpture during this time was assessed. The arrival of each

carving at the art centre was tracked through their database as each piece of art that is

brought to the centre is individually labelled and recorded in a database that includes: the

artist's name, their language, the date of production, the size, the purchase and sale price

and plant species used to produce the work.

For analysis, I split sculpture production into four active stages: (i) bark off and

outline carved, (ii) figure carved, (iii) figure smoothed, (iv) the background and detail

painted. Each of the stages involves similar amounts of production time except for the

final painting stage which takes at least twice as long as the other stages. As production

on a carving moved from one category to the next it was counted as one unit of

production, however, the painting stage was given a production count of two (i.e. the
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transition of a carving from a piece of raw timber to the final painted product was given a

production count of five). The total production count is the count of all production by a

single artist over the 42-day sampling period.

4.3.4 Returns and sales price analysis

Information from the Maningrida Arts and Culture database was used to examine the

monetary returns to woodcarvers from carving, the economic importance of sculpture

production in relation to other art production (in AUO$ terms) and the factors that affect

returns to artists. These factors included the length of the woodcarving, the gender of the

artist, the tree species used for the woodcarving and the language cluster of the

woodcarver. The average hourly return for sculpture production was calculated by

subtracting the average production costs from the average purchase price and then

dividing this by the number of hours taken to produce the work.

4.3.5 Data analysis

Generalised linear modelling with an information-theoretic approach was used to examine

(i) the factors that affect the amount of sculpture production undertaken by individual

artists, (ii) the length of time taken to complete a carving and (iii) the monetary return that

artists receive. A poisson (log link) distribution for count data was used in all three

analyses and model selection was based on Akaike's Information Criterion from an a

priori candidate set of models (Burnham and Anderson 2001). Changes between the

residual and null deviance were examined to assess the goodness of fit of the models

(Crawley 2002). I estimated overdispersion (c) using the ratio of mean deviance to
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degrees of freedom for the global model and where there was evidence of overdispersion

(c> I) used the quasi-likelihood modification (QAIC). Candidate models were ranked

using Akaike's Information Criterion corrected for small sample sizes (QAICc; Burnham

and Anderson 2002). ~QAICc values (~QAICc = the difference between that model's

Akaike's Information Criteria (QAICc) value, and the minimum QAICc value in the

candidate set), the log likelihood (log (L», and Akaike Weights (Wi) were calculated based

on Burnham and Anderson (1998) allowing the easy interpretation and ranking of

candidate models. Values of~AICc less than two have substantial support given the data,

values between 4-7 have considerably less support and values over ten essentially no

support (Burnham and Anderson 1998). A given Wi is considered as the weight of

evidence in favour of model i being the actual K-L best model given the models at hand

(Burnham and Anderson, 1998).

Descriptive statistics were used to describe trends in the time allocation and

sculpture production data and art centre pricing data. Average values reported throughout

the text are ± the standard error. All prices are given in $AUD and all analyses were

undertaken using R 1.9.1 (© The R Foundation for Statistical Computing).

4.4 Results

4.3./ Time a//ocalion

Using instantaneous group-scan sampling, I gathered between 3-12 activity observations

for 22 woodcarvers (mean 8.5 ± 0.6) over the six-month period of the study. These

observations highlighted the range of activities undertaken by woodcarvers (Figure 4.2)
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Figure 4.2: The average percent of activity observations recorded from the time allocation

of artists in the group scan sampling. ce = ceremonial activity, sub = subsistence activity

(e.g. hunting, fishing and gathering).
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but were somewhat biased in tenns of total activity as the observations were only carried

out during work hours (10:00-16:00) due to the travel time to sites. Of the 22 surveyed

woodcarvers, IS were observed undertaking art production at least once during the study

and overall, art production accounted for an average of28% of all woodcarver activity

observations. The women were observed participating in arts production more often than

the men, producing a range of items including fibre works, woodcarvings and bark

paintings. Thus of all art observations, woodcarving accounted for 19% of art production

for women and 70% of art production for men. Art production was the sole means of

market-linked income generation observed for 78% of woodcarvers, however, a small

number of carvers (n = 5) worked in various positions under the Community

Development Employment Projects (CDEP) scheme (e.g. as a mechanic, part of the road

maintenance crew, for aged care or as a community teacher). Women were observed to be

more involved in "other" activities than the men (this included shopping, cooking and

washing - activities commonly in the women's domain) and less involved in CDEP

employment (Figure 4.2).

During the 12-day outstation focal study,S adults were observed for 42 time units,

giving a total observation time of 126 hours. I saw no major differences in activity

between men and women, as spouses tended to engage in similar activities throughout

each day, and the sample size was small. Leisure activity and visiting other community

members accounted for around 40% of total activity time observed. An average of 10.2 ±

3.3 hours (or 3.4 time units) per person was spent undertaking subsistence food harvesting

activity, which included hunting, gathering and fishing. Two of the three woodcarvers

residing on the outstation spent some time involved in arts production, as did the wife of

one artist who shared the work on her husband's woodcarving. These three adults spent an

average of7.8 ± 4.5 hours (2.6 time units) on art production all of which was making
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woodcarvings. One artist spent 24 hours (8 time units) on carving production during the

12-day period, which comprised two full days working from 09:30 to 21 :30.

4.4.2 Sculpture production

Most woodcarvers had access to the basic tools required for sculpture production. Almost

every woodcarver owned their own knife (n = 28), around half owned an axe (n = 13) and

file (n = 14), and a small number of carvers possessed other equipment such as a wood

rasp or machete. The Maningrida art centre provides sandpaper and wood glue (used as a

paint fixative), paintbrushes and some vehicle use free of charge to artists. Those artists

who did not own their own tools were able to borrow or trade equipment on a regular

basis from close kin. I observed the exchange of an axe for two subsequently harvested

stems and on a separate occasion the exchange of an axe for hunted buffalo meat. When

costed to last over two carving seasons, I estimate the average equipment cost per carving

to be $4.17 (based on local prices and the average number of carvings per artist per year;

Chapter 2).

1excluded vehicle ownership in the analysis of equipment costs as only a very

small number of artists owned their own vehicle (n = 5), the use of vehicles is shared

throughout the kin network, and are not used exclusively for carving wood collection.

However, 1estimate the cost of travel, based on local fuel prices ($1.30/km), the average

distance travelled to a harvest site (33 km; Chapter 3), and the average number of stems

harvested per trip (14 for B. diversifolius and 4.5 for B. ceiba; Chapter 3) to be $19 for B.

ceiba and $6 for B. diversifolius. From these figures, I estimate the total cost (equipment

+ travel costs) involved in producing a woodcarving as $23 per carving from B. ceiba and

$10 for B. diversifolius.
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The labour involved in transforming the raw timber resource into a woodcarving is

the main production input. To travel the average distance of33 km to harvesting sites on

rough dirt roads at 60 km/h would take just over an hour for the return journey. Once at

the harvest site, I observed that the labour involved in locating and harvesting a tree stem

was shared between the members of the harvest party, in most cases the spouse or

children of the artist. Men, women and children were all observed to be involved in

physical act of harvesting a stem by axe. It took an average of 17 min to locate and harvest

a single Bombax ceiba stem as opposed to 2 min for Brachychiton diversifolius. Thus,

given the average number of stems harvested per trip (see above), the time taken to

harvest a single stem, and the travel time, I estimate the average total collection time to be

2.25 h for B. ceiba and 1.5 h for B. diversifo/ilis. After collection the various components

of woodcarving production include drying the stem, removing the bark from the stem,

marking out the shape with a knife or saw, carving the main shape with a knife or axe,

finishing the carving with a knife, filing and then sanding the piece. The carving is then

painted with naturally derived ochres and/or charcoal which are ground to a powder,

mixed with a little water and PVC wood glue which acts as a fixative. The collection time

for these ochre colours was deemed to be negligible. The base colour is applied using a

large paintbrush and then intricate paint detail is overlaid using native grass or bought

brushes.

The total time taken to complete the carving and painting steps on a single

sculpture was difficult to gauge as the production on woodcarvings was often interspersed

with other activity (in some cases it took several weeks to complete a few hours work),

artists often shared work with their spouses and production was generally undertaken in

batches (i.e. multiple stems are collected and left to cure, then all the stems are carved and

then all painted). In addition, it was dependent on the woodcarver's expertise, the size and
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intricacy of the work, the attention to quality in the final finishes and the immediate

availability of equipment (e.g. chisels, files, sandpaper and ochre paint). I have not

included drying time (including both stem curing and between paint layers) in my labour

estimates. The small number of carvings that I observed from the start to finish of

production were by particularly fine carvers, thus my values are likely to be overestimates

for many woodcarvers. I estimate the time for carving and painting to be just over 9 hours

per carving (Table 4.1), with the painting taking more time to complete than the actual

carving. From these figures and those described above, I estimate the total labour time for

one carving to be 11.5 h for B. ceiba and 10.6 h for B. diversifo/ius.

During the resource accounting, I quantitatively assessed the production stages

undertaken on 196 individual stems. The artists I observed (n=31) carved the equivalent

of 41 stems during the resource accounting study. Not surprisingly, a similar number of

carvings (42) were painted during this same period. From these data, I estimate that on

average a woodcarver in the Maningrida region would complete around one quarter (0.23)

of the carving and one quarter (0.23) of the painting on a single sculpture each week (7

days).

In actual fact, the amount of sculpture produced is highly variable amongst

woodcarvers in the region. Where an artist resides (e.g. in township of Maningrida or on

an outstation) and the language group of the woodcarver influenced the amount of

production undertaken on carvings. As evidenced by the differences in dQAICc and

Akaike weights (Wi), the model containing the parameters residence and language was

clearly supported above the others (making up 100% of Akaike weights; Table 4.2).

Examining the model coefficients, artists residing on an outstation and artists from cluster

A language community were involved in more production of carvings. Fifteen

woodcarvers resided mostly at an outstation and undertook a mean 5.11 ± 1.6 (range 0-
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Table 4.1: The average time taken by artists to undertake the various stages of sculpture

production when observed from the start to finish of specific carving activities.

Production Stage

Bark Removal (n-5)

Carving (n~4)

Filing and Sanding (n=3)

Base Coat Painting (n=4)

Painting detail (n=3)

Total

Average time ± S [(minutes)

6.8 ± 1.0

116.3 ± 21.6

66.7± 7.3

18.75 ±4.3

343 ± 69.8

551.6
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Table 4.2: Model selection outcomes for generalised linear modelling of the factors that

influence the amount of post harvest production by individual carvers. The global model

included the following parameters; residence, language, average return, gender and a

measure of experience. The .1QAICc = the difference between that model's Akaike's

Infonnation Criteria (QAICc) value, and the minimum QAICc value in the candidate set,

K = the number of parameters, Log (L) = log likelihood, and Wi = Akaike weights. Null

deviance = 155.9 on 23 degrees of freedom. Candidate models with significant levels of

empirical support (.1QAICc< 2) are shown in italics.

Model Parameter Change in K QAIC, AQAIC, Log (L) Wi

deviance %

I Residence + 71.9 4 59.5 0 -44.7 I

Language

2 Global 81.2 9 71.9 12A -565 0

3 Residence 44 3 805 21 -66A 0

4 Return 28.9 2 909 31A -78.2 0

5 Language 24.7 2 94.5 35 -81.5 0

6 Experience 20.5 2 98.\ 38.7 -84.8 0

7 Gender 5.2 2 IliA 51.9 -968 0
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21.3) units of sculpture production compared to the nine woodcarvers resident in

Maningrida that undertook 0.44 ± 0.227 (range 0-1.5) units of production. Woodcarvers

from cluster A undertook a mean 5.14 ± 1.73 (range 0-21.25) units of production

compared to cluster B artists with a mean of 0.88 ± 0.6 (range 0-6). The total completion

time, taken as the time from harvesting the raw timber resource to the woodcarving

arriving at art centre, was highly variable (mean 16.7 ± 1.2 days, range 1-99 days). The

univariate model artist (Wi = 0.79) and the artist and residence model were the best to

account for total completion time (Table 4.3). The first two models contain the artist

variable suggesting that the artist completing the work is the main influence on the time

taken to complete a carving. The second model also contained residence, whereby artists

residing on an outstation had shorter carving completion times.

4.4.3 Returns and sales price analysis

Maningrida Arts and Culture has a policy of buying artwork outright from all artists, they

then apply a mark-up and resell the works to a variety of customers. Between the 1st

January 1985 and the 31 Sl December 2003, total payments to woodcarvers by MAC

amounted to $866,987 for 6,925 individual sculptures. Over this period, the gross annual

amount paid to all woodcarvers increased dramatically from $370 in 1985 to the highest

figure, $163,660, in 2002. The percent mark-up applied to woodcarvings before resale has

fluctuated between 50-120% over the last 20 years with recent values (2000-2003)

constant at around 80%. Total revenue generated by the art centre from sculpture sales

over the last two decades (1985-2003) amounts to over $1.5 million with sales for 2001

2003 (calendar years) contributing a significant proportion to this figure, $214,000,

$318,000 and $208,000 respectively.
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Table 4.3: Model selection outcomes for generalised linear modelling of the factors that

affect the number of days taken to complete a carving from initial harvest to arrival at the

art centre. The global model included the following parameters; residence, language,

artist, species used, the size of the pieces (dbh), average return, gender and a measure of

experience. The ~QAlCc = the difference between that model's Akaike's Lnformation

Criteria (QAlCc) value, and the minimum QAlCc value in the candidate set, K = the

number of parameters, Log (L) = log likelihood, and Wi = Akaike weights. Null deviance

= 1853.97 on 157 degrees of freedom. Candidate models with significant levels of

empirical support (f..QAICc < 2) are shown in italics.

Model Parameter Change in K QAIC, AQAIC, Log (L) Wi

deviance %

I Artist 59.6 18 303 0 -709.9 0.79

2 Artist + 59.6 19 306 2.6 -709.9 0.21

Residence

3 Global 60.3 28 328 25.\ -703.1 0

4 Residence 28.6 2 372 69.3 -996.9 0

5 Species 8 5 450 146.5 -1\88.4 0

6 DBH <\ 2 468 165.2 -1255.9 0

7 Language <\ 2 471 167.2 -1261.3 0
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Figure 4.3: The average, maximlUTI (max) and minimum (min) returns paid to artists for

individual sculptures from 1985-2003.
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The average price an artist receives for sculpture remained relatively constant over

the last 10 years, at around $160-$200, with greater variations evident during the late

1980s and early 1990s (Figure 4.3). The minimum price paid for a sculpture has remained

consistent over the last few decades, however, the maximum price paid for a sculpture

each year has fluctuated throughout the period 1985-2003 with $1400 being the most ever

paid to an artist for an individual sculpture (Figure 4.3).

During the period covered in my observational research (2002-2003), 60% of

artists received an average price of$100 or less for their carvings, and only 5% of artists

received an average price of more than $400. Generalised linear modelling suggested that

the artist who produced the work and also the length of the carving influenced the price

paid for individual sculptures by MAC. The first model in the candidate set, Artist +

Length was clearly supported above the other models making up 100% of Akaike weights

and accounting for 84.8% of the deviance compared to the null model (Table 4.4).

The annual income earned from carving was highly variable for each artist in 2002

and 2003. Over 70% of woodcarvers received an income of less than $1000 each year

from carving; 16% earned between $1000 and $5000 and only 9% of woodcarvers were

classed as major producers (earning $5000 or more from carving). However, these major

producers received 72% of gross returns paid by the art centre and produced 48% of all

individual carvings. Of the 13 major producers, 9 resided on an outstation for some period

throughout the year, II were from the Kuninjku language community, of which 2

included female woodcarvers.

The income derived from carving is just one element of an artist's total income as

they often produce other types of art. Around 43% of carvers earn 75% or more of their

total art income from producing other works. Only 23 artists in 2002-2003 solely

produced carvings and no other artworks. There was no relationship evident between the
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Table 4.4: Model selection outcomes for generalised linear modelling of the factors

affecting the return ($AUD) given to artists for their sculpture. The global model

contained the following parameters; gender, language, artist, length and medium. .1QAICc

= the difference between that model's Akaike's Infonnation Criteria (QAICc) value, and

the minimum QAICc value in the candidate set, K = the number of parameters, Log (L) =

log likelihood given the data, and Wi = Akaike weights. Null deviance = 220338 on 1662

degrees of freedom. Candidate models with significant levels of empirical support

(.1QAICc < 2) are shown in italics.

Model Parameter Change in K QAIC, AQAIC, Log (L) IV;

deviance %

I Artist + 84.8 117 2303 0 -22137 I

Length

2 Global 84.9 128 2319 16 -22034 0

3 Length 44.1 2 6208 3905 -66964 0

4 Artist 65 116 4252 1949 -43204 0

5 Gender 6.5 3 10046 7743 -108361 0

6 Medium 10.2 9 9685 7382 -104331 0

7 Language 5 3 10199 7896 -110037 0
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percent of carving in an artist's income and the total amount received from other types of

art (Figure 4.4). For example, artists did not have a low percent of carving in their income

because they were earning large amounts from other types of artwork. Based on the

average production costs and labour investment (see 4.4.2 above) and the average return

of$160 ± 6 for a sculpture in 2002-2003, I estimate the average hourly financial return

from producing sculpture as $12 per hour for artists using B. ceiba stems and $14 per hour

for B. diversifo/ius stems.

4.5 Discussion

In the Maningrida region of Amhem Land, Indigenous woodcarvers are actively involved

in productive market activity - art production. Whilst woodcarvers were observed to be

engaged in a range of activities, art production (of which a large proportion was the

production of carvings) was the prominent means of productive cash income generation.

In particular, woodcarvers living on outstations produced more carvings than those

residing in the township of Maningrida. This result is similar to that found by Altman

(1987) for other artworks (e.g. bark painting and weavings) in the same region during the

late 1970s and early 1980s, showing that art production on outstations is a resilient

economic activity. The ready access that outstation residents have to raw materials could

explain the greater rate of production. However, results from previous work suggest that

the language group of artists and vehicle ownership (and not their residence in town or at

an outstation) affect the acquisition of raw stems for carvings (Chapter 3). A more likely

explanation for increased art production on outstations is the absence of other
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the total amount received from other types of art.
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employment opportunities and the strength of cultural and social elements, such as

inspiration from living on country and more creative energy.

This average return to woodcarvers for individual sculptures has fluctuated only

marginally over the last 20 years at around $100-200. Thus, it is not massive increases in

returns that have driven the growth in production levels and the participation of artists in

woodcarving. The majority of woodcarvers in the database at Maningrida Arts and

Culture earn relatively small amounts from sculpture, under $\000 per annum. The money

made by woodcarvers from sculpture production is just one part of their total artist

incomes as many carvers also produce artwork in other media. As more artists focus on

arts production to earn an income they need carving as an option to overcome resource

seasonality issues (see Chapter 2) and to be able to earn money consistently throughout

the year. Artists are engaging in arts production and choosing this market engagement/self

employment option as it is seen as an important and revered profession (Morphy 1998;

Sutton 1988). Artists also receive indirect and non-economic returns from arts production

such as the continuation of customary practises and the ability to demonstrate their

ritualistic knowledge.

The average hourly return from sculpture production, which I estimated as around

$12-$14 per hour, is very similar to the hourly income for unskilled labour in Australia

(Altman and Johnson 2000). However, it is important to note that the production of art is

underwritten by state payments as most artists are also participants in the Community

Development Employment Project (CDEP) scheme (particularly those residing on an

outstation) and receive the standard 36 hours CDEP pay per fortnight (Altman and

Johnson 2000). This is in stark contrast to indigenous artisans in other parts of the world

who do not have access to welfare payments to supplement their art income (Cunningham

et al. 2005) and this has implications for the sustainability of resource use. In many
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regions it has been documented that overexploitation of natural resources can occur when

people are reliant on the harvest of natural products for financial support (e.g. Coomes

2004).

It is possible to generalise three levels of economic sustainability associated with

the carving industry in Maningrida. The results from this study suggest that at the

individual level, carving can be seen to be financially sustainable, as presently, production

costs to individuals do not exceed returns. Similarly, at the institution level, MAC is

generating significant revenue from the carving sector. However, the art centre uses large

price mark-ups to cover the losses associated with carving conservation and woodcarvers

receive a smaller percent of the sale price than for other artworks (Kohen, 2004). If the

timber is not adequately cured by the artist prior to carving it is susceptible to mould and

insect infestations (e.g. wood borer) as well as splitting once at the art centre and are not

suitable for sale. The art centre is currently working to address these issues to increase

profitability for the artists, as well as the art centre, and also as they affect the reputation

of carvings and affect market demand and sales.

The economic sustainability of carving at the market level is much harder to

gauge, as it is based on market demand, however it has experienced consistent growth

over the last few decades (Altman 2000). Maningrida has a well developed fine arts

market for their woodcarvings (Pizzi 1997; Ryan 2001; Taylor 2001). As a result, some

woodcarvers are earning considerably more than the average price for their works.

Analyses of the price differentiation of woodcarvings suggest that the price paid depends

on the reputation of the artist and also the size of the piece. Coupled with the artist

variable are differences in quality, experience, renown (some artists of national and

international renown) and innovation. These variables drive the arts market demand for

each artist and thus influence the price of the work by each artist. However, it is possible
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to identify several factors that might affect the market for woodcarvings, such as

overproduction and the production of poor quality pieces. Maningrida Arts and Culture

acts as a mediating institution to direct and inform artists for demand and as mentioned

above are particularly focussing on improving the quality of woodcarvings.

Assuming that market demand will continue to grow or stay at current high levels,

will artists be able to meet demand, or are there constraints to production based on the

inputs of technology (equipment) or labour? The production of sculpture is unlikely to be

constrained by the availability of equipment. The tools available for production are readily

available, are shared and traded between kin and when costed over the life of the

implement are negligible. The travel costs associated with collection are significant at

around 13% of average returns and if these increased significantly (e.g. as a result of local

timber depletions or increasing fuel costs) then this could decrease the profitability of

extraction. The main input into carving is labour and there are constraints to the number

of sculptures produced by individual artists. For example, based on the average number of

hours taken by an artist to produce a sculpture (approx. 9 hours), it is unlikely that artists

would be able to produce more than 4-5 sculptures a week, assuming that was the only

activity that they were undertaking. This also has important implications for the ecological

sustainability of harvesting timber to produce woodcarvings as there are limits to

production and thus the need to harvest timber.

The production of art cannot solve the large-scale economic development

problems in Indigenous communities. Not every Indigenous Australian is or can be an

artist but it is an important and viable livelihood option for many. In fact, the total number

of people recorded as being involved in art production in the Maningrida region is around

700 artists (Kohen 2004), which is well over half the adult population of the region

(Australian Bureau of Statistics 2002). The results from this work suggest that the limited
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investment in the arts sector from the state (e.g. National Arts and Craft industry Support

Strategy funding) over the last few decades is generating significant returns in terms of

economic benefit. Recently there has been increasing debate about the Australian

Government's financial support of Indigenous people living in remote locations such as

outstations (Altman 2006). The results from this study add weight to the evidence that

when appropriate opportunities exist, indigenous Australians residing in such localities

are actively involved in productive activity and able to engage actively with the market.

Art production makes an important contribution to Indigenous livelihoods and such

participation also brings significant flow-on returns including social, cultural,

environmental and health benefits.
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5.1 Abstract

This study describes the population ecology of two tropical deciduous trees, Bombax

ceiba and Brachychiton diversifolius, which are in high demand for Indigenous

sculpture production in Amhem Land. I monitored tagged populations of both species

at two locations in the Northern Territory for two years to examine the reproduction,

growth, survival and response to harvest. Both species have similar life histories: they

are reproductively active during the dry season (June-November) producing a high

seed load, seed predation was high, seeds did not survive in soil to fonn a seed bank,

and gemlination rates were low and variable for both species. Average annual

circumference growth rates were 1.07 cm year'] for B. ceiba and 0.98 cm year'] for

B. diversi/olius, with most of the growth occurring during the early wet season. A high

percentage (65-88%) of harvested B. ceiba and B. diversi/olius stems coppiced

following harvest. Coppice and size class were the main factors found to influence

tree growth with coppice stems growing up to six times faster than similar sized non

coppice stems. The survival of B. ceiba and B. diversi/olius stems was related to size

class and local site factors (e.g. fire and other disturbance), with the smaller size

classes having a lower probability of survival. Given the high regenerative potential of

both species, the current wild harvest of these species will have only minimal local

impact on wild populations. However, I advocate the future use of population and

harvest modelling to detennine the most suitable harvest strategies, particularly for the

small and disjunct B. ceiba populations.
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5.2 Introduction

The population ecology of plants in the wet-dry tropics is shaped by climatic

variations. These plants often have to deal with extremes, particularly in relation to

the seasonal availability of rainfall, where there is a predictable alternation of very

favourable (wet) and very unfavourable (dry) seasons for plant growth (Prior et at.

2004a). Plants in these regions have developed a characteristic suite of traits in

response to this seasonality, including patterns of growth, reproduction and

disturbance responses. For example, stem growth is often restricted to within the wet

season (Baker et at. 2002; da Silva and al 2002; Prior et al. 2004b) and many species

are deciduous or semi-deciduous during the dry season (Prior et at. 2004a; Setterfield

and Williams 1996; Williams et at. 1999), and whilst reproduction can occur at

varying times, it is often related to whether the tree is deciduous or evergreen (Prior et

al. 2004a; Setterfield and Williams 1996). Plants from the wet-dry tropics are also

able to withstand moderate levels of disturbance from a variety of sources (e.g. dry

season fires or wet season floods) and have developed coppice or re-sprouting

responses (Franklin and Bowman 2003; McLaren and McDonald 2003; Miller 1999;

Negreros-Castillo and Hall 2000; Shackleton 2001).

In the wet-dry tropics of northern Australia, most of the native vegetation still

remains as a large expanse of relatively unmodified tropical landscape. The vegetation

is characterised by open forest and woodlands dominated by evergreen trees in the

family Myrtaceae, with a mid layer supporting a diverse group of trees with tropical

affinities, many of which are deciduous (Prior et at. 2004b; Williams et at. 1999).

Within these savannas there are small patches of closed canopy wet rainforests on

springs and river lines or dry rainforest on free draining and topographically fire-
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protected sites (Russell-Smith 1992). Termites hollow the trunks of many tree species

in this environment (Fox and Clark 1972) and subsequently there have never been

widespread commercial timber operations. However, in remote regions of northern

Australia, some Indigenous art is made from native trees (e.g. bark paintings,

didgeridoos and woodcarvings; Wright 1999). The production of art is significant to

local and regional Aboriginal economies and often it is the only way for Aboriginal

people to increase cash income beyond welfare entitlements (Altman and Taylor

1989). As such, the continued availability of the plant resources used in the

production of art represents a significant asset base for Indigenous communities and

sustainable use of the plants is critical to the ongoing success of the art industry in

these regions. However, the sustainability of any plant harvest can only be determined

by directly measuring the rate of extraction and comparing it to the rate of natural

replacement and this requires an understanding of the dynamics of plant populations

and the effects of harvesting (Choquenot 1996; Ticktin 2004). Thus, data on the

growth, survival and reproduction of a species constitute the basis for developing

management systems that maximise economic returns from exploiting such species,

but at the same time guarantee the long term persistence of the species (Olmstead and

Alvarez-Buylla 1995).

Woodcarvers from the Maningrida region of central Arnhem Land use a

relatively small range of timbers to produce wooden sculptures. As in other parts of

the world, a small range of timbers are often favoured not only for the physical

carving qualities of the wood but also as a result of social, cultural and historical

factors (Chapter 2; Chibnik 2003; Cunningham and Choge 2004). Whilst there are

hundreds of available tree species in the region, two species dominate in the
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production of carvings in Maningrida, B. ceiba and B. diversifolius, accounting for

40% and 30-50% respectfully of all carvings produced (Chapter 3).

Little baseline data exists on the ecology and population dynamics of either B.

ceiba or B. diversifolius. B. ceiba is a tall deciduous tree with distinctive woody

thorns on the trunk and branches (Brock 2001). It is distributed throughout northern

Australia (including Western Australia and Queensland) and is also found in Papua

New Guinea, lndonesia, Philippines, Thailand, China, India and Sri Lanka (Brock

2001). Within Australia, B. ceiba occurs in dry monsoon rainforests, growing up to 20

m tall and with stems up to 100 cm in diameter. The timber of B. ceiba is particularly

soft and light making it a very easy timber to carve. Conversely, the timber of B.

diversifolius is very hard, heavy and durable. B. diversifolius is a semi-deciduous,

medium sized tree (7-15 m high) found in open forest and savanna woodland which is

endemic to Australia (Brock 200 I). It is distributed throughout northern Australia,

including Queensland, northern WA and northern NSW. Griffiths et at. (2003) studied

the distribution and density of B. ceiba in the Maningrida region of central Amhem

Land and Bowman and Panton (1993) examined the factors that control the

establishment of B. ceiba seedlings, finding that establishment rates were low and

variable.

Given the importance of detailed ecological data for population and harvest

management, this study aimed to describe various aspects of the ecology of these two

trees, B. diversifolills and B. ceiba. Ln particular, I examine their reproductive

characteristics (including phenology, fruit load, seed predation, seed bank longevity

and germination), the factors that affect their growth and survival and examine the

effects of harvest on each of the tree species. Finally, I discuss how certain aspects of

their ecology may influence harvest sustainability.
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5.3 Methods

5.3.1 Study sites and plot establishment

This study was undertaken at two locations, Maningrida and Gunn Point, both located

in the wet-dry tropics of northern Australia (Figure 5.1). Temperatures in these

regions are high year round and rainfall is extremely seasonal. The average annual

rainfall for these areas is well over 1000 mm per year with greater than 90% of the

rainfall fal1ing between December and April (Maningrida and Gunn Point, Bureau of

Meteorology). The sites in Maningrida were identified by participating in the harvest

and collection of tree stems with local Aboriginal woodcarvers (Chapter 3) and the

location at Gunn Point was chosen for its close proximity to Darwin and year round

access.

At each location, permanent plots were established for each tree species.

Within the plots all adult, and a subset ofjuvenile trees «1 em dbh) were permanently

and individually marked with stainless steel tags. The two species differ greatly in

their habitats, and so required different methods of sampling. I used square plots for B.

diversifolius as it widely distributed throughout the savanna landscape. However, I

used strip plots for B. ceiba as it is patchy in its distribution and confined to small

rainforest patches. In these cases, the boundary of each rainforest patch was mapped

using a GPS and a series of strip-plots (placed at 50 m intervals), spanning the length

of the patch and 10 m wide were traversed. In some instances (n = 3) the monsoon

forest patches were small enough to allow the tagging of the entire adult B. ceiba

population.
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Northern Territory

Figure 5.1: Map of the permanent plot study sites at Gunn Pont (A) and in the

Maningrida region (B). Clear circles = BOII/bax ceiba permanent plot sites, black stars

= Brachychiton diversifolius permanent plot sites.
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At Maningrida, permanent plots for B. ceiba were established in eight

monsoon forest patches and for B. diversifolius six 25 x 25 m plots were established at

each of the four sites during September 2002 (Figure 5.1). At Gunn Point, three 100 x

lOa m B. diversifolius plots were established at three sites in February 2003. The size

of these plots was different to those at Maningrida for ease of measurement. Only two

monsoon forest patches containing B. ceiba were found at Gunn Point and al1 adults

and a subset ofjuvenile trees in these patches were tagged during April 2003 (Figure

5.1). The phenology and recruitment studies described below were undertaken only at

the Gunn Point sites as access throughout the year was restricted at Maningrida.

Growth and survival was recorded at both Maningrida and Gunn Point and an

examination of harvest effects was undertaken only at Maningrida.

5.3.2 Phenology

All of the tagged adult B. ceiba (n=50) and B. diversifolius (n=150) trees at Gunn

Point were monitored at 3-monthly intervals for two years (February 2003 - February

2005), for the presence of leaves, flowers and fruit. These three phenological variables

were recorded qualitatively on a scale of 0-3 where, 0= not present, 1 = 1-25%, 2 =

26-75% and, 3 ~ 76- 100% of the canopy covered (Bach 2002).

5.3.3 Recruitment

5.3.3.1 Fruit and seed characteristics

For each species, five reproductively mature trees were randomly chosen from each

site at Gunn Point to describe fruit and seed characteristics (Buist et al. 2000). For
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each of these trees, ten fruits were collected either from the canopy using pole pruners

or from the ground if fruits were intact. For each of the collected fruit, I measured

their length, width and weight and counted the number of seeds. Twenty seeds from

the fruit were randomly sampled and their length, width and weight recorded. The

measured seed was used in the following seed predation, longevity and germination

experiments.

As the seeds for both species are encapsulated within woody fruit capsules that

fall to the floor directly beneath the canopy. I estimated fruit production by counting

the number of fallen fruits along 4 radial transects (I x 10m) radiating from the base

of 10 trees of both species at Gunn Point (Denham and Auld 2002). This was

undertaken when the fruits had fallen and for trees whose canopy did not overlap with

others of that species. Any remnant woody fruit capsules from previous years (if sites

were unburnt) were easily distinguished and not counted and predation of seeds in the

canopy was deemed to be negligible. I used the average number of fruit found in the

transects to extrapolate a figure of total average fruit production for an individual of

each species (Denham and Auld 2002).

5.3.3.2 Seed predation

Seed predation was assessed by recording the loss of seed from artificial seed baits

(Buist et at. 2000). The B. ceiba seed used in this experiment was collected from the

fruit used to describe reproductive characteristics (see above) however, due to the

small number of B. diversifolius seed per fruit, additional seed was purchased from a

commercial seed wholesaler (Top End Seeds). Each seed bait station consisted of four

Petri dishes, with lids and entrance holes, set up as the following fOUf treatments: (i)

allow vertebrate and invertebrate access (lid removed from Petri dish), (ii) allow
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invertebrate access and deny vertebrate access (lid secured on Petri dish), (iii) allow

vertebrate access and deny invertebrates (lid removed and a sticky barrier placed

around the dish) and (iv) deny invertebrate and vertebrate access (lid secured and

sticky barrier placed around the dish). Three replicate bait stations were randomly

placed around the base of each of three reproductive trees, either in each quadrat (B.

diversifolius) or at each site (B. ceiba). The B. ceiba seed baits were established in

early October 2003 and B. diversifolius in November 2003 at Gunn Point. The loss of

seeds from the baits was counted after three days.

5.3.3.3 Seed bank longevity

To assess the ability of B. ceiba and B. diversifolius seeds to persist in the soil I buried

seed at Gunn Point for varying lengths of time and recorded the number of seeds that

had germinated, decayed or remained dormant (Buist et al. 2000). The seeds were

collected from the fruit used to describe reproductive characteristics (see above). Ten

seeds were placed inside fine-mesh nylon bags with washed and dried coarse sand,

and subsequently sealed and buried 5 em below the soil surface. Four seed bags were

buried in small plots (25 x 25 em) that were placed along transects within the study

sites. At the two B. ceiba sites on Gunn Point, three transects, each with 4 small

quadrats were established. For B. diversifolius, one transect with five small quadrats

was established within each of the nine larger quadrats. One seed bag was removed

from each small quadrat after 1, 3, 6 and 12 months burial and the seed content

assessed into three categories: decayed, germinated or dormant and viable. A seed was

recorded as germinated if a radicle had emerged from a seed after burial. Ifno

germination had occurred but the seed was intact, its viability was determined using

living tissue stains (tetrazolium chloride; see Ooi et at. 2004).
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5.3.3.4 Germination

Ten seeds were sown into the small plots (25 x 25 cm) that were placed at regular

intervals along transects (described above) at Gunn Point. The seeds were sown in an

offset grid of3, 2, 3 and 2 seeds per row so as to al10w for easy identification of

individual emergent seedlings. A total of240 B. ceiba and 450 B. diversifolius were

sown and at intervals of 1, 3, 6 and 12 months, the presence and growth of emergent

seedlings was recorded (Setterfield 2002).

5.3.4 Growth measurements

I measured the annual growth of all individually tagged B. ceiba (n = 603) and B.

diversifolius (n = 573) stems at Maningrida and Gunn Point for a total period of two

years. The circumference of adult stems was measured to the nearest 0.5 mm using

fibreglass tape. The sterns were marked with a pennanent marker pen at a height of

130 cm to allow for accurate repeated measurements. Where some trees were multi

stemmed, the largest stem was marked and measured. The diameter growth ofjuvenile

trees was measured with a calliper at a height of 10 cm from the ground and this

figure was later converted to a circumference measurement.

[n addition, a random subset of 12 B. diversifolills and 12 B. ceiba stems at

Gunn Point (i.e. six trees of each species at two sites) were fitted with over-bark band

dendrometers in April 2003, and circumference change was measured monthly to the

nearest 0.01 mm using an electronic calliper (Worbes 1995).
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5.3.5 Survival

To determine survival, each tagged tree was assessed as alive or dead at the end of the

two year growth sampling period. For this analysis, survival was based on the level of

the individual plant and not on the individual sterns (i.e. the plant is considered to

survive if the tagged stem died but another resprouted). Tagged plants that could not

be relocated were considered dead, and this may underestimate survival in the

smallest size class as some living plants may have been in a dormant state with no

living parts above the ground. Survival probabilities were calculated on the proportion

of individuals in each size class at each site alive after two years. This analysis

included harvested stems and individual trees were considered to survive harvest if

they resprouted.

5.3.6 Harvest effects

Stems of both B. diversifolius and B. ceiba were observed to be harvested by

Aboriginal artists during a participant observation study in the Maningrida region

(Chapter 3). Thus, many of the harvested stems in the growth plots at Maningrida had

a known date of harvest. These sterns were monitored annually and the number and

growth of coppice shoots was recorded along with characteristics of the harvested tree

stump (e.g. height and width).

5.3.7 Data analysis

Descriptive statistics were used to summarise trends in the phenology, recruitment and

annual growth of both tree species. All average values are reported ± standard error.

116



Chapter Five: Population Ecology

Linear regression was used to examine the relationship between pairs of continuous

variables and I used ANOVA to analyse the differences in seed predation treatments.

All data were tested for significance at the p = 0.05 level and checked for relevant

assumptions prior to analysis.

An information-theoretic approach was used to examine the factors that affect

(i) the annual growth of stems, (ii) the number of coppice stems that sprout following

harvest and (iii) the survival of tagged stems over the 2 year study period. Individual

plants were measured repeatedly over several years, contravening the assumptions of

independence (Buckley et al. 2003). Thus, initially I used mixed-effects models in

order to account for correlated measurements with the random effect being the

individual tree. The random effect proved to be non-significant and generalised linear

models were used incorporating just the fixed effects (Buckley et al. 2003). To model

the annual growth of stems I used a gaussian (identity link) distribution for which the

response variable was the annual change in circumference growth. To examine the

number of coppice stems that sprout following harvest I used a poisson (log link)

distribution as the response variable was a count of the number of coppice stems. The

models examining the survival of trees were binomial (Iogit link) as the response

variable was the proportion of individuals alive after two years (Crawley 2002).

A set of a priori linear models containing explanatory variables were then

compared. These variables included a circumference size class category (0-5 cm; 5-20

cm; 20-50 cm; 50-100 cm; 100+ cm), location (Maningrida or Gunn Point), site, stem

harvest category (coppice or non-coppice stem), whether the tree had been harvested,

fire frequency (the occurrence of fires at the site during the sample period), and a

measure of site disturbance (Griffiths et al. 2005). Model selection was based on

Akaike's Information Criterion from these a priori candidate set of models (Burnham
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and Anderson 2002). I estimated overdispersion (c) for the binomial and poisson

models using the ratio of mean deviance to degrees of freedom for the global model

and where there was evidence of overdispersion (c > I) I used the quasi-likelihood

modification (QAIC). I also used the second order criterion (AICc) for all analyses to

account for small sample sizes compared to the number of parameters. .6.AICc values,

the log likelihood (log (L)), and Akaike Weights (Wi) were calculated based on

Burnham and Anderson (1998) allowing the easy interpretation and ranking of

candidate models. Values of .6.AICc less than two have substantial support given the

data, values between 4-7 have considerably less support and values over ten

essentially no support (Burnham and Anderson 1998). A given Wi is considered as the

weight of evidence in favour of model i being the actual K-L best model given the

models at hand (Burnham and Anderson 1998). All analyses were undertaken using R

1.9.1 (© The R Foundation for Statistical Computing).

5.4 Results

5.4. J Phenology

B. diversifolius and B. ceiba trees abscised their leaves at the onset of the dry season

(approx. May) and this corresponded with the peak period of reproductive effort. The

reproductive period of B. diversifolius and B. ceiba is restricted to the dry season

months when the leaves are in a state of decline and trees are relatively bare (Figure

5.2). The smallest observed reproductive tree was 19.3 cm circumference for B.
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Figure S.2: The timing and percent of reproductive Brachychiton diversifolius and

Bomba'( ceiba in full leaf flush, flowering and fruiting over the two-year study at

Gunn Point.
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diversifolius and 17.7 cm for B. ceiba. However, 82% of reproductive B. diversifolius

trees and 95% of all reproductive B. ceiba were over 30 cm in circumference. A total

of ISO B. diversifolills trees were considered to be of reproductive size (over 19.3 cm),

but of these, only 114 (76%) were observed to be reproductive (e.g. either flowers or

fruits observed). Of the 114 trees observed to be reproductive in either year of the

study, 77% were reproductive in consecutive years (2003 and 2004), 17% reproduced

in 2003 and not 2004, and 6% reproduced in 2004 and not 2003. For B. ceiba, 50 trees

were over the minimum reproductive size (17.7 cm), of which 61 % were actually

observed to be reproductive during the two year study. Of the observed reproductive

B. ceiha trees, 58% were reproductive in consecutive years, 39% were reproductive in

2003 and not 2004, and 3% were reproductive in 2004 and not 2003.

5.4.2 Recruitment

5.4.2.1 Fruit and seed characteristics

Fruits of both species are boat-shaped woody capsules in which the seed is contained.

[nside the B. ceiha fruit, a large number of small seeds are contained within masses of

cottonwool-like fibre, whereas B. diversifolius produces fewer seeds per fruit, the

seeds are larger and are surrounded by spiky hair (Table 5.1). In both species there

was a positive relationship between the size (length) of the fruit and the number of

seeds it contained, whereby the number of seeds increased with increasing fruit size.

However, the trend was much stronger for B. diversifolius (r2 = 0040, p < 0.001) than

in B. ceiba (r' ~ 0.11, P ~ 0.00 I).

The average number of woody fruit capsules found around each individual tree

in the seed transects was 22.7 ± 5.6 for B. ceiha and 129.5 ± 7A for B. diversifolius.
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Table 5.1; Reproductive characteristics of Bombax ceiba and Brachychiton

diversifolius from Gunn Point. All size measurements are in millimetres and weight is

in grams. Sample size (n) values are given as B. ceiba and B. diversifolius

respectively.

Reproductive Characteristic Bombax ceiba Brachychitol1 diversifolills

Average # seeds per fruit (n - 92, 108) 131.0±3.3 14.3 ± 0.4

Length of fruit (n ~ 92, 108) 72.9 ± 1.0 86.1 ± 1.0

Width of fruit (n ~ 92,108) 38.5 ± 0.4 27.6 ± 0.5

Fresh weight offruit (n ~ 92, 108) 16.6 ± 0.9 8.4 ± 0.2

Length of seed (n ~ 20) 6.5 ± 0.1 9.2 ± 0.2

Width of seed (n ~ 20) 4.2 ± 0.1 5.7 ± 0.1

Fresh weight of seed (n = 20) 0.025 ± 0.00 I 0.11 ±0.009
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Extrapolating this figure to the total area under the canopy, the average number of

capsules produced by a reproductively active individual B. ceiba tree is 178.2 ± 44.0

and 1017.4 ± 59.7 for B. diversifolills. There was a significant positive relationship

between the size of the tree (as measured by circumference) and the number of woody

fruit capsules produced for B. diversifolius (r = 0.56, p = 0.01) but not for B. ceiba (r

= 0.04, p = 0.57), however, the randomly selected B. ceiba trees were all of a similar

size.

5.4.2.2 Seed predation

Seed predation rates were high for both species, as over 50% of seeds were taken from

the caches open to both vertebrates and invertebrates (Figure 5.3a). There were

significant differences in the seed predation treatments for both B. ceiba (F = 24.8, df

~ 3, P < 0.001) and B. diversifolills (F ~ 85.5, df ~ 3, P < 0.001). B. ceiba had a higher

number of seed taken by invertebrates, whilst the larger B. diversifolills seed was

predominantly taken by vertebrates (Figure 5.3a).

5.4.2.3 Seed bank longevity

The B. diversifolius and B. ceiba seed in this study were unable to persist in the soil as

a potential for seed reserve. Viable seeds germinated with the onset of the wet season

monsoonal rain. Only a small amount of viable seed «5%) persisted into the

following dry season (Figure 5.3b), and all the seed had either decayed or germinated

by the following wet season.
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Figure 5.3: Reproductive characteristics of Bombax ceiba (shaded bars) and

Brachychilon diversifolius (open bars): (a) the average number (#) of seed taken from

each cache in the seed predation treatments: both = open to both invertebrates and

vertebrates, invert = open to invertebrates only, vert = open to vertebrates only, neither

= closed to both vertebrates and invertebrates; (b) the condition of B. ceiba and B.

diversifolius seed in the buried seed bags after the first wet season (February 2004);

and (c) the average number (#) of seedlings that had established in the germination

quadrats at each census period (every three months). Average figure are ± standard

error.
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5.4.2.4 Germination

B. diversifolius had a much higher number of emergent seedlings that established in

the germination plots compared to B. ceiba (Figure 5.3c). Close to 50% of the B.

diversifolills seed germinated during the first wet season, compared to only 1% for B.

ceiba. All of the above ground and visible parts of the B. diversifolius and B. ceiba

seedlings (stem and leaves) died off during their first dry season. At the end of their

second wet season, none of the B. ceiba seedlings and only 3.3% of the B.

diversifolills seedlings had survived.

5.4.3 Growth

Circumference growth as measured by the band dendrometers was highly variable

among months (Figure 5.4). During the two year study, the average monthly

circumference growth rate for B. diversifolius was 0.08 ± 0.04 cm and for B. ceiba

0.05 ± 0.05 cm. However, the growth patterns were highly seasonal with growth

greatest during the wet season months and showing considerable stem shrinkage

during the dry season months (Figure 5.4). There was a significant positive

relationship between monthly rainfall at the study site and the monthly growth of each

species, whereby, growth increased as precipitation levels increased (B. diversifolius:

r' ~ 0.41, P ~ 0.001; B. ceiba: " ~ 0.35, P ~ 0.004).

Annual circumference growth from the tape measurements for B. diversifolius

showed that circumference growth was related to the size class of the stem and

whether the stem was a coppice shoot (resprouted stem). The model relating growth to

coppice and size class had the greatest support from the models in the candidate set
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Figure 5.4: The average monthly stem circumference growth (mm) as measured by

the over-bark band dendrometers at Gunn Point ± the standard error. Monthly values

start in April 2003 and finish January 2004.
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and explained 49% of the model deviance (Table 5.2). The second most supported

model also contained these two variables along with the additional variable of fire,

however, this additional variable only accounted for an extra 1% of the deviance

(Table 5.2). There was virtually no support for any of the other models in the

candidate set. There was little variation in growth rates related to the location of

sampling (i.e. Maningrida vs Gunn Point), the time period (year 1 vs year 2) and site

factors (e.g. fire frequency and site disturbance).

For B. ceiba, annual circumference growth was most strongly related to

whether the stem was a coppice shoot as the univariate model containing the

parameter coppice had a 70% probability of being the best model from the candidate

set (Table 5.3). The other candidate model with good support given the data contained

the explanatory variables coppice and size class (Table 5.3). The two models that

made up the top 98% of Akaike weights both contained the coppice variable

indicating that growth rates were affected by whether or not the stem was a coppice.

The second model also included the size class variable indicting some innuence

relating size class to growth rate. There was little support for models incorporating

variation in growth rates related to the location of sampling (i.e. Maningrida vs Gunn

Point), the time period (year I vs year 2) and site factors (e.g. fire frequency and site

disturbance).

The average stem circumference growth for each of the size classes and for

coppiced stems of B. diversifolills and B. ceiba is given in Table 5.4. From this table it

is evident that the growth rate of the coppice stems was indeed much greater that that

of the non-coppice stems particularly in the smaller stem stage classes. Average

growth rates for B. diversifolius in stage class I were much greater than those for the

comparable B. ceiba stage class, however, the average growth rates for all the other
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Table 5.2: Model selection outcomes for generalised linear modelling of

Brachychiron diversifolius growth. The response variable was the annual change in

circumference for each individual stem. The global model contained the following

parameters: coppice, size class, fire, location and year. The LiAICc = the difference

between that model's Akaike's Infonnation Criteria (A ICc) value, and the minimum

AICc value in the candidate set, K = the number of parameters, Log (L) = log

likelihood, and Wi = Akaike weights. Null deviance = 4747.5. Candidate models with

the highest levels of empirical support (LiAICc < 2) are shown in italics.

Model Parameter Change in K AICc /lAIC, Log (L) Wj

deviance

%

/ coppice + size 49 6 588.6 0 -/224./ 0.84

class

2 coppice + size 50 8 592.2 3.6 -1223.1 0.17

class + fire

Global see above 50 10 596.0 7.4 -1222.4 0.02

3 size class 44 5 600.3 11.7 -1253.2 0003

4 coppIce 38 2 606.9 18.3 -1280.1 0

Null -I 670.2 8\.6 -1418.9 0

5 year 0 2 67\.8 83.2 -1417.9 0

6 fire 0.1 3 672.5 83.9 -1415.1 0
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Table 5.3: Model selection outcomes for generalised linear modelling of Bombax

ceiba growth. The response variable was the annual change in circumference for each

individual stem. The global model contained the following parameters; coppice, size

class, fire, disturbance, location and year. The 6AICc = the difference between that

model's Akaike's Infonnation Criteria (A ICc) value, and the minimum AICc value in

the candidate set, K = the number of parameters, Log (L) = log likelihood, and Wi =

Akaike weights. Null deviance = 3321.6. Candidate models with the greatest levels of

empirical support (6AICc < 2) are shown in italics.

Model Parameter Change in K AICc /lAIC, Log (L) IV;

deviance

%

/ coppice 9 2 579.7 0 -/340.6 0.704

2 coppice + size /4 6 58/.6 /.9 -/326.0 0.278

class

3 size class 7 5 589.4 9.7 -1348.9 0.006

4 coppice + fire 13 10 590.3 10.6 -1327.3 0.003

+ disturb

Null -I 596.0 10.6 -1370.1 0.003

5 year 2 591.6 11.9 -1368.3 0.002

Global see above 18 16 590.3 16.4 -1311.4 0

6 fire + disturb 3 9 602.1 22.4 -1359.6 0
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Table 5.4: Average annual circumference growth (cm) figures of coppice and non

coppice stems in different size classes for Bombax ceiba and Brachychiton

diversifolius. Values are reported ± the standard error. Numbers in brackets denotes

the sample size (n).

Stage Brachychiton diversifolills Bombll-l: ceiba

(em) Non-coppice Coppice Non-coppice Coppice

0-5 4.1 ± 0.56 (45) 7.90±0.73 (41) 1.49 ± 0.35 (54) 9.85 ± 1.06 (10)

5-20 0.84 ± 0.16 (102) 4.54 ± 0.60 (23) 1.11 ± 0.18 (158) 2.74 ± 0.97 (14)

20-40 0.64 ± 0.06 (249) 0.6±0(1) 1.12 ± 0.14 (140) 2.17± 0.43 (13)

40-60 0.60 ± 0.07 (109) 0.70± 0.12 (117) 0.16 ± 0.27 (6)

60+ 0.75 ± 0.88 (3) 1.20±0.21 (91)
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stage classes were higher for B. ceiba than for B. diversifolills (Table 5.4). The

maximum observed annual circumference growth rate from a B. diversifolills coppice

stem was 21.1 cm and for B. ceiba 15.8 cm per year.

5.4.4 Survival

The probability of survival for B. diversifolius was associated with the size of the stem

and also the site where sampling occurred, as the model relating survival to size class

and site had the greatest support from the candidate set and accounted for 78% of the

model deviance (Table 5.5). This indicates that there is significant variation in

survival between sites and also between size classes. Whilst not supported in the

candidate set, the univariate model of site accounted for 41 % of the model deviance

and the univariate model size class accounted for 58% of the model deviance (Table

5.5). Based on the coefficients of model I (Table 5.5), the average probability of

survival (± SE) over 2 years for each of the B. diversifolills circumference size classes

was 0-5 em 0.65 (± 0.08), 5-20 em 0.60 (± 0.08), 20-50 em 0.84 (± 0.05), 50-100 em

0.94 (± 0.02) and 100+ em 1.00 (± 0.00) respectively from smallest to largest.

Similarly, the probability of survival for B. ceiba was also related to the size of

the stem and the site where sampling occurred, with the model relating size class and

site to survival showing the greatest support from the candidate set and accounting for

63% of the model deviance (Table 5.6). None of the other models in the candidate set

showed any significant level of support (6AICc > 10, Wi = 0) given the data. Based on

the coefficients of model I (Table 5.6), the average probability of survival (± SE) for

each of the B. ceiba size classes was 0-2 em 0.32 (± 0.065), 2-5 em 0.58 (± 0.051), 5

20em
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Table 55: Model selection outcomes for generalised linear modelling of

BrachychilOn diversifolius survival. The response variable was the proportion of B.

diversifolius stems alive at each site in each size class after 2 years. The global model

contained the following parameters: site, size class, location, fire, harvest and

disturbance. The LiAICc = the difference between that model's Akaike's Information

Criteria (A ICc) value, and the minimum QAICc value in the candidate set, K = the

number of parameters, Log (L) = log likelihood, and IV; = Akaike weights. Null

deviance = 164.85. Candidate models with the greatest levels of empirical support

(LiAICc < 2) are shown in italics.

Model Parameter Change in K AICc /lAIC, Log (L) Wj

deviance

%

/ size class + 78 /2 /27./ 0 -44.8 /

site

2 size class + 58 6 138.6 1\.5 -6 \.9 0

fire

3 size class 52 5 144.9 17.8 -66.4 0

Global see above 78 18 165.8 38.7 -44.8 0

4 fire + 35 4 170.5 43.4 -80.6 0

disturbance

5 site 41 8 172.2 45.1 -75.4 0

6 harvest 8 3 21\.8 84.7 -102.5 0

Null -I 220.2 93.1 -109.0 0
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Table 5.6: Model selection outcomes for generalised linear modelling of 80mbax

ceiba survival. The response variable was the proportion of 8. ceiba stems alive after

2 years. The global model included the following parameters: site, size class, location,

fire, harvest and disturbance. The 6.AICc = the difference between that model's

Akaike's Information Criteria (A ICc) value, and the minimum AICc value in the

candidate set, K = the number of parameters, Log (L) = log likelihood, and Wi =

Akaike weights. Null deviance = 199.07. Candidate models with the greatest levels of

empirical support (6.AICc< 2) are shown in italics.

Model Parameter Change in K AICc /lAIC, Log (L) Wj

deviance

%

/ size class + 63 /5 /79.5 0 -68.8 0.97

site

2 size class 45 6 187.5 8 -86.9 0.02

3 size c1ass+ 47 8 188.3 8.8 -84.6 0.01

fire

Global see above 64 21 203.8 24.3 -67.3 0

4 site 23 10 242.1 62.6 -108.6 0

5 fire + 14 4 243.9 64.4 -117.6 0

disturbance

6 harvest 8 3 254.7 75.2 -124.1 0

Null -I 264.9 85.4 -13\.4 0
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0.82 (± 0.031), 20-50 em 0.94 (± 0.012), 50-100 em 0.94 (± 0.011) and 100+ em 0.95

(± 0.010) respectively from smallest to largest.

5.4.5 Harvest effects

Within three months of harvest, 50% of B. diversifolius stems (n = 56) were observed

to coppice. After a further I and 2 years respectfully these figures grew to 82% and

87% of all harvested B. diversifolius stems having coppiced. Within 3 months of

harvest, 25% of B. ceiba stems (n = 12) were observed to coppice following

harvesting. After a further year, 66% of harvested stems had resprouted and this figure

remained constant after the second year. The average number of coppice shoots per

harvested tree after 2 years was similar for both species at an average of2.5 ± 0.31

(range 1-14) for B. diversifolius and 2.14 ± 0.25 (range 1-6) for B. ceiba. The number

of coppice sterns per tree was found to not be related to the width or height of the

stump or a variety of site factors. Ln a generalised linear model with the number of

coppices as the response variable, the null model essentially received all the support

from the candidate set for both B. diversifolills (w; = 1) and B. ceiba (Wi = I). Thus,

none of the factors could explain the variance in the number of coppice stems.

5.5 Discussion

Growth and reproduction of trees in the seasonally dry tropics is periodic rather than

continuous because of the highly seasonal annual rainfall regime (Williams et al.

1999). The phenology data indicate the existence of seasonal and year to year

variation for both B. ceiba and B. diversifolills. The period of reproduction for both
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species was through the dry season months and was similar to that reported for these

and related species in other studies overseas (Lobo et al. 2003; Williams et al. 1999).

There were subtle differences in flowering and fruiting periods between years, but this

was not consistent between the two species. For example, B. diversifolius flowered

and fruited over a longer period during 2003, whilst B. ceiba had a longer flowering

period in 2004. Lobo et al. (2003) found that for members of the Bombaceae the

intensity and duration of the dry season and soil water content do not appear to restrict

flowering period as Bombaceous species have the ability to store water in their trunk.

A proportion of the individuals of both species were not reproductively active

in consecutive years, although this was more pronounced in B. diversifolills. Studies

of eucalypt savanna species in northern Australia found inter-annual variation in

fecundity (Setterfield and Williams 1996). Other studies on species within the

Bombaceae family have also found non-annual flowering and fruiting periods (Gribel

et al. 1999). Reproductive output can be highly variable and it is not uncommon for a

few trees to make up a disproportionately high contribution of the total seed crop and

seedling recruitment in any given year (Guariguata and Pinard 1998). In both these

species there was a tendency for the larger trees to produce more fruit and seed, with

most reproductive trees were over 30 cm diameter.

B. ceiba and B. diversifolius both produce prolific amounts of seed and similar

loads to that reported in the literature for related species (Buist et al. 2000; Gribel et

al. 1999). However, despite these large seed loads seed predation can be a major

constraint for tree regeneration in tropical forests (Guariguata and Pinard 1998). The

predation rates of both species were similar with B. diversifolills suffering slightly

higher rates of consumption. B. diversifolius and B. ceiba seeds were unable to persist

in the soil as a potential seed reserve, as has been documented in related species in
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Australia. Studies of Brachychiton populneus found that 98% of the seed germinated

within 6 months of dispersal (Buist et at. 2000). Similarly, Russell-Smith and Lucas

(1994) found that the density of viable seed dormant in monsoon rainforest (where B.

ceiba occurs) in Australia was very low compared to other areas of the world.

Seedling establishment rates were relatively low and variable, particularly so

for B. ceiba. The germination rate of 1% for B. ceiba in this study is very similar to

that found in Bowman and Panton (1993), who found the establishment of B. ceiba

seedlings to be less than 2%. Whilst 50% of the B. diversifolius seed germinated

during the first wet season, only 3.3% survived through to the following wet season.

Generally there are two basic factors that can limit seedling recruitment: the

availability of seeds, and the availability of microsites where seed can germinate and

establish (Setterfield 2002). A study of seed germination in north Australian savannas

found that it is the availability of microsites and not seed supply that is most likely to

limit germination (Setterfield and Williams 1996). Given the dense canopy in the

monsoon rainforest patches, it is possible that the random germination sites used in

this study were unsuitable microsites for the establishment of B. ceiba seedlings.

Personal observations of B. ceiba seedlings suggest that they are most dense in areas

with canopy gaps, particularly around the perimeter of rainforest patches. Indeed,

studies of related Bombaceae species have shown that members of this family are

strong light demanders (Troup 1921).

Neither B. ceiba nor B. diversifolius rely entirely on seed production as they

can reproduce vegetatively. Most tree species in tropical deciduous forest produce

sucker shoots from stumps or roots, and this ability to coppice confers a degree of

resilience to natural and anthropogenic disturbance (Miller 1999; Russell-Smith and

Lucas 1994). A large proportion of the stems in this study, particularly in the smaller
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size classes were coppice stems, produced after the dieback or harvest of the original

stems. I found the growth rates of coppiced B. ceiba and B. diversifolius stems was up

to six times greater than that of non-resprouted stems. Coppice shoots generally grow

faster than newly established seedlings, because they already have a well established

root system with stored reserves (Lugoa et al. 2004).

The average circumference growth rates of a non-coppice B. ceiba and B.

diversifolills stem were similar at 1.07 ± 0.08 cm and 0.98 ± 0.08 cm respectively

(0.34 cm year -I and 0.31 cm year -I respectively when converted to diameter). Stem

growth for both species was maximal in the early wet season (but not entirely

confined to the wet season) and there was significant stem shrinkage in both species

during the dry season months. Deciduous species like B. ceiba and B. diversifolills

tend to decrease in girth substantially as soil water availability declines. Diameter at

breast height increments for B. diversifolills in my study were higher than the average

annual increment (0.13 cm year -I) found for a related species Brachychiton

megaphylus (Prior et al. 2004b). Prior et al. (2004b) also found that dry monsoon

rainforest species had a significantly larger growth increment than trees from other

habitat types and this was further supported in this study, with B. ceiba having a

higher annual growth rate than B. diversifolills.

Despite being heavily utilised by Aboriginal woodcarvers, the regenerative

potential of both tree species after harvest is considerable because of effective re

sprouting from stumps. The rates of B. ceiba resprouting in this study were very

similar to that found in Griffiths et al. (2003). Whilst, juvenile sprouting ability can be

considered part of the recruitment strategy of a species, adult sprouting behaviour

indicates potential persistence (Bond and Midgley 2001). Other research has found a

link between the number of sprouts and the size of the stump (McLaren and
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McDonald 2003; Negreros-Castillo and Hall 2000), with larger stems and stems cut at

a greater height tending to produce a greater number of coppices (Shackleton 200 I).

This was not evident in the B. ceiba and B. diversifolius trees in my study. However, it

has been suggested that larger stems take longer to respond to initial removal, but

once recovered have the capacity to regrow with more coppices and at a rate faster

than that of the smaller stems. Thus, it is possible that the 2-year duration of this study

was not long enough to pick up these trends.

The survival of both B. ceiba and B. diversifolills stems over the 2 years were

found to be related to the size class of the stems with the smallest size classes having a

lower probability of survival. A high rate of seedling mortality has been recorded in

many studies and this reflects the vulnerability of this stage in the population

recruitment of plants (Griffiths et al. 2005; Guinto et al. 1999). Survival was also

influenced by site, suggesting that local factors (e.g. soil nutrients) may play an

important role in the survival of stems (Baker et al. 2003) The occurrence of a cyclone

crossing the Amhem Land coast near Maningrida (Tropical Cyclone Craig, March

2003) also influenced the site survival of B. ceiba as large trees were uprooted by the

strong winds and tree fall smothered many of the juvenile stems. Harvest, fire and

feral animal damage had little influence on the survival of the individual plant as a

large proportion of stems coppiced following disturbance.

The results presented here provide an assessment of the key life history

parameters of B. ceiba and B. diversifolills and allow an examination of how aspects

of their ecology may influence the sustainability of harvesting stems for use in the art

industry. Many tree species are not able to withstand even the lowest rates of harvest

when the harvest leads to mortality of the individual (Ticktin 2004). This study has

shown that a high proportion of harvested trees coppice, thus surviving the harvest
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event. The primary issue of management interest relates to the regrowth period, i.e.

the amount of time required for cut stems to regrow to a size adequate for re

harvesting (Shackleton 2001). In fact, the coppice stems of both B. ceiba and B.

diversifolills regrow at a rate much faster than that of other non-coppice stems in the

population. Given the results of this study I estimate that it would take harvested B.

ceiba and B. diversifolius stems between 2-5 years to reach harvestable size again.

Studies have also shown that the harvesting of reproductively active adult

stems and the timing of the harvest can increase the risk of over-harvesting in many

tree species (Ticktin 2004). In the Maningrida region, trees are harvested for carving

during the dry season months when the wood takes less time to cure (Chapter 2) and

this harvest period coincides with the trees reproductive period. The average diameter

at breast height of harvested stems of B. diversifolius is II cm (circumference = 34.5

em) and 16 cm (circumference = 50.24 em) for B. ceiba (Chapter 3) both of which

represent potentially reproductive trees. This may have some implications for the

sustainability of harvesting carving woods, however, the bigger trees produce more

seed.

To better understand the effects of harvesting on the population dynamics of

both these species, I advocate using ecological data to undertake stochastic, stage

based population modelling (e.g. Freckleton el al. 2003; Olmstead and Alvarez-Buylla

1995; Soehartono and Newton 200 I; Ticktin el at. 200 I). Populations of B. ceiba and

B. diversifolills are distributed throughout the landscape in very different habitats. B.

diversifolills is found throughout the eucalypt savanna and B. ceiba is constrained in

distribution to small and isolated monsoon forest patches that are scattered throughout

the eucalypt dominated forest and woodland (Brock 200 I). Whilst B. ceiba is well

distributed in monsoon forest in the Maningrida region and throughout the Northern
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Territory (Griffiths el al. 2003), its confinement to rainforest vegetation may leave it

more susceptible to over-harvest at the individual patch level. The use of population

and harvest modelling will therefore allow the accurate assessment of the

sustainability of Indigenous harvest regimes which is not only essential for the

conservation of the plant species but also for the livelihoods of people in the region.
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Chapter Six: Ecological Sustainability

6.1 Abstract

In the Maningrida region of central Amhem Land, Indigenous woodcarvers harvest

two locally available tree species, Bombox ceiba and Brachychiton diversi/olius to

make wooden sculptures. Although the practice relies on the continued supply of

timber from native forests, very little is known about the ecological sustainability of

these harvests. Using stage-structured population models constructed in the software

program RAMAS GIS, I examined the effects that harvest intensity and harvest

frequency have on the population growth rate, population structure and the availability

of suitable sized woodcarving stems in the Maningrida region. For both species, the

proportion of harvestable size stems was high at harvested sites. The baseline

transition matrix of both species has an underlying positive growth rate A, however,

with increasing harvest intensity, Adecreased. The study shows that whilst B.

diversi/olius is much more resilient to increasing harvest intensity than B. ceiba,

current harvest regimes for both species are likely to be sustainable. This study has

reduced the uncertainty surrounding the ecological sustainability of harvesting these

species for woodcarving in this region. The current low to moderate harvest levels

should be able to be maintained thus ensuring the continuation of this important

livelihood component for Indigenous Australians.
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6.2 Introduction

Balancing the needs of resource users with the growth of a resource base to ensure

sustainable use and conservation of forest resources is complicated (Boudreau el a/.

2005). Not only does it require an understanding of the dynamics of wildlife

populations and the effects of harvesting, but also an understanding of the site specific

factors that affect resource extraction, such as local harvest and management

strategies, and how these are influenced by social, cultural and economic factors

(Ticktin el al. 2001). Many studies examine individual elements of complex harvest

systems, such as the value of non-timber forest product (NTFP) resources (Chopra

1993; Godoy and Bawa 1993; Shackleton et al. 2002), the patterns of resource use

(Aguilar and Condit 2001; Dahdouh-Guebas et al. 2000; Joyal 1996; Ladio and

Lozada 2004; Luoga el 01.2000), and the demography of harvested species (Griffiths

el 0/. 2005; Olmstead and Alvarez-Buylla 1995). However, there is also a growing

body of literature in which the sustainability ofNTFP harvests is examined by

combining these elements into quantitative population models (Botha et a/. 2004;

Endress et 01. 2004; Freckleton el al. 2003; Olmstead and Alvarez-Buylla 1995;

Shackleton 200 I; Siebert 2004; Ticktin el al. 200 I).

Population viability analyses have been used by many researchers to examine

the sustainability of harvesting various plant parts including timber or palms (Ticktin

el al.. 200 I), fruit (Orlande el al. 1996), roots or bulbs (Nantel el al.. 1996) and bark

(Cunningham and Mbenkum 1993). Modelling is a process of building simple

representations of complex systems (e.g. a biological population) to gain insights into

how the system works, to predict how it will behave in the future and to make

decisions about how it can be utilised or managed (Akcakaya el al. 2004). It has been
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recommended that the most useful and accurate approach for this kind of population

modelling is to assess the harvest practices currently employed by local people from

harvested populations (Ticktin 2004). However, only a small number of studies use

empirically derived local harvest data in their models (Endress et al. 2004; Joyal

1996; Runk 200 I; Ticktin et al. 200 I) and many simulate the effects of harvest based

on the structure of unharvested populations (Freckleton et al. 2003).

In this paper I examine the ecological sustainability of local harvest patterns on

tree populations which are utilised by lndigenous artists for woodcarving. In remote

regions of Australia, and particularly northern Australia, most Aboriginal art is made

from native plant parts (Wright 1999). The production of art is significant to local and

regional Aboriginal economies and often it is the only way for Aboriginal people to

increase their cash income beyond welfare entitlements (Altman and Taylor 1989).

Thus, the continued availability of woodcarving timber represents a significant asset

base for these communities and is a critical input in production.

In the Maningrida region of central Amhem Land, central northern Australia,

the carving of figurative wooden sculpture for sale is a relatively new phenomenon

and previous work has shown that production levels and the number of sculpture

artists have increased rapidly over the last 20 years (Chapter 2). Associated with this

have been shifts in the age demographic and gender of sculpture artists, illustrating the

social and cultural sustainability of carving production in the region (Chapter 2).

Currently, around 150 artists from more than ten language groups produce carvings in

this region (around 600 individual sculptures annually; Chapter 2). Woodcarvers in

the Maningrida region use a relatively small range of timbers to produce their carved

sculptures. Two species are dominantly used for the production of carvings, Bombax

ceiba and Brachychiton diversifolius, accounting for 40% and 30-50% respectively of
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all carvings produced (Chapter 3). Previous work has shown that growth of B. ceiba

and B. diversifolius is related to size class and that coppice stems grow significantly

faster than non-coppice stems (Chapter 5). Survival of B. ceiba and B. diversifolius in

the Maningrida region was related to the size class and local site factors, with the

smaller size classes having a lower probability of survival (Chapter 5).

Ln this study, I examine the population structure and density of B. ceiba and B.

diversifolius trees at harvested sites in the Maningrida region and use predictive stage

structured matrix models to examine the effects of local harvest regimes on these

harvested populations. I compared the response of each species to various harvest

regimes that reOect actual and extreme harvest events and I examine the effects that

harvest intensity and harvest frequency have on the growth rate, population structure

and the availability of suitable sized woodcarving stems in the Maningrida region.

6.3 Methods

6.3. J Species description

Bomba'( ceiba is a tall deciduous tree with distinctive woody thorns on the trunk and

branches (Brock 2001). It is distributed throughout northern Australia (including

Western Australia and Queensland) and is also found in Papua New Guinea,

lndonesia, the Philippines, Thailand, China, India and Sri Lanka (Brock 2001). Within

Australia, B. ceiba occurs in dry monsoon rainforests, growing up to 20 m tall and

with stems up to 100 cm in diameter. Brachychiton diversifolius is a semi deciduous,

medium-sized tree (7-15 m high) found in open forest and savanna woodland and is

endemic to Australia (Brock 200 I). It is distributed throughout northern Australia,

143



Chapter Six: Ecological Sustainability

including Queensland, northern Western Australia and northern New South Wales.

The timber of B. ceiba is particularly soft and light, making it a very easy timber to

carve. Conversely, the timber of B. diversifolius is very hard, heavy and durable.

6.3.2 Study sites

Pennanent ecology plots were established at two locations, Maningrida and Gunn

Point, both located in the wet-dry tropics of northern Australia (Figure 6.1).

Temperatures in these regions are high year round and rainfall is extremely seasonal.

The average annual rainfall for these areas is well over 1000 mm per year with> 90 %

of the rainfall falling between December and April (Maningrida and Gunn Point,

Bureau of Meteorology). The sites in Maningrida were identified by participating in

the harvest and collection of sterns with local Aboriginal woodcarvers (Chapter 3).

The design of the permanent plots is described in details elsewhere (Chapter 5).

Within the plots at each site all adult, and all juvenile trees within subset plots were

pennanently marked with stainless steel tags. These growth and survival of these

marked individuals were measured annually for a period of 2 years.

6.3.3 Density and population structure a/harvest sites

At all identified harvest sites in the Maningrida region, tree density and population

structure assessments were made. B. diversijolius is a species that is widely distributed

throughout the savanna landscape. Therefore, it was possible to measure tree density

for B. diversijolius by traversing three strip-transects, 1000 m x lam wide (a total

area of3 ha), spaced at 250 m, intervals and recorded all individual plants of that
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Figure 6.1: Map of the 80mbax ceiba and Brachychiton diversifolius study sites at

Gunn Point (A) and in the Maningrida region (B). Clear circles = 8. ceiba permanent

plot sites, black stars = B. diversifolius pennanent plot sites and clear stars =

additional 8. diversifolius harvest sites.
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species. However, as B. ceiba is patchy in distribution (i.e. confined to small

rainforest patches), density was sampled using the methodology of Griffiths et al.

(2003). In these instances, the boundary of the patch was mapped using a Global

Positioning System (GPS) and a series of strip-transects (placed at 50 m intervals),

spanning the length of the patch and 10m wide were traversed. In both methods, the

starting point of the transects was determined randomly, and all individuals of the

target species within the transects were measured and recorded. Individual plants taller

than 130 em were measured on the main stem at breast height (taken as 130 cm) and

individuals less than 130 cm measured 10 cm from the ground. From this data, we

used the ratio method to calculate density as it accounts for equal and unequal transect

length (Caugh1ey and Sinclair 1994).

6.3.4 Population harvest models

6.3.4.1 Construction ofpopulation matrices

For B. ceiba and B. diversifolius, annual records of plant growth and survival were

compiled from the Maningrida and Gunn Point permanent plot field data (Chapter 5)

to produce transition matrices reflecting the probability of plants staying or moving

between stage classes, for a 5 (8. diversifolius) or 6 stage (B. ceiba) life cycle (Table

6.1). For each species the results were pooled from the two locations in order to

account for environmental variability in vital rates. The breakpoints for the stage

classes were delimited based on the growth, survival and fecundity results from a

previous paper (Chapter 5). For each species two annual transition matrices (from 3

sampling periods) were averaged to produce the baseline matrix (Table 6.2). Because

survival was relatively high and observed variation between years was low (Chapter
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Table 6.1: Population model specifications for Brachychiton diversifo/ills and

Bombax ceiba using RAMAS GIS.

Parameter Brachycltitoll diversifolills Bomba." ceiba

Number of stal!CS 5 6
Rcolications 10,000 10,000
Duration 20 vears 20 vears
Densitv deoendence tvoe Ceilinl! Ccilinl!
Densitv deoendence effects Survival rates Survival rates
Stages affected by density 5-20,20+ 10-25, 25-50, 50+
depcndence
Numbcr of populations in 6 8
model
Initial abundance Estimated density ha- ' for that Estimated density ha- ' for

site multiplied by the area of that site multiplied by the
the sitc area of the site

Carrying capacity Highcst observed field density Highest observed field
ha- ' of stages affected by density ha- I of stages
density dependence x the area affected by density
of the sitc dependence x the arca of the

site
Standard deviation of 10% of carrying capacity 10% of carrying capacity
carrying capacitv
Sex Structure Mixed Mixed
Brecdinl! Stages 5-20,20+ 10-25, 25-50, 50+
Stage matrix Based on 3 field observations Based on 3 field

composed of 2 annual observations composed of2
incrcments and 388 individual annual increments and 50 I
olants individual olants

Standard deviation of stage 10% of rate in cells in stage 10% of rate in cells in stage
matrix (environmental matrix when < 0.5 and 10% of matrix whcn < 0.5 and 10%
stochasticity) I-ratc when> 0.5 of I-rate when> 0.5
Environmental stochasticity Lognormal Lognormal
distribution
Constraints on survival All staJ?es limited 10 1.0 All stages limited to 1.0
Correlation between survival Negative with maximum Negative with maximum
rates in a stal!e survival rate in a stal!e survival rate in a stal!e
Correlation of stochasticity Fecundity, survival and Fecundity, survival and
within the population carrying capacity all correlated carrying capacity all

correlated
Catastrophes Cyclone and harvest Cyclone and harvest
Affeet of catastrophe Cyclone affccts abundance and Cyclone affects abundance

harvest affects vital rates and harvest affects vital
rates

Correlation betwcen two Positive Positive
catastrophes
Dispersal Nil Nil
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Table 6.2: Summary of annual stage-structured projection matrices for Brachychiton

diversifolius and Bombax ceiba. The top row of the matrix indicates fecundity and the

following rows the proportion of individuals in that size class either moving into the

next size class, staying in the same size class or regressing to a smaller size class. n =

sample size.

a) Bombax ceiba

Stage Seed 0-1 em 1-10 em 10-25 em 25-50 em 50+ em

0-1 0.010 0.222 0.012 26 52 78

1-10 0 0.081 0.667 0.0001 0 0

10-25 0 0 0.010 0.919 0 0

25-50 0 0 0 0.010 0.953 0

50+ 0 0 0 0 0.024 0.990

11 69 237 100 63 32

b) Brachychiton diversifolius

Stage Seed 0-1 em 1-5 em 5-20 em 20+ em

0-1 0.03 0.427 0.067 9 21

1-5 0 0.230 0.650 0.0001 0

5-20 0 0 0.050 0.967 0

20+ 0 0 0 0.008 0.990

11 63 92 198 35
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5), the effects of temporal autocorrelation and sampling error on variation were

assumed to be negligible. These matrices formed the basis for the development of

stage-based models of the harvested populations of B. ceiba and B. diversifolius in the

Maningrida region using the population modelling software RAMAS GIS (Akcakaya

2002).

Environmental stochasticity was determined by a standard deviation matrix

associated with the stage transition matrix. With only two annual transition rates

available (from 3 sampling periods), there was insufficient data to calculate a

meaningful standard deviation (SD) for each cell of the matrix from field data. To

provide for environmental stochasticity the SD for each cell was arbitrarily set at 10%

of the observed value for rates below 0.5, and 10% of 1 minus the observed value

rates between 0.5 and 1.0 (Liddle 2004). A lognormal distribution was specified for

sampling random numbers from the range of vital rates to model the effect of

environmental fluctuations (Liddle 2004).

The fecundity of plants was summarised from detailed ecological field data we

collected over two years (Chapter 5). In the transition matrix, the production of new

plants is represented as the production of seed by the adult size classes and the

germination of seeds to size class 1 (0-1 cm). Seed production was calculated as the

product of the average number of seeds produced within the relevant reproductive

stages, the average proportion of seeds that survive predation, the average proportion

of trees that are actively reproducing within a reproductive stage, and the average

proportion of viable seed (see Chapter 5 for raw data). Viable seed of B. diversifolills

and B. ceiba is not stored from one wet season to the next (Chapter 5), thus a dormant

seed bank stage was not required in the life cycle of either species. Seed germination

rates were taken from field germination trials (Chapter 5). In addition, some plants
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regressed to that of a smaller size class due to the mortality or harvest of adult stems

which led to the subsequent resprouting of coppice stems.

We applied a cyclone catastrophe to the models to account for the change in

abundance we observed following a cyclone event during the course of this study

(Cyclone Craig, March 2003). The cyclone catastrophe was given a probability of

affecting the harvested patches once every 100 years and caused a decline of 10% in

the abundance of all plant size classes (excluding seed abundance).

6.3.4.2 Canying capacity

A ceiling density dependence type was selected for both species. Under this type of

density dependence, the population is allowed to grow exponentially until it reached

the carrying capacity, after which, in the absence of negative perturbations or decline,

the population remained at that level. The carrying capacity was set at the maximum

observed field density of adult size classes (Table 6.1). Juveniles were excluded from

the carrying capacity as they can occur at high densities and their density can fluctuate

greatly. In the models, density dependence was specified to affect survival rates of the

adult size classes.

6.3.4.3 Model duration and replication

The duration of the model was set at 20 years in order to reflect relevant planning

horizons and the relevance of the data to land mangers and the art centre. The

projections of population dynamics over short time horizons are also more reliable as

uncertainties are compounded with time (Akcakaya et al. 2004). The number of

replications for each run of the model was 10,000 as recommended by Akcakaya

(2002). An implication of the large number of replications was that the standard error
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of the mean of the trajectories was very tight and not visible on produced graphs, thus,

where relevant graphs are presented ± the standard deviation.

6.3.4.4 Baseline model

The baseline model of both species reflected a "no harvest" scenario and included the

values for parameters as discussed above (Table 6.1). Characteristics of the baseline

model were explored with eigenanalysis in RAMAS GIS (Akcakaya, 2002), including

the finite rate of population increase (A) and sensitivity and elasticity of A to changes

in the matrix elements. Sensitivity being the change in A to a small absolute change in

the value of a matrix element and elasticity the change in A in response to a

proportional change in the value of a matrix element.

6.3.4.5 Modelling harvest regimes

Different harvest intensities were imposed on the baseline model to simulate the

effects ofa low, moderate and high intensity harvest. For this study, I classified a low

intensity harvest as 20% of harvestable trees taken in a given year, moderate as 50%

and high intensity as 80%. In the Maningrida region, the 20% harvest regime

represents the current average annual harvest undertaken by local artists with the 50%

harvest regime representing an extreme harvest event. Changes to the vital rates of

each species brought about by each harvesting regime were accommodated by using

multipliers on the values in the baseline stage transition matrix. To cater for the vital

rate transitions, the baseline model was adjusted by inserting a transition rate of 0.001

in cells that had a zero value (Table 6.2) and to maintain the correct survival rate for

the stage, the largest transition in the stage was reduced by an equivalent amount.
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The harvest of trees was simulated so as to reflect the size class of stems that

are harvested by woodcarvers in the Maningrida region. B. ceiba stems are harvested

when they are between 10-25 cm and for B. diversifolills 5-20 cm (Chapter 3). Given

that a high proportion of harvested stems subsequently coppice and that these coppice

stems have a higher initial rate of growth and higher initial survival than non-coppice

stems (due to their established root stock), I estimated the change in vital rates to

harvested stems from field data. A previous study found that 87% of harvested B.

diversifolills stems and 66% of B. ceiba stems coppiced following harvest (Chapter 5).

Of these stems, a large proportion survived and all had grown greater than I cm dbh

within the first year. Thus, in the matrices, a harvest event reflects a transition from

10-25 cm to 1-10 cm for B. ceiba and 5- 20 to 1-5 cm for B. diversifolills. The harvest

matrix values are given in Table 6.3. These new vital rate figures were then adjusted

so as to act as multipliers on the baseline matrix (see description above).

Characteristics of the harvest models were also explored with eigenanalysis to

examine the finite rate of population increase (A) and sensitivity and elasticity of A to

changes in the matrix elements.

Using these parameters, simulations were made for a 20 year duration on the

effect of each of the harvest intensities on total abundance, the effects when changing

the frequency of the harvest regimes and an examination of the amount that is

available for harvest under each regime. All reported results are for the

metapopulation of each species and encompass all of the measured individual harvest

sites in the Maningrida region.
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Table 6.3: The modifications made to the harvested size class in the annual stage

structured projection matrices for Brachychiton diversifolius and Bombax ceiba

(Table 6.2). The three columns reflect the different harvest intensities (20, 50 and

80%) and represent modifications made to three separate matrices.

a) Bombax ceiba

Stage 20% harvest 50% harvest 80% harvest

10-25 em 10-25 em 10-25 em

Seed 2600 2600 2600

0-1 0 0 0

1-10 0.17 0.41 0.66

10-25 0.735 0.46 0.184

25-50 0.010 0.010 0.010

50+ 0 0 0

b) Brachychiton diversifolius

Stage 20% harvest 50% harvest 80% harvest

5-20 em 5-20 em 5-20 em

Seed 300 300 300

0-1 0 0 0

1-5 0.123 0.309 0.495

5-20 0.774 0.484 0.193

20+ 0008 0.008 0008
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6.4 Results

6.4.1 Density and population structure ofharvest sites

The average density of B. diversifolius and B. ceiba stems at harvested sites in the

Maningrida region was 84.7 ± 17.9 and 126.81 ± 11.51 stems ha- l respectively (Table

6.4 and 6.5). The percent of stems of a harvestable size within these populations was

similar for both species ranging between 10-35% of the harvestable population (Table

6.4 and 6.5). Of the available harvest sized sterns, B. ceiba exhibited a much higher

percent of stems that had already been harvested compared to B. diversifolius (Table

6.4 and 6.5).

The population structure of the two species varied. B. diversifolills had a large

proportion (75%) of its total population in the smallest germinant size class (0-1 cm

dbh) whereas in B. ceiba this size class made up less than 15% (Figure 6.2). However,

for both species, the harvestable size class (5-20 cm for B. diversifolills and 10-25 cm

for B. ceiba) comprised a similar proportion of the total population at around 20-25%

(Figure 6.2). B. ceiba stems can also attain a much greater diameter at breast height

than B. diversifolius stems (Figure 6.2).

6.4.2 Population harvest models

The baseline transition matrix for both species displayed an underlying positive

growth rate (A. = 1.0273 for B. ceiba and A. = 1.1982 for B. diversifolills). With

increasing harvest intensity the finite rate of increase diminishes in both species

(Table 6.6). For B. ceiba, all harvest intensities (20, 50 and 80%) reduce A. to below 1,
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Table 6.4: Summary of Brachychiton diversifolius density, past harvest and sampling

intensity, the percent of harvest sized stems in the population (taken as being between

5 and 20 cm diameter at breast height) and a population estimate from field based

surveys in the Maningrida region. Density estimates incorporate all individuals

including adults, juvenile and seedling. All values are ± standard error.

Site Density Area of % of % Sampling Population

ha- l Patch Harvestable Harvested Intensity Estimate

(ha) Size %

160.3 ± 10 21.4 1.8 30 1603±201

20.1

2 203.1 ± 10 20.0 1.3 30 2031 ± 337

33.67

3 59.4 ± 10 12.4 2.8 30 594 ± 81

8.12

4 31.2 ± 10 25.8 2.2 30 312 ± 58

5.82

5 35.2 ± 10 9.4 0 30 352 ± 330

33.01

6 18.67 ± 5 22.0 0 60 186.7±64

6.42
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Table 6.5: Summary of Bombox ceiba density, patch area, past harvest and sampling

intensity, the percent of harvest sized stems in the population (taken as being between

10 and 25 cm diameter at breast height) and a population estimate from field based

surveys of rainforest patches in the Maningrida region. Density estimates incorporate

all individuals including adults, juvenile and seedling. All values are ± standard error.

Site Density Area of % of % Sampling Population

ha- l Patch Harvestable Harvested Intensity Estimate

(ha) Size %

88.8 ± 3.27 14.5 I\.6 23 290 ± 75

22.9

2 141.3 ± \.19 9.2 6.2 38 168 ± 34

28.6

3 124.68 ± 1.3 12.5 2.1 29 162 ± 33

25.7

4 197.32 ± \.62 25.4 5.1 18 320 ± 96

59.1

5 108.99 ± 3.16 7.1 5.3 16.5 345 ± 69

2\.8

6 114.8± \.98 28.95 2\.1 16.7 228 ± 52

25.9

7 109± 3.18 35.9 I \.5 18.5 349 ± 98

30.7

8 129.6 0.41 11.32 0 100 53
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a) Brachychiton diversifolius
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Figure 6.2: The population structure of Brachychiton diversifolills (n = 1041) and

Bomba'( ceiba (n = 467) at pooled from 6 and 8 harvest sites respectively in the

Maningrida region and based on diameter at breast height (130 cm) for adult stems

and 10 em dbh for the 0-1 cm size class.
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however, for B. diversifolills all the harvest intensities retain a positive rate of increase

(A> 1; Table 6.6).

The sensitivities and elasticities of A to changes in the matrix elements were

very similar between the two species. The highest sensitivities in the baseline model

were for germination whereas the lowest were for fecundity figures. There was also a

prominence of high sensitivity values (> I) in the transition cells (those showing the

probability of an individual moving from one size class to another). This was

particularly the case in the 3 to 4 size class for both B. ceiba and B. diversifolills.

Elasticity values were greatest in the permanence cells where individuals remain

within the same stage, in particular those remaining in stage 3 and stage 4 for both

species. As the harvest intensity increases, sensitivity and elasticity analysis show that

adult survival becomes an increasingly important factor in determining the population

dynamics of both species.

The baseline "no harvest" scenario exhibited an increase in total abundance at

the end of20 years for the metapopulation of both species (Figure 6.3). For both

species, there was rapid growth within the first few years as populations plateau in

response to the specified ceiling rate for density dependence. The two species showed

differences in total abundance in response to the different harvest intensities (Figure

6.3). For example, with B. diversifolius, the 50% harvest regime reduced total

abundance (e.g. all size classes) of B. diversifolills less than that for B. ceiba (Figure

6.3). There was very little difference in total abundance between the 50% and 80%

harvest intensities for B. ceiba.

The final stage abundance after the 20 year model simulation showed that the

stage classes before and including the harvested stage decreased in abundance with
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Table 6.6: The finite rate of increase values (A) for the baseline no harvest matrix and

for the 20%, 50% and 80% harvest intensity matrices. Values of A> I = population

growth and values of A< I = population decline.

Harvest Intensity

No harvest

20% harvest

50% harvest

80% harvest

Brachychitoll diversifolills

1.\982

1.\228

1.0547

1.0235

Bomba." ceiba

1.0273

0.999\

0.9938

0.9924
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a) Brachychiton diversifolius
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Figure 6.3: The population trajectory summary after 20 years for Bombax ceiba and

Brachychiton diversifolius if harvested every year under the different harvest

intensities. The initial rapid growth in the first 2 years is due to the models adjusting

to the specified carrying capacity.
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increasing harvest intensities (Figure 6.4). The abundance of the two larger size

classes in B. ceiba remained relatively unaffected by the harvest, however, the largest

B. diversifolius size class actually increased in abundance with increasing harvest

intensity (Figure 6.4).

For all the harvest intensity scenarios, there was a slight decline in the

abundance of individual size classes with increasing harvest frequency, however, there

was substantial overlap in the distribution of the standard deviation for all harvest

frequencies (Figure 6.5). For B. diversifolills, there was a decline in the abundance of

all size classes over all harvest regimes with increasing frequency of harvest. The

exception was in the largest size class which actually increased with increased harvest

frequency (Figure 6.5). The most marked decline in response to increased harvest

frequency was in the smaller size classes subject to 50% or higher harvest intensity. B.

ceiba showed a bigger drop between no harvest and 0.2 frequency (1 in 5 years)

suggesting that any harvest frequency has very similar impacts on abundance,

particularly so in the 50 and 80% harvest intensities (Figure 6.6).

The abundance of the harvested size class under each harvest regime, shows

differences between the species in the number of stems that are available for harvest

over the 20 year simulation period (Figure 6.7). For B. diversifolills, the 50% harvest

regime sustains the greatest number of harvestable size stems with an average of over

200 stems harvested per year (Figure 6.7). However, for B. ceiba all three harvest

regimes yield very similar harvest amounts with an average of around 50 stems per

year (Figure 6.7).

161



Chapter Six: Ecological Sustainability

a) Brachychiton diversifolius

D no harvest

• 20% harvest

D 50% harvest

D 80% harvest

1000000

100000

..
u 10000
l:

'""l: 1000
"~
'"
'"

100
l:

'" 10

1

Seeds

b) Bombax ceiba

0-1 1-5

size class (em)

5-20 20+

10000000

1000000..
100000u

l:

'"" 10000l:

"~ 1000'"
'"l: 100
'"

10

1

o no harvest

20% harvest

o 50% harvest

D 80% harvest

FfNmwJwJ
Seeds 0-1 1-10 10-25 25-50 50+

size class (cm)

Figure 6.4: The final abundance at a log scale of each size class after the 20 years

model simulation for Bombax ceiba and Brachychiton diversifolius if harvested every

year under each of the harvest intensities.
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Figure 6.5: The trend in projected density of each size class of Brachychiton

diversifolius at the end of 20 years with increasing frequency of low (20%), medium

(50%) and high (80%) harvests. Results are presented ± one standard deviation
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Figure 6.7: The estimated amount of stems harvested from the Bombax ceiba (n=8)

and Brachychiton diversifolius (n=6) populations in the Maningrida region under each

harvest regime over the duration of the modeL The initial drop is due to the model

adjusting to the carrying capacity.
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6.5 Discussion

The harvest populations used in this study have been subjected to at least 10 years

timber harvest for woodcarving. However, the abundance of harvestable stems

in the region is high, accounting for 20% and 24% of total B. diversifolius and B.

ceiba populations respectively. B. diversifolills is quite resilient to harvesting with

even the high harvest regimes retaining a positive population growth rate. In contrast,

any harvest regime creates a negative rate of increase to B. ceiba populations.

However, under an annual 20% harvest regime, the B. ceiba rate of increase is

extremely close to 1.0 and over the 20 year duration of the model the population

persisted under influence of harvest.

The resilience to harvest for both species can partly be prescribed to the re

generation potential of both species from coppice shoots. A high proportion of

harvested trees of both species coppice and have an initial regrowth rate that is much

faster than that of non-coppice stems in the population (Chapter 5). Thus, stems are

not being removed from the population following harvest but just regress to the next

size class down. The contribution of coppicing to sustainable yields of NTFP's has

also been recognised for other tree species in other parts of the world (Shackleton

200 I; Obiri et al. 2002). Persistence of harvest populations can also result from

factors relating to harvest practise. For example, other studies have shown that the

selection process (e.g. quantity and size of stems) by harvesters is a critical component

in the management of the harvest (Endress et al. 2004). In this case, whilst harvesters

are selecting reproductive sized stems, the larger trees which are more important for

the production of seed are left intact. Additionally, the woodcarving population in the

region is quite small and artists on average produce few carvings annually (Chapter 2).
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A population structure where there is a greater number of small trees and a

constant reduction in the number of trees as size class increases is seen to represent an

ideal stable and self-maintaining population and can be an important factor attributing

to the persistence of harvested populations (Peters 1994). The population structure of

B. ceiba and B. diversifolius were quite different, with B. diversifolills having a very

large proportion of stems in the 0-1 cm size class. This result may reflect the high

initial seed germination rate of this species compared to B. ceiba (Chapter 5).

Population structure for B. ceiba was very similar to that reported in Griffiths et al.

(2003) which also demonstrated a low proportion of stems in the germinant size class.

This suggests a less than constant and thus sporadic rate of seedling establishment for

B. ceiba. Often, trees such as B. ceiba that invest in vegetative reproduction (i.e.

resprouting) tend to have fewer seedlings than species that invest in growth or

reproduction from seed. However, the density of B. ceiba germinants in this study are

likely to be underestimated given that the population was surveyed during the late dry

season and the small deciduous germinant plants are hard to identify.

Optimal harvest systems should only marginally alter the natural demography

and structure of a population (Bordreau et al. 2005). The harvest model simulations

revealed that all of the harvest treatments caused a modest decrease in the abundance

of the different size classes. One notable exception was the abundance of the largest

B. diversifolills size class which actually increased in abundance with increasing

harvest over the duration of the model simulation at all harvest intensities. increasing

the frequency of the harvest regimes had the most effect on the harvested size class

and those size classes below it for both species. Elasticity and sensitivity analysis

revealed that critical components of the matrix include germination rates and the

transition and survival of the larger sized stems. In particular, adult survival becomes
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more important as harvesting intensity increased for both B. ceiba and B. diversifolills.

This population dependence on adult survival has also been demonstrated in a number

of other NTFP wild harvest studies (Raimondo and Donaldson 2003; Olmstead and

Alvarez-Buylla, 1995).

The results from these population models estimate that on average 200 B.

diversifolius and 50 B. ceiba trees can be sustainably harvested annually from the

populations in this study over a 20 year period (Figure 6.7). Given that a single B.

ceiba stem yields an average of two carvings and a single B. diversifolills one carving,

this would equate to 300 carvings per year. However, this assumes a constant annual

harvest of a certain proportion of available stems which in reality is not the case.

Harvesting intensity is highly variable across the region with sites closest to the

township of Maningrida showing increased intensity of harvest (Chapter 3).

Additionally, within harvest sites there is a variation in harvest intensity. Artists

transport stems via cars and those spots closest to roads that are easily accessible (e.g.

on the periphery of a rainforest patch), exhibit greater harvest intensities (Griffiths et

al. 2003). These figures also do not represent the upper harvest limit for the region as

there are many more patches which are and could be used for sourcing sculpture work.

An overly conservative estimate would be that the patches used in this study account

for around 50% of harvested B. ceiba and B. diversifolills stems sourced in the region.

B. ceiba and B. diversifolills both have a large and well-distributed population

in the Maningrida region, a factor that has been shown to be important for supporting

wild harvest of other NTFP. The mean density of both species at harvested sites in the

Maningrida region was high at 85 ± 18 (B. diversifolius) and 127 ± 12 (B. ceiba). The

B. ceiba density figure is very similar to that reported in Griffiths et al. (2003) for the

same region (105.10 ± 12.32 stems ha~l). However, density estimates for B.
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diversifolills were very much higher than those reported in a local broad scale

vegetation survey (Griffiths et al. 2000). This reflects the habitat of B. diversifolills as

it is sparsely distributed throughout the vast tracts of savanna with concentrations of

high density around coastal areas and water courses. Given the high densities reported

here at the harvested patches, it is evident that artists are targeting particular areas

with high density. This has been found in other studies related to NTFP use, as low

density resources are difficult for collectors to locate, require long travel times,

produce a lower yield per unit area and are extremely susceptible to over harvest

(Peters 1994). Griffiths et al. (2003) estimate that B. ceiba occurs in over 60% of the

monsoon rainforest patches in the region and that rainforest vegetation covers a total

area of 12.15 km2
• In a broad scale vegetation survey in the region, B. diversifolills

was recorded in 3 of 16 habitat types that cover an area of over 4200 k.m2 (Griffiths et

al. 2000). Based on the density figures in this paper, the regional population of both B.

ceiba and B. diversifolills could be in the region of92,444 ± 8,390 and 35 million ± 7

million respectfully. Although this is likely to be a gross overestimate for B.

diversifolills as the densities at harvest sites reflect patches of particularly high

density.

There are also other site related factors that place much less pressure on the

harvested B. ceiba and B. diversifolius sites in the Maningrida region compared to

harvesting for arts production in other countries (Cunningham el al. 2005). Habitat

degradation or loss is known to be a major threat to NTFP's as it increases the risks to

remaining harvested populations. In Maningrida the population of harvesters is

relatively small and the environment is completely intact. In addition, there are few

competing land use issues as most Aboriginal Land is unproductive for orthodox

primary production enterprises (Griffiths el al. 2003). The harvest of B. ceiba and B.
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diversifolius is also highly seasonal, as access to timber patches is constrained during

the wet season due to 1100ding and carving is predominantly conducted in the dry

season when the timber is able to cure (Chapter 2).

Plant demographic data are expensive and time consuming to collect and even

in the absence of long tenn data sets, population projection matrices can infonn

management decisions and contribute to conservation goals. The purpose of this study

was to examine and compare harvest intensities under the same set of assumptions.

Therefore, the inl1uence of the parameter value set and the assumptions made were

minimised. Despite this, any model that rel1ects a complex biological system will

have a number of limitations. Overall accuracy of the model could be greatly

increased with longer term data on the population ecology of the two tree species. For

example, a longer time frame would incorporate a broader range of environmental

stochasticity values and would enable the observation of long tenn survival of coppice

stems. A longer study period would also attain more accurate adult survival values

instead of the 100% observed in this study.

This study has reduced the uncertainty about the effects of harvesting Bomba'(

ceiba and Brachychiton diversifolills for woodcarving in the Maningrida region and

unless conditions change drastically the low to moderate level harvest currently

conducted should be able to be maintained. Particularly given the rotational harvest

of B. ceiba sterns in the landscape by individual woodcarvers (Chapter 3) and the

large populations of B. diversifolius. The results of this study have direct implications

to the woodcarvers and Maningrida Arts and Culture who can feel confident with the

sustainability issues surrounding the harvest of trees for carving and sustaining market

demand.
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7.1 Introduction

This study presents the first detailed examination of the sustainability of harvesting

timber for use in the Indigenous Arts Industry in Australia. Indeed, there is nothing in

the Australian literature of this scope relating to the study of any Indigenous resource

use. It also represents one of the first studies of a non-timber forest product in

Australia. In this general discussion,l provide a synthesis of the thesis, combining

information from all of the chapters to examine the socio-cultural, economic and

ecological determinants of harvest sustainability. I then present a discussion of the

implications of my results for the conservation and management of the woodcarving

timbers for the Maningrida region. Finally, I conclude by discussing the implications

of this project to the Maningrida community, and the broader national and

international woodcarving community, the lessons that were learnt, the limitations of

the study and possible future directions for research in this field.

7.2 Socio-cultural, economic and ecological determinants of

sustainability

The production of wooden sculpture by Aboriginal artists in the Maningrida region is

a relatively new practice that has grown rapidly over the last 30 years. The production

of woodcarvings in Maningrida has to date proved to be resilient against a myriad of

factors including changing art markets, the adoption of new artistic mediums and

changing art advisors. The number of woodcarvers has been increasing and new

woodcarvers are continually being recruited (Chapter 2). In particular, over the last

decade a growing number of women have been producing sculpture and there has

been a significant shift in the age demographic of woodcarvers, incorporating a large

\7\



Chapter Seven: General Discllssion

number of young and emerging artists as well as those that are older and more

established (Chapter 2). These results strongly suggest that artists will continue to

harvest timber and participate in the woodcarving industry.

Over ten different language groups in the Maningrida region produce

woodcarvings for sale at the art centre. There are marked cultural differences in

harvest practice, particularly in the use of different timber species and in the size and

quantity of stems harvested (Chapter 3). Whilst the Kuninjku artists demonstrated a

higher intensity of harvest than the other artists from the different language groups

examined, their use of a number of tree species, and in particular, the widely

distributed B. diversifolius timber will help promote the sustainability of timber

harvesting for woodcarving in this region (Chapter 6).

Artists are producing sculpture because the financial returns from sculpture

production make an important contribution to their livelihoods. As other employment

options are limited in such remote regions, the economic incentives for Aboriginal

people to produce art are likely to continue, particularly at the small outstation

communities. However, there are also strong non-monetary factors influencing the

continuing production of art. Artists engage in arts production because it is seen as an

important and revered profession which acknowledges the ritualistic knowledge of

artists, demonstrates particular rights to country and is an important continuation of

customary practices (Chapter 4). Despite the growth in the number of artists

producing woodcarvings, it is unlikely that harvest levels will increase dramatically in

the near future as only a small proportion of woodcarvers are major producers and

there are limits to the number of carvings that an individual artist can produce.

The results from this study indicate that wood carving is currently

economically sustainable at the individual, institutional and market level. The low
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cost of materials means that it is relatively easy for artists to engage in production

making it economically viable at the individual level. Whilst, the average hourly

returns from carving are equal to that ofCOEP payments (Chapter 4), most artists are

concurrently also participants on the COEP scheme and art production provides

important supplementary cash income. Furthermore, sculpture is often only one

portion of an artist's total income as most produce other art forms and most only

produce a small number of carvings annually (Chapter 2). This also acts to reduce

ecological demand on the carving timbers.

At the institution level, Maningrida Arts and Culture derive a significant

proportion of their annual turnover from sculpture sales (Chapter 4) and the

application of the results of this study have decreased the amount of losses associated

with sculpture production. MAC has a policy to purchase all artworks from artists

upfront and then they resell the work to a variety of customers. However, the loss of

work after purchase from an artist was significant due to the pieces splitting and or

being infested with wood-boring insects and mould. The data on sculpture production

(Chapter 4) highlighted that certain practices were exacerbating these woodcarving

quality problems. In particular, the use of recently cut wet wood by some artists was

a major contributor to splitting and mould infested carvings. As a result, I introduced

a moisture meter to test each carving as they are brought by the artist for sale at the art

centre. Maningrida Arts and Culture now routinely assess carving in this manner prior

to purchase and this has drastically reduced the problem.

Ecologically, this study has shown carving production is very likely to be

sustainable at current levels. Whilst the harvest sites closest to Maningrida exhibited

higher harvest intensities, the removal of carving timber from these patches was still

shown to be sustainable (Chapter 6). Indeed, the harvested sites have a relatively long
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history of use (10-20 years), but to date show no deleterious effects. The tree species

selected by woodcarvers is based on the requirements of the artist as well as on

historical, cultural reasons (Chapter 3). The trees that are harvested are remarkably

resilient to harvesting and coppice well. In addition, the stocks of both species are

very high in the region (Chapter 6).

These results contribute significantly to the existing literature regarding the

sustainable commercial use of wild species. Whilst there is much public debate

regarding the commercial use of natural resources by Indigenous Australians

(Bomford and Caughley 1996), this research has set a new benchmark in terms of the

evidence-based approach required to examine these issues in detail rather than relying

on anecdote and conjecture. The crucially important combination of social, cultural,

ecological and economic data in this work has demonstrated that you cannot look just

at the people, or the place, or the resources in isolation from each other in order to

examine harvest sustainability. My results suggest that there are currently no

sustainability issues related to the harvest of Bombax ceiba and Brachychiton

diversifolius for use in the Lndigenous Art Industry in the Maningrida region. Given

that woodcarving is a culturally and socially robust practice and is economically

viable and ecologically sustainable, this important artistic tradition will continue to be

an important component of local arts production - as long as market demand remains

robust.

7.3 Sustainable resource use and management

The issue of sustainable wildlife use is an important one for Indigenous people in

Australia, though to date, the absence of any comprehensive data on the long-tenn use

of species has made it difficult to provide definitive statements about resource use
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sustainability and wildlife management (Altman et al. 1996). In general, Indigenous

knowledge systems incorporate considerable knowledge about the behaviour of

complex ecological systems in the localities where people reside 'on country' (Berkes

1998, 2000; Telfer et al. 2006). This knowledge allows the manipulation and

continued use of the resources within the system. However, in Australia, the issue of

how Indigenous knowledge systems need to adapt to cope with the competing

demands and restrictions placed on the commercial exploitation of their natural

resources is yet to be resolved.

This study documents the use of a commercial timber resource by Indigenous

Australians and provides detailed infonnation to enable the community to make

infonned decisions regarding the use and conservation of their timber resources in the

future. As it is in other areas of Australia, in the Maningrida region Traditional

Owners manage clan-owned lands and are responsible for the ecological health of

their country (Hamilton 1998; Myers 1998). Although sculpture production is a

relatively new innovation, the timber is still harvested within a managed landscape

with high ownership and custodianship by traditional land owners (Altman 1987;

Meehan 1982). Whilst Aboriginal land is classified as group-owned unalienable

freehold title this does not grant 'common property' open access to resources and all

harvesters require the pennission of the land owner to harvest on their country

(Chapter 3; Myers 1998).

In general, the Traditional Owners in Maningrida receive no monetary reward

for the timber that is sourced by other Indigenous artists in the region from their land

(except when they are the carvers). Once the timber is cut, it becomes the resource of

the harvester and they gain all monetary benefits from the production and sale of the

artwork and this is common to many resource use systems (Campbell et 01. 2005;
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Berkes and Folke 1998). There is the potential for resource use contestation to arise

between two groups: the owners of the land who wish to protect sites from over

harvest (as they receive no financial benefit from the harvest) and the carvers who

depend on these sources of timber for arts production and associated income streams.

Whilst some Traditional Owners have expressed concern at the levels of harvest on

their country, no mechanism has yet emerged to protect particular timber resources

from harvest. The participation of Traditional Owners in this research and the results

generated will provide important information for them to be able to make informed

decisions regarding the continued use of the timber resources on their land.

The results of this study will also provide critical information to help local

institutions such as the community-based ranger group (the Djelk Rangers who act as

land management mediators in the area and are being trained in plant survey

techniques) and the art centre (who are able to monitor trends in stem harvest and

sculpture production through their database and have some control in regulating the

growth and market demand for wood carvings) to deal with these resource governance

issues should they develop in the future (see Altman and Cochrane 2003 for a

discussion of such mediating institutions). Previously, community decisions were

only made after extensive consultation and in accord with local customary protocols

(Altman 1987). Whilst this has been somewhat eroded as a result of changing

practices and commercial pressures, within language groups, a strong sense of group

cohesion, an emphasis on social obligations, consensus-based decision making, a high

degree of social conformity and strong social sanctions provide a sound basis and

have a high potential for facilitating effective community-based natural resource

management.
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7.4 Implications of this research -local, national and international

7.4.1 Locol

Given that this project was conceptualised and the research targeted to meet specific

infonnation requirements, the results of this project have had many direct benefits to

the Maningrida community. Maningrida Arts and Culture now has comprehensive and

detailed information regarding the sustainability of an important sector of local arts

production. This allows the art centre and its woodcarvers to be confident in

encouraging and promoting this sustainable woodcarving practice. This may also have

flow-on marketing benefits targeting those consumers who are concerned about the

depletion of natural resources used in the production of art. The implementation of

this project also saw the art centre recording more detailed data into their sales record

database. This database is now a powerful and inexpensive tool for monitoring future

trends in production and tree species use. The project also helped to identify problem

areas in woodcarving production and the implementation of solutions by the art centre

(i.e. the moisture meter) has seen an increase in the profitability of production for the

woodcarvers and also for the art centre. Artists are not paid if there is too great a

moisture content in the wood.

Another major benefit of this project was the awareness raised in the

community from the high levels of participation by community members in the

research. For example, the involvement of Traditional Landowners, Indigenous

rangers and art centre staffin the monitoring of tree populations increased awareness

of timber resource use on a regional scale. This new knowledge means that these

groups will also be aware of changes to the current situation and may provide early

warning signs of environmental change, if any were to occur or in the aftermath of an

unusual climatic event (e.g. tropical cyclone).
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7.4.2 National

Whilst this study was site specific, it is reasonably typical of many Indigenous

communities, particularly in northern Australia. Many Indigenous communities

produce woodcarvings for the art market and this study provides an important model

of investigation for other communities wanting to investigate the sustainability of

their art practices. In particular, the use of the community arts database from

Maningrida provided an important long-term record to assess carving production

dynamics from this region. Whilst there are numerous Aboriginal art centres in

Australia that cover a broad geographical distribution, the potential to gather

comprehensive data on the dynamics of arts production Australia wide (information

that is sadly lacking) is limited as the available infrastructure and the history of

particular art centres have prevented long-term data accumulation in many cases.

However, community art centres with adequate resources should be recording such

infonnation in an electronic format for archival, financial and analytical purposes.

One of the significant results from this thesis was that artists living on

outstations produced more sculpture than artists residing in the township of

Maningrida. This result is similar to that found by Altman (1983) for other artworks

(e.g. bark painting and weavings) in the same region during the late 1970s and early

1980s, showing that art production on outstations is a resilient economic activity.

Presently, the Australian Government is openly debating the sustainability of

outstation settlements and questioning their continued financial and service support of

such small remote communities. Recently, the then Minister for Indigenous Affairs,

Amanda Vanstone, publicly referred to these outstations as "cultural museums",

despite their growth in the past 30 years with minimal state support and their

existence for millennia prior to colonisation (Altman 2006).
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The results from this study add weight to the evidence that when appropriate

opportunities exist, Indigenous Australians residing in such localities are actively

involved in productive activity and able to engage actively with the market. It has

been well documented that there are also biodiversity conservation and health benefits

to having people on country and managing land (Bowman et af. 2005; Burgess et af.

2005; Russell-Smith et 01. 1998; Vigilante and Bowman 2004; Yibarbuk et 01. 200 I).

Outstation communities provide services such as natural resource management (e.g.

fire management, feral animal and weed control) and coastal surveillance (Northern

Land Council 2006). Such activities, that generate national benefit, would be

impossible if the Indigenous estate was depopulated and ultimately uninhabited

(Altman 2006).

This work also provides a potent example of the sustainable Indigenous use and

management of a commercially valuable resource. Current legislation and government

policies relating to the utilisation of wildlife by Indigenous Australians, including the

Land Rights Act (Northern Territ01Y) 1976, the Native Title Act 1993, Animal Welfare

Act 1999, and the Territ01Y Parks and Wildlife Conservation Act 2001, allows for

customary use of wildlife. However, the commercial utilisation of wildlife is

regulated under a permit system. Permits are required for harvesting wildlife, as well

as for transporting interstate or exporting overseas. Whilst the Northern Territory

Government has shown that is committed to facilitating options for the sustainable

commercial utilisation of wildlife by Indigenous Australians, a useful strategy to

enable this to occur more effectively would be to transfer some regulatory power to

local authorities and other local decision makers. This would provide local users the

autonomy to make and enforce rules within a circumscribed scope of authority for a

specified area.
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7.4.3 International

The results of this study also make an important contribution to information on the

international woodcarving trade and the larger body of literature on harvesting non

timber forest products. There are many similarities between woodcarvers in

Maningrida and those overseas (e.g. Asia, Africa, Central and South America), for

example, where carving helps to secure household incomes, contributes to national

economies, enhances tourism and enriches culture and adds considerable value to the

wood (Campbell et al. 2005). However, the example of timber use for woodcarving

from this study is in contrast to that of woodcarving and other resource use in many

other parts of the world. The factors that lead to the overexploitation of natural

resources by Indigenous people throughout the world have been well documented

(e.g. Cunningham et al. 2005; Ticktin 2004). However, much can be learned about

developing sustainable practices from a system that has not been overexploited or

showing signs of major decline.

The factors highlighted in this study that contribute to the sustainable use of

timber resources for woodcarving are varied and some are unique to this Australian

case. Firstly, the access woodcarvers have to state income support (e.g. welfare and

CDEP payments) means that they are not reliant solely on the harvest of resources and

the production of art to provide for their livelihoods. Secondly, the Indigenous

population resident on the vast tracts of Aboriginal land is relatively small. In the

Maningrida region there are less than 3000 people residing in an area of 10,000 km2

(Bawinanga Aboriginal Corporation 2004). Thirdly, the timber resource use for

woodcarvings is undertaken within a managed landscape with high ownership and

custodianship by traditional land owners. There has also been no large scale clearing
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of land in this region of Arnhem Land aside from that around roads and settlements.

In addition, compared to woodcarvers in other parts of the word, the woodcarvers in

the Maningrida region receive relatively high returns for their carvings and are

rewarded for quality pieces which in turn encourages the auspicious use of timber

resources. The use of a range of timber species also means that the woodcarving

practice is not reliant on a single tree species.

7.5 Lessons learnt, limitations and future directions

The multidisciplinary approach and integrative methodology used in this study

provided an accurate way of quantifying local resource use and harvest strategies and

in particular, the combination of quantitative social, cultural, economic and ecological

data proved to be an innovative and robust methodology. The participatory approach

in all stages of the research meant that the research could be directed by the

community to answer specific questions and provide infonnation to the community.

Thus, this model could be applied to investigate the sustainability of any natural

resource.

This thesis contributes significantly to our knowledge of harvest theory and

particularly in understanding the social, cultural, economic and ecological

determinants of sustainable harvest practices. To this end, the use of quantitative

models to examine social and cultural variables worked very well. A recent paper

reviewing the ecological implications of Indigenous timber harvesting around the

world, highlighted the importance and yet lack of research on the variation in local

harvest regimes and how these variations affect assessments of harvest sustainability

(Ticktin, 2004). The multidisciplinary approach and integrative methodology in this

study provided an accurate way of quantifying local resource use and harvest
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strategies. My work clearly demonstrates the differences in harvest practise between

and amongst cultural groups even when undertaking the same livelihood options in

the same area. This again highlights the need for comprehensive data collection when

examining the sustainability of any resource utilised by humans as such resource use

cannot be considered in isolation from socio-economic and cultural factors.

A limitation of this project was its short duration, particularly in tenns of

studying plant ecology. A longer time frame would yield more accurate adult and

coppice stem survival data as well as incorporate more environmental variation in the

vital rates of the plants. The focus of this thesis was on the effects of harvest at the

individual species level. Longer term studies could also investigate the effects of

harvest on community and ecosystem level functions (Ticktin 2004). in terms of arts

production, whilst it is an extremely dynamic tradition and harvest practices can

change quickly in response to a variety of factors (e.g. Chapter 2: ecological, cultural

or socio-economic), the use of historical art records spanning almost the entire length

of woodcarving production allowed us to examine trends in production that are highly

variable in the short term. In addition, as mentioned previously, the art centre database

is now structured to provide an important mechanism for the ongoing monitoring of

sculpture production (including ecological monitoring).

Due to available time and resources, I chose to focus on the two main timbers

that are used for carving in the Maningrida region. However, Chapter 3 clearly

illustrates that there are other timber species utilised for carving in this region. Future

study could examine some of these other carving timbers, in particular Nauclea

orientalis and Hibiscus tiliaceus, or indeed some of the other natural resources used

for producing art (e.g. weaving fibres, bark sheets for painting and hollow log

species). This study demonstrated that different production techniques affect the
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quality of the final piece. Future study could further investigate this, for example, by

undertaking a series of experiments looking at optimal drying times for the different

timber species, and how moisture and the species of timber affects insect boring

infestations and timber splitting.

With the detailed data in this thesis one could combine the economic and

ecological data in a theoretical model to assess how to maximise profitability and

ecological sustainability. However, this was not a focus of this thesis because it was

information not directly relevant to woodcarvers or Indigenous land managers or

Traditional Owners. The current harvest of timber for woodcarvings is currently of a

very low scale: it is completely in the control of local artists who only take what they

need to satisfy livelihood requirements and artists are not interested in the mass

production of artefacts or for the industry to be driven purely by economic

profitability. Instead, it was more useful for the artists and the community to know

that current harvest levels are sustainable and to maximise returns from their efforts.

The results from this work have been progressively reported back to the

Maningrida community in a variety of formats and will provide information to the art

centre, the artists, the Traditional Owners and the community Ranger program. This

will enable the community to make informed decisions regarding the use and

conservation of their timber resources. For example, the development of an action

based management plan for the carving timbers. In the sparsely populated,

infrastructure-poor, remote regions of northern Australia, local problems require local

solutions. Collaborative research programs, such this project, provide an important
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step towards empowering local people to deal effectively with natural resource

management issues.

184



References



References

References

Aagesen, D. L. 1998. Indigenous resource rights and conservation of the monkey-puzzle

tree (Araucaria arucana, Araucariaceae): a case study from southern Chilie.

Economic Botany 52: 146-160.

Aguilar, S., and R. Condit. 2001. Use of native tree species by an Hispanic community in

Panama. Economic Botany 55: 223-235.

Akcakaya, H. 2002. RAMAS GIS: Linking spatial data with population viability analysis

(version 4.0). Applied Biomathematics, New York.

Akcakaya, H., M. Burgman, O. Kindvall, C. Wood, P. Sjogren-Gulve, and M. McCarthy.

2004. Species Conservation and Management. Oxford University Press, New

York.

Alcorn, J. 2000. An introduction to the linkages between ecological resilience and

governance. In J. Alcorn, and A. Royo (eds), Indigenous social movements and

ecological resilience: lessons from the Dayak ofIndonesia. Pages 1-16. World

Wildlife Fund - People, Forests and Reefs (PeFoR) Program, Discussion Paper,

Washington DC.

Altman, J. 1983. The structure and future of artefact production for market exchange in

north-central Amhem Land. In P. Cooke, and P. Loveday (eds), Aboriginal Arts

and Crafts and the Market. Pages 7~19. The Australian National University North

Australian Research Unit, Darwin.

Altman, J. 1987. Hunter-Gatherers Today: An Aboriginal economy in north Australia.

Australian Institute of Aboriginal Studies, Canberra.

Altman, J. C. 1988. The economic basis for cultural reproduction. In M. West (ed), The

Inspired Dream: Life as art in Aboriginal Australia. Pages 48-55. Queensland Art

Gallery, Brisbane.

185



References

Altman, J. 1998. Hunter-gatherer subsistence production in Arnhem Land: the original

affluence hypothesis re-examined. In W. Edwards (ed), Traditional Aboriginal

Society. Pages 47-61. MacMillan Education Australia Pty Ltd, Melbourne.

Altman, J. 1999. Maningrida Arts and Clilture: Business Development Plan. Centre for

Aboriginal Economic Policy Research, Australian National University, Canberra.

Altman, J. 2000. Marketing Aboriginal Art. In S. Kleinert, and M. Neale (eds), Oxford

Companion to Aboriginal Art and Culture. Pages 461-466. Oxford University

Press, Melbourne.

Altman, J. 2001a. Development options on Aboriginal Land: Sustainable Indigenous

hybrid economies in the twenty-first century. In L. Taylor, G. Ward, G.

Henderson, R. Davis and L. Wallis (eds), The power o/knowledge, The resonance

a/tradition. Pages 34-48. Aboriginal Studies Press, Canberra.

Altman, J. 2001b. Sustainable development options on Aboriginal Land: The hybrid

economy in the twenty-first century. Centre/or Aboriginal Economic Policy

Research Discussion Paper 226.

Altman, J. 2003a. Developing an Indigenous Arts Strategy for the Northern Territory:

Issues paper for consultations. Centre/or Aboriginal Economic Policy Research

Working Paper 23.

Altman, J. 2003b. People on country, healthy landscapes and sustainable Indigenous

economic futures: The Arnhem Land case. The Drawing Board: An Australian

Review 0/Public Affairs 4: 65-82.

Altman, J. 2004a. Brokering Kuninjku arts: Artists, institutions and the market. In H.

Perkins (ed), Crossing cOl/nay, the alchemy o/western Arnhem Land art. Pages

173-187. Art Gallery of New South Wales, Australia.

186



References

Altman, J. 2004b. Economic development and Indigenous Australia: Contestations over

property, institutions and ideology. The Australian Journal ofAgricultural and

Resource Economics 18: 513-534.

Altman, J. 2005. Brokering Aboriginal Art: A critical perspective on marketing,

institutions and the state. Kenneth Myer Lecture in Arts and Entertainment

Management. Deakin University, Melbourne.

Altman, J. 2006. Beyond emotional rhetoric to evidence-based policy making. National

Indigenous Times 99.

Altman, J., H. Bek, and L. Roach. 1996. Use of wildlife by Indigenous Australians:

Economic and policy perspectives. In M. Bomford, and J. Caughley (eds).

Sustainable Use of Wildlife by Indigenous Peoples and Torres Strait Islanders.

Pages 77-94. Australian Government Publishing Service, Canberra.

Altman, J., N. Biddle, and B. Hunter. 2004. Indigenous Socioeconomic Change 1971

200 I: A Historical Perspective. Centre for Aboriginal Economic Policy Research

Discllssion Paper 266.

Altman, J., and M. Cochrane. 2003. Innovative institutional design for sustainable

wildlife management in the Indigenous-owned savanna. Centre for Aboriginal

Economic Policy Research Discussion Paper 247.

Altman, J., B. H. Hunter, S. Ward, and F. Wright. 2002. Some competition and consumer

issues in the Indigenous visual arts industry. Centre for Aboriginal Economic

Policy Research Discussion Paper 235.

Altman, J., and V. Johnson. 2000. The CDEP in town and country Arnhem Land:

Bawinanga Aboriginal Corporation. Centre for Aboriginal Economic Policy

Research Discussion Paper 209.

187



References

Altman, J., and L. Taylor. 1989. The economic viability 0/Aboriginal olltstations and

homelands: a report to the Australian Council/or Employment and Training.

Australian National University, Canberra.

Altman, J., and P. Whitehead. 2003. Caring for country and sustainable Indigenous

development: Opportunities, constraints and innovation. Centre/or Aboriginal

Economic Policy Research Working Paper 20.

Australian Bureau of Statistics. 2002. Population Distribution: Aboriginal and Torres

Strait Islander Australians 200 I. Australian Bureau of Statistics, Canberra.

Bach, C. 2002. Phenological patterns in monsoon rainforests in the Northern Territory,

Australia. Austral Ecology 27: 477-489.

Baker, R., J. Davies, and E. Young. 2001. Managing Country: An overview of the prime

issues. In R. Baker, J. Davies, and E. Young (eds), Working on COll1my:

ContemporQlY Indigenous Management 0/Australia's Lands and Coastal Regions.

Pages 1-23. Oxford University Press, Australia.

Baker, T., K. Affum-Baffoe, D. Burslem, and M. Swaine. 2002. Phenological differences

in tree water use and the timing of tropical forest inventories: conclusions from

patterns of dry season diameter change. Forest Ecology and Management 171:

261-274.

Baker, T., D. Burslem, and M. Swaine. 2003. Associations between tree growth, soil

fertility and water availability at local and regional scales in Ghanaian tropical

rainforest'. Journal o/Tropical Ecology 19: 109-125.

Bawinanga Aboriginal Corporation. 2004. Bawinanga Aboriginal Corporation Annual

Report. Bawinanga Aboriginal Corporation, Maningrida.

188



References

Berkes, F. 1998. Indigenous knowledge and resource management systems in the

Canadian subarctic. In F. Berkes and C. Folke (eds), Linking Social and

ecological systems. Pages 1-26. Cambridge University Press, United Kingdom.

Berkes, F. and C. Folke. 1998. Linking social and ecological systems for resilience and

sustainability. In F. Berkes and C. Folke (eds), Linking Social and ecological

systems. Pages 98-128. Cambridge University Press, United Kingdom.

Berkes, F., J. Colding, and C. Folke. 2000. Rediscovery of Traditional Ecological

Knowledge as adaptive management. Ecological Applications 10(5): 1251-1262

Berndt, R., C. Berndt, and J. Stanton. 1982. Aboriginal Australian Art: a visual

perspective. Methuen, Sydney, Australia.

Bomford, M., and 1. Caughley. 1996. Ecologically sustainable harvesting of wildlife by

Aboriginal peoples. In M. Bomford, and J. Caughley (eds), Sustainable lise of

Wildlife by Indigenolls Peoples and Torres Strait Islanders. Pages 60-74.

Australian Government Publishing Service, Canberra.

Bond, W. J., and 1. J. Midgley. 2001. Ecology of sprouting in woody plants: the

persistence niche. Trends in Ecology and Evolution 16: 45-51.

Botha, J., E. Witkowski, and C. Shackleton. 2004. The impact of commercial harvesting

on Warburgia salutaris ('pepper-bark tree') in Mpumalanga, South Africa.

Biodiversity and Conservation 13: 1675-1698.

Boudreau, S., M. Lawes, S. Piper, and L. Phadima. 2005. Subsistence harvesting of pole

size understorey species from Ongoye Forest Reserve, South Africa: Species

preference, harvest intensity and social correlates. Forest Ecology and

Management 216; 149·165.

189



References

Bowman, D. M. 1. S., and W. J. Panton. 1993. Factors that control monsoon-rainforest

seedling establishment and growth in north Australian Eucalyptus savanna.

Journal oJEcology 81: 297-304.

Bowman, D. M. J. S., A. Walsh, and L. Prior. 2004. Landscape analysis of Aboriginal fire

management in central Amhem Land, north Australia. Journal ofBiogeography

31: 207-223.

Brock, J. 2001. Native plants ofnorthern Australia. Reed New Holland, Sydney.

Buckley, Y., D. Briese, and M. Rees. 2003. Demography and management of the invasive

plant species Hypericum pet/oratum. I. Using multi-level mixed-effects models

for characterising growth, survival and fecundity in a long-telTI1 data set. Journal

ojApplied Ecology 40: 481-493.

Buist, M., C. J. Yates, and P. G. Ladd. 2000. Ecological characteristics of Brachychiton

populneus (Sterculiaceae) (kurrajong) in relation to the invasion of urban bushland

in south-western Australia. Austral Ecology 25: 487-496.

Burgess, P., F. Johnston, D. M. J. S. Bowman, and P. Whitehead. 2005. Healthy Country:

Healthy People? Exploring the health benefits of Indigenous land management.

Australian and New Zealand Journal ofPublic Health 29: 117-122.

Burnham, K., and D. Anderson. 1998. Model selection and multimodel inference: A

practical information-theoretic approach. Springer-Verlag, New York.

Burnham, K., and D. Anderson. 2001. Kullback-Leibler information as a basis for strong

inference in ecological studies. Wildlife Research 28: III ~ 119.

Burnham, K., and D. Anderson. 2002. Model selection and multimodel inference: a

practical information-theoretic approach. Springer, New York.

Campbell, 8., M. Luckert, and I. Scoones. 1997. Local level valuation of savanna

resources: a case study from Zimbabwe. Economic Botany 51: 59-77.

190



References

Campbell, 8., A. Cunningham, and 8. Belcher. 2005. Carving out a future: Planning for

woodcarving in the 21 st Century. In A. Cunningham, 8. Belcher and 8. Campbell

(eds), Carving out afuture: forests livelihoods and the international woodcarving

trade. Pages 249-270. Earthscan Publications, London.

Caruana, W. 1993. Aboriginal Art. Thames and Hudson, New York.

Caughley, G., and A. Sinclair. 1994. Wildlife Ecology and Management. Blackwell

Scientific Publications, Boston.

Caughley, J., M. Bomford, and A. McNee. 1996. Use of Wildlife by Indigenous

Australians: Issues and concepts. In M. Bamford, and J. Caughley (eds),

Sustainable lise a/wildlife by Indigenolls Peoples and Torres Strait Islanders.

Pages 7-13. Australian Government Publishing Service, Canberra.

Chibnik, M. 2003. Crafting Tradition: The making and marketing o/Oaxacan wood

carvings. University of Texas Press, Austin.

Chopra, K. 1993. The value of non-timber forest products: an estimation for tropical

deciduous forests in India. Economic 80tany47: 251-257.

Choquenot, D. 1996. The ecological basis of wildlife harvesting. In M. Bomford, and J.

Caughley (eds), Sustainable use o/wildlife by Indigenous Peoples and Torres

Strait Islanders. Pages 48-59. Australian Government Publishing Service,

Canberra.

Commonwealth of Australia. 1987. Return to Count/y, The Aboriginal Homelands

Movement in Australia. Australian Government Publishing Service, Canberra.

Coomes, O. 2004. Rain forest 'conservation-through-use'? Chambira palm fibre extraction

and handicraft production in a land-constrained community, Peruvian Amazon.

Biodiversity and Conservation 13: 351-360.

191



References

Coomes, 0., 8. Barham, and Y. Takasaki. 2004. Targeting conservation-development

initiatives in tropical forests: insights from analyses of rain forest use and

economic reliance among Amazonian peasants. Ecological Econom;cs 51: 47-64.

Crawley, M. 2002. Stahstical Compuhng: An ;ntroduchon to data analys;s us;ng S-Plus.

John Wiley and Sons Ltd, UK.

Croft, 8. 2003. Tachhty: two centur;es oflnd;genous objects, textiles andfibre. National

Gallery of Australia.

Cunningham, A. 8. 2001. Apphed Ethnobotany: People, wild plant use and conservahon.

Earthscan Publications, London.

Cunningham, A. 8., 8. Belcher, and 8. Campbell. 2005. Carving out afl/ture: Forests

hvehhoods and the international woodcarv;ng trade. Earthscan Publications,

London

Cunningham, A. 8., and S. K. Choge. 2004. Crafts and conservation: The ecological

footprint of International markets on an African resource. In T. Carlson and L.

Mafti (eds), Ethnobotany and Conservation ofSiocultura! Diversity. New York

Botanical Garden Press, New York.

Cunningham, A. 8., and F. T. Mbenkum. 1993. Sustainability of harvesting Prunus

africana bark in Cameroon. People and Plants Working Paper 2: 1-28

da Silva, R., J. dos Santos, E. Tribuzy, J. Chambers, S. Nakamura, and N. Higuchi. 2002.

Diameter increment and growth patterns for individual tree growing in Central

Amazon, Brazil. Forest Ecology and Management 166: 295-30 I.

Dahdouh-Guebas, F., C. Mathenge, J. G. Kairo, and N. Koedam. 2000. Utilisation of

mangrove wood products around Mida Creek (Kenya) amongst subsistence and

commercial users. Econom;c Botany 54: 513-527.

192



References

Denham, A., and T. Auld. 2002. Flowering, seed dispersal, seed predation and seedling

recruitment in two pyrogenic flowering resprouters. Australian Journal ofBotany

so: 545-557.

Endress, 8., D. Gorchov, M. Peterson, and E. Serrano. 2004. Harvest of the palm

Chamaedorea radicalis, its effects on leaf production, and implications for

sustainable management. Conservation Biology 18: 822-830.

Fox, R., and N. Clark. 1972. The incidence of termites in eucalypts of the Darwin area.

Australian Forest Research 5: 29-36.

Franklin, D., and D. Bowman. 2003. Bamboo, fire and flood: regeneration of Bambusa

arnhemica (Bambuseae: Poaceae) after mass-flowering and die-off at contrasting

sites in monsoonal northern Australia. Australian Journal ofBotany 51: 529-542.

Freckleton, R., D. Matos, and M. Bovi. 2003. Predicting the impacts of harvesting using

structured population models: the importance of density dependence and timing of

harvest for a tropical palm tree. Journal ofApplied Ecology 40: 846-858.

Godoy, R. A., and K. S. Bawa. 1993. The economic value and sustainable harvest of

plants and animals from the tropical forest: assumptions, hypotheses and methods.

Economic Botany 47: 215-219.

Gonnan, J., D. Pearson, and P. Whitehead. 2006. Assisting Australian Lndigenous

resource management and sustainable utilisation of species through the use of GIS

and environmental modelling techniques. Journal ofEnvironmental Management

in press.

Gregory, C. A., and J. C. Altman. 1989. Observing the Economy. Routledge, London and

New York.

193



References

Gribel, R., P. E. Gibbs, and A. L. Queiroz. 1999. Flowering phenology and pollination

biology of Ceiba pentandra (Bombacaceae) in Central Amazonia. Journal of

Tropical Ecology 15: 247-263.

Griffiths, A., D. Bowman, 1. Cowie, and R. Fensham. 2000. Vegetation ofthe Maningrida

region, north-central Arnhem land. Key Centre for Tropical Wildlife

Management, Northern Territory University.

Griffiths, A., H. Schult, and J. Gorman. 2005. Wild harvest ofCycas arnhemica

(Cycadaceae): impact on survival, recruitment and growth in Arnhem Land,

northern Australia. Australian Journal ofBotany 53: 771-779.

Griffiths, A. D., A. Philips, and C. Godjuwa. 2003. Harvest of Bombax ceiba for the

Aboriginal arts industry, central Arnhem Land, Australia. Biological Conservation

113: 295-305.

Guariguata, M. R., and M. A. Pinard. 1998. Ecological knowledge of regeneration from

seed in neotropical forest trees: implications for natural forest management. Forest

Ecology and Management 112: 87-99.

Guinto, D. F., A. House, Z. Hong Xu, and P. Saffigna. 1999. Impacts of repeated fuel

reduction burning on tree growth, mortality and recruitment in mixed eucalypt

forests of southeast Queensland, Australia. Forest Ecology and Management 115:

13-27.

Hamilton, A. 1998. Descended from father, belonging to country: rights to land in the

Australian western desert. In W. Edwards (ed), Traditional Aboriginal Society.

Pages 90-108. MacMillan Education Australia Pty Ltd, Melbourne.

Hoff, J. 1977. Aboriginal carved and painted figures in north-east Arnhem Land. In P.

Ucko (ed), Form in Indigenous Art. Pages 156-164. Australian Institute of

Aboriginal Studies, Canberra.

194



References

Hoff, J. 2000. Tiwi graveposts. In S. Kleinert, and M. Neale (eds), The Oxford

Companion to Aboriginal Art and Culture. Pages 174-179. Oxford University

Press, Melbourne Australia.

Hoff, J., and L. Taylor. 1985. The mimi spirit as sculpture. Art and Australia 23: 73-77.

Joyal, E. 1996. The use of Sabol uresana (Arecaceae) and other palms in Sonora, Mexico.

Economic Botany 50: 429-445.

Jurzak, 1. 2001. From mythology to present day art: The permanence of the Dreaming. In

The heart ofArnhem Land: Myth and the making ofcontempormy Aboriginal art.

Exhibition publication held at the Musee de I'Hotel-Dieu, Mantas-Ia-JoUe, France.

Kohen, A. 2004. Kuninjku women and the power of making art. In H. Perkins (ed),

Crossing Country, the alchemy ofwestern Arnhem Land art. Pages 161-169. Art

Gallery of New South Wales, Australia.

Konstant, T. L., S. Sullivan, and A. 8. Cunningham. 1995. The effects of utilisation by

people and livestock on Hyphaene petersianna (Arecaceae) basketry resources in

the palm savanna of north-central Namibia. Economic Botany 49: 345-356.

Ladio, A., and M. Lozada. 2004. Patterns of use and knowledge of wild edible plants in

distinct ecological environments: a case study of a Mapuche community from

northwestern Patagonia. Biodiversity and Conservation 13: 1153-1173.

Liddle, D. 2004. The ecology ofCycas armstrongii and management a/fire in Australia's

tropical savannas. PhD Thesis, Faculty of Education, Health and Science. Charles

Darwin University, Darwin.

Lobo, J., M. Quesada, K. Stoner, E. Fuchs, Y. Herrerias-Diego, J. Rojas, and G. Saborio.

2003. Factors affecting phenological patterns of Bombacaceous trees in seasonal

forests in Costa Rica and Mexico. American Journal ofBotany 90: 1054-1063.

195



References

Lugoa, E., E. Witkowski, and K. Balkwill. 2004. Regeneration by coppicing (resprouting)

ofmiombo (African savanna) trees in relation to land use. Forest Ecology and

Management 189: 23-35.

Luoga, E. J., E. T. F. Witkowski, and K. B. Balkwill. 2000. Differential utilisation and

ethnobotany of tree in Kitulanghalo Forest Reserve and surrounding communal

lands, eastern Tanzania. Economic Botany 54: 328-343.

Maningrida Arts and Culture. 2002. Maningrida Arts and Culture Annual Report 2000

2001. Maningrida Arts and Culture, Maningrida.

Maningrida Arts and Culture. 2004. Maningrida Arts and Culture Annual Report 2003

2004. Maningrida Arts and Culture, Maningrida.

McLaren, K., and M. McDonald. 2003. Coppice regrowth in a disturbed tropical dry

limestone forest in Jamaica. Forest Ecology and Management 180: 99-111.

Meehan, B. 1982. Shell bed to shell midden. Australian Institute of Aboriginal Studies,

Canberra.

Miller, P. M. 1999. Coppice shoot and foliar crown growth after disturbance of a tropical

deciduous forest in Mexico. Forest Ecology and Management 116: 163-173.

Morphy, H. 1977. Schematisation, meaning and communication in toas. In P. Ucko (ed),

Form in Indigenolls Art. Pages 77-89. Australian Institute of Aboriginal Studies,

Canberra.

Morphy, H. 1998. Aboriginal Art. Phaidon Press Ltd, London.

Muniz-Miret, N., R. Vamos, M. Hiraoka, F. Montagnini, and R. Mendelsohn. 1996. The

economic value of managing the acai palm (Euterpe oleracea Mart.) in the

floodplains of the Amazon estuary, Para Brazil. Forest Ecology and Management

87: 163-173.

196



References

Myers, F. R. 1998. Always ask: resource use and land ownership among Pintupi

Aborigines of the Australian western desert. In W. Edwards (ed), Traditional

Aboriginal Society. Pages 30-46. MacMillan Education Australia Pty Ltd,

Melbourne.

Nantel, P., D. Gagnon, and A. Nault. 1996. Population viability analysis of American

ginseng and wild leek harvested in stochastic environments. Conservation Biology

10: 608-621.

Negreros-Castillo, P., and R. B. Hall. 2000. Sprouting capability of 17 tropical tree

species after overstory removal in Quintana Roo, Mexico. Forest Ecology and

Management 126: 399-403.

Northern Land Council. 2006. Celebrating Ten Years ofthe Caring/or Country Program.

Northern Land Council, Darwin.

Obiri, J., M. Lawes, and M. Mukolwe. 2002. The dynamics and sustainable use of high

value tree species of the coastal Pondoland forests of the eastern Cape Province,

South Africa. Forest Ecology and Management 166: 13 I-148.

Olmstead, I., and E. Alvarez-Buylla. 1995. Sustainable harvesting of tropical trees:

demography and matrix models of two palm species in Mexico. Ecological

Applications 5: 484-500.

Omeja, P., J. Obua, and A. Cunningham. 2004. Regeneration, density and size class

distribution of tree species used for drum making in central Uganda. A/rican

JOllrnal ofEcology 42: 129-136.

Ooi, M., T. Auld, and R. Whelan. 2004. Comparison of the cut and tetrazolium tests for

assessing seed viability: a study using Australian native Leucopogon species.

Ecological Management and Restoration 5: 14 I-143.

197



References

Orlande, T., J. Laarman, and J. Mortimer. 1996. Palmito sustainability and economics in

Brazil's Atlantic coastal forest. Forest Ecology and Management 80: 257-265.

Paoli, G. D., D. R. Peart, M. Leighton, and I. Samsoedin. 2001. An ecological and

economic assessment of the non-timber forest product Gaharu wood in Gunung

Palung National Park, West Kalimantan, Indonesia. Conservation Biology 15:

1721-1732.

Peters, C 1994. Sustainable Harvest o/Non-timber Forest Plant Resources in Tropical

Moist Forest: An Ecological Primer. Biodiversity Support Program, Washington

DC.

Peters, C, S. Purata, M. Chibnik, B. Brosi, A. Lopez, and M. Ambrosio. 2003. The life

and times of Bursera glabrifolia (H.B.K.) Eng!. in Mexico: a parable for

ethnobotany. Economic Botany 57: 431-441.

Peterson, N., and M. Langton. 1983. Introduction. In N. Peterson, and M. Langton (eds),

Aborigines, Land and Land Rights. Pages 1-23. Australian Institute of Aboriginal

Studies, Canberra.

Pizzi, G. 1997. Metamorphosis: Contemporwy Australian Aboriginal photography and

sculpture. Biennale of Venice, Venice.

Prior, L, D. Bowman, and D. Eamus. 2004a. Seasonal differences in leaf attributed in

Australian tropical tree species: family and habitat comparisons. Functional

Ecology 18: 707-718.

Prior, L, D. Eamu5, and D. Bowman. 2004b. Tree growth rates in north Australian

savanna habitats: seasonal patterns and correlations with leaf attributes. Australian

Journal ojBotany 52: 303-314.

198



References

Queensland Art Gallery. 2003. Stmy Place: Indigenous art ofCape York and the

Rainforest. Exhibition publication held at the Queensland Art Gallery,

Queensland, Australia.

Raimondo, D., and J. Donaldson. 2003. Responses of cycads with different life histories

to the impact of plant collecting: simulation models to determine important life

history stages and population recovery times. Biological Conservation 111: 345-

358.

Runk, J. V. 2001. Wounaan and Embera use and management of the fiber palm

Astrocaryum standleyanum (Arecaceae) for basketry in eastern Panama. Economic

Botany 55: 72-82.

Russell-Smith, J. 1992. Plant populations and monsoon rain forest in the Northern

Territory, Australia. Biotropica 24: 471-487.

Russell-Smith, J., and D. Lucas. 1994. Regeneration of monsoon rain forest in northern

Australia: the donnant seed bank. Journal of Vegetation Science 5: 161-168.

Russell-Smith, J., D. Lucas, M. Gapindi, 8. Gunbunuka, N. Kapirigi, G. Namingum, K.

Lucas, P. Giuliani, and G. Chaloupka. 1997. Aboriginal resource utilisation and

fire management practice in western Amhem land, monsoonal northern Australia:

Notes for prehistory, Lessons for the future. Human Ecology 25: 159-195.

Russell-Smith, J., P. Ryan, D. Klessa, G. Waight, and R. Harwood. 1998. Fire regimes,

fire-sensitive vegetation and fire management of the sandstone Amhem Plateau,

monsoonal northern Australia. Journal ofApplied Ecology 35: 829-846.

Ryan, J. 2001. At the forefront: Aboriginal art from Maningrida and beyond. In The heart

ofArnhem Land: Myth, and the making ofcontemporary Aboriginal Art,

Exhibition publication held at the Musee de I'Hotel-Dieu in Mantas-Ia-Jolie,

France, 24 June-31 October 2001.

199



References

Setterfield, S. 2002. Seedling establishment in an Australian tropical savanna: effects of

seed supply, soil disturbance and fire. Journal ofApplied Ecology 39: 949-959.

Setterfield, S., and R. Williams. 1996. Patterns of flowering and seed production in

Eucalyptus miniata and E. tetrodonta in a tropical savanna woodland, northern

Australia. Australian Journal ofBotany 44: 107-122.

Shackleton, C. 200 I. Managing the regrowth of an indigenous savanna tree species

(Terminalia sericea) for fuelwood: the influence of stump dimensions and post

harvest coppice pruning. Biomass and Bioenergy 20: 261-270.

Shackleton, S., C. Shackleton, T. Netshiluvhi, B. Geach, A. Ballance, and D. Fairbanks.

2002. Use patterns and value of savanna resources in three rural villages in South

Africa. Economic Botany 56: 130-146.

Siebert, S. 2004. Demographic effects of collecting rattan cane and their implications for

sustainable harvesting. Conservation Biology 18: 424-431.

Soehartono, T., and A. Newton. 2001. Conservation and sustainable use of tropical trees

in the genus Aquilaria 11. The impact of gaharu harvesting in Indonesia. Biological

Conservation 97: 29-41.

Sutton, P. 1988. Dreamings. In P. Sutton (ed), Dreamings, The art ofAboriginal

Australia. Pages 13-32. Viking, Australia.

Taylor, J. 2003. Indigenous economic futures in the Northern Territory: The demographic

and socioeconomic background. Centre for Aboriginal Economic Policy Research

Discussion Paper 246.

Taylor, L. 1996. Seeing the Inside: Bark painting in western Arnhem Land. Clarendon

Press, Oxford.

200



References

Taylor, L. 2001. Manifestations of the Mimih. In L. Taylor, G. Ward, G. Henderson, R.

Davis and L. Wallis (eds), The power ofknowledge, The resonance o/tradition.

Pages 182-198. Aboriginal Studies Press, Canberra.

Telfer, W. and M. Garde. 2006. Indigenous knowledge of rock kangaroo ecology in

western Amhem Land Australia. Human Ecology 34(3): 379-406.

Ticktin, T. 2004. The ecological implications of harvesting non-timber forest products.

Journal ojApplied Ecology 41: 11-21.

Ticktin, T., and T. Johns. 2002. Chinanteco management ofAechmea magdalenae:

Implications for the use ofTEK and TRM in management plans. Economic

BOlony56: 177-191.

Ticktin, T., P. Nantel, F. Ramirez, and T. Johns. 2001. Effects of variation on harvest

limits for nontimber forest species in Mexico. Conservation Biology 16: 691-705.

Troup, R. 1921. The silviculture of Indian trees. Oxford, Clarendon Press.

Van On, T., L. Bich, B. Jones, 1. Wunder, and J. Russel-Smith. 2001. A survey of

medicinal plants in BaVi National Park, Vietnam: methodology and implications

for conservation and sustainable use. Biological Conservation 97: 295-304.

Vigilante, T. and D. M. J. S. Bowman. 2004. Effects of individual fire events on the

flower production of fruit-bearing tree species, with reference to Aboriginal

people's management and use, at Kalumburu, North Kimberly. Australian Journal

ojBOlany 52: 405-415.

Williams, N. 1983. Yolngu concepts ofland ownership. In N. Peterson, and M. Langton

(eds), Aborigines, Land and Land Rights. Pages 94-109. Australian Institute of

Aboriginal Studies, Canberra.

Williams, R., B. Myers, D. Eamus, and G. Duff. 1999. Reproductive phenology of woody

species in a north Australian tropical savanna. Biotropica 31: 626-636.

201



References

Worbes, M. 1995. How to measure growth dynamics in tropical trees.IAWA Journal

16(4): 337-351.

Wright, F. 1999. The art and craft centre stOlY. Volume I Report: A survey 0/39

Aboriginal community art and craft centres in remote Australia. Aboriginal and

Torres Strait Islander Commission, Canberra.

Yibarbuk, D., P. Whitehead, J. Russell-Smith, D. Jackson, C. Godjuwa, A. Fisher, P.

Cooke, D. Choquenot, and D. Bowman. 200 I. Fire ecology and Aboriginal land

management in central Arnhem Land, northern Australia: a tradition of ecosystem

management. Journal 0/Biogeography 28: 325-343.

Yunupingu, 8., L. Yunupingu-Marika, D. Marika, 8. Marika, B. Marika, R. Marika, and

G. Wightman. 1995. Rirraljingu ethnobotany: Aboriginal plant use from Yin'kala,

Arnhem Land. Australia. Parks and Wildlife Commission of the Northern

Territory, Darwin.

Zaccagnini, M., S. Cloquell, E. Fernandez, C. Gonzalez, G. Lichtenstein, A. Novaro, J.

Panigati, J. Rabinovich, and D. Tomasini. 2001. Analytic/ramework/or assessing

factors that influence sustainability o/uses 0/wild living natural resources. IUCN

World Conservation Union.

Zent, S. 1996. Behavioural orientations toward ethnobotanical quantification. In M. N.

Alexiades (ed), Selected guidelines lor ethnobotanical research: a field manual.

Pages 199-239. New York Botanical Garden.

202


	23449 Thesis Jennifer Koenig.pdf
	CHAPTER 5 REPLACEMENT.pdf


