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Abstract 

The harvesting of native timbers for the production of wood carvings is important 

culturally and economically to members of the Maningrida community, north-central 

Arnhem Land, Northern Territory. This study was initiated in response to 

community concerns regarding the sustainability of native timber harvest and pest 

control within the artefact industry. 

A total of 18 vine-thickets were surveyed within floodplain and coastal habitats and 

transects were used to assess the density, distribution, and stand structure of Bombax 

ceiba, a species regularly used for artefact production. The density of B. ceiba within 

coastal and floodplain vine-thickets was 114.6 stemslha (± 46.0) and 125.7 stemslha 

(± 37.9) respectively. Regional B. ceiba populations were estimated as 45,390 stems 

(± 14,904) within floodplain and 37,189 stems(± 13,522) within coastal habitats. 

Harvest intensity varied from 11-60% of adult B. ceiba in patches surveyed. Adult 

stems with diameter less than 40 em contributed to 83.3% ofharvested B. ceiba. 

From a total of 54 harvested B. ceiba, 79.6% had coppiced, indicating a significant 

regenerative capacity. 

Wood borer infestation is causing lost revenue and impacting on Maningrida Arts 

and Culture (MAC) market expansion. Preliminary investigation identified 

Sinoxylon anale, and Minthea sp. to be present in MAC wood carvings. One or both 

types of wood borer were found to infest 24% of carvings surveyed. Suggested wood 

vii 



borer management options involve treatment of timber or wood carvings with 

Boracol200RH®. Selection ofborer resistant species with suitable carving 

properties would eliminate the need for chemical treatment. 

The results of this study suggest that while the harvesting of B. ceiba currently is 

sustainable in the Maningrida region, some patches are subject to considerable 

harvest impact. A developing Arts and Craft industry in the region may result in 

increased rates of B. ceiba harvest over time, possibly threatening future 

sustainability. 
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Chapter 1 

Introduction 

Amhem Land Aboriginal people manage resources on traditional lands as they have 

for over 40,000 years. Aborigines traditionally have managed their resources in the 

geographical area within which individuals or groups possess the cultural 

competance and social legitimacy to operate. Within the area environmental 

knowledge and resource strategies are applied (Hynes and Chase 1982). Harvesting 

of native species supplements products bought on communities and provides 

economic, nutritional, cultural, spiritual and educational value (Caughley et al. 

1996). With increasingly efficient hunting and gathering techniques, the possibility 

of overexploitation of natural resources arises and needs consideration. 

The indigenous peoples ofManingrida rely on their Arts and Craft industry as an 

important contributor to the local economy. Total Arts and Craft revenue has 

increased substantially from $50,000 in 1976/77 (Altman 1983), to $649,257 in 

2000 (MAC Annual Report 1999-00). Over 300 people are associated with the 

rapidly growing art and crafts industry in Maningrida (MAC Annual Report 1999-

00). In addition to economic input, artefact (wood sculpture, instruments including 

digeridoos and clapsticks, tools, and fibre craft) production provides an avenue for 

the recording and maintenance oftraditions in art and craft. Through artefact 

production, 'traditional' mediums can be utilised to assert the vitality of distinct 

Aboriginal culture (Altman 1983). Artefact manufacture in Maningrida is nationally 
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and internationally renowned (Altman 1987), providing expanding future marketing 

prospects. As the industry relies on regionally harvested native products, including 

the use of carving woods species, sustainable resource use is imperative to ensure 

the industry's future. 

Wood carvings are a significant component of total artwork within MAC, providing 

28.8% of artworks bought by MAC from Aboriginal artists and 27% of total annual 

sales (MAC Ammal Report 1999-00). Aboriginal wood carvers tend to harvest 

predominantly native timbers from traditional land (Fiona Salmon, MAC, pers. 

comm.). Once harvested, woods are carved by Aboriginal artists and sold to MAC. 

Chapter 2 in this study provides a preliminary assessment of the sustainability of 

current and future wood species harvesting. The density and distribution of B. ceiba 

(a common and favoured timber species used in artefact production) is documented. 

I describe the population structure and environmental influences on patches and 

assess regional availability of the species. Finally, a species management strategy is 

suggested. 

Wood carvings acquired and then displayed or stored within Maningrida Arts and 

Culture are often infested with wood borer, the larvae causing significant damage as 

they consume and travel through the wood. The extent of artefact infestation within 

MAC is explored in Chapter 3. The Bombax tree (Bombax ceiba) is particularly 

susceptible to wood borer, and many carvings bought from local artists are not 

saleable due to the extent of infestation. The documentation of species used in 

carvings necessarily precedes more detailed analysis. Chapter 3 of this study has 

provided Aboriginal names for wood species, and will be used by MAC to document 
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Chapter 1 - Introduction 

wood species as carvmgs are presented. Effectively treating the wood borer 

infestation of Maningrida carvings which currently contributes to significant revenue 

losses would contribute to an important developing Aboriginal industry. Wood borer 

is notoriously difficult to treat; conventional, relatively inexpensive methods such as 

placing works in a deep freezer often prove to be of limited value due to the extent 

of reinfestation (Hadlington and Gerozsis 1988). Pest management options which 

aim to be suitable for use within an Arnhem Land community have been suggested 

in Chapter 3. 

This study forms a basis from which indigenous timber harvesting can be effectively 

managed and monitored in order to enhance economic development, together with 

ecological and culturally sustainability. Results from this study form the basis for a 

preliminary assessment of harvest sustainability and pest infestation of carvings. 

Future research into the demography of carving woods such as B. ceiba, the 

abundance and distribution of alternative timber species, and the treatment of wood 

borer infested artefacts is needed together with a monitoring regime to ensure an 

ongoing sustainable artefact industry within the Maningrida region. 
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Chapter 2 

An assessment of the sustainability of 
harvesting Bombax ceiba as a carving wood for 
artefact production in the Maningrida Region, 
north-central Arnhem Land 

2.1 Introduction 

2.1.1 Harvesting of Native Species 

Wild species are currently being harvested in almost all the worlds' ecosystems for 

trade in local to international markets (Freese 1998). The impact of the harvest of 

native species has led to serious international debate (Caughley eta/. 1996). Often 

these debates have acknowledged appropriate harvesting as a tool for conservation: 

if a society uses a native species for economic reward then it is more likely to 

conserve that species and associated ecosystems for the future (Freese 1998; 

Caughley et a/. 1996). As economic incentive has often resulted in overharvest, 

future native species utilisation needs to be conducted sustainably to ensure species 

and ecosystem preservation. 
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Forest management for native timber production globally has to date been dismally 

unsuccessful in terms of sustainable harvest and ecosystem preservation due to 

commercial pressure arising from rapid population growth and socio-economic 

development (Osho 1994; Gentry and Vasquez 1988), mis-guided policies, 

government subsidies and corruption (Freese 1998). The exploitation of native 

timbers within the existing market-place can contribute to early unsustainable 

harvesting due to the 'discount rate'. (Freese 1997; Freese 1998). In the case of a 

slow growing species, the rational economic decision is to harvest sooner for higher 

economic revenue. If the annual population growth rate (or discount rate), however, 

is higher than the rate of population decrease over time, the best economic decision 

is to preserve the species and harvest later. To harvest sustainably within the 

economic market, it is necessary to value native species in a wider sense. In many 

instances, contemporary Aboriginals achieve this as they value the harvest of native 

timbers on traditional land as an important cultural as well as economic resource. 

2.1.2 Indigenous resource management 

There are various reports on the sustainability of indigenous resource use, as well as 

the replenishment of resources where they have been depleted (Dwyer 1994). 

Aboriginal peoples probably adjusted harvest levels on the basis of: harvesting effort 

(as populations decrease harvesting effort required increases so if the harvest effort 

is constant the population will grow), harvests realised, and populations of native 

species based on recent past experience (Joshi and Gadgil1991). Joshi and Gadjil 

(1991) also suggest that in addition some resources within hunter-gatherer societies 

were probably managed by absolute protection of certain habitats. 

5 
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Contemporary foraging and hunting combine traditional Aboriginal lifestyles with 

elements introduced from European society (Pearce et a/. 1996). Both native and 

introduced flora and fauna are now harvested often using vehicles, outboard motors, 

guns and modem axes. The incorporation of new technology has not, however, 

destroyed the cultural significance of contemporary hunting and foraging (Pearce et 

a/. 1996). It is important to recognise the extent of interdependence of cultural and 

natural values, particularly in Amhem Land, where there has been almost 

uninterrupted Aboriginal management for millenia (Langton 1998). Traditional 

subsistence contributes to dietary requirements (Meehan 1982; Altman 1987), the 

expression of environmental knowledge, reinforcement of spiritual beliefs, and a 

medium for educating the young. The monetary value of traditional hunting and 

foraging from activities such as the Aboriginal Arts and Craft industry and bush food 

production on outstations (small decentralised communities of close kin), in 

particular, account for between 48-64% of total income, reducing welfare 

dependency and increasing income status (Altman 1987). 

2.1.3 Carving wood in Arnhem Land 

Artefact production today, at a time when traditional Aboriginal values are 

challenged by those of Euro-Australian society, assists in the preservation of culture 

and provides status to individuals as well as personal satisfaction and economic 

input (Altman 1982). Economically, the Arts and Craft industry provides significant 

private sector economic activity and an avenue for the export of goods from remote 

Aboriginal communities (Altman eta/. 1989). Maningrida art and craft revenue has 

increased from $50,000 in 1976/77 (Altman 1983) to $649,257 in 2000 (MAC 
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Chapter 2 - Introduction 

Annual Report 1999-00) (Fig. 2.1 ). Growth of this dimension reflects an increase in 

artefact production and therefore increased harvesting of carving stems to meet 

market demands. Currently wood sculpture represents a significant 27% of total 

MAC annual sales (MAC Annual Report 1999-00). Indigenous harvesting of carving 

wood therefore represents a traditional resource that requires assessment and 

monitoring to maintain a viable sustainable industry, and ensure long term 

community self-management and self-determination. 

Due to dramatic seasonal variation, the movement of people between outstations and 

Maningrida township, resource availability, and for cultural reasons, most harvesting 

for carving woods including B. ceiba occurs on traditional lands outside the 

immediate town area. This is reflected in artefact output. The seasonality of wood 

sculpture production is reflected in the MAC Annual Report (1998-99); while 40.8% 

of wood carvings are presented to MAC in the 'build up' from October-December, 

only 12.9% are presented in the wet season from January-March. At the time of his 

writing, over 80% of Maningrida regional arts and craft output (by value rather than 

physical quantity) originated from the outstations (Altman 1983). Anecdotal 

evidence (Altman 1987) suggests that there is a limited supply of raw materials to 

manufacture artefacts around Maningrida township while at outstations artefact 

manufacture is unimpeded by raw material supply constraints. 

2.1.4 Bombax ceiba 

Bombax ceiba is the most popular wood used in a burgeoning artefact market within 

the Maningrida region, central Amhem Land (Fiona Salmon, MAC, pers. comm. ). 

7 
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Despite the cultural and economic importance of B. ceiba, little base line data exists 

on its ecology and population dynamics. Bombax ceiba is a tall erect deciduous tree 

with distinctive woody thorns on the trunk and branches (Brock 1993). It is 

distributed within coastal and riparian monsoon vine-thickets, and vine-thickets on 

rock outcrops in open woodland across the Top End of the Northern Territory, 

Western Australia and Queensland (Brock 1993). B.ceiba is also found in Papua 

New Guinea, South-east Asia, China, India, and the fudonesian Archipelago 

(Whiteman and Andrews 1989). Within Australia, B. ceiba occurs mainly in dry 

monsoon rainforest, growing to 20 m tall with stems up to 100 em diameter at breast 

height ( dbh). In drier thickets, B. ceiba stands about 5 m tall with stem diameters 

around 10 em (Bowman and Panton 1993). Bowman and Panton (1993) found that 

B. ceiba formed 9.1% of the total basal area in a coastal dry monsoon rainforest, 

occurring on deep, iron-rich, sandy loam soils. 

2.1.5 The importance of joint management 

This study forms a basis from which indigenous timber harvesting can be effectively 

monitored and managed in order to provide for both ecological and culturally 

sustainability. Scientific biological survey data was gathered. In combination with 

Aboriginal ecological and cultural knowledge gathered through active use and 

occupation ofthe land, the management outcomes ofthis and future studies justify 

and legitimise co-management as a better system than the state based or indigenous 

based systems currently used (Webb 1996). Dodson (1996) supports the notion of 

joint management as he explains: 
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"What I am suggesting is a partnership ... between Western knowledge and 

'scientific' approaches to land and environmental management, and indigenous 

knowledge and approaches. Such a partnership, I suggest, should provide the basis 

for sound, sustainable environmental management and protection". 

The purpose of this paper is to document the density and distribution of Bombax 

ceiba in favourable habitats within the Maningrida region, and to describe the 

attributes and population structure of harvested and unharvested stands. Harvest 

effort required and B. ceiba availability to communities within the Maningrida 

region is explored. This study forms a basis in the assessment ofthe sustainability of 

current harvest regimes. The study will contribute to the sustainable harvest of 

carving species into the future appropriate for an Aboriginal Community in northern 

Australia. 
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Figure 2.1. Maningrida Arts and Culture annual revenue from all sales of art 

and craft (Sources Altman 1983, Altman 1987, MAC Annual 

Report 1998-99, MAC Annual Report 1999-00). 
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2.2 Methods 

2.2.1 Study Area 

The study was conducted over a four week period during October and November 

2000 within the Maningrida region (latitude 12.055S longitude 134.23E), 500 km 

east of Darwin in north-central Arnhem. The Maningrida region encompasses 

approximately 10,000 km2 (Fig. 2.2). The landscape is characterised by the Arnhem 

Land escarpment to the south, extensive wetland systems, and gently undulating 

lowland plains (Griffiths eta!. 2000). The dominant vegetation is Eucalyptus 

savanna, with multiple monsoon vine-forests and thickets largely confined to a 

coastal! subcoastal belt (Russell-Smith and Dunlop 1984). The mean annual 

Maningrida rainfall is 1,245 mm, of which 92.6% falls between December and April 

inclusively (Maningrida Airport, Bureau Meteorology 2000). 

Five main types of monsoon vine-thickets occur within the Maningrida region (Fig. 

2.3) and have been classified in this study according to Russell-Smith (1991). 

Coastal vine-thickets are distributed discontinuously within the region on well to 

excessively drained coastal and subcoastallandforms (Russell-Smith 1991). 

Floodplain vine-thickets are associated with lateritic or alluvial substrates on the 

margins of riverine floodplains. Coastal and floodplain patches occur mainly on 

level terrain, soils are variable but all freely draining. Spring vine-thickets are 

associated with the sources of small streams where freshwater seepage is 

impounded. Soils in spring patches are loams to sandy-loams with deep clay. 

Riverine patches are mostly adjacent perennial bodies of fresh-water (Russell-Smith 
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1991) with predominantly deep clay loam and clay soil. Allosyncarpia sites occupy 

seasonally dry substrates in dissected sandstone terrain, notably the margins of the 

Arnhem Land escarpment. Soils are typically sandy- rocky, skeletal and excessively 

drained (Russell-Smith 1991). 

Eighteen localised monsoon rainforests were sampled within a 62 km radius of 

Maningrida which included eight coastal and 10 floodplain patches (Fig. 2.3). Field 

methodology consisted of transect sampling and environmental patch description. 

Personnel assisting with collection of survey data were: 

Bawinanga Aboriginal Corporation- Charles Godjuwa, Otto Campion, Felix 

Campion, Stuart Ankin, Alastair Charles, Peter Milididj, and Ray Hall. 

Traditional Owner - David Angaraidja (Ji-benna) 

Key Centre for Tropical Wildlife Management - Anne Philips, Tony Griffiths and 

Jennifer Koenig. 

N 

200 4ll(J 600 Kllornllten A 

Figure 2.2. Location of study area in north-central Arnhem Land 

(Source Griffiths et a!. 2000) 
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Figure 2.3. Distribution of vine-thickets within the Maningrida region 

(Source: Russell-Smith data in Arcview 2.3, 2000) 
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2.2.2 Vine-thicket patch sampling techniques 

The area of each patch surveyed was determined by measuring the perimeter using 

Global Positioning System (GPS) and the Geographic Information Systems (GIS) 

program Arcview 3.2. The area oflarge patches (>3 ha) was determined from 

digitised NT rainforest survey data (Russell-Smith 1991). 

In addition adjacent habitat and slope (flat, gentle, steep) was recorded as well as the 

relative disturbance of fire, pigs, buffalo, and humans (using a scale 0-5 where 0 

indicates no impact and 5 indicates recent major impact). Rock type and cover was 

estimated visually (each rock type from pebbles to continuous outcrop was given a 

score from 0-6 where O=none, 1<2%, 2=2-10%, 3=10-20%, 4=20-50%, 5=50-90%, 

6>90%) as well as soil type and depth (scored as 0, <10 em, 10-40 em, >40 em). 

Within each patch the following measurements were taken: canopy height (m) using 

a clinometer, canopy density(% canopy) using a densiometer from the mean of 

between 2-4 measurements, and total basal area (m2/ha) using a bitterlich wedge 

from the mean of between 2-4 measurements. Foliage cover was estimated visually 

within 6 height zones (>10m, 5-10 m, 3-5m, 1-3m, 0.5-1 m, <0.5 m) and each zone 

given a score from 0-6 (0=0, 1=0.1-5%, 2=5-10%, 3=10-25%, 4=25-50%, 5=50-

75%, 6>75%). Distance to the nearest waterbody was estimated (0, <50 m, 50-500 

m, >500 m). The straight-line distance of the patch centre to the nearest Aboriginal 

community was measured using GIS. 

The number and area of coastal, floodplain, spring and riverine vine-thickets within 

10 km of every outstation within the Bawinanga Aboriginal Corporation area was 

13 



Chapter 2 - Methods 

calculated using Arcview and tabulated. In addition, the number of coastal and 

floodplain adult harvestable B. ceiba was determined within 10 km of each 

community based on density calculations from survey data. 

2.2.3 Transects 

Across each patch, 10m wide strip transects were established 50 m apart, including 

both ecotones whenever possible to survey non-biased stand structure and achieve 

valid population extrapolations. The position of transect ends were recorded using a 

GPS. The start and finish of transects varied from the jungle edge to up to 6 m 

beyond. Between 2-5 transects were sampled at each patch depending on patch size. 

In each transect the stem diameter (em) of every individual Bombax ceiba was 

measured using diameter tape or forestry callipers, as well as the distance along the 

transect (m) of all unharvested and harvested individuals. The presence offruit was 

recorded for each individual stem. Tree height (m) was measured using a clinometer 

from a sample of individuals to establish any relationship between height and dbh. In 

addition, evidence of regrowth of harvested stems was recorded as number of 

coppiced stems and their dbh, and if trees were harvested more than once. 

2.2.4 Data Analysis 

Bombax ceiba density and environmental relationships 

Density was determined in each transect by counting stems within the quadrat (strip 

transect) area, then transects were averaged to calculate patch density, standard error 

and 95% confidence limits. Using vine-thicket survey data (Russell-Smith 1991), the 
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density (per ha) of B. ceiba was extrapolated to the region in coastal and floodplain 

vine-thicket types. Estimates were calculated for total and adult stem numbers in the 

Maningrida region. A t-test was used to test the null hypothesis that there was no 

difference in the density of adult B. ceiba within coastal and floodplain vine-thicket 

patches. 

Mann-Whitney U Tests were used to test the null hypotheses that there was no 

difference in fire impact, buffalo impact, pig impact, human impact, and foliage 

profile in patches with B. ceiba present (n=14) and absent (n=4), and then in 

floodplain (n=8) and coastal (n=8) patches. In addition, t-tests for independent 

samples were used to test the null hypotheses that there was no difference in area, 

canopy height, canopy cover, and basal area in patches with B. ceiba present and 

absent, and then in floodplain and coastal patches. 

The number and area of estimated B. ceiba adult populations available for harvest in 

floodplain, coastal, spring and riverine vine-thicket patches within a 10 km radius 

(314 km2 area) of each outstation in the region was tabulated using Arcview 3.2. 

Due to outstation proximity, many patches within 10 km buffers overlapped. The 

distance of harvested patches to the nearest outstation was plotted against the 

relative frequency of harvested stems. 

Population dynamics 

A scatter plot ofheight (m) and dbh (em) was used to assess the type ofrelationship. 

To determine the size of B. ceiba at sexual maturity, the size class frequency of fruit 

15 
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presence and absence was displayed as a histogram. Only data from the October 

survey was used as by November most trees had lost their fruit. 

To compare the proportions of harvested and unharvested B. ceiba stems within size 

classes in coastal and floodplain jungles, and to determine overall B. ceiba size class 

distribution, histograms were constructed. The following 11 size classes based on 

stem diameter were used: 0.5 em (seedlings), 0.6-5 em Guveniles), 5.1-9.9 em, 10-

19.9 em, 20-29.9 em, 30-39.9 em, 40-49.9 em, 50-59.9 em, 60-69.9 em, 70-79.9 em, 

and greater than 80 em. The null hypothesis, that there was no difference in the total 

size class distribution for patches on coastal and floodplain sites, was tested by a 

non-parametric Kolmogorov-Smimov Test. 

To determine the size class distribution of harvested B. ceiba, total harvested stems 

from within and outside transects (located by visual appraisal within patch and on 

patch periphery) were portrayed graphically. The null hypothesis, that there was no 

difference in the harvested size class distribution for patches on coastal and 

floodplain sites, was tested by a non-parametric Kolmogorov-Smimov Test. In 

addition, a non-parametric Kolmogorov-Smimov Test was used to test the null 

hypothesis that there was no difference between adult and harvested B. ceiba size 

class distributions. To assess the ability of B. ceiba to regenerate after harvesting, the 

percentage of regrowth was calculated from harvested stems. The distance of 

harvested stems from the vine-thicket edge and the location of harvests within 

patches was assessed. 
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2.3 Results 

2.3.1 Patches 

From a total of 18 vine-thicket patches surveyed, 14 patches contained B. ceiba. 

Harvested B. ceiba occurred in 10 patches, one of these patches contained a 

harvested stem outside of transects only. The six coastal patches surveyed containing 

B. ceiba varied in area from 0.57 ha to 77.80 ha, and totalled 158.25 ha The eight 

floodplain patches with B. ceiba varied in area from 0. 73 ha to 60.1 ha, totalling 

74.05 ha. The four patches surveyed without B. ceiba consisted of two coastal (with 

a total area 14.17 ha) and two riverine (total area 40.99 ha). 

B. ceiba density 

The average B. ceiba density from surveyed patches was 120.95 stems/ha (± 41.35) 

(Table 2.1). The B. ceiba density in coastal vine-thickets was 114.6 stemsiba (± 

46.00). Floodplain vine-thickets supported a B. ceiba density of 125.72 stems/ha (± 

37 .85). This represents significant variability in B. ceiba density. Patch area (ha) and 

mean density (stemsiba) are inversely related among coastal patches surveyed in this 

study (Fig. 2.4). There was no significant difference between B. ceiba densities in 

coastal and floodplain habitats (P>0.05). The adult B. ceiba (dbh ~ 10 em) density in 

coastal vine-thickets was 45.22 stems/ha (± 16.72) and in floodplain vine-thickets 

was 37.5 stemsiba (± 9.33). Adult population densities also did not vary significantly 

(P>0.05) between the two habitat types. Non-adult (dbh<10 em) B. ceiba coastal 

density was 69.38 stems!ha (± 29.07), and floodplain density was 88.22 stems!ha (± 
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45 .29). Non-adult B. ceiba density did not vary significantly between two types 

(P>0.05). 

With a total Maningrida regional coastal vine-thicket area of 540.86 ha and the 

occurrence of B. ceiba in 60% of vine-thicket patches in this vegetation classification 

(Russell-Smith 1991), it was estimated that 37,189 (± 14,904) B. ceiba stems occur 

in coastal areas. As floodplain vine-thickets total 601.74 ha within the region, and B. 

ceiba occurs in 60% of this vegetation classification (Russell-Smith 1991), total 

floodplain stems were estimated to be 45,390 (± 13,522). Adult populations of B. 

ceiba within coastal patches represent 39.46% oftotal stems, thus the regional adult 

coastal stems were estimated to be 14,675 (± 5,401). The adult B. ceiba population 

in floodplain patches represents 29.83% of total stems, therefore regional adult 

floodplain stems were estimated as 13,540 (± 3,364). 
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Figure 2.4 The relationship between mean B. ceiba density (stems/ha) and 

patch area (ha) in coastal patches (n=6). 
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Table 2.1. The total density of B. ceiba in vine-thickets within the 

Maningrida region. Mean density is calculated from averaging 

transect B. ceiba densities within each patch and extrapolating to 

total patch area. 

Patch Area Habitat Mean density Standard Lower Upper Total Adult 
No. (ha) (stems/ha) Error confidence confidence B.ceiba Population 

interval interval within Harvested 
(95%) (95%) transects within 

transects {% l 
6 0.46 Coastal 0 
18 13.71 Coastal 0 

8 2.09 Riverine 0 
1 38.90 Riverine 0 
4 0.57 Coastal 211.30 97.29 20.64 402.02 36 0 

13 0.82 Coastal 155.75 53.49 51.09 260.41 31 18 

14 2.08 Coastal 136.50 65.72 7.69 265.31 41 17 

10 34.98 Coastal 72.50 26.29 20.98 124.02 34 23 

5 42 Coastal 67.50 18.88 30.51 104.49 27 0 

7 77.80 Coastal 44 14.35 15.87 72.13 22 31 

12 0.73 Floodplain 188.50 31.59 126.76 250.24 22 0 

17 1.03 Floodplain 230 45.83 140.18 319.82 66 60 

11 1.07 Floodplain 99.50 52.67 0 202.74 31 0 

9 1.67 Floodplain 69.50 56.38 0 180.00 34 0 

2 2.30 Floodplain 135 32.28 71.74 198.26 54 19 

15 2.67 Floodplain 55.25 21.87 12.38 98.12 37 57 

16 4.48 Floodplain 120.50 49.69 23.10 217.90 116 26 

3 60.10 Floodplain 107.50 12.50 83.00 132.00 43 11 

Environmental relationships 

There were no significant differences in environmental parameters of patches with 

Bombax ceiba present and absent (Table 2.2). Patches were generally tall (mean 

canopy height 21.90 m), shaded (mean canopy cover 82.15 %), and small to medium 

in size (mean patch area 15.19 ha), with reasonably dense woody vegetation (mean 

basal area 8.67 m2/ha). Patches containing B. ceiba had significant feral pig impact 

(P<0.05). Although the impact of fire did not vary significantly between patches 

with B. ceiba present and absent, the increased occurrence indicates low level or 
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infrequent fire occurred in patches containing B. ceiba (Table 2.2). Similarly 

increased occurrence suggest low level buffalo impact in patches with B. ceiba 

present. 

Environmental influences were compared in floodplain and coastal patches surveyed 

and summarised in Table 2.3. While differences in environmental impacts were not 

statistically different, coastal patches surveyed were larger than floodplain patches 

An increased mean basal area in floodplain patches represents a denser woody 

component than in coastal patches. Floodplain and coastal patches were similarly tall 

(mean canopy height 23.75 m). Pig damage was significantly greater in floodplain 

patches. 

Table 2.2. Summary of environmental relationships in patches where B. ceiba is 
present (n=l4) and absent (n=4). Significant tests (P<0.05) are show with*. 

Parameter Bombax present Bombax absent P-level 

T-test Mean SE Mean SE 
Patch area (ha) 16.59 6.97 13.79 8.87 0.84 
Canopy height (m) 24.29 2.45 19.50 9.75 0.39 
Canopy cover (%) 77.65 6.66 86.65 5.90 0.25 
Basal area (m2Jha) 8.23 1.55 9.10 1.50 0.62 

Mann-Witney U test Median Mode Median Mode 
Fire impact 1 1 0 0 0.26 
Buffalo impact 1 1 0 0 0.33 
Pig impact 2 3 0 0 0.02 * 
Human impact 1 1 0.5 0 0.34 
Foliage >10m 4 4 4 4 0.41 
Foliage 5-10 m 5 5 5 5 0.91 
Foliage 3-5m 4 5 4 5 0.66 
Foliage 1-3m 4 5 5 5 0.87 
Foliage 0.5-1 m 4 2 4 5 0.82 
Foliage <0.5 m 4 3 4 4 0.70 
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Table 2.3. Summary of environmental relationships in floodplain 

(n=8) and coastal (n=6) patches containing Bombax ceiba. 

Significant tests (P<0.05) are show with *. 

Parameter Floodplain Coastal P-level 

T-test Mean SE Mean SE 
Patch area (ha) 9.26 7.28 26.38 12.74 0.24 
Canopy height (m) 27.50 3.78 20 1.83 0.13 
Canopy cover (%) 78.46 9.72 76.57 9.62 0.89 
Basal area (m2fha) 11.23 2.37 5.23 1.10 0.13 

Mann-Witney U test Median Mode Median Mode 
Fire impact 1 2 1 1 0.49 
Buffalo impact 1 1 1 0.89 
Pig impact 3 3 1 1 0.00 * 
Human impact 1 1 1 1 0.65 
Foliage >10m 4 2 4 4 0.64 
Foliage 5-10 m 4.5 5 5 5 0.63 
Foliage 3-5m 4.5 6 4 3 1 
Foliage 1-3 m 4.5 5 3 5 0.95 
Foliage 0.5-1 m 4.5 2 3 3 0.55 
Foliage <0.5 m 4 6 3 3 0.74 

B. ceiba density and outstation proximity 

While most B. ceiba were harvested within 5 km of outstations, there was no 

correlation between the distance to the nearest outstation (within a 10 km radius) and 

the proportion ofharvested stems in transects(~= 0.055). All vine-thickets surveyed 

(n= 18) and 91.93 % of all coastal and floodplain vine-thickets within the Maningrida 

region lie within a 10 km radius of outstations. The total number of vine-thicket 

patches, area (ha), and adult stem availability of B. ceiba within 10 km of each 

outstation is outlined in Table 2.4. Many coastal outstations such as Yilan, Gupanga, 

and Ji-marda, and floodplain communities such as Ji-balbal, have abundant B. ceiba 

resources. Other outstations such as Guyun and Kuruldul have no vine-thickets 

within a 10 km radius and therefore have limited direct access to B. ceiba resources. 
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The most populated community, Maningrida, benefits from moderate B. ceiba 

resources only; 257.91 ha of floodplain, coastal, spring and riverine vine-thickets (B. 

ceiba occurrence varies within these patches) lie within a 10 km radius. 

Table 2.4. The number and area (ha) of coastal, floodplain, spring and riverine vine-

thickets within 10 km of each outstation within the Maningrida region. Many vine-

thickets are within 10 km of more than one community. The number of B. ceiba 

available for harvest (estimated adult population) was calculated from surveyed 

mean adult coastal (45.22 stems/ha) and floodplain (37.50 stems!ha) densities. While 

this survey did not include spring or riverine vine-thickets, B. ceiba is known to 

occur in these thickets at a much lower frequency (Russell-Smith 1991). 

Outstation Coastal Floodplain Spring Riverine 

No. Area Estim. No. Area Estim. No. Area No. Area 
thickets thickets adult thickets thickets adult thickets thickets thickets thickets 

(ha) pop. (ha) pop. (ha) 
ha 

Ankabakbirri 2 9.41 2 12.3 
Benemanaka 4.16 188 2.7 
Berraiya • 9 216.75 9801 
Borlkdjam 14.1 529 8.2 
Buluhkaduru 1 14.1 529 
Yilan 15 295.41 13358 3 65.26 2447 
Dam dam • 8 126.41 4740 
Djebenna 181.78 8220 6 25.6 960 2 6.79 
Gamedi 10 161.92 6072 69.5 1 2.41 
Gochin jiny jirra 5 19.73 740 1.21 4 19.09 
Gorrong gorrong • 5 127.72 5775 2 9.07 340 1 2.71 
Gubumi 4.08 2 5.62 
Gugodbabuldi 4.08 1 1.74 
Gumarrimbang 2 1.45 
Gupanga 11 255.59 11558 1 32.53 1220 
Gurrgurr 7 92.08 3453 
Guyun 
Ji-balbal 12 210.4 7890 5 35.73 
Ji-marda 15 295.41 13358 3 65.26 2447 
Maningrida 7 124.77 5642 8 105.43 3954 17.78 4 9.93 
Marrkolidjban 7 92.08 3453 
Mumeka 4.08 4 6.6 
Nangak 1 22.88 858 
Wurdeja 7 123.03 4614 
Kuruldul 
Barrihjowkeng 4 6.6 

Jimalawa 6 139.68 6316 118.92 4460 
Yikarrakkal 4.08 2 5.62 

Djakalabona 4.16 188 2.71 

Naparla 4.16 188 
Mandedjkadjang 51.13 1917 

*not currently occupied. 
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2.3.2 Population Dynamics 

General B. ceiba population dynamics 

B. ceiba stem diameters ranged from seedlings to 115 em. B. ceiba in the 

Maningrida region reach sexual maturity at a stem diameter of 10 em (Fig. 2.6). This 

corresponds to a height of 12m (Fig. 2.5). The proportion of stems with fruit 

increased with stem diameter (Fig. 2.6); once a diameter of 40 em is achieved all 

stems bear fruit (excluding the >80 dbh size class). 

B. ceiba occured more frequently in ecotones, particularly in coastal patches. 

Floodplain B. ceiba tend to be more evenly distributed across patches. The majority 

of stems in ecotones of both vine-thicket types were sexually immature, while the 

largest trees occurred toward the centre of jungles. 

The size class distributions of coastal and floodplain B. ceiba were similar and both 

populations exhibited a high proportion of immature stems (Fig. 2.7). The 

proportion ofnon-adult stems(< 10 em dbh) varied little from 60.72% to 61.79% of 

the total B. ceiba population between floodplain and coastal patches respectively. 

Seedlings(:::;; 0.5 em dbh) represented a larger proportion of non-adult stems in 

floodplain patches (Fig. 2.7). There was, however, no significant difference (P>0.05) 

in the total or harvested size class distribution between patches in coastal and 

floodplain habitats. 
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Figure 2.7. Size class distribution ofharvested and unharvested B. ceiba 

surveyed in floodplain (n=404) and coastal (n=l92) patches. 
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A total of 54 harvested B. ceiba stems were recorded: 31 within transects and a 

further 23 outside transects. The proportion of harvested adult B. ceiba stems varied 

among patches from 11% to 60% (Table 2.1 ). 

The majority (83.3%) of harvested B. ceiba stems ranged in size between 10 and 40 

em (Fig. 2.8). The smallest and largest harvested B. ceiba had a stem diameter of 7 

em and 62 em respectively. There was no significant difference (P>O.OS) between 

harvested and adult B. ceiba population distributions. Proportions of harvested B. 

ceiba within floodplain and coastal size class distributions were similar, except that 

coastal harvested stems represent 50% ofthe 40-49.9 size class (Fig. 2.7). This 

demonstrates a considerable harvest effort relative to stems available within the 

coastal B. ceiba 40-49.9 dbh size class. There was no significant difference (P>O.OS) 

between coastal and floodplain distributions of harvested B. ceiba. 

Most harvested stems occurred in ecotones within 40 m of vine-thicket edges where 

a greater B. ceiba density exists. However, four stems were harvested 61-70 m from 

the jungle edge and two trees were harvested 91-100 m from the jungle edge. (Fig. 

2.9). Coppicing, both single and multiple, was recorded from 80% of harvested B. 

ceiba stems. One tree was freshly cut the day before and therefore had no 

opportunity for re-growth. Another two trees showed evidence re-coppicing from a 

second harvest. The mean coppice diameter (re-growth) was relatively small with a 

low standard error (8. 76 em± 1.23) 
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The number ofwood carvings bought in 1999-00 from indigenous artists by MAC 

was 1,183 (MAC Annual Report 1999-00). This reflects the number of carving wood 

stems harvested as generally only one carving is produced from each individual tree 

(Fiona Salmon, MAC, pers. comm). A preliminary estimate suggests that B. ceiba 

constitutes approximately 40-60% of all carving timbers at MAC (Chapter 3). This 

represents between 4 73-710 B. ceiba carvings annually and therefore 4 73-710 stems 

harvested. The high regenerative capacity of B. ceiba (79.6%) following harvesting 

suggests that 3 77-565 of stems harvested will at some time be available for a repeat 

harvest. An estimated 28,215 adult B. ceiba regionally available within coastal and 

floodplain patches represents a current harvest of 1. 7-2.5% of adult stems. Low 

standard error among coppiced stems with a mean coppice diameter ofless than 10 

em suggests recent harvest pressure within the Maningrida region. The variation of 

harvest intensity from 11% to 60% of adult B. ceiba in patches surveyed, and the 

relatively low regional harvest intensity, suggest that while some patches are subject 

to considerable harvest impact, many others are not harvested at all. 
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2.4 Discussion 

2.4.1 B. ceiba density, environmental relationships, and availability 

B. ceiba and ecotone establishment 

Similar total, adult, and non-adult B. ceiba floodplain and coastal densities are 

suggestive of similar environmental parameters impacting these two habitats. This is 

confirmed by the lack of significant differences iri environmental variables between 

floodplain and coastal patches (except the impact of pigs). Pig impact reflects a 

preference for floodplain rather than coastal and riverirle habitat. 

Similar B. ceiba densities within floodplain (with a denser woody component), and 

coastal vine-thickets suggests a higher proportion of Bombax ceiba among the 

woody vegetation of coastal patches. Bowman and Panton (1993) document that 

B. ceiba formed a relatively high 9.1% of the total basal area in a coastal dry 

monsoon rainforest. As coastal and floodplain B. ceiba harvest distributions vary 

insignificantly, and coastal patches tend to be larger and less dense, this may have a 

long term impact on stand distributions within different vegetation types. Temporal 

monitoring of harvested B. ceiba populations is necessary as a follow up to this 

study. 

Smaller coastal patches have denser B. ceiba populations than larger ones iri this 

study. This may relate to smaller patches having a higher relative proportion of 

ecotone, the preferred habitat for B. ceiba. Molofsky and Augspurger (1992) verify 
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the importance of light-gaps (ecotone) for the establishment of a closely related 

shade-intolerant species, Ceiba pentandra. 

The high degree of variation present between and within patches relates to limited 

sampling intensity and variable stem counts. This can largely be explained by the 

high seedling and juvenile B. ceiba densities in some transects, particularly within 

floodplain patches. A possible explanation for this relates to the low floodplain mean 

patch area. The relative proportion of ecotone, and therefore B. ceiba establishment, 

is increased within smaller patches. fu addition the impact of fire is likely to be a 

contributing factor in seedling establishment in floodplain patches. 

Environmental factors influencing B. ceiba distribution and vine

thicket boundaries 

Low level or infrequent fires occurred around most patches containing B. ceiba. 

Bowman (2000) emphasises the importance of the frequency of fire in controlling 

rainforest boundaries; most species can regenerate after a single fire. Clayton-Greene 

and Baird (1985) describe the role of B. ceiba in successional patterns in high-level 

thickets after a fire, when fire is infrequent. After a fire Melochia umbellata is a 

pioneer species which colonises vine-thicket edges. fu the absence of further fire M 

umbellata is replaced by climax species such as B. ceiba, allowing for vine-thicket 

edges to expand. This theory provides a possible explanation for increased densities 

of B. ceiba within the ecotones of vine-thickets surveyed. 
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Indigenous fire management may contribute to the relatively low level of seedling 

establishment within coastal ecotones. The occurrence of high value yams in some 

coastal vine-thickets has resulted in the active exclusion of fire (David Angaraidja 

Traditional Owner, Ji-benna, pers. comm; Stuart Ankin, Ji-benna, pers. comm.). The 

absence of fire in these coastal patches is an explanation for the reduced number of 

seedlings surveyed. 

Due to its effect on ecotone composition and distribution, fire is one factor that may 

influence vine-thickets and therefore B. ceiba abundance and distribution. Bowman 

and Panton (1993) propagated B.ceiba in order to trial factors influencing the spatial 

distribution of dry monsoon rainforests in northern Australia. Their experiments 

established the importance of mycorrhizas, soil fertility and soil moisture in 

controlling seed establishment within monsoon-rainforest. However, the relative 

importance of moisture, fire, chance (Russell-Smith 1986), and indigenous resource 

management practices in the distribution of vine-thickets remains debatable. 

Outstations resource availability 

The degree of overlapping vine-thickets assessed within 10 km of each outstation, 

while providing little information on regional availability, assigns resource 

availability on a community basis. Due to established clan boundaries, harvest of the 

same jungles by different clans is unlikely to occur on a large scale. The variation in 

B. ceiba regional availability may be reflected in the type and amount of artefact 

production; further research is needed in this area. While many artists harvest on 

their traditional lands, the moderate vine-thicket area within 10 km of Maningrida 
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(population approximately 1 700) is unlikely to provide sufficient B. ceiba for 

sustainable harvest by the resident artists. Results support Altman's (1987) statement 

that there is a limited supply of raw materials to manufacture artefacts around 

Maningrida township, while at outstations artefact raw materials are more available 

to artists. The choice of patches for harvesting of B. ceiba appears to relate to factors 

other than outstation proximity. Cultural factors are clearly important and were not 

investigated in this study. 

2.4.2 Population dynamics 

Indigenous management of B. ceiba populations 

The high proportion of stems harvested in the small adult size classes (1 0-40 em) 

reflects the size of spirit and figure wood carvings displayed at Maningrida Arts and 

Culture (Chapter 3). Thus the choice ofharvested stem size is largely governed by 

cultural and artistic perogative. This may change over time and with market 

pressure. One large stem from the floodplain region ofMulalarrapi (15 km north of 

Mumeka) had been harvested at a diameter of 62 em. Of great cultural significance 

and an explanation for occasional large stem harvest is canoe production. These 

'canoe trees' are harvested selectively under strict cultural guidelines (David 

Angaraidja, Traditional Owner, Ji-benna, pers. comm.). 

The abundance and health of large B. ceiba are actively monitored by the custodians 

oftraditionalland where canoe production occurs. David Angaraidja (Traditional 

Owner, Ji-benna) expresses the connection and responsibility felt for B. ceiba on his 

traditional land: 
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"Bulamana (Bombax ceiba) tree is like family. The young one grows and is looked 

after by parent tree. They grow in a group, together. If person wants to cut tree for 

carving or canoe, they must ask me first. I look after the land and the Bulamana. " 

The reduction in the frequency of harvested stems as the distance from the jungle 

edge increases may be explained by the increase harvest effort required or may 

reflect natural B. ceiba distribution. However the frequency of stems harvested deep 

within the jungle reflects the importance of other factors besides effort associated 

with harvesting of stems. Stems may be actively selected for cultural or spiritual 

reasons (Cooke 1982; Bauman 1983; Altman 1982) or for inherent carving 

properties. 

Local and regional harvest sustainability 

At the local patch level, findings represent potential for harvest impact on population 

dynamics particularly where rate of harvest is increasing to meet the market 

demands of the rapidly expanding Maningrida Arts and Craft industry (Fig.2.1 ). 

Harvest intensity varied to include up to 60% of adult B ceiba within patches. Some 

coastal vine-thickets were associated with a high proportion of harvested stems with 

diameter 40-49.9 em, reflecting potential for impact on stems of this size. In 

addition, small mean coppice diameter with a low standard error supports a large 

recent harvesting effort. As the proportion of harvested stems must therefore be 

increasing in some size classes in some patches, there is potential for local 

unsustainable harvest practices. 
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Whilst variation in harvest pressure occur on a local patch level, results suggest that 

harvest regimes are sustainable within the Maningrida region. High adult B. ceiba 

regional stem estimates and low regional harvest intensity suggest that currently 

harvesting is sustainable on a regional level. This is supported by the high 

regenerative capacity and reproductive mechanisms used by B. ceiba. The high level 

of vegetative regrowth is an important factor in B. ceiba reproduction due to the 

removal of seed with the harvest of adult stems. 

A harvest model for B. ceiba was not developed in this study to assess sustainability 

due to the lack of demographic data, and lack of data on the type and quantity of 

timbers used in wood carvings at Maningrida Art and Culture. 

2.4.3 Recommendations 

Potential for future harvest impact at a local patch level highlights the importance of 

developing a monitoring scheme appropriate for an Aboriginal community. 

Recommendations must be viewed in light of cultural practices and could only be 

implemented after consultation with traditional owners. 

Monitoring populations of B. ceiba by MAC feedback and surveys 

Monitoring of specific harvest practices (location, size of stems harvested, number 

of carvings per stem) could prove difficult, due to the number of artefacts produced 

at outstations and wet season inaccessibility. Altman (1982) estimated that over 80% 

of artefacts marketed via Maningrida Art and Culture come from outstations. 

Community based record keeping could provide useful information on the location 
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and type of harvests if issues of sustainability become a concern in future years. 

Eaton (1996) supports the notion of community based conservation. If traditional 

rights and resources are being protected, conservation and sustainable resource use 

are more likely to be successful. This would supplement data stored at MAC on 

regional and local carvings (number, species used, carving size and disease status). If 

a coordinated MAC based harvest program is instituted (Chapter 3), accurate records 

of harvest locations and abundance will provide an excellent data source. 

Outstation resource monitoring could involve periodic surveys of carving species. 

The continued use of GIS as a means of integrating temporal and spatial data would 

be advantageous as a monitoring tool. Bruenig and Csomos (1996) stress the benefits 

of using GIS in rainforest ecosystem research as an instrument of integration, and a 

vehicle of communication. 

Initiating B. ceiba propagation trials 

As a potential supplementary program, trial propagation of B. ceiba would provide 

needed demographic data and a future timber resource for artefact production. The 

impact on natural B. ceiba populations would reduce if artists elect to use propagated 

timber for artefact production. 
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2.5 Conclusion 

The results of this study suggest that harvesting of B. ceiba currently is generally 

sustainable in the Maningrida region due to widely distributed well managed 

populations, selective harvesting practices and a high proportion of regrowth of 

harvested stems. However, at the local patch level, findings represent potential for 

harvest impact on population dynamics particularly where rate of harvest is 

increasing to meet the market demands of the rapidly expanding Maningrida Arts 

and Craft industry (Fig.2.1 ). Regional monitoring of B. ceiba and continued 

successful indigenous resource management would assist in the maintenance of 

healthy natural populations as well as a successful artefact industry. 
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Pest management of Aboriginal carving woods 
in the Maningrida Region 

3.1 Introduction 

Wood borer is a pest of national and international significance. The cost of replacing 

or treating timber infested with wood borer amounts worldwide to a large sum, 

particularly in tropical regions where most damage is caused (Findlay 1967). 

Timbers of high economic value are subject to attack by various species of wood 

borer after logging during extraction from the forest (Chaiglom 1977). This is an 

issue of major economic concern to multi-national logging companies, timber 

enterprises, builders, furniture manufacturers and wood carvers alike. The 

deleterious effects of borer infestation can potentially destroy wood products 

completely. 

3.1.1 Significance of wood borer infestation in MAC artefacts 

The Aboriginal peoples of the Maningrida region, north-central Arnhem Land, 

Northern Territory rely on their Arts and Craft industry as an important contributor 
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to the local economy. Over 300 people and their families rely economically, 

culturally, and personally on their burgeoning Arts and Craft industry (Fiona 

Salmon, MAC, pers. comm.). Of significance is artefact production, which is based 

on the use of native plants, including the carving of various woods. Maningrida Arts 

and Culture (MAC) management has expressed concern for the large extend of wood 

borer infestation and wood splitting among wood carvings, in particular those 

derived from the Bombax (Bombax ceiba) tree (Fiona Salmon, MAC, pers. comm.). 

Wood borer infestation results in considerable economic loss, and effective pest 

control is therefore of great industry importance (Fiona Salmon, MAC, pers. 

comm.). 

Currently carving timbers are harvested by culturally and socially legitimate 

indigenous individuals or groups, within 10 km of outstations (Chapter 2) using 

axes, chainsaws and four wheel-drives. Trees are susceptible to borer infestation 

after felling, due to lack of protection from bark and other defensive systems 

(Hadlington and Gerozisis 1988). The larvae of most wood borers damage by 

actively tunnelling in the wood, deriving nourishment from it. Usually, the only 

damage the adult beetles do is the emergence hole on the timber surface (Creffield 

1996). Most borer depend on a certain moisture content ofthe wood for survival, 

making the hardwoods within the humid Maningrida region particularly susceptible. 

Wood splitting results from inadequate curing procedures and carving too soon after 

harvest (Fiona Salmon, MAC, pers. comm.). Once carved and painted, carvings 

currently are stored at MAC in the display room where borer infestation is known to 

be active. Conventional treatment ofborer such as freezing of artefacts has not 

39 



Chapter 3 - Discussion and conclusion 

proved successful due to the extent or reinfestation (Fiona Salmon, MAC, pers. 

comm; Hadlington and Gerozisis 1988). 

3.1.2 Importance of Aboriginal artefact production 

While market exchange of artefacts in Maningrida dates from the time of contact 

between the market economy and Aborigines in Arnhem Land, the real take off in 

production can be linked to the outstation movement during the 1970s (Altman 

1982). Maningrida Arts and Culture revenue has increased exponentially over the 

past three decades (Fig. 2.1 ). Growth of this nature reflects an increase in artefact 

exchange, increased harvesting of carving stems to meet market demands, and 

therefore a growing problem with borer infestation. 

Before European contact, Aborigines did not define their works as 'art' in the 

context of contemporary white Australians, rather most 'art' was produced for 

ceremonial purposes. Works were also exchanged for goods and services, access to 

esoteric knowledge or ritual status (Altman 1982), and used to assert ownership of 

land; they were not primarily the object of trade as they are today (Morphy 1982). 

Aboriginal artefact production expresses the special relationship Aborigines have 

with their land, and the animals and spirit beings that inhabit it (Cooke 1982). 

Totemic associations can exist with the natural species and the artefacts themselves, 

elevating the significance of the manufacture of art and crafts. 

The relationship between an Aboriginal artist or craftsman and his or her raw 

materials differs vastly from that of a non-Aboriginal. The tree from which the 
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timber has been obtained for a carving is very important to an Aboriginal artist 

(Cooke 1982). Bauman (1983) outlines the spiritual values of foraging for wood; in 

addition 'foraging for raw materials for the production of arts and craft allows for a 

degree of independence which is lost when people are forced to rely upon 

unemployment benefits'. 

The purpose of this chapter is to report a preliminary investigation into wood borer 

infestation within Maningrida Arts and Culture carvings. To achieve this aim, it is 

necessary to document which tree species are currently being used for wood 

carvings, and species susceptibility to wood borer. Alternatives to B. ceiba as a 

carving timber are sought to provide borer resistance and suitable carving 

properties. Finally management options are provided to assist in borer treatment and 

therefore development the Aboriginal Arts and Craft industry. 

3.2 Methods 

The study was conducted over a 2 week period during October 2000 within the 

Maningrida region (latitude 12.0558 longitude 134.23E), 500 km east ofDarwin in 

north-central Arnhem Land. The Maningrida region encompasses approximately 

10,000 km2 (Fig. 2.2). Assessment ofwoods used for carvings and borer infestation 

was done at Maningrida Art and Culture, Maningrida. 

3.2.1 Wood borer studies 
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Active wood borer infestation was identified in hardwoods (primarily Bombax ceiba 

and Gyro carpus american us) by borer holes in carvings and deposition of frass 

(borer dust) on the outside of the artefact. Artefacts examined included hardwood 

carvings of spiritual beings, animals and people, burial poles, and digeridoos. Frass 

is indicative of the completion of the borer life-cycle, early infestation remained 

undetected (a stethoscope applied to the carving in order to hear active borer 

movement proved unsuccessful). Borer detected therefore represent a minimum 

estimate. Heavily infested small wood carvings were placed in sealed plastic bags 

for later borer identification by an Department of Primary Industry and Fisheries 

(DPIF) entomologist. Borer larvae were stored in alcohol for later identification. 

3.2.2 Carving woods studies 

No prior records of species used for wood carvings existed at Maningrida Arts and 

Culture due to the regional diversity of languages and tree species. The large number 

of artists and their geographic diversity made direct interviewing of individuals to 

research species used for carvings impossible. The Djelk Rangers involved in the 

study provided a number of known and likely carving tree species. A chart was made 

with the assistance of MAC linguists using databases consisting ofManingrida 

region language names (Burarra, Kune I Dalabon, Rembarrnga, Kunwinjku I 

Kuninjku, Kun-barlang, Ndjebbana, Mawng, Nakkara, Wulaki I Djinang, Gurrgoni) 

of all known and likely species used for wood carvings. The chart was supplemented 

by tree, leaf and bark photos of each species. 

3.2.3 Analysis 
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The diameter (em) of infested and non-infested wood carvings at MAC was 

displayed as a histogram. In addition, a non-parametric Kolmogorov-Smimov Test 

was used to test the null hypothesis that there was no difference in carving size 

distribution for borer infested and borer free hardwoods. The total proportion of 

infested hardwoods was calculated. 

3.3 Results 

3.3.1 Wood Borer 

Two species of wood borer were identified from adults and larvae collected. The 

first species responsible for the smaller more frequent 1.5-2 mm holes was identified 

as a Powderpost Beetle, Min thea sp. The Powderpost Beetle is one of the most 

common borers attacking seasoned hardwoods in Australia (Creffield 1996). It is 

considered native to Australia (Hadlington and Gerozisis 1988). The second species 

was an Auger Beetle, Sinoxylon anale, collected after emergence from larger 4 mm 

borer holes. The Auger Beetle tends to infest the same timbers as the Powderpost 

Beetle (Hadlington and Gerozisis 1988). 

The frequency distribution of wood carvings surveyed shows a predominance of 

medium sized carvings with a mode diameter of 11 em (Fig. 3.1). The size class 

distribution of harvested B. ceiba reflects this with a mode of 10-19.9 em (Fig. 2.8). 

However, large diameter B. ceiba harvested (>40 em) are not reflected in the wood 

carvings surveyed (see Chapter 2 for discussion on use oflarge diameter stems). The 

predominance of harvested stems between 10-19.9 em is reflected in the size class 
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distribution of all B. ceiba surveyed (Fig. 2. 7). There was no significant difference 

(P>0.05) in the frequency distribution of stem diameter of borer infested and borer 

free hardwood carvings (Fig. 3.1). Wood borer infested 24% ofhardwoods surveyed. 
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Figure 3.1. The diameter of hardwood carvings surveyed with and without 

wood borer infestation. Survey conducted on carvings at MAC, 

October, 2000. 

3.3.2 Carving woods 

The species identification chart (Table 3.1) describes where possible language names 

of six tree species, and regional vine-thicket occurrence of eight tree species known 

or suspected to be used for wooden artefacts within the Maningrida region. 

Anecdotal evidence suggests that 40-60% of wood carvings are derived from B. 

ceiba. Digeridoos and burial poles usually carved from the hardwood Eucalyptus sp., 

namely E. tetrodonta were all free of borer infestation in this study. Softwoods such 

as Callitris columellaris are used with unknown frequency and are likely to be wood 

borer resistant (Table 3.2). 
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Table 3.1. Maningrida region language names (MAC language database) and 

occurrence of known and likely tree species used for wood carvings. 

Species occurrence(%) is based on presence within coastal, floodplains, 

riverine, spring, and Allosyncarpia vine-thickets surveyed by 

Russell-Smith (1991). 

Bomb ax Kurrajong Ironwood Canarium Hibiscus Carallia 
(Bombax (Brachychiton (Erythrophleum australianum (Hibiscus Brachiata 
ceiba2 diversi.f!'lius~ ch/orostach;r.s2 titiaceus~ 

Language 
Burarra Balamuna Gun-jol Ngardachela Mingadolja Mun-

biding ngalmangal 
rna 

Kune/ Kordow Budbud 
Dalabon 
Rembarrnga Kordorrkko Mamanj Moeniyarr Rdihrdih 
Kunwinjku/ Ngal- Man-budbud Man-budbud Man-rdihrdih Man-
Kuninjku kordow djildjilimbirr 

Man-wirda 
Kun-barlang Ngal-gordo Djarrangkelbbe Karddunkun Barlulu 
Ndjebbana Kabbukkur Mamo Babbuya Djalowarda Barreyakor Y akawirrbara 

durrk a 
Mawng Wurrakak Yimulwapi Kartungkun Wammalk 
Nakkara Namamongka Ngarabara 
Wulaki/ Ngardatjela 
Djinang 
Gurrgoni Djirrpara 

Occurrence 
(%) 

43 62 7 41 

Gyrocarpus Gmelina sch/echteri Leichart Pine Peanut tree 
Occurrence american us Nauc/ea Sterculia 
(%) orienta/is quadrifida 

27 90 25 79 

3.4 Discussion and conclusion 

3.4.1 The impact of wood borer on the artefact market 
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The high proportion of borer infested artefacts (24%) highlights the presence of a 

large viable ongoing borer breeding population, and also contributes significantly to 

lost revenue. Over the past year (1999-00), approximately 12% of wood carvings 

were destroyed largely due to severe untreatable borer infestation and wood splitting 

(Fiona Salmon, MAC, pers. comm.). As the gross revenue for artefact sale over the 

year 2000 was $297,246 (MAC Annual Report 1999-00), revenue lost is of 

considerable proportion in a community that relies on its Arts and Craft industry as 

an important non-governmental income source (Altman et al. 1989). 

In addition, borer infestation limits international market expansion as wood carvings 

must be declared insect free (via a Phytosanitary Certificate) before export is 

approved (Australian Quarantine and Inspection Service export and foreign import 

requirements, AQIS web page). Currently international sales account for only 5% of 

total MAC sales (MAC Annual Report 1998-99). Market expansion of MAC 

artefacts both domestically and internationally could be limited by a reputation of 

infested works. Reluctance to buy or trade could be enhanced by the fact that many 

borer infestations are not apparent at the time of sale, frass and exit holes only 

appearing in some cases after some months. It is clear that a culturally appropriate, 

effective treatment regime is crucial for the maintenance of a healthy growing 

artefact industry in Maningrida. 

3.4.2 Borer biology 

Once a tree is felled, it is susceptible to infestation from a range of moist wood and 

bark feeding insects. Adult Auger Beetles feed in the moist starch containing 

sapwood (nutrient and water transportation layer) component ofhardwoods and 

46 



Chapter 3 - Discussion and conclusion 

occasionally softwoods (Hadlington and Gerozisis 1985). Once timber is dried, 

however, they do not reinfest after emergence as beetles. The same hardwood 

timbers are susceptible to Powderpost Beetle infestation (Table 3.2), however 

reinfestation occurs in the right conditions until the hardwood is destroyed. 

The Auger Beetle life cycle involves the deposition of eggs by female beetles at the 

ends of short tunnels bored into susceptible sapwood (Creffield 1996). Larvae feed 

on starch in the timber, pupate close to the surface and emerge through perfectly 

round holes 1-6 mm in diameter. The Auger Beetle requires a moisture content of 

greater than 30% for egg-laying and for the larvae in their early development 

(Creffield 1996). The life cycle varies between 4-12 months (Hadlington and 

Gerozisis 1985). Adult Powderpost Beetles lay eggs in pores of susceptible sapwood 

when the timber has dried to a moisture content of 20-25% (Creffield 1996). Larvae 

feed, pupate and beetles emerge from holes 1-3 mm in diameter. The life cycle 

varies depending on the climate from 3-12 months. 

Table 3.2. Susceptibility of some common native and exotic timber species 

to wood borer. (Sources: (i) Hadlington and Gerozisi 1988-

common Australian timbers. (ii) Eddowes 1977 - commercial 

timbers of Papua New Guinea). 
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Timber species 

Scientific name Common name 

Hardwoods 

Eucalyptus pilularis Blackbutt 
E. delegatensis Alpine ash 
E. regnans Mountain ash 
E. obliqua Messmate stringbark 
E. macula/a Spotted gum 
E. saligna Sydney blue gum 
E. microcorys Tallowwood 
E. camaldulensis * River red gum 
E. resinifera Red mahogany 
E. sideroxylon Red ironbark 
Acacia melanoxylon Blackwood 
Lophostemon confertus Brush box 
Ceratopetalum apetalum Coachwood 
Shorea spp. Meranti 
Flindersia brayleyana Queensland maple 
Toona australis Red cedar 
Schizomeria ovata White birch 
Terminalia spp. 
Vitex cofassus 
Antiaris toxicaria * 
Gmelina moluccana 
Canarium spp. * 
Ficusspp. * Fig 
Nauclea orienta/is * Leichart pine 
Sterculia quadrijida * Peanut tree 
Alstonia glabriflora * 
Hibiscus papuodendron 
Bombax ceiba * Bomb ax 
Casuarina litorea * She Oak 
Grevillea papuana 
Melaleuca spp. * Paperbark, Tea-tree 

Softwoods 

Abies balsamea Balsam fir 
Tsuga heterophylla Western hemlock 
Picea abies Baltic pine 
Callitris columellaris White cyprus pine 
Thuja plicata Western red cedar 
Araucaria cunninghamii Hoop pine 
Agathis dammara Kauri 
Pseudotsuga menziesii Oregon 
Pinus radiata Radiata pine 
Sequoia sempervirens Redwood 

S = susceptible (often attacked) 
R =resistant (rarely if ever attacked) 
I= immune (never attacked) 
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Powderpost Auger Source 
Beetle Beetle 

R R (i) 
R R (i) 
R R (i) 
s s (i) 
s s (i) 
s s (i) 
s s (i) 
s s (i) 
s s (i) 
s s (i) 
s s (i) 
R R (i) 
R R (i) 
s s (i) 
R R (i) 
s s (i) 
s s (i) 
s (ii) 
R (ii) 
s (ii) 
s (ii) 
s (ii) 
s (ii) 
s (ii) 
s (ii) 
s (ii) 
s (ii) 
s (ii) 
R (ii) 
s (ii) 
R (ii) 

(i) 
(i) 
(i) 
(i) 
(i) 
(i) 
(i) 
(i) 
(i) 
(i) 

* = species found in the Top End ofNorthem Territory 

3.4.3 Borer susceptibility and occurrence of alternative carving timbers 

Significantly, some hardwoods are resistant and all tabled softwoods are immune to 

infestation by both Auger and Powderpost Beetles (Table 3 .2). The active selection 

of local softwoods as wood carving species could eliminate the need for any 

48 



Chapter 3 - Discussion and conclusion 

chemical treatment, thereby reducing production cost and improving safety. 

Monitoring softwood stock would be necessary to ensure borer free status. 

Species used as alternative sources of carving timbers were not surveyed in this 

study. Russell-Smith (1991) data does not estimate species densities but does 

provide presence I absence data within patches in the Maningrida region (Table 3.1 ). 

Carving wood species are well distributed among wet (spring and riverine) and dry 

(Allosyncarpia, coastal, and floodplain) vine-thickets (Russell-Smith 1991). Species 

such as Carallia brachiata and Gmelina schlechteri occur more frequently within 

wet patches, while Bombax ceiba, Hibiscus titiaceus, and Gyrocarpus americanus 

more frequently occur within dry patches. Other such as Canarium australianum and 

Sterculia quadrifida occur in both wet and dry vine-thickets. 

3.4.4 Language names 

The establishment of tree language names will form the basis of carving species 

identification and documentation of works held at MAC. All carvers are now asked 

to identify the species used from charts when initially presenting their works to 

MAC. Computer records of artefact holdings now include the species used for 

individual carvings. Records will be used to determine the type and amount of 

woods used annually and the extent of borer infestation. Monitoring and repeat 

surveys of documented wooden artefacts will allow for an accurate assessment of 

species susceptibility and resistance to borer infestation. Monitoring of this kind lies 

beyond the time constraints of the current study. 
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3.4.5 Treating borer and preventing timber splitting 

The Auger and Powderpost Beetles often infest the same timber and both rely on 

similar moisture content within the wood (Creffield 1996). Environmental 

conditions in the Maningrida region are very favourable to the continued 

reproduction of borers. The annual mean relative humidity at 9am in the Maningrida 

region is 80%, and does not fall below 70% even in the dry season (Maningrida 

Airport, Bureau Meteorology 2000). Thus successful borer treatment must involve 

either effective borer mortality followed by placing carvings into a 'borer free' 

environment, or application of an effective residual compound which prevents re

infestation. 

A 'borer free' post-treatment environment would entail either placing treated 

carvings into an isolation facility where viewing would be difficult or impossible, or 

sealing treated works in clear plastic bags and displaying sealed works. Application 

of an effective compound which provides residual borer control would allow treated 

artefacts to be placed back on display in the current infested facility. As infestation 

shows no carving diameter predilection, encouraging the harvest of specific sized 

stems would not reduce borer populations. 

The prevention or control of borer infestation must be cost effective and involve low 

levels of toxicity, or non-toxic products to be of use within an Aboriginal 

community. In addition, indigenous management perspectives need to be considered 

and implemented after due consultation. The current practice of freezing wood 

carvings at -20°C for greater than 72 hours, though non-toxic and relatively 
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inexpensive, has proved unsuccessful due to the extent ofre-infestation (Fiona 

Sahnon pers. comm., Hadlington and Gerozisis 1988). Accordingly, the following 

treatment options are listed in order of increasing merit according to the author: 

1. Pressure impregnation of newly harvested timber with the water-soluble salts 

copper sulphate, chromium sulphate, and arsenic pentoxide (Hadlington and 

Gerozisis 1988). Acute and chronic poisoning is possible (Draft Code ofPractice 

and Guidance Note 1987), therefore treatment is considered too toxic by the 

author. 

2. Biological control with predatory insects, fungi or birds (Hadlington and 

Gerozisis 1988) are unlikely to be feasible. 

3. Gamma radiation (Hadlington and Gerozisis 1988) is cost prohibitive. 

4. Fumigation with methyl bromide does not prevent reinfestation (Creffield 1996, 

Hadlington and Gerozisis 1988). 

5. Heat treatment such as placing carvings in black plastic bags (Hadlington and 

Gerozisis 1988) in the sun for periods of up to 6 hours is likely to cause timber 

splitting and does not address the problem of reinfestation. 

6. Freezing at -20°C for at least 72 hours and placing carvings into sealed plastic 

bags or into a sealed container to prevent reinfestation is a modification ofthe 
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current treatment regime. The necessary 'borer free' post-treatment environment 

for artefacts would make displaying of wood carvings difficult or impossible. 

7. Application as a spray of a Permethrin formulation such as Perigen 500®. 

Limited penetration into the wood may limit efficacy. The level of toxicity may 

be a community health issue. 

8. Spraying artefacts prior to painting with Termite 20+®. Eco-friendly and safe for 

humans, Termite 20+® also reduces the incidence of wood splitting (Termite 

20+® product description). Local treatment trials within the humid Top End 

would be necessary as Termite 20+® crystallises when mixed with water 

(Termite 20+® product description); this may limit efficacy. 

9. Application or soaking with the salts ofborax and boric acid (Eddowes 1977). 

New products such as Boracol200RH® may provide an effective solution that is 

non-toxic to mammals (Boracol200RH® product description). The glycol 

component enhances boron uptake into the wood (Gezer et al. 1999), delivering 

protection deep into the timber and concentrating where moisture is present. This 

should provide effective borer treatment at the areas of attack, and control 

infestation in the humid coastal Maningrida region. An effective external 

chemical layer should eliminate reinfestation and allow for the display of treated 

artefacts next to untreated ones within MAC. 

3.4.6 Suggested preferred management options 
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Scheme 1 

The following is a relatively inexpensive, non-toxic scheme which minimised the 

chances ofre-infestation and could be viable ifimplementedjointlywith indigenous 

artists. It may not be feasible to implement steps 1-3 for the benefit of outstation 

artists initially due to logistical constraints. 

1. Harvest of stems in accordance with cultural requirements, preferably recording 

and monitoring harvest information (location, species, number of stems 

harvested, stem size, number of carving obtained per stem). Sites would 

necessarily be selected by indigenous artists and may be local to Maningrida 

Township or involve using outstation resources. 

2. Bark removal and curing stems prior to carving, at MAC to reduce wood 

splitting. This differs from the current practice of carving newly harvested stems 

and therefore needs to occur with due consultation. 

3. Supply untreated wood to artists (an initial treatment would be wasted as the 

outer portion of the stem is removed by carving). One again, due consultation 

would be necessary to ensure the desired timbers are supplied to artists. 

4. After the completion of carving, work would be delivered to MAC. All carvings 

would be sprayed or brushed with Boracol 200RH® preferably before painting 

as Boracol 200RH® tends to crystallise on the surface when applied to a painted 

surface (Vinther et al. 1992). If applied to the finished painted carving (may be 

the only option due to the technique of artists and number of carvings obtained 
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from outstations), then trials on painted timber should precede any treatment to 

test: efficacy of borer treatment and prevention, and the effect of chemical on the 

painted surface. Any existing flight holes can be injected with Boracol 200RH® 

(Vinter eta/. 1992). Once Boracol200RH® diffuses into the timber, it should 

afford protection in two ways: firstly by protecting from egg laying on the timber 

surface, secondly by providing an external chemical layer thereby preventing the 

emergence of borer from existing infestation (eliminates the need for a prior 

treatment after felling once timber is susceptible). 

5. Ongoing monitoring of borer infestation and splitting in known timbers would 

be essential to ensure an effective control regime. 

Scheme2 

The second option attempts to deal with potential problems associated with the 

application ofBoracol200RH® to painted surfaces of finished works (Vinther eta/. 

1992), and having access to works after carving and before painting as this 

represents a considerable change to tradition. This scheme needs to be preceded by 

Boracol200RH® trials to test the level of penetration of chemical into carving wood 

spec1es. 

1. Harvest of stems in accordance with cultural requirements, preferably recording 

and monitoring harvest information as above. 

2. When stems arrive at the Maningrida facility, the timber is sprayed, brushed, or 

soaked in Boracol200RH®. Natural levels of moisture within the timber may 
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even be enhanced by spraying with water and allowing for absorption (Vinter et 

al. 1992) in order to achieve deep penetration of chemical. Curing and then the 

supply of treated timber to artists for carving and painting would proceed as 

above. The aim of this scheme is to achieve levels of chemical deep enough 

within timber to still be protective after carving of external layers. In addition, 

early treatment reduces the likelihood of initial borer infestation during the 

cunng process. 

3. Monitoring should proceed as above. 
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Chapter4 

Conclusion 

Bombax ceiba is a significant species used in artefact production within the 

Maningrida region. To maintain industry growth and ensure conservation oflocal B. 

ceiba populations, it is important to assess the sustainability of current harvest 

practices, and control infestations of wood borer currently causing lost production. 

The second chapter describes the regional density and distribution of B. ceiba and 

the relationship of environmental influences. Harvested and unharvested stands were 

compared and availability on a community basis assessed. B. ceiba tend to be 

distributed in the ecotones of reasonably tall, shaded, dense, dry coastal and 

floodplain vine-thickets. Smaller coastal vine-thicket patches have a larger relative 

proportion compared to larger patches of ecotone, and therefore a higher B. ceiba 

density. Fire, moisture, indigenous management and other environmental variables 

appear to be significant in B. ceiba establishment within ecotones, and vine-thicket 

distribution. Harvesting of B. ceiba occurs within 10 km of outstations and 

availability on an outstation basis varies. Coastal and floodplain adult B. ceiba 

densities were 45.22 stems/ha and 37.5 stems/ha, respectively. Harvest intensity in 

patches surveyed varied from 11% to 60% of adult B. ceiba, suggesting variability in 

harvest impact among patches. When averaged, however, a current harvest of 1.7-

2.5% of adult B. ceiba stems within coastal and floodplain patches, together with a 
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proven high regenerative capacity (79.6%), suggests sustainability on a regional 

basis given the current demand. However, the rapid growth of the Arts and Craft 

industry within the Maningrida region indicates there will be increased B. ceiba 

utilisation in response to market demand, and a potential for further impact on a 

local patch level. 

A harvest model was not developed in this study due to lack of demographic data 

and data relating to the quantity of different woods used at MAC. In future, 

identification and documentation of carving species by MAC, together with more 

detailed demographic information, may facilitate the development of such a model. 

Suggested monitoring of populations of B. ceiba and other carving wood species 

would take the form of periodic surveys ofharvested and unharvested stands, in 

combination with analysis of MAC data records. 

Preliminary surveys estimate that Powderpost Beetle and Auger Beetle infested 24% 

of hardwood carvings at Maningrida Arts and Culture, representing considerable 

impact on the Arts and Craft industry. The diameter of B. ceiba wood carvings is 

reflected in the 10-19.9 em size class most harvested from coastal and floodplain 

stands. Aboriginal language names for carving timber species were documented to 

provide records of species used in artefact production, and species susceptibility. 

Softwoods are used with unknown frequency and previous studies elsewhere 

indicate that softwoods are likely to be wood borer resistant. Wood borer infestation 

could be managed by using resistant tree species for carvings, or by use of chemical 

compounds in a manor appropriate to the personal and cultural needs of indigenous 

artists. 
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Ongoing regional sustainable harvesting practices and monitoring oflocal B. ceiba 

populations, in combination with effective wood carving pest control will ensure 

future growth and the ongoing success of the Aboriginal Arts and Craft industry 

within the Maningrida region. 
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