
  

   

 

School of Science and Primary Industries 

 

 

 

 

Using Indigenous and scientific knowledge in wildlife 

harvest management: mangrove clams harvest in a 

remote Indigenous community   

 

 

By 

Johanna Maree Karam 

Bachelor of Science (Zoology) 

 

 

Submitted as partial fulfilment of the requirements for a  
Master of Tropical Environmental Management  

Charles Darwin University 

Date of submission: 21st of May 2004 

 



  

   

 

Statement of Authorship 

I declare that this thesis is my own work and has not been submitted in any form for 

any other degree of diploma at any university or other institute of tertiary education. 

Information derived from the published and unpublished work of others has been 

acknowledged I the text and list of references. 

 

  Johanna Karam 

 



  

 i  

 

Table of Contents 

List of Tables .............................................................................................................. iii 

List of Figures ............................................................................................................. iv 

List of Abbreviations .................................................................................................. vi 

Acknowledgements ................................................................................................... vii 

Abstract ..................................................................................................................... viii 

1 Introduction ............................................................................................................. 1 

1.1 Subsistence Harvest ........................................................................................ 1 

1.2 Commercial Exploitation of Subsistence Species ............................................. 2 

1.3 Indigenous Ecological Knowledge .................................................................... 4 

1.4 Maningrida ....................................................................................................... 6 

1.5 Mangrove Clams .............................................................................................. 6 

1.6 Aims and Scope of this Project ........................................................................ 7 

2 Methodology ............................................................................................................ 9 

2.1 Study Area ....................................................................................................... 9 

2.2 Indigenous Ecological Knowledge and local perceptions of possible 
commercial exploitation .................................................................................. 10 

2.3 Subsistence Harvest ...................................................................................... 11 
2.3.1 Recent catch-per-unit-effort data ........................................................ 11 
2.3.2 Size class frequency ........................................................................... 12 
2.3.3 Historic catch-per-unit-effort data ....................................................... 13 

2.4 Mangrove Clam Distribution, Density and Growth Rates ................................ 13 
2.4.1 Clam density and distribution .............................................................. 13 
2.4.2 Growth rates ....................................................................................... 14 
2.4.3 Growth analysis and age estimations ................................................. 15 
2.4.4 Growth model selection ...................................................................... 16 

3 Results ................................................................................................................... 18 

3.1 Indigenous Ecological Knowledge and Local Perceptions of Possible 
Commercial Exploitation ................................................................................ 18 
3.1.1 Local significance of mangrove clams ................................................ 18 
3.1.2 Mangrove clam collection ................................................................... 20 
3.1.3 Consumption ...................................................................................... 21 
3.1.4 Medicinal use ...................................................................................... 22 
3.1.5 Biological knowledge of mangrove clams ........................................... 22 
3.1.6 Natural mortality ................................................................................. 24 
3.1.7 Customary harvest management ........................................................ 25 
3.1.8 Timing of customary harvest ............................................................... 26 
3.1.9 Clam size selection ............................................................................. 26 
3.1.10 Community perceptions of commercial harvest .................................. 27 

3.2 Subsistence Harvest ...................................................................................... 28 
3.2.1 Size class frequency ........................................................................... 30 

3.3 Mangrove Clam Distribution, Abundance and Growth Rates.......................... 32 
3.3.1 Clam density and distribution .............................................................. 32 



  

 ii  

 

3.3.2 Growth model selection ...................................................................... 33 

4 Discussion ............................................................................................................. 35 

4.1 Indigenous Ecological Knowledge of Mangrove Clams and Local 
Perceptions of Possible Commercial Exploitation........................................... 35 
4.1.1 Local significance and use of mangrove clams ................................... 35 
4.1.2 Biological knowledge of mangrove clams ........................................... 35 
4.1.3 Indigenous management of mangrove clams ..................................... 36 

4.2 Subsistence Harvest Rates as an Index of Relative Abundance .................... 37 

4.3 Mangrove Clam Distribution, Abundance and Growth Rates.......................... 38 
4.3.1 Size frequency distribution .................................................................. 38 
4.3.2 Clam density and distribution .............................................................. 39 
4.3.3 Growth rates and age at maturity ........................................................ 39 

4.4 Commercial Exploitation of Subsistence Species ........................................... 40 
4.4.1 Subsistence versus commerce ........................................................... 40 

4.5 The Importance of Indigenous Ecological Knowledge .................................... 42 
4.5.1 Co-management for effective resource management ......................... 43 

4.6 Limitations and Constraints ............................................................................ 44 
4.6.1 Collection and use of Indigenous Ecological Knowledge .................... 44 
4.6.2 Distribution, abundance and growth rates ........................................... 44 

4.7 Recommendations ......................................................................................... 45 
4.7.1 Commercial harvest and sale of mangrove clams .............................. 46 

4.8 Conclusions ................................................................................................... 47 

References ................................................................................................................. 48 



  

 iii  

 

List of Tables 

 

Table 1: Location and timing of mangrove clam density surveys in the Maningrida 

region between 2000 and 2002.  Final column indicates the number of 

25 m
2
 quadrats surveyed at each site. ......................................................... 14 

Table 2: Linear, power and exponential growth models (GR = growth rate, L = 

mean length, a & b are growth coefficients) to be fitted to growth data 

and the rearranged versions to calculate Length at any given time (L) 

as a function of age. .................................................................................... 16 

Table 3: Summary of Polymesoda erosa collection for 11 separate mangrove 

clam harvesting trips from various locations throughout the Maningrida 

region during 2001 and 2002. ...................................................................... 29 

Table 4: Summary of Polymesoda erosa collection for three clam harvesting trips 

on 4 August 1972 at Anadjamilpa by two Anbarra women (Modified 

from Meehan, 1982) .................................................................................... 29 

Table 5: Akaike Information Criterion, AICc (modified for small sample size) for 

Linear, Power, Exponential, Faben and Ricker Population models fitted 

to Polymesoda erosa shell-length growth data. ∆AICc shows the 

difference between the AICc for each model and the lowest AICc ................ 34 

 



  

 iv  

 

List of Figures 

 

Figure 1: Map of the study area, in Central Arnhem Land, Australia, including 

Maningrida and residential outstations referred to throughout the 

project. ......................................................................................................... 10 

Figure 2: Measurement of Polymesoda erosa shell length along maximal 

dimension using Vernier callipers. ............................................................... 12 

Figure 3: Bark painting of mangrove clams by Indigenous artist Michael 

Gadjarwala from Maningrida, 2004 (photo courtesy Maningrida Art & 

Culture) ........................................................................................................ 19 

Figure 4: Hand woven dilly bag used for collecting mangrove clams in Maningrida 

[Photo by T. Schultz] .................................................................................... 20 

Figure 5: Mangrove clams topped with fire materials in preparation for cooking at 

lunchtime camp outside mangrove area [Photo by T. Schultz] ..................... 21 

Figure 6: Mangrove clam collection amongst the pneumatophores of Avicennia 

marina at Maningrida, 2002 [Photo by Tim Schultz] ..................................... 24 

Figure 7: Bar graph of shell length size classes for clams collected near 

Marloborah Creek in November 2002. 'Harvest' data is for clams 

(n=153) collected for consumption by Indigenous people, while 

'Quadrats' refers to clams  (n=151) collected by thoroughly searching 

randomly selected quadrats. ........................................................................ 30 

Figure 8: Size frequency distributions comparing shell length of Polymesoda 

erosa harvested at Jin-Anga 2000-2002. Timing of July harvests are 

approximate based on estimated age of middens (n = the number of 

specimens measured). ................................................................................ 31 

Figure 9: Bar graph of mean length of mangrove clams harvested at several 

locations around the Maningrida region during 2001 and 2002. Error 

bars indicate one standard deviation. (Mil-Milalla, Kup=Kupanga, 

Ber=Berraja, Gon=Gonobola a Gowubini, Jin=Jin-Anga) ............................. 31 



  

 v  

 

Figure 10: Scatter plot of mean length of mangrove clam against annual growth 

rate for clams measured over two years at Kupanga. Line plots show 

Linear (A), Power (B) and Exponential (C) models fitted to growth data. ..... 33 

Figure 11: Power, Exponential and von Bertalanffy models of Polymesoda erosa 

shell length as a function of age for clams measured over two years at 

Kupanga. (Von Bertalanffy model parameters calculated using Ricker’s 

method, L∞=78.4603, K=0.1195) .................................................................. 34 



  

 vi 

List of Abbreviations 

AIATSIS Australian Institute for Aboriginal and Torres Strait Islander Studies 

ANOVA Analysis of variance 

BAC Bawinanga Aboriginal Corporation 

CDEP Community Development Employment Program 

CPUE Catch-per-unit-effort 

DBIRD Department of Business, Industry and Resource Development 

IEK Indigenous Ecological Knowledge 

KCTWM Key Centre for Tropical Wildlife Management, Charles Darwin University 

NLC Northern Land Council 

NT Northern Territory 

TEK Traditional Ecological Knowledge 

UN United Nations 

UNHCR United Nations High Commissioner for Human Rights 

 



  

 vii 

Acknowledgements 

The participation and support of Indigenous informants and Traditional Owners from 

Maningrida is greatly appreciated. The Djelk Rangers facilitated all aspects of the 

research at Maningrida and their contribution is warmly acknowledged. Thank you 

to Bawinanga Aboriginal Corporation for providing use of their facilities and 

equipment. The research was funded by the Australian Institute of Aboriginal and 

Torres Strait Islander Studies grant G2002/6700. Thank you to staff from the Key 

Centre for Tropical Wildlife Management whose contribution to the project was 

invaluable, specifically Tim Schultz for collecting the biological data and conducting 

the oral history interviews and Catherine Archer for transcribing the interviews. 

Thank you to my supervisor Tony Griffiths for his patience and guidance which was 

instrumental in bringing it all together. The research was conducted with permission 

of Charles Darwin University Human Ethics Committee under permit H02060. 

Thanks also to Reo for putting up with me throughout the process and Julia Schult 

for listening to the ranting and providing all those constructive comments. 



  

 viii 

Abstract 

Subsistence resource users often possess an extensive knowledge of their natural 

environment that has been developed over many generations. Throughout the 

world, there is increasing recognition of the value of combining this knowledge with 

scientific information to develop sustainable management strategies. This thesis 

documents Indigenous Ecological Knowledge and scientific information of the 

mangrove clam, Polymesoda erosa. This estuarine bivalve makes a substantial 

contribution to the subsistence economy of remote communities in central Arnhem 

Land, and may have potential for commercial exploitation. Oral history interviews 

with Indigenous people of the Maningrida region of central Arnhem Land were used 

to document and explore biological knowledge, customary management strategies 

and attitudes toward the possible commercial harvest of the species. This is 

combined with preliminary information on the harvest rates, density, distribution and 

growth rates of the mangrove clam in the Maningrida region. Results demonstrated 

that Indigenous Ecological Knowledge of mangrove clam biology and customary 

harvest of the species was reasonably widespread amongst Indigenous people at 

Maningrida. Mean harvest rate of mangrove clams was found to be 84.1 clams per 

person per hour (SE=11.1), which was substantially higher than the rate observed in 

1972. Interviewees expressed concern that a commercial harvest of the mangrove 

clam would threaten their subsistence use of the species, and that they may be 

excluded from receiving any benefits from sale of clams. The mangrove clam is 

locally abundant, with a mean density of 0.69 clams per m
2
 (SE=0.14). Its 

distribution is widespread throughout estuarine rivers and creeks in the Maningrida 

region. The size class frequency of harvested mangrove clams matched that of the 

available surface population indicating that harvest is non-selective, and most 

harvested clams were reproductively mature. Current subsistence harvest levels 

may be able to tolerate some additional harvest for commercial purposes but this 

should not be considered without further consultation with local people. The 

combination of Indigenous and scientific data allows a more holistic approach to 

harvest management. 
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1 Introduction 

1.1 Subsistence Harvest 

Subsistence harvest of wild species continues to be an important part of the 

livelihoods of many Indigenous peoples throughout the world (Alvard et al., 1997; 

Berman, 1998; Reinert & Winter, 2002). The United Nations High Commissioner for 

Human Rights recognises the rights of Indigenous peoples to continue their 

subsistence activities in Article 21 of the Draft Declaration on the Rights of 

Indigenous Peoples (UNHCR, 1994), which states: “Indigenous peoples have the 

right to maintain and develop their political, economic and social systems, to be 

secure in the enjoyment of their own means of subsistence and development, and 

to engage freely in all their traditional and other economic activities.”  

Subsistence harvest of wild plant and animal species comes in many forms, but is 

usually defined as the extraction of resources by Indigenous communities living a 

lifestyle that is at least partially ‘traditional’ for their personal and family use. The 

definition is sometimes expanded to include the sale or trade of surplus resources 

(Cerdeira & Ruffino, 2000). Throughout time, many subsistence activities have 

evolved to make use of improved technology and available resources (Berman, 

1998). Environmental and social changes such as increased human populations, 

increased poverty, wildlife habitat fragmentation and improvement of hunting 

technology may mean that previously sustainable subsistence activities impact 

negatively on populations, and threaten biodiversity (e.g. Alvard et al., 1997; Alvard, 

2000; Griffin & Griffin, 2000; Peres, 2001). Subsistence users may also be forced to 

compete with commercial activities for limited resources (Cerdeira & Ruffino, 2000).  

Hunting, gathering and fishing of native wildlife have customarily been an important 

part of the diet and cultural heritage of Indigenous Australians and remain so to this 

day (Meehan, 1982; Altman, 1987; Haigh & Coleman, 1995; Senate Rural and 

Regional Affairs and Transport References Committee, 1998). Subsistence food 

harvesting has a particularly high social and economic significance in the lives of 

Indigenous people in remote communities (Altman & Taylor, 1989).  However, there 

has been relatively little effort to rigorously quantify this significance (Altman et al., 

1996). In Australia, legislation allowing continued subsistence harvest of wildlife 

species is based on the concept that these are ‘traditional’ activities and should 

therefore be allowed to continue (Altman et al., 1996). In stark contrast to 



 Introduction 

Master of Tropical Environmental Management Johanna Karam 
 

 - 2 -  

commercial exploitation, customary use of wildlife has rarely been regulated or 

monitored by the state (Altman & Cochrane, 2003). 

Australian laws include provisions for Indigenous people to continue subsistence 

activities regardless of other Commonwealth, State or Territory regulations that may 

restrict or prohibit activities such as wildlife extraction. At the Federal government 

level, Section 211 of the Native Title Act 1993 (Commonwealth) allows holders of 

native title rights to continue hunting, fishing and cultural activities without the 

authorisation required by other laws to engage in those activities.  This waiver of 

authorisation is valid so long as activities are undertaken for satisfying personal, 

domestic or non-commercial communal needs. State and Territory legislation 

pertaining to Indigenous harvesting rights varies between jurisdictions. Consistent 

with Commonwealth law, the Territory Parks and Wildlife Conservation Act 1993 of 

the Northern Territory allows Indigenous people to harvest native animal and plant 

species from protected and non-protected areas of land and sea traditionally used 

for hunting, food-gathering or ceremonial reasons.  

There is one minor concession given to Indigenous people for small-scale sale of 

fisheries species. According to Section 183 of the Fisheries Act Regulations 1995 

(NT) coastal Aboriginal communities are allowed to obtain a special licence to fish, 

using amateur fishing gear, and to sell fish within specified areas for the benefit of 

their community. This does not however include managed species currently 

considered commercially valuable, that is barramundi, black jewfish, Spanish 

mackerel and mud crab. This also does not include any bivalve species as there is a 

total ban on all commercial harvest of intertidal molluscs in the Northern Territory. 

There are a limited number of commercial mollusc fisheries licenses available in the 

Northern Territory. According to Regulation 116 of the Northern Territory Fisheries 

Regulations, there are no licenses available for anyone to enter into a commercial 

mollusc fishery and licenses are non-transferable.  

1.2 Commercial Exploitation of Subsistence Species 

Whilst there is obvious support for allowing Indigenous peoples to continue to 

harvest wildlife for subsistence purposes, exploitation of the same wild species for 

financial gain causes ongoing debate. Commercial use can lead to overexploitation 

of species and threaten the subsistence livelihoods of communities who utilize these 

resources (Bowen-Jones et al., 2003). For example, prior to contact with 

Europeans, Torres Strait Islander people used fisheries populations as a 
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subsistence resource. Since European colonisation, fisheries species in the Torres 

Strait such as the trochus shell and bêche-de-mer have been seriously depleted 

through commercial exploitation and subsistence users must now exert greater 

harvesting effort to obtain adequate resources (Mulrennan, 2003). 

There are however, those who argue that placing a commercial value on wild 

species may actually provide incentive for the conservation of the target species 

and its habitat (e.g. Armstrong & Abbott, 1995; Bridgewater, 1995; Tisdell, 1995; 

Freese, 1998). It is argued that if resource owners can receive greater socio-

economic benefits from consumptive use of wild species than from more destructive 

land uses, they will be motivated to manage the species (Freese, 1998). 

Effectiveness of this relies on the premise that people who use and live in closest 

contact with wildlife will be in the best position to determine whether it is conserved 

or destroyed (Webb, 1995). 

In remote areas of northern Australia, Indigenous participation in the conventional 

labour force is extremely low and welfare dependency high (Altman, 2000). 

Indigenous people generally have lower incomes, higher dependence rates, greater 

rural and remote residence, and little inter-generational wealth transfer (Altman, 

2002). Much of the employment for people of remote communities has come in the 

form of mining and pastoralism but the locations where this is suitable are limited 

(Taylor, 2003). When looking at broad-scale improvement of the economic situation 

of Indigenous Australians it is important to identify and develop activities that are 

appropriate to specific areas.  

Commercial harvest and sale of subsistence species is increasingly presented as a 

suitable means for Indigenous Australian communities to access the market 

economy (Bomford & Caughley, 1996; Senate Rural and Regional Affairs and 

Transport References Committee, 1998; Davies et al., 1999; Whitehead, 2003). A 

report by the Federal Senate found that Aboriginal people generally ‘supported the 

concept of commercial utilisation of native wildlife and their involvement in it’ 

(Senate Rural and Regional Affairs and Transport References Committee, 1998). 

The Northern Territory Government has also recognised the potential for 

Indigenous people to commercialise the harvest of wildlife species through its 

‘Strategy for Conservation through the Sustainable Use of Wildlife in the Northern 

Territory of Australia’ (PWCNT, 1997). This strategy clearly states a key objective of 

ensuring that Indigenous people can continue traditional uses of wildlife whilst 

developing sustainable commercial uses.  
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Nevertheless, before recommending the commercialisation of any subsistence 

species, it is essential to understand the potential social and ecological impact this 

may have. Commercial exploitation of wildlife may provide an opportunity for 

generating income, but relatively few species are likely to be abundant and resilient 

enough to endure harvest rates that make the efforts economically viable (Davies et 

al., 1999). The economic viability of such an enterprise will depend on the resource 

in question and the socio-economic situation of the resource users (Bodmer & 

Lozano, 2001). In the past, many government initiatives for development in 

Aboriginal communities have failed as a consequence of poorly structured and 

inappropriate efforts, developed without sufficient input from target communities 

(Dale, 1996). Unsustainable resource use may result from projects that seek to 

create immediate increases in economic benefits from natural resource extraction 

without appropriate management (Bodmer & Lozano, 2001). 

1.3 Indigenous Ecological Knowledge 

Traditional users of a natural resource often have an in-depth understanding of the 

resource and its surrounding environment. In the literature, this knowledge is 

commonly referred to as Indigenous Ecological Knowledge (IEK) or Traditional 

Ecological Knowledge (TEK). Berkes et al. (2000) define these terms as ‘a 

cumulative body of knowledge, practice and belief, evolving by adaptive processes 

and handed down through generations by cultural transmission, about the 

relationship of living beings (including humans) with one another and with the 

environment.”  

Where Indigenous knowledge exists in a region it may be possible to gain valuable 

ecological information by speaking to traditional land owners and natural resource 

users (Hunn, 1993). Where there is little long-term ecological information regarding 

a particular species or ecosystem, people who have been living in close contact or 

using resources for a long time may provide the only source of information on 

historical changes in species abundance or environmental conditions (Johannes et 

al., 2000). Such knowledge may be particularly useful in developing appropriate 

management strategies for tropical areas because, compared to temperate regions, 

scientific research into tropical ecosystems is limited (Berkes, 1999). The wealth of 

information held by Indigenous people is threatened by socio-cultural and 

environmental factors and research efforts must be made to record this knowledge 

and realise its contribution to environmental management (Faulkner & Silvano, 

2003). 
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Indigenous Ecological Knowledge is similar to western science in that is based on 

an accumulation of observations (Berkes et al., 2000). However, these observations 

may extend over a far greater period of time and have generally been recorded 

within culture and tradition rather than in written form (Berkes et al., 2000). IEK may 

provide useful behavioural, seasonal and ecological information as well as 

information about the names of particular species, utilitarian and ceremonial uses 

and creation stories (Horstman & Wightman, 2001). It may also provide the basis 

for flexible locally valid models for sustainability (Turner et al., 2000) as knowledge 

is tested daily and yearly through feedback from direct harvest success or failure 

(Freese, 1998). This has been particularly well-documented for fishers throughout 

the world (e.g. Johannes, 1981; Berkes, 1999; Foale, 1999; Johannes et al., 2000; 

Kalikoski & Vasconcellos, 2003). 

Historically, IEK has not been seriously considered in environmental management 

because of low expectations about the value of this knowledge from scientists and 

decision makers (Kalikoski & Vasconcellos, 2003). Information gathering through 

personal interviews can also be very time consuming and therefore expensive 

(Calheiros et al., 2000). However, in recent years there has been an increasing 

emphasis on incorporating Indigenous knowledge in official natural resource 

management policy (Pomeroy & Berkes, 1997; Horstman & Wightman, 2001). This 

is perhaps due to the belated recognition that Indigenous people from around the 

world have long been demonstrating sound environmental knowledge that has 

enabled them to utilise the natural resources of their local environment for 

thousands of years (Slim & Thomson, 1995).  

The spread of western economic values and practices has lead to the reduction of 

subsistence activities and disappearing traditional knowledge in many Indigenous 

cultures (Altman, 1987; Tsuiji, 1996; Turner et al., 2000; Anderson, 2001; Foale, 

2002). This reduction may result in a great loss of understanding of the natural 

world, understanding which could be of great value for conservation of biodiversity. 

Johannes et al. (2000) discuss several examples where ignoring the voices of 

traditional users of marine resources has lead to detrimental or inappropriate 

fisheries decisions and where traditional resource users have detected changes in 

resource abundance before western scientists.  

Indigenous Australians have evolved sustainable relationships with the land through 

knowledge systems that have developed through thousands of years of 

observation, experimentation and teaching (Horstman & Wightman, 2001). This 
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knowledge is entwined with customary law and within Indigenous culture there are 

many social and legal obligations in sharing and maintaining knowledge (Horstman 

& Wightman, 2001). The traditional knowledge of Indigenous people in Australia is 

complex and may have positive benefits for the conservation ideals of dominant 

Australian society (White & Meehan, 1993). 

1.4 Maningrida 

The township of Maningrida was established in north-central Arnhem Land during 

the 1950’s as a service centre for the surrounding region (Hall, 2002). Average 

income in the region is low and there are only a few very small private enterprises 

based on the sale of cultural products (Altman & Johnson, 2000). Traditional land 

owners have expressed a strong desire to protect the local environment (Hall, 2002) 

and the community has a strong land management program that runs both 

commercial and public activities (Altman & Taylor, 1989; Bawinanga Aboriginal 

Corporation, 2001).  

Subsistence hunting and gathering continue to play an essential role in the lives of 

the Indigenous people of Arnhem Land (Meehan, 1982; Altman, 1987) and 

knowledge of the local environment and its resources has long provided a 

satisfactory diet for Indigenous people of the region (White & Meehan, 1993).  

Maningrida and its surrounding outstations are very remote and these small 

communities may be completely isolated for several months at a time during the wet 

season. The cost of obtaining market goods is therefore extremely high putting 

added importance on subsistence hunting and gathering as part of the local 

economy (Hall, 2002). 

1.5 Mangrove Clams 

The mangrove clam, Polymesoda erosa is a large dioecious bivalve species 

typically found in the landward fringe of mangroves. It is a prominent bivalve in 

mangroves throughout southeast Asia (Morton, 1975) and a valuable food source 

throughout that region (R. Gimin, J Luong-Van, Charles Darwin University, 2003, 

pers. comm.). Other species of Polymesoda such as P. solida and P. caroliniana 

have been studied extensively (de Severyn et al., 1994; Walker & Heffernan, 1994; 

Rueda & Urban, 1998) because of their high economic value around the world. 

Polymesoda erosa is also found in the mangrove areas of Queensland and the 

Northern Territory (Meehan, 1982) and in central Arnhem Land, they are commonly 

found in exposed tidal areas of mangrove species such as Avicennia marina 
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(Meehan, 1982). Mangrove clams are able to survive extended periods of exposure 

and inundation by freshwater during the wet season (Morton, 1975).  

Customary management and use of the mangrove clam in the Maningrida region 

provides a good example for demonstrating Indigenous Ecological Knowledge of a 

wildlife species used for subsistence and exploring ways that IEK and western 

science can be used together to develop effective management strategies. The 

mangrove clam, or mud mussel as it is also known, has been chosen as a case 

study for the following reasons. Firstly, the species has long been an important part 

of the subsistence diet in central Arnhem Land and information collected in the early 

1970’s shows that Indigenous people have long exploited this species and clams 

continue to be locally abundant (Meehan, 1977; 1982; 1983). Secondly, the 

mangrove clam’s popularity as a fisheries species in South-east Asia suggests that 

it may have a potential market for commercial harvest and sale.  

Initially, the Key Centre for Tropical Wildlife Management (KCTWM) at Charles 

Darwin University established a project to collect information to describe the 

subsistence harvest of P. erosa by Indigenous people in the remote community of 

Maningrida, Central Arnhem Land, and commence a preliminary assessment of the 

feasibility of commercial harvest. This included some assessment of community 

support for such an enterprise and whether or not it would be biologically viable. As 

the species is frequently harvested for subsistence, it offers an opportunity to 

consider the interaction of subsistence and commercial harvests. 

1.6 Aims and Scope of this Project 

This thesis synthesises information collected by the Key Centre for Tropical Wildlife 

Management between 2001 and 2004 and explores ways in which Indigenous 

Ecological Knowledge can be used in conjunction with western science to develop 

appropriate environmental management strategies. Specific aims for achieving this 

are as follows: 

1. To document Indigenous Ecological Knowledge of mangrove clam biology 

and harvest practice, and perceptions of possible commercial exploitation of 

mangrove clams from interviews with local community members  

2. To describe current and historic subsistence harvest rates of mangrove 

clams using standard scientific methods and consider implications for 

monitoring populations.  
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3. Conduct a preliminary investigation of mangrove clam growth rates, 

distribution and density to contribute to future assessment of sustainability of 

mangrove clam harvest. 
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2 Methodology  

The study design and data collection were conducted by staff from the Key Centre 

for Tropical Wildlife Management, Charles Darwin University and Djelk Rangers of 

the Bawinanga Aboriginal Corporation (BAC) between 2000 and 2004. My task was 

to compile and analyse raw data from interviews and scientific research and 

synthesise them into this thesis. 

2.1 Study Area 

The study was conducted in the Maningrida region (12° 04’ S and 134° 13’ E) in 

central Arnhem Land.  Maningrida is a relatively large Aboriginal community 

approximately 500 km east of Darwin, situated on the north coast of the Northern 

Territory, Australia. It has approximately 1630 residents and an additional 480 

people living in the surrounding outstations which are serviced by Maningrida 

(Australian Bureau of Statistics, 2004). 

This region has a tropical monsoonal climate with a distinct wet season from 

December to April and a dry season from May to November. Mean average 

temperatures in the dry season are 17-30°C and 25-33°C in the wet season. 

Maningrida has an average annual rainfall of 1267 mm/year, 92% of which falls in 

the wet season (Bureau of Meteorology, 2004). 

Central Arnhem Land is dominated by extensive wetland systems and lowland 

plains dominated by open eucalyptus woodlands and forests (Griffiths et al., 2000). 

This study was conducted on the intertidal coastal flats at the mouths of the 

Liverpool, Tomkinson, Blyth and Cadell Rivers (Figure 1) within the 51.40 km
2
 of 

mangrove forest dominated by Brugiera exaristata, Avicennia marina, Ceriops 

australis, Lumnitzera racemosa and Aegialitis annulata (Griffiths et al., 2000).  
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Figure 1: Map of the study area, in Central Arnhem Land, Australia, including 
Maningrida and residential outstations referred to throughout the project. 

 

2.2 Indigenous Ecological Knowledge and local perceptions of 

possible commercial exploitation 

In late 2001, staff from the Key Centre for Tropical Wildlife Management (KCTWM) 

consulted with Traditional Owners from the Maningrida region and the Bawinanga 

Aboriginal Corporation (BAC) to discuss the aims and methods of the oral history 

interviews. At this time, community members associated with areas commonly used 

for clam harvesting were invited to participate in the project.  

During November 2002, interviews with 18 Indigenous people were conducted 

individually and in groups by KCTWM staff and Djelk Rangers. Prior to interviews, 

the purpose and format of the project were explained to interviewees and each 

person asked to sign informed consent forms. Interviews were conducted with 

representatives from the main regional language groups of Njébbana, Kuninjku, 

Gurrgoni (those living in the region surrounding the mouth of the 

Tomkinson/Liverpool River) and Burarra (from the Blyth River region). Wherever 

possible, an interpreter from the language group of the interviewees accompanied 
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researchers to explain questions and interpret responses. Informants included men 

and women from the following five outstations, Jibenna, Kupanga Yilan, 

Markolidban and Barrihdjowkkeng, as well as some from the area known as ‘Top 

Camp’ in the town of Maningrida. Additional information regarding the spiritual 

significance of the mangrove clam was obtained in 2004 from a follow-up interview 

with a resident of Gamardi outstation. 

The interviews explored Indigenous people’s knowledge of the mangrove clam 

Polymesoda erosa and their perceptions of a potential commercial harvest of the 

species. Interviews were structured on a set of questions relating to the following 

broad topics: 

1. Local names and cultural significance.  

2. Collection and consumption of the mangrove clam. 

3. Biological knowledge. 

4. Subsistence management. 

5. Perceptions towards commercial harvest of mangrove clams and 

management implications. 

 

Interviews were conducted either at outstations or during clam harvesting trips 

and recorded using a mini-disc recorder with microphone. Recorded interviews 

were transcribed by KCTWM staff and additional trips were made to Maningrida in 

October 2003 and May 2004 to verify some of the results of the oral history 

interviews and to obtain additional translations for some of the original interviews. 

This part of the thesis presents these views in a descriptive manner, summarising 

current Indigenous management techniques, harvest practice, ecological 

knowledge and local attitudes relating to potential commercial exploitation of the 

clams. Additional information has been gained through informal discussions with 

Maningrida residents and personal observations recorded by the KCTWM 

researchers.  

2.3 Subsistence Harvest   

2.3.1 Recent catch-per-unit-effort data  

During 2001 and 2002, KCTWM staff and Djelk rangers accompanied Indigenous 

people on clam harvesting trips to mangrove areas at Kupanga, Milalla, Jin-Anga, 

Gonobola a Gowubini and Marloborah Creek. The number of people collecting, the 

length of time spent collecting and the number of clams harvested were recorded. 
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This data were then used to calculate catch-per-unit-effort (CPUE) (Milner-Gulland 

& Mace, 1998; Valentinsson et al., 1999), expressed as the number of clams 

collected per person per hour. 

2.3.2 Size class frequency 

In November 2002, mangrove clams harvested by Indigenous people at Marloborah 

Creek were measured to the nearest millimetre along the maximal length using 

Vernier callipers (Figure 2). Four randomly selected 25 m
2
 quadrats in an adjacent 

location were thoroughly searched for surface mangrove clams and the shell 

lengths of all individuals were measured. Clam lengths were classified into 5 mm 

size classes and proportions of size classes were plotted to compare size-frequency 

distributions of harvested clams with those found in randomly selected quadrats.  

 

 

Figure 2: Measurement of Polymesoda erosa shell length along 
maximal dimension using Vernier callipers. 

 

Size distributions of harvested and randomly selected clams were also compared 

using a Kolmogorov-Smirnov test and these were then compared to a normal 

distribution with Chi-squared tests. All analysis was conducted using S-Plus - 

Version 6.1 (2002 Insightful Corp.) software. 

Discarded clam shells in middens at Jin-Anga were also measured and approximate 

harvest dates estimated as July 2000, 2001 and 2002. Measurement of clam 

lengths from middens in Jin-Anga allowed comparison of size frequency 

distributions of clams eaten on site with size of all clams harvested. 
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Harvested mangrove clams from Kupanga and Berraja during September 2001 and 

at Marloborah Creek and Jin-Anga during November 2002 were measured to allow 

comparison of size frequency distributions of harvested clams between sites.  

2.3.3 Historic catch-per-unit-effort data 

During 1972-1973, the anthropologist Betty Meehan spent 12 months with the 

Aboriginal people in the Blyth River region and recorded the harvest and economic 

importance of shellfish, including Polymesoda erosa, in the subsistence economy of 

the Anbarra people in central Arnhem Land (Meehan, 1982). As part of this study, 

Meehan recorded the number of clams collected on a particular day by two 

individual harvesters and CPUE was calculated from this data. It should be noted 

that Meehan (1982) incorrectly refers to Polymesoda erosa as Batissa violacea (T. 

Griffiths, Charles Darwin University, 2003 pers comm.). 

2.4 Mangrove Clam Distribution, Density and Growth Rates  

2.4.1 Clam density and distribution 

Mangrove clam density was estimated by collecting all surface clams from 24 

quadrats of 25 m
2
 between August 2000 and November 2002. Quadrats were 

selected randomly within areas where mangrove clam were present at 11 Mile, 

Kupanga-Anadjambilpa, Marloborah Creek and Berraja. Five quadrats where there 

was evidence of a recent harvest were excluded from density estimations, as (i.e. 

holes of recently removed clams). The number of quadrats varied between sites 

because data collection was opportunistic depending on available time (Table 1).  
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Table 1: Location and timing of mangrove clam density surveys in the Maningrida region between 
2000 and 2002.  Final column indicates the number of 25 m

2
 quadrats surveyed at each site.  

Site Survey Date Latitude Longitude 
No. of 

Quadrats 

1. 11 mile 07/08/00 -12.202 134.249 3 

2. Kupanga-Anadjambilpa  27/09/00 -12.094 134.566 3 

3. Marloborah Creek (site 1) 06/02/01 -12.201 134.192 1 

4. Marloborah Creek (site 2)  01/06/01 -12.198 134.187 1 

5. Marloborah Creek (site 3) 24/07/01 -12.198 134.186 6 

6. Berraja 17/09/01 -12.083 134.460 2 

7. Marloborah Creek (site 4) 18/11/02 -12.198 134.187 3 

 

Occurrence of P. erosa was determined by intermittently recording presence-

absence of the species along random line transects, which were traversed by foot in 

the mangrove vegetation throughout the study area. Five transects totalling 5 km 

were conducted. The occurrence of mangroves clams was calculated by counting 

the number of randomly chosen sites with mangrove clams present and those 

where they were absent. The probability of occurrence was combined with the 

density estimate of mangrove clams to provide a very preliminary population 

estimate for mangrove clams throughout the suitable habitat of intertidal mangrove 

areas of the Maningrida region.  

2.4.2 Growth rates  

Growth rates of mangrove clams were determined using shell length measured as 

above. A thorough search for all mangrove clams within two randomly selected 4 m
2
 

quadrats at Kupanga was conducted in September 2000 and initial lengths of all 

surface clams were measured to the nearest millimetre. Shell length was chosen as 

the index of size as it is easily measured in the field and measurement does not 

harm the specimen. Dimensions of living tissue inside the shell are harder to 

measure and the mass of clam flesh will fluctuate seasonally as spawning events 

occur or as food availability varies (Rueda & Urban, 1998). 

Specimens were cleaned and fitted with a shellfish tag (Hallprint, Adelaide Australia) 

using ‘superglue’. The glue was allowed to dry for 90 minutes and all clams were 
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then returned to their burrows. Clams in a second quadrat were marked with a flag 

(wire and flagging tape). Individual clams were re-measured after 12 months, in 

September 2001. At this time, several more individuals were found in both quadrats 

and these were measured and tagged or flagged. Final measurements were made 

in November 2002 and mean annual growth rates were calculated. Where individual 

clams were measured on more than two occasions, annual growth rates were 

calculated using only the first and last measurements. Intermediate measurements 

were excluded from the analysis. It was assumed that marking had no effect on 

clam growth.  

2.4.3 Growth analysis and age estimations 

Growth of bivalve species vary with differing endogenous and exogenous factors 

(Rueda & Urban, 1998). It is therefore prudent to compare a variety of growth 

models rather than adopting a standardised form such as standard linear or non-

linear models including power and exponential models (Nash, 1992). The von 

Bertalanffy growth function has dominated fisheries literature and is often used to 

describe bivalve growth where the age and length of specimens are known (Morton, 

1988; Anthony et al., 2001; Sejr et al., 2002; Gosling, 2003; Maroñas et al., 2003).  

The von Bertalanffy equation is expressed as: 

Lt = L∞(1-e            ) 

 Lt represents the length of the clam at time t (age); L∞ is asymptotic length and 

represents the theoretical maximum length of the organism at an infinite age. K is 

Brody’s growth constant and depicts the rate at which the organism’s size 

approaches L∞, and the t0 is the theoretical time where Lt = 0, which positions the 

growth curve horizontally. As there is no known age-length relationship we must 

assume that t0=0 as explained in Smith et al. (1997).  

In the absence of information of shell length at any given age, the parameters L∞ 

and K for the von Bertalanffy growth equation can be calculated using either the 

Ricker or Faben models as described by Smith et al. (1997). These models use 

mark and recapture measurements to allow the calculation of von Bertalanffy 

parameters without needing to know the specific age of individual specimens.  

-K(t - t0 ) 
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Ricker’s method for estimating von Bertalanffy growth parameters uses the 

following equation (Smith et al., 1997): 

∆L = k(L∞-Lt) 

Here k is the estimated slope (K) multiplied by -1 and L∞ is the intercept/slope 

multiplied by –1. This model assumes that measurements were made at fixed 

intervals. This is not the case for our data therefore change in length, ∆L, has been 

replaced with GR (annual growth rate), as the mean change in length over a period 

of one year.  

Faben’s 1965 non-linear regression for calculating the growth parameters as 

described in Tarbath (1999) and Smith et al. (1997) is as follows:  

∆L = (L∞ - Lt) x (1 – e-K∆t) 

∆L is the change in length, Lt is final length and ∆t is the length of time between 

measurements for the individual clam. 

For comparison with standardised mathematical models, mean annual growth rate 

of individual clams were plotted against mean length and linear, power and 

exponential models were fitted to these points.  These equations were then 

rearranged to give ‘age’ as a function of shell length as described in Caley (2002).  

Table 2: Linear, power and exponential growth models (GR = growth rate, L = mean length, a & b are 
growth coefficients) to be fitted to growth data and the rearranged versions to calculate Length at any 
given time (L) as a function of age. 

 Growth rate as a function 

of length 

Rearranged model to show length 

as a function of age 

Linear model GR = a.L + b L = a/b x e
b.age

 - 1 

Power model GR = a.L
b
 L = [(1-b) x a x age]

1/(1-b) 

Exponential model GR = a.e
-bL

 L = 1/b x log(a.b.age +1) 

 

2.4.4 Growth model selection 

Akaike’s Information Criterion corrected for sample size (AICc) were calculated for 

von Bertalanffy models using parameters from the Ricker and Faben equations, and 

for the power, linear and exponential models (Burnham & Anderson, 2002). AIC 

differences (∆AIC) were then calculated to determine which model(s) best fits the 
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data. Akaike weights were then calculated to compare the weight of evidence in 

favour of each model being the actual best model for the given situation (Burnham 

& Anderson, 2002). The power and exponential models were found to best fit the 

available data so these equations were used to model shell length as a function of 

age. Due to its popularity for plotting bivalve length against age, the von Bertalanffy 

model was plotted on the same axes. This allowed comparison of age-length 

relationships for the equations which apparently best fit the data and the 

conventional model often used to represent bivalve growth.  
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3 Results 

3.1 Indigenous Ecological Knowledge and Local Perceptions of 

Possible Commercial Exploitation 

Note: Where a direct quote is given, interviewees have referred to mangrove clams 

as ‘mud mussels’. Both terms refer to the species Polymesoda erosa.   

3.1.1 Local significance of mangrove clams 

The different language groups included in this study had different names for the 

mangrove clam, Polymesoda erosa. Local names were as follows: 

- Njamánja (Njébbana language) 

- Andiwirri (Gurrgoni language) 

- Anbambala (Burarra language) 

- Ngakbargan (Kuninjku language) 

 

The people, land and significant elements of the landscape in Arnhem Land are 

divided into two patrilineal moieties, Dhuwa and Yirritja (Davis, 1988). The 

mangrove clam is a clan totem for some Indigenous people and figures significantly 

in the Dreaming and Creation stories. An example of this is the representation of 

the mangrove clam in a bark painting by Micheal Gadjarwala from Garmadi 

outstation on the Blyth River, which was commissioned for this project (Figure 3). 

The mussels are depicted in the painting by circular designs, surrounded by the 

mud in which they are found. The mangrove clam belongs to the Yirritja moiety and 

the skin group or sub-section Bangardi, the same group as the artist who painted 

this piece. 

Discussions with the artist’s wife (Margaret Rainbuma) at Gamardi outstation after 

the painting was completed provided information on the “outside” or public 

mangrove clam Creation story. The following is a summarised version of the story. 

An ancestral being called “Goromleh” or “Gudarmula” found two mangrove clams in 

the mud whilst hunting at two locations possibly at Nganadauda Creek and 

‘Walkatjapan’ close to Milingimbi. He picked up the clams and smashed them 

together, shattering them into thousands of pieces. The pieces of shell were spread 

across the landscape and each fragment turned into a new mangrove clam, leading 

to the occurrence of mangrove clams throughout the region.  
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Figure 3: Bark painting of mangrove clams by Indigenous artist Michael 
Gadjarwala from Maningrida, 2004 (photo courtesy Maningrida Art & Culture) 

 

This information derived from the bark painting conflicted with other informants.  

When asked whether mangrove clams belong to either of the moieties, some 

informants said that small clams were Dhuwa moiety and the large ones Yirritja. It 

was also suggested that individual clams were separated into different moieties 

based on whether they were male or female, whilst other informants suggested that 

mangrove clams belong to the same moiety as the clan estate of the land on which 

they were found. From these interviews, it was unclear if differentiation of mangrove 

clam moiety varies between groups or if those interviewed were actually unsure of 



 Results 

Master of Tropical Environmental Management Johanna Karam 
 

 - 20 -  

the mangrove clam’s position in the system of moieties. Some answers about 

moiety and the clam’s spiritual significance were given in the Burarra language but 

interpreters were unwilling to translate because they were unfamiliar with the stories 

and said that it was therefore inappropriate for them to translate.  

3.1.2 Mangrove clam collection  

Interviewees told stories of mangrove clams being collected in ‘old times’ before 

Europeans came to Australia, suggesting that mangrove clams have long been a 

part of the diet of people in the Maningrida region.  

In the contemporary harvest of mangrove clams, harvesters will usually access 

known collection sites by motor vehicle and/or motorboat. Collection has changed 

little since European contact except for increased access to sites because of the 

introduction of vehicles and the use of buckets to carry clams in addition to 

traditional hand-made dilly bags (Figure 4). Collection involves small groups of 

people walking through the mangrove forests with buckets, billycans or dilly bags. 

Clams are dug out of the mud using a hand or stick. It is preferable to conduct this 

when the tide is low as water covering the mangrove forest floor inhibits visibility. 

 

 

Figure 4: Hand woven dilly bag used for collecting mangrove clams in 
Maningrida [Photo by T. Schultz] 
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3.1.3 Consumption 

Harvested mangrove clams are most often cooked on fires and eaten just outside 

the mangrove areas where the clams were collected. The shells of the clams are 

first cleaned of mud and then lined up in tight rows on the ground. Burning materials 

for a fire are then placed on top for cooking (Figure 5). Interviewees from the Blyth 

River region explained that they cook mangrove clams with the hinge facing 

upwards so that the liquid can drain out. Conversely, people from the Tomkinson 

River region cooked theirs with hinges facing downwards so that liquid is retained. 

Mangrove clam flesh is then eaten directly from the shells. Entire clams, either raw 

or cooked, may be taken home or sometimes just the flesh. If the flesh is removed, 

it is usually eaten within two or three days or can be dried in the sun and preserved 

for longer. Interviewees explained that fresh clams taken home in the shell could be 

kept for up to two weeks before being eaten. Those interviewed also explained that 

if they are not patient enough to cook the clams under a fire they will eat them raw 

or cook them in a billycan.  

 

 

Figure 5: Mangrove clams topped with fire materials in preparation for 
cooking at lunchtime camp outside mangrove area [Photo by T. Schultz] 
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3.1.4 Medicinal use 

Most people interviewed did not know of any medicinal use for Polymesoda erosa. 

However, one interview with a group or Burarra people revealed that when a doctor 

is not able to cure stomach pains, Indigenous people drink the juice from inside 

cooked clams as an alternative treatment.  

“You drink the juice from the mud mussel to fix your stomach when the 

doctor can’t help you, and he [the mangrove clam] can help too. I was 

trying lot of times and its good.” [D-, Jibenna man] 

This observation was supported by a resident of Garmadi outstation who stated that 

“anbambala” were good food for ‘old people’ and made them feel better if they were 

feeling unwell. The ailment referred too was not specified. 

Another person said that children may get a headache from eating too many clams. 

Mangrove clams were also referred to as a treatment for headaches, influenza and 

to induce diarrhoea (cure for constipation). Mangrove clams are used as bait for 

catching catfish and the shells of bivalves may be used as a knife for ‘cutting during 

childbirth’, though Polymesoda erosa may not be the preferred species for this.  

3.1.5 Biological knowledge of mangrove clams 

Indigenous people were able to describe the differences between male and female 

clams. A number of interviewees concurred that individuals with black coloured flesh 

(gonads) were female, whilst the males had white coloured flesh (gonads). Again, 

there was some confusion among a number of the other interviewees regarding 

identifying different sexes. Some said that clams with white tissue were male and 

those with darker tissue were female. Other individuals expressed confusion about 

differentiating male and female clams. From some answers, it was unclear if people 

were determining gender by the colour of the flesh of the clams or the shells. 

Interviewees also reported seeing small yellow eggs in some of the clams when 

they are cooked.  

Almost all people interviewed explained that mangrove clams breed during the wet 

season and ‘big mobs’ of clams could be seen at this time. Breeding season was 

recognised by a white substance in the water, which was believed to come from 

male and female clams ‘spitting’ in the water. Interviewees described a process 

whereby the ‘spit’ from males and females combine and baby clams are produced. 

In a separate interview at Gonobola a Gowubini, L- spoke about this ‘spit’ going into 
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disused crab or clam holes and growing a shell before emerging as an adult. 

Mangrove clams apparently taste different during the breeding season and are not 

collected during this time. The breeding period for clams coincides with the breeding 

times of crocodiles.  

The seasonal pattern for harvesting mangrove clams was closely linked to the 

interviewees biological knowledge of the clam. B- from Markolidban outstation 

explained that clams are not collected during the wet season because they are 

breeding at that time: 

“The best season is yegge [dry season], because this season [wet 

season] their maybe little egg inside, baby ones, take 3 [or] 4 years to 

grow up” 

Preferred mangrove clam habitat was described as the ‘dry’ area of the mangroves, 

high on the shore where they are often out of the water. Interviewees associated the 

presence of Avicennia marina mangrove trees and aerial roots with mangrove clam 

abundance (Figure 6). J-, a Burarra speaking woman explained that knowledge of 

mangrove clam habitat has been passed on from previous generations: 

 “Old people know this site from olden times. They showed us where to 

collect anbambala (mangrove clams). The trees show us where is a good 

area for anbambala. The bumbulba [pneumatophores] make big mob 

anbambala.” 

One interviewee believed that mangrove clams need to be in cool water to survive 

and that sometimes they can be found on the surface because they try to relocate if 

the current location is ‘too warm’ for them. It was proposed by a man from Jibenna 

outstation that clams move about on the surface of the mud during extremely high 

tides, or during water inundation in the wet season, and then burrow into the mud 

when they locate a suitable place to stay for the dry season. Other questions 

revealed that some believe that mangrove clams are lifted out of their holes during 

large high tides and that this may then be used as an opportunity to move across 

the surface of the mud to find a more suitable location in soft mud. Some reported 

that empty clam shells can be found on the surface if mobile clams had not found a 

suitable medium to dig into.  
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Figure 6: Mangrove clam collection amongst the pneumatophores of Avicennia marina at 
Maningrida, 2002 [Photo by Tim Schultz] 

 

Researchers found juvenile clams beneath the surface of the mud but Indigenous 

people interviewed knew little or nothing about these. When asked about juvenile 

mangrove clams found beneath the surface, most interviewees were unaware of 

these and some suggested that these were not Polymesoda erosa but a different 

species.  

3.1.6 Natural mortality 

Two main animal species were identified as predators of the mangrove clams. 

These were wild pigs (Sus scrofa) and ‘gonobola’ (agile wallaby, Macropus agilis). 

One interviewee had witnessed a wallaby holding a clam in each front paw and 

smashing them together to remove and eat the meat. Others had also heard of 

wallabies eating clams but had not witnessed it themselves. There was also 

mention of snails in the mangroves eating clams. Another interviewee said that 

‘Yirrpadj’ (Kuninjku name for the water rat, Hydromys chysogater) also preys on 

mangrove clams. Other causes of clam mortality identified were excessive heat, 

lack of water and algal blooms that occur in December. Mangrove clams may be 

killed by excessive freshwater during the wet season, as suggested by a man from 

the Burarra language group. 
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3.1.7 Customary harvest management 

According to almost all interviewees, all people are allowed to harvest mangrove 

clams. The emphasis of clam harvest management is on access and use of land, 

rather than protection of the clams as a species.  Most people interviewed explained 

that visitors to any area must request permission from the relevant landowner, who 

has an obligation to look after the country. Many of the areas that contain mangrove 

clams are special sites and, according to custom, nobody should enter these areas 

without explicit permission.  

Some interviewees were that recently there had been problems with increasing 

numbers of people from Maningrida entering the land of other clans and taking 

mangrove clams without permission and interviewees felt that this was 

unacceptable. One person said that anyone taking animals from his land should 

give him half of anything caught because, as a Traditional Owner, it was his duty to 

look after animals on his land.  

D-, from Jibenna expressed the need for people to ask permission from landowners 

before taking resources such as clams from the land: 

"Long time story that one…people used to ask...but now it's different… 

People just go and help themselves…people from Maningrida...our family 

too...but they gotta listen…they gotta ask…that's really important. That's 

simple…they gotta listen." 

There was also an expression of responsibility from Traditional Owners toward 

visitors to the land. For example, if anybody takes a vehicle onto someone else’s 

land without permission and becomes bogged, the Traditional Owners see it as their 

duty to assist the intruders.  

Generally, people interviewed indicated that they go to the same clam harvesting 

areas during the dry-season every year. However, if clams at a site are too small 

another site will be chosen. Distance of the harvest sites from where people live 

may present a constraint to clam harvesting and harvest may depend on the 

availability of a vehicle to transport people to the sites.  

When asked if Traditional Owners were concerned about a shortage of mangrove 

clams, the general answer was that there were plenty and they would never run out. 

There was little concern expressed about the possibility that clam abundance may 

eventually decrease. Every year people collect clams from the same locations and 
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so far they continue to be abundant. Some people concluded that there were more 

clams at the harvesting sites now compared to when they were children but one 

interviewee from Jibenna said that the population of clams had decreased due to 

the presence of pigs. There was general consensus that more clams were being 

collected now as additional people are coming from outside to take them.  

3.1.8 Timing of customary harvest 

Mangrove clams are generally collected during the dry season. For Burarra people, 

this is associated with the season for burning a certain grass to hunt for goanna. 

Practical issues may also affect decisions about when mangrove clams are 

collected as vehicles are only able to access the mangrove via adjacent floodplains 

during the dry season. To test if it is the right time to collect mangrove clams, clams 

may be smashed open and eaten raw ‘to taste if they are salt or fresh’. If they are 

considered too ‘fresh’ they are left until later in the dry season when they taste 

saltier, presumably as freshwater run-off reduces. N- from Barrihdjowkkeng 

explained that at high tide during a full moon, it is too wet to collect clams and it is 

better to wait for a drier time when the tide is low. 

Collection of mangrove clams may also stop for periods during the dry season, as 

explained by one Jibenna man:  

“Sometimes it’s poison…during the middle of the dry season, something 

comes out from the ocean. We call it djiwal gunyol…changes colour like 

this [pink]…and it covers the whole ocean…it smells strong…you get sick 

too, in your eyes…it kills the fish and cockles…and sometimes it comes 

up here to the anbambala area…we don’t collect them then.” 

This may be a description of an algal bloom.  

3.1.9 Clam size selection 

A clam is considered ‘old’ when it has a flaky black covering on the shell of the 

clam. Large clams are preferred, and most people interviewed said that they leave 

the small ones because they are ‘special’. When a site has only small clams 

harvesters will generally move to another site to collect clams. However, this is 

apparently not always the case and some said that when they are hungry they also 

keep small clams. 
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"We just read our mind that's it. This is a big one, yummy just put it in the 

bag…if we are hungry, we take them...if its small ones we just put it 

back" [S-, Jibenna] 

"Sometimes if we are hungry we can't put it back (the small ones) we 

gotta put it in the bag" [D- Jibenna]. 

The issue of people coming from Maningrida and indiscriminately harvesting clams 

was also raised by S- from Jibenna, who explained that outsiders might not adhere 

to the traditional practices of size discrimination.  

“If it's too much we just…don't go in there…'ah I came here yesterday 

only small one here, I’ll go next one, there you go. But I don't know 

about…Maningrida community, they just go in…no guards” 

3.1.10 Community perceptions of commercial harvest 

Questions about the possibility of some form of commercial sale of mangrove clams 

received mixed responses. Some interviewees stated that they did not feel that any 

kind of commercial harvest was a good idea, expressing concern that if the local 

shop was allowed to harvest clams they could make a lot of money and landowners 

would get nothing. There was also concern expressed from some people in the 

Tomkinson River region that if the shop were allowed to harvest all the mangrove 

clams there would be none left for local people and they would be forced to buy 

them. 

“If the Maningrida shop collects anbambala [mangrove clams] and there 

is none left for local people, then the shop gets the big money and 

landowner gets nothing. It can only happen one time, and the second 

time it happens there will be nothing” [D-, Jibenna]. 

For those that stated that commercial harvest might be a good idea, there was an 

emphasis on Traditional Owners maintaining control of the harvest and sale of the 

clams. Suggested control methods included allowing the sale of locally harvested 

mangrove clams only in Maningrida, and not outside of the region, such as in 

Darwin or overseas.  

“Just sell mud mussels in Maningrida, not Darwin, NLC mob or overseas, 

because that can cause a bad feeling for Traditional Owners. Selling 

them in Maningrida will make people happy.” [S-, Jibenna]. 
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This same interviewee said that it might be better to provide certain areas for 

commercial harvest whilst maintaining others for subsistence harvest.  

“There’s one little creek that goes up where my truck got bogged. We 

give them half on the other side…all the commercial mob on the other 

side harvesting…and this one here [Jibenna side] for the landowner and 

their family. For me that’s what I’m thinking is good.” 

There was some confusion expressed about how commercial sale of clams would 

work and how much money could be made, with estimations ranging from 50 cents 

to $5 for a single clam. Burarra people were concerned that ‘balanda’ (white people) 

would try to deceive Aboriginal people and take control of Aboriginal land.  

Interviewees made it clear that they could not speak on behalf of all areas, as they 

only had control of their own clan estate. It would be necessary for all parties 

involved to establish the rules for harvesting of each particular region in conjunction 

with specific traditional owners. If mangrove clams were to be sold, profit from the 

sale of clams would need to be divided up according to the owners of the land 

where clams were collected. 

One example of a person locally selling cooked mangroves clams was told during 

an interview. This person was the nephew of a person whose clan totem was the 

mangrove clam, and because the nephew didn’t ask permission to sell the clams, a 

big argument erupted over the sale. 

3.2 Subsistence Harvest  

Data recorded between September 2001 and November 2002 show that the mean 

catch-per-unit-effort was 84.1 clams/hour (SE=11.1) for each adult collector (Table 

3). This remained fairly constant across a range of locations and times of the year. 

Similar data collected by Meehan in 1972 for two Anbarra women in the Blyth River 

region (Meehan, 1982) showed that the mean harvest rate was 36.6 clams/hour 

(SE=9.8) for each adult collector (Table 4). The data from Meehan is limited and it is 

therefore not possible to make statistical comparisons between recent catch-per-

unit-effort data and historic harvest of mangrove clams.  
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Table 3: Summary of Polymesoda erosa collection for 11 separate mangrove clam 
harvesting trips from various locations throughout the Maningrida region during 2001 and 
2002. 

Trip Location Date 
Total harvest 

time 
(person min)

a
 

Number 
of clams 

Clams 
harvested  
per min 

(per person) 

Clams/ 
person/hour 

1 Kupanga Sep-01 120 81 0.7 40.5 

2 Kupanga “ 30 45 1.5 90 

3 Marloborah Mar-02 135 133 0.9 59.1 

4 Milalla Nov-02 110 104 0.9 56.7 

5 Milalla “ 27 30 1.1 66.7 

6 Milalla “ 58 49 0.8 50.7 

7 Jin-Anga Nov-02 40 88 2.2 132.0 

8 Jin-Anga “ 96 182 1.9 113.8 

9 Jin-Anga “ 48 92 1.9 115.0 

10 Gonobola a gowubini Nov-02 44 40 0.9 54.5 

11 Jin-Anga Nov-02 235 573 2.4 146.3 

    Mean 
1.40 

(SE=0.18) 
84.1 

(SE=11.12) 
a
 Unit of time is ‘person minutes’ which is a product of the number of people harvesting and the 

time spent harvesting 

 

Table 4: Summary of Polymesoda erosa collection for three clam harvesting trips on 4 August 
1972 at Anadjamilpa by two Anbarra women (Modified from Meehan, 1982) 

 Location Date 
Total harvest 

time 
(person min)

b
 

Number 
of clams 

Clams 
harvested 
per min 

(per person) 

Clams/person/ 
hour 

1 Kupanga-Anadjamilpa Aug-72 195 67 0.3 20.6 

2 Kupanga-Anadjamilpa Aug-72 120 109 0.9 54.5 

3 Kupanga-Anadjamilpa Aug-72 100 58 0.6 34.8 

  
  Mean 0.6 

(SE=0.16) 
36.6 

(SE=9.82) 
b
 Unit of time is ‘person minutes’ which is a product of the number of people harvesting and the 

time spent harvesting 
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3.2.1 Size class frequency 

Comparison of size class frequency showed that there was no apparent difference 

between the size of clams collected by Indigenous people near Marloborah and 

available mangrove clams collected from quadrats in an adjacent area (Figure 7).  
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Figure 7: Bar graph of shell length size classes for clams collected near Marloborah 
Creek in November 2002. 'Harvest' data is for clams (n=153) collected for 
consumption by Indigenous people, while 'Quadrats' refers to clams  (n=151) 
collected by thoroughly searching randomly selected quadrats.  

 

Mean lengths of harvested and randomly collected mangrove clams were 78.9 mm 

and 74.6 mm respectively. Both size distributions were normally distributed (Chi-

squared probability of normal distribution both 0.72) and size distributions were not 

significantly different (Kolmogorov-Smirnov probability, 0.60).   

Mangrove clams harvested at Jin-Anga during November 2002, had the mean 

length of 69.3 mm (SE = 0.3), which was the same mean length as discarded shells 

on middens estimated to be from July 2001 and July 2002. The mean length of 

clams from the midden estimated to date back to July 2000 was 4 mm smaller than 

for other years. This may represent a small change in mean clam size over time but 

the difference is not likely to indicate a significant biological difference in clam 

populations and may be due to erosion of discarded shells over time. Shell size 

classes from all harvesting episodes appear to be normally distributed (Figure 8).  
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Figure 8: Size frequency distributions comparing shell length of Polymesoda erosa 
harvested at Jin-Anga 2000-2002. Timing of July harvests are approximate based on 
estimated age of middens (n = the number of specimens measured). 

Mean shell length of harvested clams was very similar between sites throughout the 

Maningrida region and varied by only 11 mm (Figure 9).   
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Figure 9: Bar graph of mean length of mangrove clams harvested at several locations 
around the Maningrida region during 2001 and 2002. Error bars indicate one standard 
deviation. (Mil-Milalla, Kup=Kupanga, Ber=Berraja, Gon=Gonobola a Gowubini, 
Jin=Jin-Anga)  
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Approximately 1% of all harvested mangrove clams measured during this project 

had a shell length of less than 50 mm. This was therefore considered the minimum 

harvest size.   

3.3 Mangrove Clam Distribution, Abundance and Growth Rates 

3.3.1 Clam density and distribution 

The mean density of surface mangrove clams found in quadrats spread throughout 

the region was 0.7 clams/m
2
 (SE=0.14). Whilst clams were found in all the 

mangrove forests of the major river systems observed within the study area, 

distribution was patchy.  Mangrove clams were found to occur in 41 out of the 73 

locations along 5 km of traverses. This indicates that mangrove clam occurrence 

was observed in 56 % of areas surveyed. 

There is approximately 51.4 km
2
 of mangrove forest in the study area (Griffiths et 

al., 2000). Using the probability of occurrence and density data it is possible to 

extrapolate this to obtain a rough population estimate. If 56% of 51.4 km
2
 contains 

mangrove clam and the mean density is 0.70 clams/m
2
, there may be around 20 

million mangrove clams in this area. This is an extreme approximation of the 

mangrove population in the study area, but does serve as a starting point for future 

research. 
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3.3.2 Growth model selection 

Parameters for the von Bertalanffy growth model as calculated using Ricker’s 

equation were L∞ (asymptotic length) = 78.46 mm and K (Brody’s constant) = 0.12. 

Using Faben’s equation L∞ = 77.50 mm and K = 0.13. 

The absolute mean annual change in shell length (growth rate) for all individuals 

was 2.49 mm/year (SE=0.42). The absolute growth rate was plotted against mean 

length of clams. Linear, power and exponential models were then fitted to these 

data (Figure 10). Limited data for the smaller size classes limits the analysis. 
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Figure 10: Scatter plot of mean length of mangrove clam against annual growth rate 
for clams measured over two years at Kupanga. Line plots show Linear (A), Power (B) 
and Exponential (C) models fitted to growth data.  
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The Power model had the greatest amount of support as the best fit for the data, 

followed by the Exponential model (Table 5). The Ricker model showed the best fit 

of the von Bertalanffy modified equations.  

Table 5: Akaike Information Criterion, AICc (modified for small sample size) for 
Linear, Power, Exponential, Faben and Ricker Population models fitted to 
Polymesoda erosa shell-length growth data. ∆AICc shows the difference 
between the AICc for each model and the lowest AICc 

The best three supported growth models were used to represent length as a 

function of age (Figure 11). On the basis that the Power or Exponential growth 

models reflect clam growth it would take approximately 4½ years for a clam to reach 

a harvestable length of 50 mm. If the von Bertalanffy equation produces the correct 

model, it would take approximately 9 years for a clam to reach a harvestable length 

of 50 mm.  
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Figure 11: Power, Exponential and von Bertalanffy models of Polymesoda 
erosa shell length as a function of age for clams measured over two years at 
Kupanga. (Von Bertalanffy model parameters calculated using Ricker’s 
method, L∞=78.4603, K=0.1195) 

Model AICc ∆AICc Akaike weight 

Linear 122.16 8.83 0.009 

Power 113.33 0 0.778 

Exponential 116.49 3.16 0.161 

Ricker 118.76 5.43 0.050 

Faben 132.17 18.84 0.0001 
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4 Discussion 

4.1 Indigenous Ecological Knowledge of Mangrove Clams and 

Local Perceptions of Possible Commercial Exploitation 

4.1.1 Local significance and use of mangrove clams 

The mangrove clam plays an important role in the lives of the Indigenous people of 

the Maningrida region. Besides being a significant source of nutrition, the mangrove 

clam features in the spiritual beliefs of the people of Maningrida and interviews 

revealed that the species also has medicinal uses.  

Current collection of mangrove clams requires very simple technology and appears 

not to have changed substantially over time. The biggest change that technology 

has brought to mangrove harvesting would be the introduction of motor vehicles and 

boats, which have reduced the effort required to access sites, increasing the 

number of sites that are readily accessible.  

Information from interviews regarding the spiritual significance of mangrove clams 

was generally unclear and inconsistent from all people interviewed except those for 

whom the mangrove clam is a totem and their families. Inconsistent responses to 

questions about spiritual significance may be an artefact of the interview procedure, 

which could have inhibited the sharing of such knowledge. However, it may also be 

that this kind of knowledge varies throughout the sampled population. Studies using 

similar interview techniques in north-western Australia found that Traditional Owners 

may be reluctant to share information if they are not convinced that it will be 

understood in context (Horstman & Wightman, 2001). During this study, interpreters 

were sometimes reluctant to translate tales when they were not already familiar with 

that particular story.  The mangrove clam appears in Indigenous art work from the 

region and information from artists demonstrates that the species plays a 

contemporary role in the beliefs and traditions of the Aboriginal people in 

Maningrida. The mangrove clam is a totem for some people and figures in the 

Dreaming and Creation stories of central Arnhem Land.  

4.1.2 Biological knowledge of mangrove clams 

Knowledge revealed through interviews demonstrated practical understanding of the 

Polymesoda erosa ecology and reproductive biology amongst the Indigenous 

people of the Maningrida region, which was consistent with conclusions drawn from 
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conventional scientific research. Several interviewees were able to correctly 

differentiate between male and female clams by the colour of the flesh (R. Gimin, 

unpublished data.), concluding that female gonads are black in colour and males 

are a lighter creamy colour. Some interviewees identified the sexes the wrong way 

around but flesh colour was commonly recognised as a key to sex differentiation.  

Such information has been passed down from past generations, and produces a 

useful picture of clam reproduction and habitat preference.  Interviews revealed that 

Indigenous Ecological Knowledge of the biology of Polymesoda erosa was 

consistent.  

Of greater significance to traditional management practice is Indigenous Ecological 

Knowledge of the seasonal reproductive cycles of Polymesoda erosa. Interviews 

revealed that Indigenous harvesters recognised the wet season spawning period of 

the mangrove clam and interviewees explained that clams are not harvested during 

this period. It may also be impractical to harvest clams during the wet season as the 

mass of flesh is greatly reduced immediately after any spawning event (R. Gimin, 

unpublished data). Seasonal patterns of harvest were consistent with observations 

made by Meehan in 1972 (Meehan, 1982). 

Descriptions of algal blooms were another example of the valuable information to 

emerge from interviews. Interviewees described periods during the middle of the dry 

season when the water changes to a pink colour and clams become poisonous. 

Indigenous people do not harvest clams during this period as eating them causes 

illness. Implications of this information would be very important in any 

considerations of establishing a commercial harvest of Polymesoda erosa. 

Uncontrolled harvesting without consideration of algal blooms could be hazardous 

and present a serious public health issue.  

Wild pigs were identified as a predator of Polymesoda erosa. If this introduced 

species poses a threat to local mangrove clam populations, feral pig control may 

also need to be considered in clam future management strategies. 

4.1.3 Indigenous management of mangrove clams 

Observations suggest that local mangrove clam populations continue to be 

abundant in the Maningrida region despite the fact that Indigenous people have 

been harvesting them for thousands of years (Meehan, 1977; 1982; 1983). This 

implies that current management of subsistence harvest of Polymesoda erosa 

based by Indigenous people is sustainable.  
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Interviewees were concerned that respect for land ownership is changing, and that 

increasingly people are coming from Maningrida and harvesting resources such as 

mangrove clams without first seeking the permission of Traditional Owners. The 

need to regulate and manage access to homelands has also been emphasized by 

Indigenous people of north-western Australia (Horstman & Wightman, 2001). 

Indigenous land and resource ownership in Arnhem Land are handed down from 

parents (Hall, 2002). Historically, the different clan groups in Arnhem Land have 

understood and acknowledged the rights of other clan groups over particular areas 

of land, sea and the foreshore without dispute (Davis, 1988). Similar concepts of 

traditional tenure of coastal areas and control over rights to use resources have 

been noted as an effective management strategy in Micronesia (Johannes, 1981). 

Any breakdown of these cultural obligations and laws may expose species to new 

pressures.  

4.2 Subsistence Harvest Rates as an Index of Relative Abundance 

As the socio-economic situation changes, it is important to ensure that harvest of 

species of cultural or nutritional significance is sustainable given contemporary 

lifestyles (Senate Rural and Regional Affairs and Transport References Committee, 

1998). The approach used in this study for exploring effects of current harvest on 

mangrove clam populations is the catch-per-unit-effort (CPUE) approach. CPUE 

has been used as a means of estimating population sizes based on changes in 

catch size per specific harvesting effort for various commercially harvested species 

(Lancia et al., 1996; Maunder & Starr, 2003). 

Some argue that the CPUE approach is of limited use for calculating meaningful 

estimations of population size (Klaer, 1993; Harley et al., 2001), but it may still 

provide useful information regarding trends in population size over time (Milner-

Gulland & Mace, 1998). One distinct advantage of CPUE estimates is that data can 

be collected by harvesters (Lancia et al., 1996). 

The CPUE approach can potentially be adapted to determine relative abundance 

over time of a subsistence species such as the mangrove clam. For this study, 

records of the number of clams collected on harvest trips was used to calculate the 

mean number of clams the average harvester collects in an hour. Comparison of 

results with the observations of Meehan (1982) shows that the mean catch-per-unit-

effort for recent clam harvests was substantially higher than for historic data 

recorded in 1972. This is insufficient to make any statistically valid conclusions but 
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does suggest that harvest populations of mangrove clams may be more abundant 

than they were 30 years ago.  

Potentially, a CPUE approach may provide a means of monitoring populations of 

mangrove clams but for this to be effective, data collection would need to be 

extensive. For CPUE data to be used as an index of relative abundance, hunting 

effort must not change over time so that yields are directly related to population size 

(Milner-Gulland & Mace, 1998). With increased access to vehicles, it may be 

increasingly easy for the people of Maningrida to relocate their harvest effort to sites 

where the species is still abundant and thereby mask declining local populations 

(Klaer, 1993).  

To reduce the risk of unrealistically high CPUE due to site selection, the use of this 

approach may be limited to monitoring specific localised populations of mangrove 

clams and collection effort would need to be standardised.  

4.3 Mangrove Clam Distribution, Abundance and Growth Rates  

4.3.1 Size frequency distribution 

There was no apparent selection of a particular size class amongst surface 

specimens but subsurface juveniles were not harvested. Of the harvested 

mangrove clams measured throughout this project, approximately 1% of individuals 

had a shell length of less than 50 mm. This was consistent with clams found in 

randomly selected quadrats, implying that size selection during harvest is 

opportunistic. Whilst there is no apparent size-based selection of surface mangrove 

clams within a given location, interviewees explained that clams are not harvested 

from sites where individuals are too small. Harvest sites are thereby rested if clams 

are below a suitable size range. Despite the apparent opportunistic characteristics 

of mangrove clam collection, overall harvest is selective as only larger clams are 

taken. Long-term and intensive harvest of larger than average individuals within 

fisheries populations has been associated with genetic changes toward smaller 

body sizes and earlier maturity (Ricker, 1981; Haug & Tjelmsland, 1986). However, 

Polymesoda erosa in the Maningrida region reach sexual maturity at a shell length 

of approximately 45 mm (R. Gimin unpublished data), smaller than the minimum 

harvest size.  

Measurement of discarded shells at Jin-Anga showed no significant difference in 

the size of clams being harvested over three years. Size frequencies of shells from 
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middens appeared to be normally distributed and there was no apparent difference 

between size distributions of mangrove clam shells in middens and shell lengths for 

all clams collected during a harvest conducted in November 2002. This suggests 

that clams eaten on-site are representative of the sizes of all clams collected. 

4.3.2 Clam density and distribution 

Results of mangrove clam density and occurrence surveys showed that whilst 

mangrove clam distribution is patchy, there are large and widespread populations of 

Polymesoda erosa clams of a harvestable size within the suitable mangrove habitat 

of the Liverpool, Blyth, Tomkinson and Cadell River catchment areas. This would 

suggest that the mangrove clam population could probably tolerate an increase in 

the harvest from some level of commercial exploitation. However, the size of the 

population that is accessible and suitable for harvest might be significantly smaller 

than the estimated abundance of 20 million individuals and extensive research 

would be required before attempting to calculate sustainable harvest rates. 

4.3.3 Growth rates and age at maturity  

The comparison of growth models for Polymesoda erosa at Kupanga showed a 

power growth model had the greatest support among the different models. Given 

the small sample size, limited representation of size classes and relatively short 

time frame, any estimates must be viewed with caution.  

Given the fact that mangrove clams are known to mature when shell length is 

around 45 mm, if mangrove clam growth conforms to a ‘power’ growth model, we 

would expect clams to mature after less than 3 years. However, the von Bertalanffy 

model fitted to our data predicts an approximate age of 7½ years before sexual 

maturity is reached.  

If Indigenous harvesters target clams with a shell length of 50 mm or more, the 

power model predicts that it takes mangrove clams 4½ years to reach a minimum 

harvestable size. The von Bertalanffy model suggests that it would be approximately 

9 years. Despite very different age estimates, both of these models predict an 

approximate period of 1½ years between reaching sexual maturity and facing a 

reasonable risk of being harvested by subsistence harvesters. The average size of 

clams harvested throughout this project was approximately 70 mm, implying that 

clams may have several seasons to reproduce before being likely to be harvested.  
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Despite the widespread use of the von Bertalanffy growth model to represent 

growth in bivalves using shell length. Results from this study suggest a simple non-

linear power function adequately describes bivalve growth. However, these growth 

models are limited because they do not take into account seasonal or 

environmental variation. The growth rate of bivalves living in the intertidal zone may 

vary according to environmental conditions and their position on the intertidal zone 

(R. Gimin unpublished data). Data used for growth modelling in this study did not 

include data for individuals smaller than 40 mm, as individuals observed were only 

those found on the surface and did not include juveniles, which are found below the 

surface of the mud. Aging of mangrove clams is further complicated by the fact that 

the acidic soil of the mangrove zone erodes the shells of Polymesoda erosa 

(Morton, 1985), weakening correlation between size and age of larger shells.  

4.4 Commercial Exploitation of Subsistence Species 

4.4.1 Subsistence versus commerce 

Commercial use of wildlife species, such as the mangrove clam, may present one of 

the few feasible economic opportunities that is available and appropriate for remote 

Indigenous communities as they are now (Whitehead, 2003). Many interviewees 

expressed an interest in commercial harvest of mangrove clams provided they were 

able to control the process.  

If carefully planned and managed, commercial harvest of subsistence food species 

does not have to impact negatively on subsistence use and may provide an 

appropriate source of income for Indigenous people. If property rights can be 

established and commercial use of species is profitable, a strong force exists for the 

preservation of species (Tisdell, 1995). In general Indigenous people have been 

found to support the notion commercial utilisation of wildlife species and feel that 

they are in a good position to be involved because of their close connection to 

wildlife (Senate Rural and Regional Affairs and Transport References Committee, 

1998). In Maningrida, the Djelk Rangers have expressed support for the sustainable 

harvest of native plants and wildlife, seeing it as a way of gaining income from the 

land without compromising the health of the local environment (Bawinanga 

Aboriginal Corporation, 2001). 

Sustainable harvest requires cooperation between Indigenous land-holders, 

biological scientists and social scientists (Aslin & Norton, 1995; Turner et al., 2000; 

Altman & Cochrane, 2003). To effectively maintain biological diversity while 
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safeguarding culture, it is essential to have not only scientific expertise in 

ecosystem conservation but also expertise in social science and a detailed 

understanding of local economies, cultures, governance structures and the needs 

and aspirations of traditional owners (Birckhead et al., 2000). Economic 

development and sustainable harvest may not always be completely compatible and 

efforts should be made to ensure that commercial harvesting is sustainable from the 

onset. Modifications to harvesting after an enterprise has begun, such as reduction 

in quotas, may be difficult if it decreases economic benefits to harvesters (Bodmer 

& Lozano, 2001). 

A commercial enterprise based on the sale of Polymesoda erosa must however be 

approached with caution. Priority should be given to maintaining a viable wild 

population of mangrove clams and its habitat for subsistence use by the Indigenous 

people of the Maningrida region. Harvesting wildlife species continues to play an 

important role in the life and culture of people in Arnhem Land (Hall, 2002) and 

commercial activities should not interfere with this. Shellfish, including the mangrove 

clam, make an important and reliable contribution to the nutrition of the Indigenous 

people in the Maningrida region (Meehan, 1977). The nutritional status of 

Indigenous people in remote Australian communities has greatly decreased since 

the arrival of Europeans, a fact that has been linked to poor nutrition. Diabetes, 

renal and cardiovascular diseases have been linked to recent dietary changes in 

Aboriginal communities (Shannon, 2002). Depletion of harvested species such as 

P. erosa may not only threaten the ability of Indigenous people to continue cultural 

activities, but also impact on overall community health.  

From this study, important concerns were raised during interviews about the 

commercial sale of mangrove clams and its potential to impact negatively on 

subsistence users. Indigenous residents and landowners in Maningrida recognised 

that a commercial harvest of mangrove clams could potentially deplete the number 

of clams available for subsistence harvest.  

Commercialisation of customary activities can lead to the erosion of cultural 

traditions or depletion of natural resources as traditional management is abandoned 

for financial gain (Anderson, 2001). Community development should not only focus 

on biological conservation and economic well-being, but should also ensure the 

preservation of cultural integrity (Anderson, 2001). In the Maningrida region, the 

clam is a spiritually significant species. The cultural and social impacts of 
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commercialising such a species is currently unknown and cannot fully understood 

within the context of the information available. 

Establishment of a market for mangrove clams could potentially lead to increased 

interest in the species as a recreational food source. If this occurs, harvesting may 

be largely uncontrolled and it may be necessary to apply size and bag limits to 

ensure that stocks are not diminished. Size limits would then need enforcement 

through public awareness raising and resources for monitoring collection. The ability 

of management agencies to enforce imposed regulations is one of the most difficult 

issues faced in fisheries management (Ward et al., 2000; Arlinghaus et al., 2002). 

Lack of government intervention to address over-exploitation of the culturally 

significant species by recreational harvesters can be of great concern to Indigenous 

land owners (Quandamooka Lands Council, 2004).  

Commercial harvesting of mangrove clams could change harvesting dynamics as 

market preference may place pressure on specific size classes. Restaurants and 

other consumers may for example, prefer either particularly large or small clams 

depending on the intended use. Changes in harvest selectivity may eventually lead 

to changes in population dynamics (Keough et al., 1993; Ginsberg & Milner-

Gulland, 1994; Rodriguez et al., 2003; Roy et al., 2003).  

4.5 The Importance of Indigenous Ecological Knowledge 

In Australia, some efforts have been made to record Indigenous knowledge and 

environmental management strategies (e.g. Bowman et al., 2001; Horstman & 

Wightman, 2001) and this study seeks to contribute to those efforts. Results 

demonstrate that the people of central Arnhem Land possess a great deal of 

accurate information regarding the observable aspects of the ecology and 

reproductive biology of the mangrove clam Polymesoda erosa. Interviewees were 

able to demonstrate that local knowledge agreed with scientific information and 

provided useful new information, such as information about natural causes of 

mortality and seasonal breeding cycles. This knowledge is important for developing 

on-going management strategies and extends our understanding beyond that 

revealed through conventional science.  

Action must be taken to preserve Indigenous Ecological Knowledge and reduce the 

global trend of diminishing knowledge amongst younger generations as a result of 

escalating assimilation, insensitive economic development and environmental 

change (Ohmagari & Berkes, 1997; Turner et al., 2000; Horstman & Wightman, 



 Discussion 

Master of Tropical Environmental Management Johanna Karam 
 

 - 43 -  

2001; Faulkner & Silvano, 2003). The loss or incomplete transmission of 

subsistence skills and knowledge may impact on the livelihood security, cultural 

characteristics and social relationships of Indigenous peoples (Ohmagari & Berkes, 

1997). 

4.5.1 Co-management for effective resource management 

All stakeholders should participate in all stages of the development and 

implementation of management strategies or they are unlikely to succeed (Klaus et 

al., 2003). Aboriginal people currently have inalienable title over 34% of land in the 

Northern Territory (Altman et al., 1996) including approximately 72% of the Territory 

coastline (Hanley, 2000). As Indigenous land rights are increasingly recognised, 

more land will come under Indigenous control and Indigenous people inevitably 

must have a greater voice in environmental management (Altman et al., 1996). 

However, as in many parts of the world, Indigenous management practices alone 

may no longer be sufficient to effectively manage the environment in Australia, as 

circumstances have changed with altered human populations, the introduction of 

feral species, introduced weeds and modified fire regimes (Altman & Cochrane, 

2003). Customary management practices for wildlife species that have long been 

harvested as a subsistence food source may no longer be effective in maintaining 

viable populations. IEK is often very locally relevant, while lacking a broad regional 

perspective (Baird, 2003). There needs to be consideration of broader natural 

resource management issues in light of changing environmental circumstances and 

this may come from western science.  

Indigenous and non-Indigenous Australians need to work together to identify and 

achieve environmental management goals. Decision-making and management that 

are entirely community based may not necessarily be more appropriate or effective 

and are based on the assumption that communities have the necessary credibility 

and capacity to make the best decisions (Bradshaw, 2003). Western science and 

government regulation still have an important role to play in management 

(Bradshaw, 2003). Perhaps sustainable wildlife use and management can only 

succeed if it combines traditional (and contemporary) Indigenous Ecological 

Knowledge with ‘Western’ biological science (Altman & Cochrane, 2003).  
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4.6 Limitations and Constraints 

4.6.1 Collection and use of Indigenous Ecological Knowledge 

Several aspects of the methods for collection and collation of oral histories may 

have lead to less than optimal results. Interviews were conducted by a single 

individual, which was beneficial for ensuring a consistent approach. However, a 

different individual was responsible for transcribing interviews and the author of this 

thesis was then responsible for the collation and analysis of written transcripts. This 

could potentially lead to loss of some of the original intent of answers given by 

interviewees.  

Interview techniques may also have been less than optimal as they were conducted 

primarily in English, whilst many of the interviewees had very limited English 

language skills. The use of English may have suppressed the flow of information. 

Interpreters were present during these interviews but not all responses were 

interpreted at the time of interview. Subsequent interpretation of recordings was 

made more difficult due to the occasional lack of clarity of sound recordings and 

difficulties locating appropriate interpreters for each of the language groups.  

Interviewees for this project were selected due to their roles as elders of the various 

language groups in the Maningrida region, traditional owners and representatives of 

the land where mangrove clams are currently being harvested. The total number of 

interviews was very small and the results are therefore largely dependent on 

personal opinion and may not reflect the knowledge or common views of the 

communities in question. The testimony of an individual or small group can only 

highlight certain issues and further research would be required to determine how 

representative these issues are (Slim & Thomson, 1995).  

As was noted by Johannes (1981), in Micronesia, interviews can be difficult as 

informants may frame their answers to questions in a way that prioritises pleasing 

the interviewer rather over the truth or their true opinion. Such things could perhaps 

be overcome as a mutual understanding develops between the researcher and the 

interviewees.  

4.6.2 Distribution, abundance and growth rates 

Data presented to describe the distribution, abundance and growth rates of 

Polymesoda erosa provide only preliminary information that could be used in the 
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design of further research if required. Results are illustrative, designed to 

demonstrate ways in which knowledge collected by western biology and Indigenous 

Ecological Knowledge can be combined to compliment and verify each other in 

environmental management.  

Whilst harvest rates of individuals have been addressed in this exercise, there is no 

indication of how often individuals are harvesting or how many people are 

harvesting. There would also need to be a comprehensive estimate of clam 

population size, recruitment and reproduction rates to propose sustainable harvest 

levels.  

Many of the specific limitations and assumptions have been discussed within the 

relevant sections.  

4.7 Recommendations  

The approach of combining Indigenous Ecological Knowledge and western science 

should be further explored in Maningrida as it could provide valuable information for 

developing and assessing environmental management strategies.  

The people of central Arnhem Land continue to demonstrate close affiliations with 

their land and must play an integral role in management of this land. Indigenous 

involvement is essential for a couple of reasons. Firstly, indigenous knowledge of 

the natural environment can make a unique and important contribution to 

developing strategies for achieving management goals. Secondly, Indigenous 

resource users will be the key stakeholders affected by management strategies and 

in the best position to implement these strategies.  

Interviewees for any consultations should be selected according to the type of 

information required. If the primary objective is to seek Indigenous Ecological 

Knowledge to contribute to scientific understanding or environmental management 

strategies, it is logical to seek those that are most knowledgeable on the topic, such 

as traditional elders. If the objective is to determine community perceptions or 

aspirations such as issues of commercial enterprises of wildlife harvest, as raised in 

this exercise, interviewees should be more representative of the community as a 

whole, as projects may have a broad impact on all sections of the community. 
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After it has been compiled and analysed, all Indigenous Ecological Knowledge, 

including this thesis, should be returned to the community so they can see how it 

has been interpreted and how it is to be used.  

4.7.1 Commercial harvest and sale of mangrove clams 

If the issue of establishing mangrove clams as a sustainable commercial enterprise 

for Indigenous people in Maningrida is to be explored further, there are three major 

issues to be considered in order to assess whether or not a commercial fishery 

could be established. The first issue is whether such an enterprise would be 

desirable for the Indigenous people of Maningrida and if so, what form this 

enterprise would take. The second issue is whether the mangrove clam population 

could sustain commercial harvesting. Finally, if the fishery is assessed to be both 

desirable and ecologically sustainable, consideration should be given to the 

economic feasibility and legal obstacles for such an enterprise.  

Concerns raised in interviews regarding the depletion of mangrove clams for 

subsistence users would need to be discussed more extensively to better determine 

community attitudes toward the establishment of such a commercial enterprise. 

Before such discussions took place, community members would need a more 

thorough understanding of how this enterprise would work and what the implications 

would be for the community.  

Besides the environmental sustainability of commercial harvest it would also be 

essential to assess the viability of a market from a social end economic perspective 

(Milner-Gulland & Mace, 1998). Further work would be required to determine 

whether a market for clams could be established to make their collection and sale 

economically profitable. The vast distance of Maningrida from major town-centres 

may present an obstacle and costs of transporting clams to town may make the 

sale price of clams prohibitive.  

Legal options for establishing a commercial mollusc harvest would need to be 

investigated further. If commercial harvest of a wild species is to be allowed, 

consideration must be given to defining and enforcing ownership and use rights and 

establishing and enforcing regulations that control harvest rates (Tisdell, 1995; 

Freese, 1998). This includes exploring issues such as the current ban on 

commercial harvest of intertidal molluscs in the Northern Territory.  
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If the development of a commercial mangrove clam fishery were deemed a viable 

enterprise, a Management Plan would need to be developed. This would require a 

systematic assessment of the fishery, far beyond the scope of this project. Detailed 

information would be required regarding the history of the fishery, its management 

objectives and the options regarding the achievement of these objectives. 

4.8 Conclusions 

Results show that the Indigenous people of the Maningrida region possess a rich 

body of ecological knowledge of Polymesoda erosa, which informs their strategy for 

subsistence harvest of the mangrove clam. Knowledge of the mangrove clam was 

largely congruent with existing scientific knowledge and further research into 

Indigenous Ecological Knowledge may expand the ecological understanding of this 

species beyond that which has been discovered through the use of science. 

The mangrove clam features in the spiritual beliefs of the Indigenous people of 

Maningrida and provides an important source of nutrition. Indigenous harvest of the 

Polymesoda erosa has apparently been sustainable over the millennia and the 

species continues to be locally abundant. Any socio-economic changes that may 

have occurred over the past 30 years in the area do appear to have impacted 

negatively on mangrove clam populations.  

The continued sustainable harvest of mangrove clams may be attributed to local 

Indigenous Ecological Knowledge of the species and subsistence management 

practices. Current management practices identified in this thesis are summarised 

below: 

- Mangrove clam collection is limited to sexually mature individuals 

- Harvest of mangrove clams is limited to the non-breeding season 

- Collection of only enough clams for immediate consumption and distribution 

among family members 

- Rotation of harvesting location in response to small clam size 

- Respect of the rights of Traditional Owners to manage their land 

If commercial exploitation of the mangrove clam is to be considered Indigenous 

Ecological Knowledge and science should both play a role in ensuring that 

increased harvest is sustainable and allows for continued subsistence use of the 

species.   
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