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Project Title

The distribution of fine and coarse roots in a semi-arid savanna of northern Australia.

Aims and Objectives

· To determine the distribution patterns of roots in relation to soil depth and distance from trees of varying sizes.

· To determine the root to shoot ratio of sampled trees.

· To determine tree density of the savanna sampled.

· To use the root to shoot ratio, tree density and root distribution information to predict root biomass per hectare in the sampled savanna.

· To compare the above method of root density estimation (which considers tree density constant) with a more comprehensive method using scaling or zoning of root patterns with distance from tree stem.

· To produce a model on which underground biomass can be predicted using measurements (eg diameter at breast height and distance from tree) from the above-ground biomass. 

· To compare the results of this study with those of studies conducted in other savannas in Australia and internationally.

Introduction

Tropical savannas cover 25% of Australia and have had many changes in land practices in recent years. All tropical savannas in Australia have a long dry season and the vegetation located there has various strategies that enables survival through the drought period (Brock 2001). It has been noted by several studies (Canadell et al. 1996; Vogt et al. 1996) that some trees (eg eucalypt species) have both shallow roots and deep tap roots which enables them to survive through the long dry seasons. Root distribution can therefore reflect patterns of water availability, and could help to show the health of the savanna as root systems affect the health of the tree and the soil structure. Understanding the distribution of roots in savannas will increase our understanding of the structure of savanna vegetation, and enable us to calculate root carbon stocks.

Roots are also a significant component of the subterranean carbon store, and root production contributes approximately half of the carbon being cycled annually in many forests (Vogt et al. 1996) and 25% of global NPP (Jackson et al. 1997). Therefore any assessment of carbon density, tree biomass and primary production require detailed information about below-ground biomass. This will enable us to discover how land-use may affect carbon pools.

It would be useful to produce a protocol for predicting root biomass. One potential way is to predict root biomass from tree stem density and tree stem size. If such a protocol for estimating root biomass can be developed from this study it will allow calculations of above-ground carbon stocks to be made with non-destructive methods that are less costly and less labour intensive than ones involving the removal of root samples from the area.

In the NT, savannas occur across a large rainfall gradient ranging from more than 200mm – 2000mm per yr (O’Grady et al. 2000). Recently a study of root distribution conducted in the wetter savannas of the Top End near Darwin has been completed (Eamus et al. 2002; O'Grady et al. 2000), but there has been no similar research on root distribution in semi-arid savannas, such as those around Katherine. It was assumed that root density is constant throughout the study site (ie there were no large gaps between trees where there would be no roots) in as the tree density was fairly high. However in the study site near Katherine, the tree density is likely to be less with longer distances between tree stems. It may not be correct to assume root biomass is constant throughout the area. A better method may be to calculate the relationship between root biomass and the distance from tree stem, and produce a more comprehensive zoning equation or model. The two root biomass estimation methods shall be examined in this study.

Implications for this research include developing a framework and capacity that enables site-level data to be scaled-up to provide regional estimates of biomass and biomass change (eg woody thickening) for subterranean components of woody vegetation. In addition, the research will be relevant to producing methods to understand how changes in land management practices such as clearing and fire management for tropical savannas might affect stocks of carbon. This study contributes towards bringing Australia up to the standard set by the Kyoto protocol, which requires an inventory of carbon stocks for major ecosystems.

Methods

Study site

The study will be conducted in a paddock on the NT Department of Business Industries and Resource Development (DBIRD) Katherine research station. Mean annual rainfall at Katherine is approximately 950 mm and the dominant soil type is calcareous red earths. 

Sample methods

The sampling methodology is based on that developed and used by Komiyama et al. 1987 & Chen 2002. It is based on digging trenches to depths of at least 1m between trees of varying size, and sampling the excavated soil for coarse roots (>2mm diameter) and taking core samples from the trench profile to sample the fine roots (<2mm in diameter). 

The target tree species is E. foelsceana. The sample trees are felled (leaving a stump approximately 50cm high) and the canopy, branch and trunk components are separated and used to determine above-ground biomass. A trench 400 - 600 mm wide and 1 m deep is then dug between the two sample trees using a backhoe. Soil is excavated in backhoe-“bucket-fulls”, in approximately 0.5 m lengths, which corresponds to 0.225 - 0.3 m3. Each load of soil is placed on a tarpaulin, labelled with the distance and depth from tree, then raked out to make the roots more easily seen and easier to pick out by hand. The roots are bagged, and returned to the laboratory, oven-dried at a temperature of 60-70C, before weighing.

Fine roots are sampled within the trenches using metal corers of known dimensions. Cores are taken at 0.5m intervals from each tree bole, at depths of 0-10, 10-20, 20-30, 30-40 and 50-60, 80 and 100 cm. Samples are placed in either cotton or plastic storage bags or plastic takeaway boxes, and returned to the laboratory for further processing. Fine roots are extracted by crushing the soil samples and using graded sieves. They are then cleaned (eg by washing) then oven dried at a temperature of 60-70C and the dry weight is recorded. 

Also to analyse the amount of below-ground biomass between trees that are further apart (eg 10m) trenches will be dug between the trees and the extracted soil samples raked through to collect coarse roots.

Tree density shall also be measured through mapping plots and recording the distances and spatial arrangement.

Data analyses

The components of root biomass are:

1. Coarse roots in the immediate vicinity (within 50 cm) of the tree bole. 

2. Coarse roots at varying depths and distances from each tree bole.

3.  Fine roots at varying depths and distances from each tree bole.

Linear regression will be used to predict coarse root and fine biomass as a function of tree size, depth, and distance from tree bole. Tree density and size-class distribution will then be used to estimate fine and coarse rootstock at 1- ha scales. 

A more comprehensive weighting or zoning method will be devised for root prediction based on distance away from the tree stem and stem size. This method will also be used to estimate fine and coarse rootstock at 1-ha scales.

Resources and Budget
Field Equipment

Corers of sizes 75x100mm and 75x50mm.

100 pot tags (label soil piles)

Chain saw & safety equipment


 permanent marker pens

Small hacksaw




Plastic and cotton bags

Shovels





flagging tape

Mattock





1 tin spray paint

Crow-bar





6 tarpaulins

Balance





Lots of very sweaty strong blokes

3- steel rakes

3- small sledgehammers

Laboratory Equipment

2 trays



2 Tweezers

2 rolling pin


Small paper bags for root storage

2 graded sieves 

Marker pens

Dust masks

Laboratory space and equipment will be provided by CSIRO and NTU. The Project is funded primarily funded by the CRC for Tropical Savanna Management, with contributions from CSIRO Sustainable Ecosystems and NTU. The estimated cost of one Katherine sample collection fieldtrip is approximately $2000.00 (this includes funding for research outside this study). The CRC will meet all equipment and expenses including accommodation and food.

Personnel involved in project (the very sweaty strong blokes) include Dick Williams (CSIRO, Project Leader), Lindsay Hutley (NTU, Project Leader), Ivan McManus (Senior Technician, CSIRO) Paul Davey, and Michelle Allnutt (slight perspiration only) both Masters students at NTU.

Constraints and Exclusions

Studies of root biomass do not consistently separate the live and dead root fractions. Thus, the inconsistency in which dead roots are treated is a potential source of substantial error in root biomass estimates.

Another constraint is timing of the project of wet season. Sampling is only to take place during the wet season, studies have shown that root phenology changes with the seasons and that fine roots are at their highest density during the wet season (Chen 2002). 

During removal of fine roots from the core samples there is no differentiation of tree roots from grass roots. Therefore assumptions based on amount of fine root biomass may cause erroneous results, especially with the topsoil samples.

Sampling with distance is only taken in one direction from the tree stem. Unknown variations of root distribution caused by barriers or nutrient or water distribution patterns are not considered. It is assumed that the roots are evenly distributed around the stem.

Consultation with Supervisors and Project Timeline

Sampling - November 2001 to April 2002

Lab Processing - December 2001 to May 2002

Analysis – May to July 2002

Writeup - June to November 2002

Submission - November 2002

Contact with supervisors – tba.

References

Brock J (2001). Native plants of northern Australia. Reed New Holland, Frenchs Forest, NSW.

Canadell J, Jackson RB, Ehleringer JR, Mooney HA, Sala OE and Schulze ED (1996). Maximum rooting depth of vegetation types at the global scale. Oecologia 108: 583-595

Eamus D, Chen X, Kelley G and Hutley LB (2002). Root biomass and toot fractal analyses of an open Eucalyptus forest in a savanna of north Australia.
Jackson RB, Mooney HA, & Schulze ED (1997). A global budget for fine root biomass, surface area, and nutrient contents. Proceedings of the National Academy of Sciences USA 94, 7362-7366.

Vogt KA, Vogt DJ, Palmiotto PA, Boon P, O'Hara J, & Asbjornsen H (1996). Review of root dynamicsin forest ecosystems grouped by climate, climatic forest type and species. Plant and Soil 187, 159-219.  

Project Proposal- Masters Research Project – Jane Barratt

Project Title

Temporal changes in Mimosa pigra seed bank following integrated control.

Aims 

Examining the impact of control over time on the seed bank of Mimosa pigra on Top End Floodplains.
Objectives

Determining viable seed store of Mimosa pigra:

Under different pasture types; 
Pseudoraphis

native hymenachne

para grass

dense mimosa

Leersia

Sedge ??

Echnichloa ??


For different periods of time since control

Introduction

Mimosa is an aggressive woody weed which has established and spread throughout many floodplain ecosystems in the Northern Territory, replacing over 80,000 hectares of native vegetation (Londsdale 1992).  Once established mimosa forms dense monocultures, which reduces biodiversity, compete with pastures and prevent access to water (Miller et al 1981).  The profitability of a component of the NT's  $180 million per year pastoral industry has been affected by mimosa through reduced grazing and water resources and increased costs ($0.25million spent on herbicides 1999/2000) (personal communication Mark Ashley).

Many land managers are employing integrated mimosa control programs, particularly in the Finniss Daly River, Mary and Adelaide River floodplains.  However the cost of mimosa control is significant, costing approximately $200 per hectare, varying with control strategy.  Given the cost involved, land managers are often keen to establish grazing enterprises to provide income which will fund control programs in the long term.  The challenge for land managers is to utilise floodplain ecosystems in such a way that income can be provided without promoting additional mimosa establishment.

Therefore to prevent mimosa invasion, or reinvasion, once mimosa stands have been managed, it is in the interest of the land manager to ensure highly competitive perennial grass species can persist and inhibit mimosa establishment.  In order to achieve this we need to determine what levels of grazing the key perennial grass species, native hymenchne, para grass and wild rice, can tolerate before mimosa re-establishment becomes a problem.  

Before this can be achieved, the seed store of mimosa needs to be quantified in relation to pasture type and time since control.  

Methods


The project will be based at on the floodplain of the Finniss River at Twin Hill Station, near Batchelor, NT.


In order to quantify the ability of major floodplain grass communities to suppress mimosa and to gain an improved understanding of the competitive relationships that exist between floodplain species, initially the seed store of mimosa in the soil needs to be determined.


Soil cores will be taken from different vegetation communities, native hymenachne (Hymenachne acutigluma),  para grass (Brachia mutica), sedge, pseudoraphis and echnichloa, leersia in addition to a dense mimosa stand.  Sites will be selected so that all pasture types are comparable one, two and three years post control. 


Soil cores will be taken to a depth of 5cm, diameter 9cm.  Six soil cores will be taken per vegetation type per year since control.


Soil cores will be placed in bags, labeled and taken to the lab.  Seeds will be extracted by breaking down the soil, using a solution of 30g sodium pyrophosphate and 15g sodium hydrogen carbonate in 1 litre of tap water (Yaalan, 1976, as cited in Lonsdale et al 1988).  Once the soil has been broken down the soil will be sieved using a stacked sieve, using the mesh size as determined in the pilot study.  


Germination tests will then be carried out over 21 days.  This will involve seeds being placed on moist  filter paper and incubated for 7 days at 30(C on a 12h day/night cycle.  The remaining seeds will be scarified by abrasion with fine sandpaper at the embryo end to ensure inhibition and again incubated for 7 days.  Those seeds germinating after scarification will be classed as viable but not germinable.  The remainder will be classed as dead (Lonsdale, 1988).

Resources and Budget

· Equipment

Soil augers or equivalent

Block of wood

Plastic bags in which to keep soil cores

Mallets

Gloves

Quad bikes

4WD vehicles

Solution to break down soil

Sieves

Germination tanks

Filter paper

· Personnel

Michael Douglas  (NTU) Supervisor

Consultation with Quentin Paynter (CSIRO), Mark Ashley (DPIF/DBIRD), Annie  Lane (DPIF/DBIRD) and Grant Flannigan (DPIF/DBIRD).

Formulation of experimental design

Site selection, on maps and in field.

Field work

Lab work

Constraints and exclusions

The timing of field work is crucial and needs to be carried out before the wet season begins in earnest.  The paddocks are already wet and there is potential in certain areas to become bogged.  Quad bikes will be used to traverse boggy areas.

From a scientific view point it would be ideal to have equal number of sites per vegetation community for one, two and three years post control.  However this may not be possible.  If this is the case the maximum number of sites possible will be chosen.  

References
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Miller, I.L., Nemestothy, L. & Pickering, S.E. (1981) Mimosa pigra in the Northern Territory.  Northern Territory Department of Primary Production Division of Agriculture and Stock Technical Bulletin No 51

Timeline

Field work to be completed  by November 2001.

Sieving of soil cores December 2001-11-20 

Germination tests to be completed by January 2002

Analysis of results to be completed by end February 2002

March and April 2002 write up
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Background


The topshell, Trochus niloticus (trochus) is important to artisanal fishers in the tropical and subtropical waters of the eastern Indian and western Pacific Oceans. It provides a valuable source of income through sale of the shell. Rapid declines in abundance shortly after commencement of commercial fisheries suggest that trochus is highly susceptible to overfishing (Heslinga et al., 1984; Nash, 1993; Castell, 1997). In many regions reefs have been overfished and stocks are depleted. For reasons unknown, replenishment of populations is often poor despite the fact that trochus larvae are planktotrophic and neighbouring reefs can have healthy breeding populations (Nash, 1985). 


Concern for the resource has led to alternate management strategies to enhance trochus populations. Two common cost effective restocking methods being developed in Australia, Indonesia and the Pacific are transplantation of mature adults to depleted reefs to generate a natural supply of larvae and the release of cultured juveniles <5mm basal shell width (SW). To enhance these techniques, a knowledge of juvenile trochus ecology and factors influencing settlement of larvae is required.


Juvenile trochus <25mm SW are generally difficult to find (pers. observ.; Helsinga et al., 1984; Smith, 1987; Nash, 1985, 1993; Castell et al, 1996, 1997). This may be due to their cryptic nature, small size, colour and ability to inhabit the many spaces provided by the heterogenous reef matrix or due to major differences in juvenile densities (pers. observ.; Nash, 1993; Castell, 1996). Juvenile trochus have rarely been observed active during the day (pers. observ.; Castell, 1996). However, recent night surveys on reefs at Sunday Island, in the southern Kimberley, have detected small numbers of active juveniles (<20mm) on the front of reef terraces (pers. observ.). Where are these juvenile trochus? Do they move in and out of the reef matrix to feed? 


Little is known about factors influencing settlement of trochus larvae. Some reports suggest that settlement of trochus larvae is induced by the presence of particular components of habitats i.e. coral rubble (Hickman, 1992; Castell, 1997). Other studies show that settlement can be induced by the presence of a primary algal film, coralline algae (Porolithon sp.) or gamma-aminobutyric acid (Heslinga, 1981; Heslinga and Hillman, 1981). Some anecdotal evidence suggests that trochus larvae settle where there is an abundance of adults. However, most of this work has been non-quantitative and anecdotal because choices were not provided to settling larvae. Do trochus larvae settle where there is suitable habitat, abundant food resources or a high abundance of adults? What are some of the cues that may influence larval settlement? 

Knowledge obtained about particular settlement cues or habitat preferences of trochus larvae and juveniles will help managers further develop strategies to maintain healthy and sustainable trochus fisheries. For instance, if research suggests that larvae settle where there is an abundance of adults then adult populations will need to be maintained on all reefs for recruitment to be successful. Additionally this study can also benefit reseeding programs. For example, if research shows larvae or juveniles are selecting a particular type of habitat then these habitats can be targeted when reseeding reefs with cultured juveniles.


The aims of this study are:



* To test particular settlement cues of Trochus niloticus larvae.

 

*  To test whether abiotic and biotic factors are indicators for successful 


     recruitment of juveniles onto reefs.



*  Investigate movement behaviour of juvenile trochus.

This study is composed of three complementary parts. A laboratory experiment will be used to test for particular cues that are most likely to influence preferences for settling larvae. Secondly, field sampling will be carried out to examine relationships between abundance of juvenile (<40mm) trochus and biotic and abiotic variables. This part of the study relies on the assumption that trochus populations are recruitment-limited, such that present abundances of small juveniles are a reflection of past levels of larval recruitment (Doherty, 1999). Thirdly, juvenile trochus will be spooled to examine movement behaviour in their heterogenous environment. Findings of laboratory and field components will be used to provide information on the specific cues that effect settlement of trochus larvae.

MATERIALS AND METHODS

Part I. Laboratory analysis of settlement cues of trochus larvae.

Sexually mature adult trochus will be collected from reefs around One Arm Point (OAP), in the southern Kimberley. These will be induced to spawn at the OAP hatchery using  temperature shock (Lee, 1997). Fertilised eggs will be transferred to a 70lt nally bin with seawater and mixed thoroughly with aeration. Egg density will be estimated from replicate aliquots then approximately 1000 fertilised eggs will be transferred in each of 15 replicate tubs with aerated filtered seawater. After 3 days, 8 containers, each containing a different experimental treatment will be submerged in each tub (Fig.1). This should allow larvae to settle immediately to a preferred treatment and not have treatments mixing in the water prior to settlement.


Three main treatments will be used in the laboratory analysis; substrate, coralline algae and adult trochus slime trail. Two types of substrate will be tested; flat coral Porites sp. tiles and finger-like coral rubble with pits. Both are natural reef materials suitable for settling larvae. Both Porites sp. tiles and coral rubble will be conditioned with a film of microalgae prior to being added to the tubs. Settlement and metamorphosis will be monitored in all tubs once the treatments are added. When metamorphosis of larval trochus is complete and the larvae have settled (approx. 7 days), each replicate will be removed from the tubs and treated with a living tissue stain to enable easy identification of settled juveniles. The number of settled larvae on the substrata will be counted in all replicates using a dissecting microscope. This experiment uses a fully orthogonal design to test for main effects and combinations of all treatments.

Experimental Design

Factors                              Levels = With(W) or Without(WO) 

Substrate
         Porites sp. Tiles                          Pitted Coral Rubble


Coralline Algae             W

    WO                                     W                   WO

Adult Trochus

Slime Trail                W     WO          W     WO                      W      WO            W     WO

The data will be analysed using a univariate, Model I, 3-factor ANOVA with number of settled larvae as the response variable.  

Part II Field based survey - relationship between juvenile abundance and abiotic and biotic variables.

Fifteen to twenty replicate reefs close to OAP will be surveyed (Fig. 2). Strip transects will be surveyed where highest trochus abundances have previously been recorded, on the seaward consolidated reef flat, starting approximately 10m leeward from the live coral zone and aligned perpendicular to the seaward edge. Trochus abundance will be estimated using 50m x 2m strip transects. Shell basal diameter for all Trochus niloticus within those transects will be measured and recorded in one of 3 size classes; juveniles <40mm, subadults 40-60mm and adults >60mm. The number of transects will depend on the size of the reef, the area of seaward consolidated reef flat and time available. The abundance of all other adult topshells (Trochus spp. and Tectus spp.) will also be recorded.


At every half metre point along each transect line, spot habitat characteristics will be distinguished and recorded in one of the following categories: 

· Abiotic variables: coral rubble, flat coral platform, 3 dimensional coral matrix, sand.

· Biotic variables: microalgae, macroalgae, coralline algae, hard coral, soft coral, seagrass, sponge.


Substrate complexity and mean sediment depth will be measured at 4 random positions along each transect. The number and size of holes (pits) will be measured at 4 random positions along each transect using a 200mm square quadrat. The number of predators (portunid crabs, stomatopods, octopus) will be surveyed at 4 random positions of each transect using a 5m x 2m strip of each transect.


The data will be analysed using a multiple regression analysis with abundance of juvenile trochus (<40mm SW) as the dependent variable and all abiotic and biotic factors as independent variables.
Part III Movement behaviour of juvenile trochus


A third and smaller part of this project will be attempted when time permits. Juvenile trochus <25mm SW will be located at night during low tide and spooled with a 0.5 m length of fine fluorescent mono-filament fishing line. Their position will be marked with a flagged stake. During the next diurnal low tide, distance travelled from the stake and into the reef matrix will be recorded.

Figure 1. Replicate tubs with 8 different treatments.




RESOURCES AND BUDGET

Under the supervision of Dr. Chan L. Lee I am currently employed as a casual Aquaculture Fisheries Research Officer for Fisheries Western Australia at their Broome regional office. My main focus is to assist Dr. Steve Purcell with an ACIAR project developing techniques for reseeding Trochus niloticus on reefs in the Kimberley Region (Dampier Peninsula and Buccaneer Archipelago). The term of my employment is 12 months, commencing on Febuary 1, 2000. The Kimberley Aquaculture Aboriginal Corporation (K.A.A.C.) has also employed me casually to assist in aquaculture development.


Due to this employment and associated funding, most of my field costs will be covered for SBI540 Research Project 2. A small amount of equipment is still to be acquired and the costs of printing, binding and publication of the dissertation need to be allocated. It is assumed that Northern Territory University can assist in these costs (Table 1). 
     Table 1. Resources, Sources and Acquisitions.

	RESOURCE
	SOURCE
	ACQUIRED

	Personnel
	Fisheries W.A.
	Yes

	Travel (4WD) and Fuel
	Fisheries W.A.
	Yes

	Accommodation
	Bardi Aboriginal Community
	Yes

	Provisions
	Fisheries W.A.
	Yes

	Boat Access, G.P.S. and Fuel
	K.A.A.C. and Fisheries W.A.
	Yes

	Hatchery Access
	Fisheries W.A. and Bardi Aboriginal Community
	Yes

	Laboratory Analysis Equipment

* flat coral Porites sp. tiles

* 2 x 70lt nally bins 

* 15 x 70lt round plastic tubs

* living tissue stain

* microscope
	Fisheries W.A. 

N.T.U.

N.T.U.

N.T.U.

Fisheries W.A.
	Yes

No

No

No

Yes

	Field Survey Equipment

* 2 x 50m tapes

* 2 x plastic vernier gauges

* miscellaneous
	 N.T.U.

N.T.U.

Fisheries W.A.
	No

No

Yes

	Office Space and Telephone
	Fisheries W.A. and K.A.A.C.
	Yes

	PC and Software Access
	Fisheries W.A. and K.A.A.C.
	Yes

	Literature Access
	Fisheries W.A.
	Yes

	Email Access
	Fisheries W.A.
	Yes

	Photocopying
	Fisheries W.A.
	Yes

	Dissertation  & Publication
	N.T.U.
	No


Constraints


The region has large tidal ranges (>10m). Therefore, all reef surveys will be conducted during a 3-hour period, 1.5 hours before and after low tide. Surveys need to be carried out when low tide height is <2m. This limits the suitable survey periods to the spring tidal cycle (Table 2).

Table 2. Project Timeline

	Task
	Febuary
	March
	April
	May
	June
	July
	August
	September
	October
	November

	Literature search
	
	
	
	
	
	
	
	
	
	

	Proposal
	
	
	
	
	
	
	
	
	
	

	Literature review
	
	
	
	
	
	
	
	
	
	

	Reef surveys
	
	
	
	
	
	
	
	
	
	

	Laboratory experiment
	
	
	
	
	
	
	
	
	
	

	Statistical analysis
	
	
	
	
	
	
	
	
	
	

	Dissertation
	
	
	
	
	
	
	
	
	
	

	Publication
	
	
	
	
	
	
	
	
	
	


	Working up
	

	Completed
	


Target Journals

* Journal of Marine and Freshwater Research will be targeted with the findings of the          
   laboratory and field survey components.

* Coral Reefs will be targeted with a note about the findings of the spooling study.
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Project Title:
“A critique of environmental management systems and their relevance in the north Australian pastoral industry.”

Aim:

Assess the applicability of environmental management system’s (EMS’s) for the north Australian pastoral industry, and discuss potential alternatives.

Objectives

1. Characterise the different environmental management systems (EMS).

2. Describe the links between EMS and National NRM policy and initiative.

3. Characterise the pastoral industry of northern Australia by

· identifying the stakeholders and describing them in terms of their objectives and scale of operation

· discussing property characteristics

· discussing property viability issues

· identifying unique features of the industry

4. Assess the compatibility of EMS’s and the north Australian pastoral industry. 

5. Integrate feedback from the pastoral industry on the appropriateness, effectiveness and viability of EMS’s from stakeholder interviews.

6. Recommendations for implementation

Introduction

Environmental management systems (EMS) are becoming increasingly relevant to all sectors of industry, including the pastoral industry (MLA 2002).  An EMS is a continuous process of planning, implementing and reviewing an organisations steps to manage its impacts on the environment it is working in and ensure sustainability of the resources being used (Rowland 2002).  There are many types and levels of EMS’s available to stakeholders and using an EMS that is appropriate and effective is important for enterprise viability and sustainable resource use.  The pastoral industry is gaining interest in Environmental Management Systems (EMS) as they recognise that natural resource management can have long term benefits for marketing produce as well as resource sustainability (Price 2002).

The pastoral industry has undergone dramatic change as it has progressed from a pioneer infant industry situation to the current environment where land managers have to cope with the demands of running a viable economic enterprise, meet environmental and government regulations, keep abreast of current beef technologies and respond to the demands of evolving markets.  Increased awareness of the community about environmental sustainability has lead to increased pressure on resource managers, such as pastoralists, to become more accountable for their use of natural resources (Pickup & Stafford Smith 1993).  The pastoral industry of northern Australia is spread over a vast area encompassing a variety of environments. It is comprised of a variety of stakeholders including corporate pastoral companies, family run operations and Aboriginal community run properties.  These of stakeholders have different objectives and requirements for their properties, ranging from subsistence farming to international commercial enterprise. 

State and Commonwealth legislation such as the Land Act 1994 and Environmental Protection and Biodiversity Conservation Act 1999 is in place to ensure that the pastoral leaseholders protect the resources they manage and utilise for future generations (Smith & Lockett 2001).  This legislation requires the pastoralist to manage and use the land sustainably.  An EMS is seen by many too assist pastoralists to adhere to legislation and codes of practice as well as ensure their resources are used sustainably (Dept AFFA 2002).  The Commonwealth Government has become aware of the importance of EMS’s, and has introduced a number of initiatives including the Environmental Management System Incentive Program (EMSIP).  This program helps increase environmental awareness in resource managers and encourages them to take the first step towards developing an EMS (Dept AFFA 2002).  

This report will address the following questions:

1. What are the EMS options and alternatives?

2. What are the characteristics of the north Australian Beef Industry?

3. Are these options appropriate, effective and viable for the industry stakeholders?  

4. What are the recommendations?

Methods

This study will be comprised of a literature review in consultation with relevant agencies and professionals when applicable.  In addition feedback from pastoral industry members will be gathered on the critique and recommendations will be based on this feedback .

Resources and Budget

This project will be primarily a literature review, therefore the resource requirements will be the use of faculty phones, photocopying allowances and any of the resources available for MTEM students as per SBI520-544: Research Project – Information Handbook.

Constraints and Exclusions

Lack of time and budget will mean I will be limited to interviewing a select few from 

north Australian pastoral industry.   

As each region in the northern Australia will have a different suite of pressing environmental issues, this study will aim to look at the applicability of environmental management systems and not address specific environmental issues.
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Project Aims:

1. To develop a model for the survival of bandicoots in the Kapalga fire experiment based on mark-recapture data from 1989 to 1995.  The survival model will include the variables of fire regime, habitat type, age, sex, and season. 

2. Produce survival models for bandicoot sub-populations within each treatment zone of the experimental site.

3. Calculate the population change in each sub-population the duration of the experiment.

4. Discuss the implications for management of bandicoot populations in fire prone tropical savannas.

Project Introduction/Overview:

From 1989 to 1995, a multidisciplinary landscape-scale experiment was conducted at Kapalga, in Kakadu National Park in the seasonal tropics of northern Australia.  The principal focus of this experiment was to study the effects of four different fire regimes on the ecology of tropical savannas.  One of the core projects conducted during the experiment was the rigorous sampling of small mammal populations so that their response to each of the experimental fire treatments could be assessed.  Bandicoots were the species most frequently trapped, producing a large data set for this species, comprising 658 individuals, trapped over 39 bimonthly trapping events from July 1989 to November 1995.

This data has not yet been adequately assessed and no analyses have been published.  This project seeks to rectify this long-standing omission by initiating the analysis of the Kapalga small mammal data set.  The bandicoot data set is the largest and has the highest rate of recapture and thus was selected as the most appropriate for initial investigation.

In line with the focus of the original experiment, this project seeks to examine the relationship between environmental characteristics and bandicoot survival.  Using the original mark-recapture data, explanatory models for survival will be developed that take into account all recorded environmental and demographic variables.  This will allow an assessment of the relative importance of each variable to the survival of bandicoots, as well as producing estimates of the viability of bandicoot populations under each experimental treatment.

Methods

As noted by Lebreton et al. (1992), the analysis of mark-recapture data rests heavily on model selection.  In this project, an information-theoretic approach (Burnham & Anderson, 1998) will be taken to find the model that best represents the inference of the data.  This approach relies on Kullback-Leibler information (Kullback and Liebler 1951) as the theoretical basis for data based model selection.  The relationship between Kullback-Leibler information and Fisher's maximised log-likelihood function was identified by Akaike (1973), and provides a simple, effective, and very general methodology for selecting a parsimonious model for the analysis of empirical data (deLeeuw 1992).  Using Akaike's Information Criterion (AIC) the best model can be identified from a set of a priori models, and measurements can also be made of each model's plausibility as an explanation for the inference.  Use of this approach will permit modelling of bandicoot survival under the four fire treatments while also taking into consideration other factors such as age, sex and habitat type.

To facilitate this analysis, the MARK computer program will be used (White, 2000). This program permits the application of numerous approaches to mark-recapture data including:

· Estimates of apparent survival and recapture probabilities using the Cormack-Jolly-Seber model (Lebreton et al., 1992)

· Estimation of the population size (N) at the start of the study, plus the rate of population change (lambda) for each interval using the Jolly-Seber model (Jolly 1965; Seber 1965, 1982, 1986, 1992; Pollock et al. 1990, Schwarz and Arnason 1996).

· Pradel's (1996) models for estimation of recruitment, apparent survival, rate of population change.

Each of these approaches will be applied to the data set using a pre-defined set of models based on best available understanding of the species and environmental factors involved.  These a priori models will be decided upon early in the project development to avoid the bias of data dredging, which could reveal ‘significant’ patterns that are in fact only a reflection of sampling variation.  The process of a priori model selection is critical to the objectivity and usefulness of the inferences drawn from the data.  Thus models will be selected in consultation with the two supervisors of the project based on their experience in ecology and population modelling.  Only explicitly plausible models will be tested.  It is expected that the number of models to be tested will be greater than seven, but less than twenty. Each a priori model will be built from combinations of the following variables: fire treatment, habitat type, dry-season rainfall, sex, age, weight, and reproductive success.

The MARK program will then be used to calculate the AIC for each model, providing an objective measure of the variation explained by each model.  This will permit the selection of the best model from the set of a priori models.  This model can then be used as the basis for statistical inference.

Having selected the most appropriate model to explain data variation, inferences can then be made regarding the relative importance of each demographic and environmental characteristic in the survival of bandicoots in the study region.

Constraints and Exclusions

Data was available for four small mammal species from the Kapalga experiment, but it was decided that since the methodology employed in this project was new to the researcher, it would be best to focus on the one with the best data for this initial project.

The analytical methodology employed in this project is new and innovative, and while its general concepts are clear, the subtleties of its use are as yet untested by the researcher.  This project will therefore provide the researcher with the opportunity to understand the strengths and weaknesses of this approach relative to classical approaches, although such a comparison is not an explicit aim of this project.

In addition to new theory, the project also uses new computer software unfamiliar to the researcher, which must be learned.  Time and consultation to facilitate this learning has been built into a timetable for supervisor consultation (see that section below).

Given that there is a significant amount of new material to be learned prior to the implementation of the methodology, it is possible that the goals of the project will need to be revised.  If this need arises, the second and third objectives stated above can be removed from the project without influencing the primary stated objective.  Additionally, the primary objective can be achieved at varying levels of complexity and depth depending on the number of a priori models tested and the number of variables considered.  Thus the project contains a significant degree of flexibility in its design without compromising the achievement of the primary objective.

Resources and Budget

As this is essentially a desktop project, resource requirements are fairly modest.  It is expected that the following resources will be required:

· Up to 30 inter-library loans.  Only loans authorised by the supervisor will be made.

· Photocopying up to 300 pages.

· Computer printing up to 300 pages. To print on-line articles, web pages, drafts of each section of the report, and final copies for all persons involved in the project.

· 3 writable CDROMS for data backup at key stages of the project.

· To run the MARK software effectively access will be required to a Pentium-class computer with greater than 300MHz processor speed, 64Mb RAM, at least 1Gb of available storage space and Windows95/NT-based operating system.  This system should also have Microsoft Excel, Microsoft Word, EndNote, and a statistical package such as Statistica or Systat.

· Printing and binding of the final report, including colour printing.

These resources are already being provided to postgraduate students by the faculty of SITE, the CRC for Tropical Savannas, and the Key Centre for Tropical Wildlife Management, so it is expected that no or minimal additional funding will be required.

Consultation with Supervisors

During the project, there will be regular consultation with both of the project supervisors to ensure that project will be completed on time and that the objectives are fulfilled to an appropriate degree of accuracy and detail.  As a preliminary guide, the following timetable of consultation is proposed:  

	Date
	Meeting topic

	25/8/00
	Proposal completion

Discuss objectives for literature review

	2/9/00
	Research Project Workshop: Present project proposal to fellow research students and receive feedback

	8/9/00
	Review of initial literature review and draft introduction

Preliminary investigation of MARK software

	22/9/00
	Setting of a priori models and assumptions

	6/10/00
	Analysis update and methods review

	20/10/00
	Final review of analysis and results

	3/11/00
	Final review of discussion 

General review of whole report

	17/11/00
	Project completed and handed in


These meetings will act as both milestones for achievement as well as a means for consultation and feedback.
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Project Proposal

Harvesting of Bombax ceiba for wood carvings in the Maningrida region: working towards a sustainable carving industry.

Anne Philips B.V.Sc.

Supervisor Mr Tony Griffiths

Project contributes to

 Masters in Tropical Environmental Management,

Northern Territory University.

Background Information

The Indigenous Peoples of Maningrida rely on their arts and crafts industry as an important contributor to the local economy. Over 300 people are associated with the rapidly growing arts & crafts industry in Maningrida. As artefact manufacture in Maningrida is nationally and internationally renown (Altman 1987), sustainable resource use is imperative to ensure the industries future. In addition to economic input, artefact production provides an avenue for the recording and maintenance of traditions in art and craft. Through artefact production, ‘traditional’ mediums can be utilised to assert the vitality of distinct Aboriginal culture (Altman 1983).  

Carvings acquired and then displayed or stored within the Maningrida Art Centre are often infested with wood borer, the larvae causing significant damage as they travel through the wood. The Bombax tree (Bombax ceiba) is particularly susceptible to wood borer, and many carvings bought from local artists are not saleable due to the extent of infestation. Wood borer is notoriously difficult to treat; conventional relatively inexpensive methods such as placing works in a deep freezer often prove to be of limited value (Paul Magill pers. comm). 

Artists supplying the Arts Centre have expressed a need for the documentation of woods affected by borer infestation, and potential resistant species in accordance with suitable carving properties. In addition they question the sustainability of current harvest regimes. In accordance with the artist’s needs, this study aims to collate wood harvest data with a view to developing a species management plan. This study forms a basis for future projects relating to the sustainability of current harvest regimes in the Maningrida region.

Aims

· Establish which tree species are currently used for carving in Maningrida Arts and Craft Centre. 

· Establish current harvest rates of Bombax ceiba (and other tree species time permitting), and size of harvested individuals. 

· Determine density and distribution of Bombax ceiba (and other suitable tree species time permitting) by sampling specific vegetation units within the Maningrida region. 

· Establish the extent of wood borer infestation in existing stock, and gain insight into the susceptibility of different types of wood. Determine suitable species for artefact production based on borer resistance and carving properties.

Methods

The study site centres on Maningrida, 550 kilometres east of Darwin in north-central Arnhem Land. The Maningrida region encompasses approximately 10,000 square kilometres. The Aboriginal population lives within the Maningrida town and on approximately 20 outstations scattered through the region (Altman 1983).

In accordance with the objectives of the first aim, initial research would involve meeting artists and discussing species used for carvings and potential suitable species. Woods used currently would be documented from examining, counting and measuring carvings on display and in storage. Data may be limited as a shipment of stored carvings to Sydney is expected prior to the initial visit. Where feasible in accordance with the fourth aim, species infested with wood borer would be documented. Data obtained would be use to form estimates of species susceptibility and resistance to borer. Specimens of wood borer would be collected and preserved for later identification.

Sampling in accordance with the second aim will occur within harvested vegetation communities selected by the artists. Sampling of the key species, B. ceiba, will occur within coastal and riparian monsoon vine tickets. Sampling of other species will depend on feasibility and time constraints. Data collected from harvested and previously harvested trees will include GPS (global positioning system) references for each patch, harvested species abundance (counting each individual within the patch or via a line transect if the patch if large), trunk diameter at the cut surface (or DBH (diameter at breast height), and evidence of re-growth. Sampling of unharvested species in accordance with the second aim will occur within the same harvested or nearby vegetation communities. Line transects will be used for sampling of B.ceiba within patches. Data obtained will include GPS referencing, species density, tree height, DBH and floristic records. 

Environmental data will be collected in order to determine variation in species density between harvested and unharvested area. Data collected will include: habitat types in sampled patches and neighbouring communities, evidence of feral animals, fire scarring, distance to water and roads.  

The size range (based on DBH or diameter at cut surface) population distribution and harvested distribution will be displayed graphically and compared using a Kolmogorov-Smirnov test. Spatial data and attributes will be entered on a Geographic Information System (GIS) using an existing digitised map of the Maningrida region in order to provide spatial representation. Species abundance, in accordance with the third aim, will be extrapolated to a wider area depending on the degree of community representation on the digitised map. 

Resources and Budget

(i) Field trip resources supplied by Key Centre for Tropical Wildlife Management and Faculty of SITE NTU will include: 

· 4WD vehicle.

· GPS.                                                 

· Tape measure, basal area wedge, densiometer, compass.

· Press for collection of plant specimens where identification required.

· Esky 

· Maps, aerial photographs, satellite imagery of the Maningrida region.

· Access to GIS and digitised regional map.

· Accommodation at Djinkarr Rangers Station.

(ii) Resources supplied personally will include:

· Multiple plastic bags of varying size for specimen collection.

· Plastic containers for collection of adult wood borers and larvae.

· Alcohol for preservation of larvae.

· Stethoscope for early detection of borer infestation.

· Food and drink during field trips.

· Literature and field guides.

(iii) Personnel connected with the project includes:

· Anne Philips, Masters Student NTU.

· Tony Griffiths, Supervisor.

· Maningrida Artists.

· Charles Godjuwa and other Djelk Rangers.

· Fiona  Salmon, Maningrida Art and Crafts Centre

(iv) Budget

Tony Griffiths plans to finalise the budget. The Key Centre will contribute $3,000 to the project. This will include vehicle and fuel costs, payment to artists and rangers for time spent during questioning and harvesting studies and accommodation costs. 

Ethics

Tony Griffiths plans to write a letter to include this project as part of the existing Human Ethics Project (The Sustainability of wildlife use in the Maningrida Region).

Study Sites

The initial study site will be Maningrida Arts and Craft Centre. 

Vegetation communities’ studies for harvested data will be chosen by the Indigenous artists, and will necessarily include coastal or riparian monsoon vine thickets being the habitat for B. ceiba. Harvested and abundance data will be obtained from these chosen and nearby patches.  Other vegetation communities will be sampled if more than one species is assessed. Sites chosen by artists are likely to be elected for cultural and other reasons such as accessibility. 

Proposed schedule

Fieldwork will be conducted between October and December 2000 during the course of two field trips to Maningrida, each of approximately two weeks duration. The following outlines the proposed schedule:

· Initial Literature review prior to field trips.

· Week 1: Introductions and discussion with artists and managers at Maningrida Arts and Craft Centre. Initial site visits.

· Week 2: Sampling of harvested and unharvested key species within chosen habitats.

· Week 3: Continue sampling. 

· Week 4: Final data collected from sampled and harvesting trips. Collected of data related to borer infestation and species susceptibility if feasible.

· Data collation, data analysis, data writing after the completion of field trips.

· Reporting back to community with results

Constraints and Exclusions

Aim 3 may or may not be achievable depending on the number of carvings remaining within the Arts Centre after removal of some existing stock. Other potential unforseen factors may delay field trips such as the advent of funerals or other cultural events, inclement weather and inaccessible roads. 

Aims that will necessarily remain unanswered due to time and funding constraints will provide opportunity for future research. These include:

· Establish any cultural regulations to tree harvesting, map cultural or clan boundaries including areas of preferred harvesting or areas of taboo.

· Collect seed of these tree species and run trial propagation and planting out experiments to determine growth rates and survival.

· Produce quantitative models to predict sustainable harvest levels of major species and management plans for these species.
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PROJECT PROPOSAL

Coastal Hazard Mitigation in the Northern Territory.

PROJECT AIMS

The main aims of this research project are threefold:

1. to briefly review the potential coastal hazards which may impact upon the Northern Territory coastline;

2. to examine current coastal hazard management techniques in the Northern Territory; and

3. to make recommendations toward the development of a coastal hazard policy/ management plan applicable to the Northern Territory.

PROJECT INTRODUCTION/OVERVIEW

Hazard is an unavoidable element, inherent in all aspects of life. The term risk is often used interchangeably with the term hazard, however, risk has the additional implication of the chance of a particular hazard occurring.  An understanding of hazard and risk is especially relevant to the coastal zone. Coastal hazards include the potential impacts of climate change, impacts of tropical cyclones, beach erosion and shoreline recession, tsunamis, storm surge - just to name a few!

In Australia more than 86% of the population live within the coastal zone, highlighting the need for effective management. Every state and territory, including the Northern Territory, possess an array of legislation that can be applied to the coastal zone. The Northern Territory is currently developing a Coastal Management Policy and Implementation Strategy which is applicable to the entire coastline, however we do not have a specific policy or management plan focussed solely on coastal hazards.

It is vital that policy objectives, standards and procedures at local state and commonwealth levels adequately recognise and address planning and management for coastal hazards at all scales, from the large scale coastal hazards such as flooding, coastal erosion and climate change and its associated effects to smaller scale site-specific hazards.

This study is intended to fill a gap in the knowledge by providing a broad overview of coastal hazards, to examine the current coastal hazard policy and practice, current management techniques and to make recommendations toward the development of a coastal hazard mitigation policy/plan for the Northern Territory.

METHODS

Research for this project will involve extensive literature searches (including use of the Internet and CD Rom) and consultation with relevant agencies and professionals. 

RESOURCES/BUDGET

The $200 budget provided by the NTU should cover the administrative costs of the research project.

PROJECT OUTLINE

Chapter One: Introduction

Chapter Two: Coastal Hazards in the Northern Territory

Chapter Three: Current Government Policy and Practice in relation to coastal hazard management in the Northern Territory

Chapter Four: Recommendations (toward the development of coastal hazard policy/management plan in the Northern Territory)

Chapter Five: Conclusions

PROJECT TIMELINE

The research project can be divided into three parts:

Part 1:  Overview of coastal hazards in Northern Territory (Sept) 

 – Chapters 1 and 2
Part 2:   Examine current coastal hazard management techniques 

              in the Northern Territory (Oct) – Chapter 3 

Part 3 – Recommendations toward the development of a coastal 

 hazard policy/ management plan applicable to the Northern 

 Territory (Nov) – Chapter 4 and 5
Sally Weekes 

SBI520-544: Research Project

Proposal

Project Title:  Territoriality and mating systems of the frillneck lizard Chlamydosaurus kingii (Agamidae).

Objectives

1. Compare territoriality of C.kingii in breeding season to non-breeding season by recording and analysing: distance to nearest neighbour, movements (number, type and distance), home range area and home range overlap.

2. Compare time-activity budgets of C.kingii in the non-breeding season to breeding season.

3. Infer from the above information the mating system employed by C.kingii.

Determine the spatial patterning of male and female frillneck lizards, compare between early, mid and late dry season.

Examine time-activity budgets for frillnecks, compare among age group, gender and season.

From above info. infer mating system, or aspects thereof, employed by frillneck lizards. 

Introduction 
The term ‘mating system’ of a population refers to the general behaviour strategy employed in order to obtain mates. Mating systems can generally be defined by three key features: their structure (eg monogamy, polygamy), defence of mates or resources, and the presence and type of parental care(Emlen and Oring 1977; Hews 1993). In 1977, Emlen and Oring published an ecological framework for understanding animal mating systems. This framework was based on the concept of intraspecific competition. Basically, where one sex becomes a limiting factor for members of the opposite sex, there will be strong intrasexual competition among members of the available sex for access to mates of the limiting sex. In vertebrates, females are usually the limiting sex while males are the limited. This is because a female’s reproductive success is generally controlled by her ability to nourish and protect her gametes, and a male’s reproductive success by his ability to fertilize females’ gametes. Thus for females, shelter or nutrients are often limiting resources, whereas for males, the limiting resource is usually a females’ gametes (Wiley 2000). As a result, mating success of the limited sex (usually males) is dependent on their ability to control access of others to potential mates. This may be done directly by physically herding potential mates or physically excluding other members of the same sex from these mates (mate defence), or indirectly by controlling resources critical for either mate attraction or successful reproduction (resource defence). The greater the degree of monopolization, the greater the resulting variance in mating success (Emlen and Oring 1977). The precise form of the mating system will depend on which sex is limiting and on the manner and the degree to which the limited sex controls the resource base or monopolizes mates (or both) (Emlen and Oring 1977).

Within this framework, Emlen and Oring (1977) recognise that rather than having a clear polygamous or monogamous structure, the mating system employed by a species often lies somewhere between the two; there are different degrees of polygamy in animals. They identify two precursors, one ecological and the other phylogenetic, for the evolution of polygamy. Firstly, multiple mates, or resources sufficient to attract multiple mates, must be energetically defendable by individuals (ecological precursor). The potential for controlling access to multiple mates should be viewed in a cost-benefit context. Stated simply, for a monogamous mating system the prerequisite is the economic defendability of a mate. Whereas for a polygamous mating system, the prerequisite is the economic monopolizability of several mates. Secondly, animals must have the ability to utilise this environmental potential (phylogenetic precursor). Critical resources may distributed in such a manner that they are economically defendable for an individual that expends most of its time budget on such defence, but not for one that devotes considerable time to alternative activities. 

The degree to which an animal can take advantage of this ‘polygamy potential’ of the environment depends in large part, on the degree of parental care required for successful rearing of young. For example, if parental care required is intensive and shared, neither the male nor female have the time to be promiscuous. On the other hand, if care is provided by only one parent, there is greater potential for their partner to monopolise more mates. When critical resources are distributed uniformly in space, suitably abundant and constant through time, there is little opportunity for resource monopolisation. In response, the breeding population becomes evenly dispersed, the potential for multiple mates is low, and ‘fitness’ may be maximised by equal sharing of parental care. In this situation, monogamy is likely to develop (Emlen and Oring 1977). 

As important resources become unevenly distributed, the potential for obtaining additional mates increases. This arises from the fact that some individuals may be able to control a larger quantity or better quality of resource than other individuals. The more clumped the resources, the greater the potential for fewer individuals to monopolise more of the resource. In this situation, polygamous mating may be expected (Emlen and Oring 1977). 

In addition to the spatial patterning of resources and mates, the temporal pattern of sexually receptive individuals also affects the type of mating system employed by animals. If, for example, all females in a population become receptive at the same time, the potential for individual males to monopolise females, is reduced. However, as receptivity of individuals of one sex becomes more asynchronous, the potential for individuals of the opposite sex to obtain mates is increased (Emlen and Oring 1977).

The aim of this study is to investigate the mating system, or aspects thereof, employed by frillneck lizards (family: Agamidae). Although the degree may vary between species, polygyny is widespread in lizards with the family agamidae being no exception (Stamps 1983). A Review by Stamps (Stamps 1983) showed that female lizards of the iguanid and agamid families are often territorial. In contrast, overlap of home ranges between the sexes is extensive, especially during the breeding season. In order to copulate with a female, a male must find her within her home range and court her there, often for an extended period of time (days or weeks). Since females do not leave their home ranges in order to mate, prospective male partners must have home ranges overlapping that of the female. Given this situation, Stamps (1983) devised a model that stated a polygamous mating system can only occur if the following conditions are met: 

1. Males must arrange their home ranges to overlap with female home ranges.

2. Males must increase their home range sizes so as to encompass more than one female home range.

In addition, a third mechanism must ensure that there is greater variance in mating success for males than for females. One such obvious mechanism is territoriality. If some males defend enlarged home ranges against other males, they would have exclusive breeding rights over the females within their territory. If male territories typically contained more than one female home range, then that species would have a polygamous mating system (Stamps 1983).

Previous work has shown that adult male frillneck lizards actively defend territories, have a larger body size, and maintain larger home ranges during the dry season, than females (Shine and Lambeck 1989; Griffiths 1994). However, relatively little is known of their breeding behaviour. By using the spatial patterning of adult male and female lizards and the time-activity budgets if individuals, this study aims to investigate aspects of the mating system employed by frillneck lizards. The spatial pattering of males and females should provide insight into the structure, while time-activity budgets should provide insight into the economics, of their existing mating system. 

Methods 

Site 

The study was conducted in Yanyula, a large (area?) suburban park situated in the northern Darwin suburb of Anula, Northern Territory, Australia. The park was chosen as it supports a large population of frillneck lizards, enabling the observation of several lizards to occur simultaneously. 

The study was conducted in Yanyula, a large (area?) suburban park situated in the northern Darwin suburb of Anula, Northern Territory, Australia. The park supports a large population of frillneck lizards in a highly modified environment. There are two large grass areas, one of which is a sports oval and the other is a smaller, oval shaped clearing. These grass areas are mowed regularly throughout the year and well watered during the dry season by a sprinkler system. The rest of the park could best be described as low-closed woodland? (spechts class), the woodland being composed primarily of exotic tree species such as African mahogany (bordering the footpaths), weeping rosewoods (bordering the ovals), and a mixture of natives such as figs, lillipillies, species A, B, C, D, E and F. During the wet and early dry the canopy is relatively dense? Making it difficult to near impossible to see lizards perched in the very tops of the trees. During the middle to late dry the canopy becomes less dense and the tops of the branches can be seen quite clearly. There is no middle- or under-story and ground cover consists mainly of leaf litter, bare ground and grass patches. Data was collected on the western side of the park primarily amongst weeping rosewoods, between the two ovals. 

Field Sampling 

A pilot study took place early May. The aim of this was to locate and tag lizards, clarify recording techniques, and identify the most appropriate time period to record data. Before each sampling occasion, a day was spent locating previously tagged lizards and tagging any new ones that had moved into the area. In addition, any new lizards seen during the data recording period were also tagged. Before the sampling occasion in September, additional categories of behaviour were defined during this preliminary period, as this is when the lizards are at most active.

As the territorial adult males were the focus of this study, these lizards were fitted with small radio-transmitters. Transmitters were attached externally near the base of their tail with Elastoplast. Other lizards, females and adolescents, were identified using a number that was written on Elastoplast tapped to their tail in the same position as the transmitters on the males. Snout-vent-length (SVL) was recorded for each individual caught, as were any visual markings such as holes/tares in frill etc. Every lizard was released in the precise location of capture. 

Sampling took place on three separate occasions: early dry season (may); mid dry season (July); and late dry season (September). Each occasion lasted from four – five days. Each day the first hour was spent locating lizards with data recorded between 10 am and 4 pm. The position of the observer recording data was aimed at being close enough to view the maximum number of lizards possible without creating too much of a disturbance. To ensure reliability of data, every effort was made to obtain visual sightings of the lizards with transmitters at the onset and end of each recording day. When lizards were not in view throughout the day, radio signals were considered sufficient evidence of their location and were traced every hour. To avoid the ‘pooling fallacy’ (Martin and Bateson 1986), individuals were used as the sample units and sampling sessions were stratified by time period, both within and between days (Morrison, Marcot et al. 1998). 

Data collection

A combination of scan and focus sampling techniques (Martin and Bateson 1986) were used to record the behaviour of frillnecks, with visual observations made from a fixed position. Binoculars were used when necessary. For every lizard three things were recorded:  position in space; behaviour; and duration of behaviour. Every ten minutes this data was recorded for each individual (scan sampling). Once active, the active individual was the focus of study until it become inactive or lost from view (focus sampling). If more than one lizard was active at one time, data was recorded simultaneously where possible. In addition, species of tree used by lizards were identified and re-use of individual trees was noted.  Temperature (in full sun and full shade), wind speed, cloud cover were measured every hour.

A lizard’s position in space was calculated using trigonometry. The data collected to do this included measurement of a fixed point in space, distance of the lizard from the fixed point, and a bearing of the lizard from the fixed point. The fixed point used was the GPS location of observer, distance of the lizard from the observer was measured using a rangefinder, and bearing of the lizard from the observer was taken using a compass. A new position was recorded every time an active lizard became stationary. Type, duration, and time (of day) of each behaviour were also recorded.

Analysis

For data analysis, the ‘Animal Movement’ extension to arcview 1.1 (Hodge and Eichenlaud 1997), was used. 

Space utilisation 

Two different methods for determining home range size will be used: Minimum Convex Polygon (MCP); and Kernel (60 % and 90 %). The MCP method quantifies and animals home range by using the distribution of sightings (location density estimator) while the Kernel method relies on the distance between the furthest sightings (minimum-linkage estimator).  

Comparisons among gender, age group and individuals will be made for the number of movements and the mean distance of moves.

The degree of territoriality will be investigated by using indices such as territory overlap and distance to nearest neighbour analyses.

Time utilisation

Comparisons among gender, age group, and individuals will be made for the frequency and duration of particular behaviours. 

Resources and Budget

Resources – supplied by Key Centre for Tropical Wildlife Management and Faculty of SITE NTU

Car, petrol (15 days, 10km / day = 150km. Car hire = 40c / km = $60.00 + Petrol)

Radio-telemetry gear (receiver, antenna, tags)

GPS
Rangefinder

Tape measure

Temperature gun

Densitometer (cloud cover)

Anemometer 

Stopwatch

Compass

Camera, film  

Batteries for all equipment

Elastoplast

Plant press

Access to computers, statistical packages (eg Statistica) and GIS (Arcview – Animal Movement extension)

Budget

Anything not covered by the KCTWM and SITE will be covered by the $200 grant provide for the project by NTU. This will include such things as car hire and petrol, photocopying.

Animal Ethics

Approval for this project has been granted by the Northern Territory University Animal Experimentation Ethics Committee, reference no: Project 00004.
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Time Line

July

· Second lot of field work

· Finish basic introduction

· Keep doing methods, keep learning more about arcview

· Do more on results- presentation, analyses to be used, analyse data collected already

August  

· Figure out basic structure of results

· Get more references

· Think about discussion, possibly outline some of it

September

· Last lot of field work

· Complete analysis, write discussion, finish introduction and methods.

October 

· Finish off and tidy up thesis

November

· Thesis due on 15th. 
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Project Title

Accounting for Indigenous Cultural Values in the Northern Territory Water Act

Name, student number, contact details

Ms. Erin Leigh Aucoin-Wenkoff

Charles Darwin University Student #121984

Post:  9 Gaden Circuit, Jingili, NT, 0810

Telephone (H):  +61 08 8948 1735

Mobile:  +61 419 035 650
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Aim

To answer the following question:  

Does the current Northern Territory Water Act sufficiently acknowledge and account for the cultural values of Australia’s indigenous population?

Objectives

Obj. 1:  To summarize the NT Water Act, with special attention to the culture component of the Beneficial Uses section (relevant definitions, Beneficial Use as a process, etc.).  


Outcome – Provides foundation for understanding the current situation; provides justification for the project.  Determines competence of the process; can it effect change?  (Does it have any teeth?)

Obj. 2:  To review the relevant legislation, including the Water Acts of other Australian states and the international law standards regarding indigenous rights.  


Outcome – Provides context for the question (aim) and justification for the project.  How does the NT Act compare with the Acts from other states?  Are the government obligations to the indigenous populations being acknowledged by the Act?

Obj. 3:  To prepare a literature review on the Aboriginal cultural values of water in specific regions of Northern Australia.  

Outcome – Provides the appropriate perspective from which to judge the adequacy of the recognition of cultural values by the Act (The Act is written from a European perspective, need to compare the text with Aboriginal perspectives to ensure suitable legislation).

Obj. 4:  To analyze the efficacy of the Beneficial Use process in specific areas of the Northern Territory where cultural needs (as a B. Use) have been declared.  


Outcome – Determines whether the B. Use process effectively incorporates cultural values into the Act, and functions to protect them.  This objective highlights necessary changes in the Act if the B. Use process does not perform satisfactorily.  

Obj. 5:  To make recommendations for proposed changes to the NT Water Act.

Outcome – Application of objectives 1-4 for beneficial modification of the Act.

Introduction

The Northern Territory Water Act governs how water is used and managed in the Territory.  The Beneficial Uses section of the Act is divided into seven ‘uses’ for water, one of which is cultural.  The cultural use of water is then subdivided into three categories:  aesthetic, recreational, and cultural needs.  This project aims to determine whether the current Northern Territory Water Act sufficiently acknowledges and provides for the cultural needs of the Territory’s Indigenous population.  Its efficacy in this regard will be judged by the Act’s compatibility with Indigenous perspectives (and thus priorities) regarding water and with international legal obligations to respect and protect Indigenous cultural heritage.  To determine whether the Beneficial Use process in the Act functions to protect cultural heritage, case studies of areas where culture as a Beneficial Use has been declared will be examined.  This research will enable criticism of the Act, where it may be praised for effective work and suggestions will be made for any improvements deemed necessary.

Methods

Primarily a literature review.  The current Northern Territory Water Act will be explored, and compared with the Water Acts of the other Australian states and territories.  International law regarding Indigenous rights (especially with regard to resources) will be studied to evaluate whether the Act meets international obligations.  Recorded water culture information will be gathered.  

Resources and Budget

The School of Science & Primary Industries provides up to $250 towards research project expenses.  Also, CDU Coursework Masters students are entitled to fifty interlibrary loans.  

Constraints & Exclusions

This project is scheduled for completion in thirteen weeks thus time is the major constraint and has thus far excluded the possibility of fieldwork. 

References
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Timeline

Two weeks per objective:  1½ wks research; 3 days to write up draft of that objective.  Two weeks writing and editing final draft.  One week for final editing of final draft.  One week readying thesis for presentation.  One week bush work in May (included in schedule but not relevant to project).  Tentative schedule as follows, as dates for bush work not confirmed:  

Objective #1:


research: 12 April – 20 April


draft:       21 April – 23 April

Objective #2:


research: 26 April – 04 May


draft:       05 May – 07 May

{Bush work:  10 May – 14 May}

Objective #3:


research: 17 May – 25 May


draft:       26 May – 28 May

Objective #4:


research:  31 May – 8 June


draft:       09 June – 11 June

Objective #5:


research: 14 June – 22 June


draft:       23 June – 25 June

Write and edit final draft:  28 June – 09 July

Final editing of final draft:  12 July – 16 July

Readying thesis for presentation:  19 July – 23 July

26 July – Thesis due
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Introduction

Hunting, gathering and fishing of native wildlife remains an important part of the diet and cultural heritage of Indigenous Australians (Altman, 1987, Haigh & Coleman, 1995, Meehan, 1982). Subsistence activity still accounts for a substantial part of an Aboriginal person’s day in northern Australia. At the same time Aboriginal participation in the labour force is extremely low and welfare dependency high (Altman, 2000). The commercial use of wildlife populations is a potential strategy for creating an economic base that could provide a service to the community (Bomford & Caughley, 1996). Some food species are regularly used as a subsistence food source because of their abundance. If such species are to be considered for commercial use, it is important to take into account whether this has the potential to impact negatively on the population of the species and the community that currently use the species.

In Australia there are several examples where wild animal species have been harvested for commercial purposes at levels that are not sustainable (Bridgewater, 1995) leading to species decline or extinction. To reduce the risk of over-exploitation of any particular species, it is important to consider a broad range of ecological and socio-economic factors. 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 (Freese, 1998). 

Indigenous people have almost unrestricted rights to hunt for food throughout the Northern Territory. According to the Territory Parks and Wildlife Conservation Act 1993 (NT), Indigenous people have the right to harvest native animal and plant species from areas of land and sea traditionally used for hunting, food-gathering or ceremonial reasons but not for commercial purposes. These regulations have been put into place to allow Indigenous people to continue their traditional practices but does not allow for financial gain from these activities, thereby preventing the development of potentially practicable small industry such as the sale of mangrove clams.

 In the Maningrida region of eastern Arnhem Land, there is a limited economic base with little formal employment through a small number of service providers and the Community Development Employment Program (CDEP). There are only a few very small private enterprises, which are based on the sale of cultural products (Altman & Johnson, 2000). A vibrant indigenous arts industry engages over 300 people but average income is low and seasonal, and the community has a strong land management program that runs both commercial and public activities (Altman & Taylor, 1989). 

The mangrove clam (Polymesoda erosa) is a large dioceous bivalve mollusc found in the brackish waters of mangrove areas of the Northern Territory. It is also a prominent bivalve in mangroves throughout Southeast Asia (Morton, 1975). The clam is usually found in the landward fringe of mangroves where they are generally only covered by spring tides, and able to survive extended periods of exposure and inundation by freshwater during the wet season (Morton, 1975). Mangrove clams are found commonly in exposed tidal areas dominated by mangrove tree species such as of Avicennia matima (Meehan, 1982). 

The mangrove clam is an important part of the diet of Indigenous people in the Maningrida region. It contributes the second greatest weight to the shellfish diet of people living at the mouth of the Blyth River in central Arnhem Land over an annual cycle (Meehan, 1982). Evidence suggests that current Indigenous harvest of the mangrove clam is sustainable, as information collected in the early 1970’s (Meehan, 1982) shows that Indigenous people have long exploited this species as a significant part of their diet and clams continue to be locally abundant. 

In assessing the potential commercial harvest of P. erosa it is essential to better understand the current harvest effort and apparent effect this is having on clam populations before attempting to develop a sustainable management plan that includes any increase in harvest rates. The lack of information about current distribution and abundance of the mangrove clam mean that it is difficult to predict what level of harvest can be considered sustainable. A study of the population dynamics and fishery of the freshwater clam of the same genus, Polymesoda solida, in the Colombian Caribbean Sea found that current harvest rates were well above a sustainable level (Rueda & Urban, 1998) and an appropriate management plan must be developed for the fishery to persist.

Commonwealth consideration of fisheries regulation does not provide for significant contribution from Indigenous people. There are currently no Aboriginal or Torres Strait Islander members on Commonwealth level fisheries management bodies such as Management Advisory Committees established by the Australian Fisheries Management Authority, except in the Torres Strait (Sutherland, 1996). Various advisory committees have been established in the Northern Territory government and Aboriginal consultation is compulsory for a range of activities as outlined in the Fisheries Act 1995 (NT) (Sutherland, 1996). There is a complete ban on any commercial shellfish harvesting in the Northern Territory.

If the commercial sale of Polymesoda erosa is to be developed for Indigenous people in the Northern Territory, evidence must be gathered to demonstrate whether such an enterprise is viable. This evidence could then make a contribution to discussions regarding changing current law that prevents these activities. Selling the mangrove clam in the Northern Territory is not illegal because of concerns about the sustainability of the potential industry, as very little is known about the population size and abundance of mangrove clams in the Maningrida region. 

This study will collate and analyse information regarding the use of mangrove clams as a food source for Indigenous people in the Maningrida region and explore the feasibility of commercial harvest of clams. Feasibility will be analysed in terms of socio-economic as well as biological viability. Recent data will be compared with information regarding the harvest of mangrove clams as described by Meehan (1982) after a study conducted in 1972-1973. 

Aim: 

Objectives

1) Present information from local community members knowledge and perceptions of potential commercial exploitation of mangrove clams 

2) Calculate subsistence harvest rates of mangrove clams from catch-per-unit effort data using existing survey data and consider implications for monitoring populations. 

3) Determine distribution of mangrove clams in Maningrida region using existing survey data

4) Identify trend in population size change since 1972-73.

5) Make recommendations about future sustainable harvesting of Mangrove clams 

Methods

1) Present information from local community members knowledge and perceptions of potential commercial exploitation of mangrove clams  

Tim Schultz from the Key Centre for Tropical Wildlife Management (KCTWM) at the Northern Territory University and Djelk Rangers from Maningrida conducted interviews with Indigenous people in the Maningrida area during December 2002. These interviews focus on people’s knowledge of the mangrove clam Polymesoda erosa. The interviews were conducted with people associated with the two major rivers in the Mangrida region, each containing large mangrove forests containing abundant P. erosa. Each interview was structured on a set of questions that related to the following:

1. Language names and harvest location oral history of interaction between the people of Maningrida and the mangrove clam, particularly stories associated with traditional management techniques and harvests. The interviews also explore the attitudes of Indigenous people towards the potential of harvesting mangrove clams for commercial sale. 

2. Harvesting techniques and patterns

3. Biological information

4. Perceptions towards commercial harvest of P. erosa and management implications 

The recorded transcripts have been transcribed by Catherine Archer and is currently in the process of checking. The aim of this project is to present these views. Information and analysis of oral history data will be largely descriptive and will summarise attitudes of Indigenous people toward the current use of the mangrove clam and the attitude toward the potential to exploit the clams commercially. 
2) Calculate subsistence harvest rates of mangrove clams from catch-per-unit effort data using existing survey data and consider implications for monitoring populations 
Data regarding the distribution and harvest of the mangrove clam in the Maningrida region have been collected as part of a project conducted by the Key Centre For Wildlife Management at the Northern Territory University. Data regarding harvest of clams by Indigenous people will be collated and analysed to determine subsistence harvest rates. Harvest rates observed by Betty Meehan as part of her study of shellfish use in the same region (Meehan, 1982) will be used as a comparison to determine whether these harvest rates have varied significantly in the past thirty years. 

3) Identify trens in clam population size

Existing catch-per-unit-effort data combined with recent population estimates will allow identification of trends in clam population size changes in the Maningrida region over the last thirty years. 

4) Determine distribution of mangrove clams in Maningrida region using existing survey data 

Data regarding the distribution and harvest of the mangrove clam in the Maningrida region have been collected as part of a project conducted by the Key Centre For Wildlife Management at the Northern Territory University. This will be used as the basis for determining the current distribution of the Polymesoda erosa. 

Resources and Budget

(i) Oral history

· Mini-disc recorder

· PC 

(ii)
Analysis of habitat distribution and harvest rates

· PC 

· Maps, aerial photographs, satellite imagery of the Maningrida region

· S-Plus and EXCEL software

(iii) Personnel connected with the project includes:

· Johanna Karam, Masters Student NTU.

· Tony Griffiths, Supervisor.

· Catherine Archer, Research Associate

(iv) Budget

This project analyses data already collected through various projects so the main resources required will be the use of faculty facilities such as telephones, photocopiers, computers and other facilities made available to MTEM students. The only additional cost will be the fee to be paid to Catherine Archer who has been contracted to transcribe oral history recordings. 

Ethics

Human ethics already approved for oral history data collection. (Check that your subsequent use of data covered under original clearance).

Study Sites

The study site for this project is the Maningrida region, which is in north-central Arnhem Land, 550 kilometres east of Darwin, Northern Territory. 

Proposed schedule

August-September:  literature review 

October-November:  document oral history information

December-February: analyse distribution and harvest data

June 2004: Submission of completed thesis

Constraints and Exclusions

The collection of data through recorded oral histories will not necessarily produce quantifiable results for analysis of current effort of mangrove clam harvest. Whilst historical data regarding the harvest of mangrove clams is available from Meehan (1982), this information does not contain any raw data and is only available for one area from within the current region to be studied. 

The available time and scope of this project will not allow for a complete analysis of the factors that should be considered when developing a management plan for potential harvest of the mangrove clam Polymesoda erosa. Instead, this project will provide useful information about the distribution of the clams in the Maningrida region and explore the attitudes of Indigenous people toward the idea of establishing a commercial enterprise based on the harvest and sale of mangrove clams.
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Background Information

Aboriginal people in Australia today are economically disadvantaged in comparison with other Australians. The economic status of Aboriginal people is the lowest of all Australians in relation to employment, income, housing, education and health (Altman 2000). The state plays a large role as a source of income and a provider of services for Aboriginal people and Aboriginal communities in remote locations have few opportunities for commercial ventures to reduce this dependency on the state (Altman 2001). 

Previous attempts to create market opportunities and establish commercial enterprise in Aboriginal communities have shown that a community-based approach is needed if these ventures are to succeed (Dale 1996). Externally driven projects have failed due to a lack of control by Aboriginal people and a lack of respect for local traditions and custom. In contrast, the contemporary Aboriginal Art industry is an example of a successful community-based enterprise, controlled by Indigenous people that is utilising local resources and contributing $100 –300 million to the economy Australia-wide (Altman 2002). 

An opportunity for community-based enterprise may be provided by the commercial harvest of wildlife through an expansion of the traditional customary economy into sustainable commercial use (Freese 1998). The commercial consumptive use of wildlife remains a controversial issue in Australia and questions ranging from ownership of resources to the protection of wildlife and restrictions on trade of wildlife products still need to be resolved (Webb 1997). There is, however, some consensus that, if managed carefully, consumptive and commercial use can promote the conservation of wild species (Freese 1998).

The sustainable use of wildlife is encouraged by the Parks and Wildlife Commission of the Northern Territory (PWCNT). In its “Strategy for Conservation through the Sustainable Use of Wildlife” the PWCNT states as one of its objectives “to ensure that Aboriginal people (…) have the option to develop commercial uses [of wildlife] on a sustainable basis” (PWCNT 1995, p.1). 

The Maningrida region of central Arnhemland has a limited economic base. Maningrida township was established in 1950 and today services more than 2000 people. Employment is largely limited to regional services, some not-for profit organisations and the Community Development Employment Program (CDEP), which includes activities like the delivery of municipal services, employment with service and infrastructure providers, social and cultural services, office administration as well as the manufacture of art and craft on outstations. The establishment of a cypress pine forestry project in the 1960s created little employment and eventually failed (Hughes 1996). The most significant exports of the region today are cultural products that are sold via Maningrida Arts and Crafts (Altman and Taylor 1989). Sustainable use projects like the commercial harvest of crocodiles and crocodile eggs are providing small-scale commercial opportunities for local Aboriginal people.

A new small-scale community-based venture that is currently commencing in the Maningrida region is the commercial harvesting of cycads from savanna woodland areas near Gamardi Outstation. This project will examine the sustainability of this harvest and its impact on local cycad populations. 

Cycads are long-lived, dioecious, woody plants with a palm-like growth habit. Their distribution ranges from Africa and Central and South America to Southeast Asia and Australia (Jones 1993). Cycads are slow growing and reproduction occurs from seed or, as in the Australian Cycas armstrongii, from vegetative sprouting (Watkinson and Powell 1997). Cycads are very popular with landscapers, collectors and cycad enthusiasts for their horticultural appeal (Hill 2003). 

Worldwide, cycads are under threat from habitat destruction and collection. In Australia, however, many species are locally common and less vulnerable to extinction than cycads in other parts of the world (Donaldson 2003). Yet recent simulation modelling of harvesting impacts on two African cycad species suggests that the harvest of adult plants has a profound negative effect on cycad populations and seedling recruitment (Raimondo and Donaldson 2003). 

There are twelve species of cycad in the Northern Territory, all of which are protected under the Territory Parks and Wildlife Conservation Act 1993 and permits are required to take cycads for commercial use. A Trial Management Program for Cycads in the Northern Territory was formulated to develop strategies for the sustainable use of cycads and to implement a system of monitoring the impacts of harvesting on cycad populations as well as to encourage research into cycad ecology (PWCNT 1997). 

The Arnhemland Cycad (Cycas arnhemica) is endemic to the Maningrida region in central Arnhemland where it is abundant throughout its range (Hill and Osbourne 2001). The current conservation status of C. arnhemica on the IUCN Red List is one of “least concern” (Donaldson 2003) and a preliminary population estimate around Gamardi Outstation suggests a population size of over 5 million in an area of only 86 km² (Griffiths et al., unpublished data). The Arnhemland Cycad is currently not available for purchase anywhere in the world and therefore provides a unique commercial opportunity for local Traditional Owners. 

To assess the commercial feasibility and ecological sustainability of cycad harvesting, the Key Centre for Tropical Wildlife Management has implemented a pilot project at Gamardi Outstation in association with the Bawinanga Aboriginal Corporation. As part of this project experimental harvests were conducted in 2001 and a monitoring program was set up to assess the impacts of different harvesting regimes on population structure, survival and growth of C.arnhemica. The monitoring program is required by the PWCNT in accordance with the PWCNT Cycad Management Plan.

AIM:

The overall aim of this Masters project is to evaluate the sustainability of harvesting of C. arnhemica, by assessing the survival, growth and recruitment of C. arnhemica under different experimental harvesting regimes using data collected as part of the monitoring program. It will also examine the cost of implementing the monitoring program as required by the PWCNT and assess the effectiveness of different nursery treatments for survival of harvested plants.

Objectives:

1. Determine the impact of experimental harvest on survival of in-situ C. arnhemica
2. Determine the impact of experimental harvest on growth of in-situ C. arnhemica
3. Determine the impact of experimental harvest on recruitment of C. arnhemica
4. Determine the impact of environmental change on in-situ C. arnhemica
5. Determine survival of C. arnhemica in a range of nursery treatments.

6. Assess cost and limitations of monitoring harvested populations

7. Evaluate the sustainability of  harvesting of C. arnhemica for commercial purposes.
Methods

This project is part of a study that was established by Tony Griffiths from the Key Centre for Tropical Wildlife Management in conjunction with the Bawinanga Aboriginal Corporation and Djelk Rangers in 2001 to investigate the feasibility of a small-scale commercial cycad harvesting enterprise. An experimental harvesting and monitoring program was set up in accordance with PWCNT regulations. A large part of the data that will be used in this project has been collected in 2001 and 2002 by others as part of the monitoring program. 

For this Masters project a field trip to the study area will be conducted to collect additional data for the year 2003. 

Study Area

The experimental harvest sites are located near Gamardi Outstation, 100km southeast of Maningrida in central Arnhemland on the Blyth River. The sandy soils of the region support E. tetrodonta /E. miniata dominated open forest with C. arnhemica abundant in the forest understorey. Harvested cycads were taken to the Bawinanga Aboriginal Corporation (BAC) nursery in the Maningrida township for horticultural treatment. 

Study Design

Three sites in the Gamardi area were chosen randomly and at each of these sites nine 20 m x 20 m quadrats were marked in 2001. Each quadrat was randomly assigned one of the following three treatments:

1. Harvest of all adult cycads (>0.5 m) 

2. Harvest of all juvenile cycads (0.05 m – 0.5 m) 

3. No harvest 

All cycads within the 27 quadrats were individually tagged and height and diameter of all plantswere measured. Harvested cycads will not be included in the analysis of in-situ growth and survival. 

Aim 1: Survival of in-situ C.arnhemica

To determine differences in survival of C. arnhemica all quadrats were searched for tagged plants and plants were scored as present or absent in 2002, one year after they were first tagged. This procedure will be repeated in 2003 to add to the existing data. The combined presence/absence dataset will be analysed with a binomial generalised linear model using S-Plus software (Crawley 2001).

Aim 2: Growth of in-situ C. arnhemica 

To determine differences in growth under different harvesting regimes, the height and diameter of all tagged plants were measured at the start of the study in 2001 and in 2002 using an extendable measuring pole and callipers and will be re-measured in 2003. Growth data will be analysed by non-linear least squares regression using S-Plus software (Crawley 2001). 

Aim 3: Recruitment

In each quadrat a 20 m x 5 m strip will be searched for new seedlings during the 2003 field trip and the number of seedlings will be recorded. Differences in seedling establishment under different harvest treatments will be analysed using analysis of variance. 

Aim 4: Environmental factors

A site assessment was carried out for each quadrat in 2001 and 2002, recording disturbance by fire, feral animals, weeds and other factors, distance to permanent water and basal area of woody species. The same parameters will be assessed in 2003 and the combined data used to analyse the impact of environmental factors on C. arnhemica. 

Aim 5: Survival of C. arnhemica in the nursery

Plants were harvested in 2001 by Traditional Owners from Gamardi Outstation and Djelk Rangers. Harvested plants were transferred to the Bawinanga Aboriginal Corporation nursery in Maningrida and each plant was randomly assigned one of the following five nursery treatments prior to potting:

1. Plants stored bare-rooted for several weeks 

2. Root bulb treated with bleach 

3. Root bulb treated with rooting hormone 

4. Root bulb treated with bleach and rooting hormone 

5. No treatment 

Survival of cycads was recorded and plants classified as alive or dead using presence of leaves as an indicator of survival. Survival will be analysed by a binomial generalised linear model using S-Plus software as for Aim 1. 

Aim 6: Cost of monitoring

The cost of travel, equipment and labour inputs were recorded during the monitoring phase of the study. These records will be compiled and used to determine the overall cost of monitoring harvested populations. 

Resources and Budget

Resources for this project are supplied by the Key Centre for Tropical Wildlife Management, The Northern Territory University, Bawinanga Aboriginal Corporation and Djelk Rangers.

(i) Field trip resources supplied by the Key Centre for Tropical Wildlife Management include:

· 4WD vehicle

· GPS

· Measuring equipment

· Maps, aerial photographs, satellite imagery of the Maningrida region

· Accommodation at Djinkarr Ranger Station

(ii) Analysis

· PC

· S-Plus software

· Arcview Software

(iii) Personnel connected with the project includes:

· Julia Schult, Masters Student, NTU

· Tony Griffiths, Supervisor

· Julian Gorman, Research Associate

· Djelk Rangers

(iv) Budget

N/A

Ethics

Ethics Committee approval is not required for this project.

Proposed Schedule 

	July 2003
	Field trip to Maningrida

	August
	Data collation

	September
	Familiarisation with software and data analysis

	October/November
	Writing of thesis

	November 15, 2003
	Submit thesis


Constraints and Exclusions

This project is restricted by the short time that has passed since plants were harvested in 2001. The interpretation of results will be limited by the fact that cycads are slow growing and two years may not be enough to detect impacts on growth and population structure. 
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