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ABSTRACT 

The principal aims of this study were to develop a GIS for the collection and modelling of beach 

characteristics which influence selection of nest sites by marine turtles on the north east Arnhem 

Land coast. Additionally, the association between the proximity of human settlements and 

probability of a site being used for nesting was examined. 

 

The study involved the use of aerial photography, other data collected by remote sensing, and 

existing GIS coverages to characterise mainland nesting beaches between Cape Wilberforce and 

Cape Shield in north east Arnhem Land. Beaches on numerous small rocky islands were 

difficult to characterise with available data and were not mapped. Nesting data from aerial and 

ground surveys collected between 1993 and 1999 by the Parks and Wildlife Commission of the 

NT was used to map the presence of nesting throughout the study area.  

 

A total of 224 beaches was identified with a total length of 355 km, representing 55% of the 

coastline in the study area. Nesting activity occurred on 61 beaches which covered a total length 

of 150 km. Data limitations required the use of a binomial response variable, defined as the 

presence or absence of nesting activity by a mix of species recorded at least once over the seven 

years of survey. 

 

Logistic regression analysis was used to derive a model relating the probability of a beach being 

used by nesting marine turtles to the physical characteristics that could be derived from small 

scale remotely sensed and GIS data. A parsimonious model was produced with beach exposure 

and length of beaches, accounting for approximately 30% of the variation in nesting activity. 

 

Increased exposure of beaches to open sea was significantly associated with nesting activity. 

This is interpreted as evidence that nesting females choose exposed beaches that offer access to 

open sea currents which may increase survivorship of hatchlings by minimising energy 

expenditure to reach feeding areas.  

 

An examination of the proximity of settlements to nesting beaches using Euclidean distance 

showed a significant negative association with the presence of nesting when entered alone into a 

model. However, when entered into a model with exposure of beaches it did not add 

significantly to the explained variance. This is interpreted as a product of intercorrelation 

between exposure of beaches and proximity of settlements. Settlements are typically found on 
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sheltered bays, where choices made to site outstations are based on values unrelated to turtle 

nesting activity.  

 

The methods used to develop models to determine suitable nesting beaches have scope for 

adaptation to guide further surveys of nest distribution and abundance. The GIS produced in this 

study will provide indigenous land managers in north east Arnhem Land with a planning tool 

for management of nesting beaches in the region. 
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1. INTRODUCTION  

1.1 Overview 
This study examines the use of remote sensing technologies and geographic information systems 

(GIS) to assess habitat characteristics of marine turtle nesting beaches and the development of 

statistical models which describe locations and patterns of turtle nesting. Additionally the study 

examines the proximity of human settlements to nesting beaches and the implementation of GIS 

in indigenous communities. This study has been undertaken in cooperation with the Dhimurru 

Land Management Aboriginal Corporation (Dhimurru), based in north east Arnhem Land. 

Nesting data was provided by the Parks and Wildlife Commission of the Northern Territory 

(PWCNT) (Chatto unpubl. data). 

1.2 Background to the study 
In 1995 Dhimurru established the Miyapunu (Sea Turtle) Project in response to concerns of 

senior traditional owners about perceived local declines in numbers of turtles and nests (Kennett 

et al. 1998). Marine turtles and their eggs are considered an important resource by indigenous 

people, providing food and cultural traditions, and ensuring that harvests remain sustainable is of 

major concern to indigenous people in north east Arnhem Land (Munungurritj 1998; Yunupingu 

1998). 

 

Traditional owners' concerns included the impact on turtles by commercial fisheries, egg 

predation by native and introduced animals, impact of recreational vehicles, and possible over-

harvesting by indigenous people (Kennett et al. 1998). One of the difficulties in managing turtle 

populations in the Northern Territory is the lack of data on their abundance and impacts which 

threaten turtles. Information is required on a regional scale to effectively manage populations of 

marine turtles, as they are migratory, and impacts on turtles occur widely. 

 

Research to date on marine turtle ecology and biology in the Northern Territory has occurred 

mainly on the north west coast (Guinea 1998), while aerial surveys of nesting beaches have been 

conducted along the entire coast by the PWCNT (Chatto 1998). The Miyapunu Project has 

collected data on turtle biology, abundance, and indigenous usage of eggs and adult turtles in 

eastern Arnhem Land (Kennett et al. 1998).  

 

Results from the Miyapunu Project indicate that obtaining information on harvesting of eggs and 

adults from remote communities is difficult, and alternative methods would be required to gain 
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accurate and more comprehensive data throughout the region. Knowledge on levels of harvests is 

important for the long term management of marine turtles and for the continuing sustainable use 

by indigenous people. 

 

Kennett et al. (1998) assessed egg and turtle harvests in north east Arnhem Land, but found that 

collecting data on egg harvests was difficult. Eggs are often eaten in situ, and eggshells do not 

provide an adequate record to determine the size of harvest. Instead proximity from settlements to 

nesting beaches is considered for this study as an alternative to direct quantification of harvests. 

This approach is based on the premise that more accessible beaches will be more frequently and 

intensively harvested. Evidence that beaches close to settlements had lower probabilities of 

supporting nesting would justify more direct investigation. 

 

There are many difficulties with examining this question by collecting field data because 

Aboriginal settlements are remote and spread throughout a large geographic area. GIS is suited to 

the collection and analysis of data pertaining to these problems. 

 

Information on the distribution and abundance of marine turtles is currently not in a format which 

could be used to provide information on impacts of hunting and other threats for the management 

of nesting beaches. The use of remote sensing and GIS could provide an improved framework for 

the collation, presentation and analysis of data and assessing management requirements for 

marine turtles in eastern Arnhem Land and other remote parts of the Northern Territory coast. 

This study, in addition to examining the questions relating to the choice of nesting beaches by 

marine turtles, also considers the utility of remote sensing and GIS technologies as a management 

tool for remote areas lacking infrastructure. 

 

1.3 Aims 
Using the background information, objectives were formulated which could provide the 

necessary framework for management of marine turtle nesting beaches by indigenous land 

owners. 

 

1. To develop a geographic information system (GIS) for characterisation of coastal beaches in 

the study area, including variables considered likely to influence marine turtle nesting. 

 

2. To develop a statistical model to predict location of nesting beaches from the variables 

captured in or derivable from the GIS. 
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3. To examine the association between proximity of beaches to settlements and the probability 

of use by nesting marine turtles. 

 

4. To test the hypothesis that higher intensity harvest near settlements displaces turtles from 

accessible beaches. 

 

5. To provide a geographic information system to the Dhimurru Land Management Aboriginal 

Corporation as a planning tool to contribute to the management of marine turtle nesting 

beaches in eastern Arnhem Land. 

 

1.4 Significance of study 
Marine turtles are in decline in Australia and worldwide; the International Union for the 

Conservation of Nature (IUCN) lists five of the seven extant species as Endangered, the 

hawksbill turtle as Critically Endangered, and the flatback turtle as Vulnerable (IUCN 2000). 

Several international conventions provide indirect protection of marine turtles through habitat 

protection (Convention on the Conservation of Migratory Species of Wild Animals), and trade 

regulation (Convention for International Trade of Endangered Species of Flora and Fauna).  

 

In Australia marine turtles are protected by national, State and Territory law (eg. Environment 

Protection and Biodiversity Conservation Act 1999) and a Recovery Plan for Marine Turtles in 

Australia (hereafter Recovery Plan) has been developed (Environment Australia 1998). The 

Recovery Plan outlines objectives to reduce current threats to marine turtles, to collect 

information on the distribution and abundance of marine turtles, and the establishment of 

management strategies for their conservation. One of the objectives of the plan specifically aims 

"to engage Australian indigenous peoples in the national recovery of and management of impacts 

on marine turtles, and to restore and maintain marine turtle populations to levels that can support 

a sustainable indigenous harvest of turtles and eggs" (Environment Australia 1998:20). 

 

Surveys by the PWCNT have provided knowledge on the distribution of important turtle nesting 

sites throughout the Northern Territory, and several rookeries have been identified as 

internationally important (Chatto 1998; Limpus 1998). The Northern Territory has a high 

diversity of marine turtles, with six species occurring in its waters and four species nesting on its 

beaches (green (Chelonia mydas), hawksbill (Eretmochelys imbricata), olive ridley 

(Lepidochelys olivacea), and flatback (Natator depressus) turtles).  
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The Territory Parks and Wildlife Conservation Act 1996 lists turtles as protected wildlife, 

although it does allow for the traditional hunting of turtles and eggs by indigenous people. A 

Marine Biodiversity Conservation Strategy developed by the PWCNT as part of the recently 

revised NT Coastal Management Policy and Implementation Strategy (DPLE) is yet to be 

implemented (K. Skertchly pers. comm.). Further protection may be afforded through the 

implementation of Indigenous Protected Areas, which will increase management and protection 

of marine turtles on Aboriginal land.  

 

Little is known about anthropogenic impacts on marine turtle populations in the Northern 

Territory, and to date research has been done on the impacts of prawn fisheries (Poiner et al. 

1990; Wallner and Sachse 1998), indigenous harvests (Kowarsky 1995; Kennett et al. 1998), and 

marine debris (WWF Australia 2000). To address this lack of information this study aims to 

develop a GIS framework of locations and physical descriptions of nesting beaches which may be 

used by managers seeking to determine the source and occurrence of impacts on marine turtles. 

 

Approximately 85% of the coast is owned by Aboriginal people under the Aboriginal Land 

Rights (Northern Territory) Act 1976. Indigenous people are major users of coastal resources in 

the Northern Territory and have long held custodial responsibilities of them. Marine turtles are an 

important food resource for coastal indigenous people throughout the region, and the traditions 

associated with the use of these resources has significant cultural placement in their communities 

(Williams 1982). This study is an important complement to work done by the Yolngu in north 

east Arnhem Land to provide information on possible declines of marine turtles and to develop 

management options for nesting beaches.  

 

1.5 Thesis outline 
Chapter 2 describes the study area, providing a brief history and detail on infrastructure, physical 

features, and climate. Chapter 3 reviews recent literature on marine turtle nesting habitats, the 

geomorphology of beaches, habitat modelling, the use of GIS and remote sensing to describe 

habitats, human disturbance to nesting beaches, and issues concerning the use of GIS by 

indigenous communities. Chapter 4 details the methods used to derive geographical variables 

from GIS and remote sensing sources, and the mapping of turtle nesting observations. Chapters 5 

and 6 contain the results and discussion respectively. The discussion includes assessment of the 

implications for management and recommendations for use of models and GIS used in this study. 
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2. THE STUDY AREA: EASTERN ARNHEM LAND 

2.1 Dhimurru Land Management Aboriginal Corporation 
The Dhimurru Land Management Aboriginal Corporation (Dhimurru) was established by 

indigenous Yolngu land owners in north-east Arnhem Land. The aim of Dhimurru is to "address 

natural and cultural management priorities identified by it's members, with particular emphasis on 

designated recreation areas, and to deal with them in accordance with the directions of the 

traditional owners" (DLMAC 2000).  

 

The study area described below is an area of eastern Arnhem Land in which Dhimurru is the 

main land management organisation. One of the aims of this study is to provide a GIS for the 

management of nesting beaches by Dhimurru. Thus the study area includes coastal areas in 

eastern Arnhem Land, namely from Cape Wilberforce to the northern margin of Blue Mud Bay 

(Figure 2.1), with further detail on the physical environment given below. 

 

2.2 The physical environment 

2.2.1 Coastal region 
The study area includes coastal areas between Cape Wilberforce (11.88°S 136.56°E) north of 

Nhulunbuy, to Cape Shield (13.33°S 136.33°E) at the mouth of Blue Mud Bay (Figure 2.1). The 

coast is dominated by sandy beaches, large dune systems, and stretches of rocky foreshore or 

cliffs. There are also limited areas of mangroves which occur in bays and other less exposed 

areas. The study area has four large bays: Melville Bay, Port Bradshaw, Caledon Bay, and Trial 

Bay (Figure 2.1). They are dominated by shallow waters and predominantly lined by mangroves. 

There are numerous small (<300 m wide) rocky islands in the study area, and one large (>7 km 

long) island (Bremer Is) to the north of Nhulunbuy. 
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Figure 2.1. Study area of north east Arnhem Land. 
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2.2.2 Beaches 
The beaches within the study area are typically long and narrow (ranging from around 100 m to 

13 km, and less than 50 m wide). Some short beaches are bordered by rocky headlands. There are 

many larger beaches which have extensive dune systems, sometimes reaching several kilometres 

inland. Such large dunes are unusual in the tropics, because dense vegetation, low wind velocities 

and damp sand conditions, typically hinder dune development (Pethick 1984). 

 

The vegetation of dunes in the study area is comprised of creepers, grasses and low shrubs (pers. 

obs.). Some examples include Ipomoea pes-caprae, Vetiveria elongata, Guettarda speciosa, 

Casuarina sp., Calophyllum inophyllum and Aidia cocinchinensis (Gambold et al. 1995; pers. 

obs.). 

 

2.2.3 Climate 
The climate of the study area is typically described as tropical wet-dry, with monsoonal wet 

season rains from around November to April, and little or no rain in the dry season. The north 

east Arnhem Land climate differs from this general pattern in that moisture laden south easterly 

winds can bring light rains during the dry season.  

 

Wind direction and velocity play an important role in beach and dune formation (Pethick 1984; 

Davis Jr 1985), and thus an important role in the morphology of potential marine turtle nesting 

beaches. In the study area the winds with highest velocity and consistent direction are from the 

south east between April and September (see Appendix 1).  

 

Indigenous people's perceptions of climate are subtle and the Yolngu calendar is divided into six 

seasons (Figure 2.2). Each season has identifiable wind and weather patterns and corresponds to 

ecological phenomena. The detailed understanding of weather patterns held by Yolngu enable 

them to predict the arrival and availability of natural resources, and each season represents 

optimal times to hunt and gather particular food resources (Davis 1984).  

 

2.2.4 Nesting activity 
Nesting activity in the study area has been observed during aerial and ground surveys (Chatto 

1998; Kennett unpubl. data). The species most commonly found nesting on the mainland is the 

green turtle, which typically utilises beaches backed by large dunes (Chatto 1998). Also nesting 

on the mainland are flatback, and limited numbers of olive ridley and hawksbill turtles; islands in 

the study area support large rookeries of hawksbill turtles, as well as a smaller number of green 
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and flatback turtles (Chatto 1998). Peak season for green turtle nesting is from October to 

December, while hawksbill turtles nest in the latter half of the year; flatback turtles nest 

throughout the year (Chatto 1998).  

 

 

Figure 2.2. Aboriginal seasonal calendar for north eastern Arnhem Land. Source: Davis 

(1984). 

 

2.3 The human environment 

2.3.1 Brief history of the area 
The history of Arnhem Land provides an understanding of current settlement patterns, and 

therefore distribution of current patterns of resource use. In the early 1900s several mission 

stations were established by Christian organisations throughout Arnhem Land, including 

Yirrkala, which brought people from their traditional lands into large townships in an effort to 

'reform' Aboriginal people to western living conditions. Prior to this the Yolngu people lived 

throughout the region and had a long established system of land tenure, which included 

responsibilities of land management (Williams 1986).  

 

The influence of western tenure following the imposition of mining on Yolngu land in the 1960s 

gave impetus to the Aboriginal land rights movement, and in the 1970s Aboriginal land, 

including Arnhem Land, was formally given freehold status under the Aboriginal Land Rights 
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(Northern Territory) Act 1976. Under a government policy of self-determination introduced in 

the early 1970s, people began to move away from missions, returning to traditional lands where 

outstations were established.  

 

The 'outstation movement' was important for the return to traditional ways, including "cultural 

(desire to protect sacred sites), social (need to reinforce family structures) and political (desire for 

autonomy) factors" (Altman and Taylor 1987:8). The movement was, in part, dependant on 

people gaining access to large tracts of land with natural resources, which allowed continuation 

of hunting and gathering traditions. 

 

2.3.2 Infrastructure and outstations 
The largest town in the study area is Nhulunbuy, with around 3500 non-Aboriginal people 

('Balanda'). The next largest community is Yirrkala which has around 900 people, mostly 

Aboriginal. There are around 20 smaller permanent and semi-permanent outstations along the 

coast in the study area (Figure 2.3), with an approximate total population of 600 (K. Leitch pers. 

comm.) The names of outstations may change from time to time for cultural reasons (K. Leitch 

pers. comm.). 

 

All communities are serviced by road, although road access to some outstations may be cut by 

flooding after heavy rains; many outstations have airstrips which can be serviced by light aircraft.  

 

Outstations are administered for housing and other services by several organisations. The main 

organisation involved in eastern Arnhem Land is the Laynhapuy Homelands Association Inc., 

which administers around 12 outstations throughout the area. Other organisations involved are 

the Gumatj Association Inc., Marngarr Community Government Council, Yirrkala Dhanbul 

Community Association, and the Marthakal Homeland Resource Centre Inc.  

 

Dhimurru also assists individual Yolngu land-owners, homeland centres, and local Yolngu 

community organisations with the development and implementation of resource management 

strategies (DLMAC 2000).  
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Figure 2.3. Communities of north east Arnhem Land. 
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The people of north east Arnhem Land have made strong long-term commitments to the 

restoration and maintenance of traditional lifestyles, including the active use of living resources, 

including marine turtles. These efforts do not constitute a return to pre-European conditions. 

Marine turtles are now affected by many adverse influences such as by-catch in fisheries and 

marine debris which are unrelated to traditional uses. The Yolngu are seeking approaches to 

management that both maintain tradition and yet take account of and respond appropriately to 

changed circumstances. 

 

2.4 Conservation reserves 
There are no formally gazetted nature conservation reserves within the study area, although 

Dhimurru does manage recreation areas in the vicinity of Nhulunbuy, including the Cape Arnhem 

(Nanydjaka) area. The establishment of Indigenous Protected Areas is currently under negotiation 

for the north east Arnhem Land region (N. Munungurritj pers. comm.), and this will provide 

formal reserve protection and management. 
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3. LITERATURE REVIEW 

The broad aims of this study are to develop a GIS of marine turtle nesting beaches for the 

development of predictive models of nesting locations and for management of beaches by 

indigenous communities. As the study area is remote and extensive, the appropriate method to 

obtain habitat variables for modelling is with GIS and remote sensing data.  

 

This chapter will begin by reviewing literature pertaining to the physical attributes of nesting 

beaches which influence selection by marine turtles. Literature will then be reviewed on the 

modelling of habitat using remote sensing and GIS data, and case studies on the modelling of 

turtle nesting beaches will be presented. One of the specific aims of this study is to examine the 

association between proximity of beaches to settlements and the probability of use by marine 

turtles. Issues of impacts of settlements on nesting beaches and turtles will be reviewed. Finally, 

literature on the implementation of GIS in indigenous communities as a resource management 

tool will be discussed. 

 

3.1 Characterising marine turtle nesting habitat 
To address the aim of developing predictive models examining potential influences on the 

location of nesting beaches, a review of factors influencing beach selection by marine turtles will 

be done to identify habitat variables for potential inclusion in the models. A short review of 

influences on and correlates of beach morphology will follow to determine if other habitat 

variables associated with nesting beaches could be used to model nesting habitat. 

 

3.1.1 Factors influencing beach selection 
Marine turtles display high fidelity to nesting beaches, returning within and between nesting 

seasons to the same beach, or at least within the same locality (Carr and Carr 1972; Miller 1997), 

and it is widely believed that adults return to the area where they were born (Lohmann et al. 

1997). It is also generally considered that turtles select beaches and sites which provide the 

greatest chance of success for their offspring (Hays et al. 1995; Mortimer 1995) based on some 

visual or other sensory cues, but despite a great deal of work investigating this behaviour, no 

definitive mechanisms of beach selection have been determined (Miller 1997).  

 

Some general requirements for nesting were described by Mortimer (1995) and include: the 

beach must be accessible from the sea; the beach must be high enough to prevent inundation by 

tides or ground water; and the substrate must facilitate gas diffusion and yet be moist and fine 
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enough to allow egg chamber construction (Mortimer 1995). However, these attributes are 

inappropriate for developing habitat models using GIS or remote sensing data for this study as 

only one requirement (access from sea) could be determined from such sources. Some studies 

have examined site-selection on beaches, rather than beach selection, and analysed factors such 

as distance of nest from water or beach vegetation (Hays and Speakman 1993; Hays et al. 1995; 

Wang and Cheng 1999), or sand temperature (Stoneburner and Richardson 1981), but these 

variables also will not be considered for this study because they are also difficult to assess with 

the data available. Instead aspects of the physical morphology of beaches relating to processes 

which produces nesting habitat, and which are expected to offer suitable nesting habitat, will be 

reviewed. 

 

Physical characteristics of sand composition, beach profile, and offshore bathymetry were 

examined in inter-specific preference of leatherback (Dermochelys coriacea) and green (Chelonia 

mydas) turtle nesting beaches in Malaysia (Hendrickson and Balasingham 1966). The larger 

species (leatherback), preferred beaches with coarser sand, a steeper profile, and deeper offshore 

approaches than the green turtle. The difference in beach morphology was attributed to a strong 

onshore current (Hendrickson and Balasingham 1966). These morphological features would be 

difficult to measure comprehensively enough for incorporation in GIS models unless extensive 

field work was carried out, but they are all characteristic of a high energy coastline (Pethick 

1984), and inference of beach exposure or wave energy may be suitable surrogate measures.  

 

Physical characteristics of beaches used by hawksbill turtle (Eretmochelys imbricata) were also 

examined in Barbados by Horrocks and Scott (1991). A variety of features were measured 

including sand characteristics (eg. composition), distance of nest above high tide, and beach 

slope. On leeward sections of coast beaches had steeper slopes and higher nesting density and 

abundance (but no difference in nest success). Horrocks and Scott (1991) considered that turtles 

preferred these beaches because of differences in wave energy. They proposed that turtles 

moving on and off low wave energy beaches have lower energetic costs. Steeper slopes were also 

considered important because nests on these beaches were laid at a minimal horizontal distance 

from high tides, offering hatchlings lower energetic costs and reduced exposure to predation in 

reaching the sea (Horrocks and Scott 1991). Differences in beach slope between high and low 

energy coasts can be attributed to differences in particle size (Pethick 1984).  

 

Shelter from prevailing winds influenced beach selection by green turtles on the North West 

Cape Peninsula, Western Australia (Johannes and Rimmer 1984). However, this was related to 

salinity levels around the nest chamber, which can affect nesting success. Sand samples were 
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collected from a number of nesting and non-nesting beaches and analysed for their salt content. 

Nesting beaches had significantly lower salinity levels than non-nesting beaches. An examination 

of the prevailing winds and aspect of beaches revealed that beaches facing away from prevailing 

winds had much lower salinity because less salt spray was deposited. These results suggest that 

aspect of beaches may be a determining factor of beach preference, and it can be obtained from 

geographical data of the type available for this study. 

 

Beaches on Ascension Island were examined for the association between nesting abundance and 

amount of rock obstructions on beaches and beach length (Mortimer 1995). Green turtles nesting 

on the island nested more frequently on longer beaches and beaches relatively free of rock clutter. 

Rocks were considered likely to inhibit turtles from approaching beaches, and predation on 

hatchlings where rocks occurred was considered high (Mortimer 1995). Since beach length and 

presence of rocks are possible factors influencing choice of beach, and are both variables which 

can be measured with remote sensing data, they will be examined in this study. 

 

In explaining why turtles use particular beaches Carr and Carr (1972:426) suggested that "its 

cause should be looked for in either shore topography or hydrologic features". Beaches are 

dynamic landforms and their morphology reflects environmental conditions such as direction of 

currents, wave energy, wind direction and wind velocity. Physical morphology of beaches and 

coastal features could be used to infer the conditions at the nest site, and other possible variables 

are considered below. 

 

3.1.2 Geomorphological processes of beaches 
Physical characteristics of the coast that affect morphological processes of beach development 

and are possible to obtain by remote sensing techniques or GIS data include aspect, direction of 

prevailing wind, and wave energy or exposure to open water. These attributes are intricately 

related and affect, among other characteristics, dune development. Here I consider the use of 

exposure of beaches and dune types as useful variables for characterising beaches. Using these 

characteristics for developing models on turtle nesting beaches assumes that there is some 

combination of morphological processes which produces ideal conditions for nesting.  

 

Exposure of beaches to open water is determined by the fetch (the distance of uninterrupted open 

water), and aspect to prevailing winds. It is possible to derive fetch and hence exposure using 

GIS, however it typically requires a raster or grid format (eg. Lehmann 1998). Exposure can also 

be determined by using aerial photography and topographic maps to assess relative exposure, 
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such as used for the determination of coastal areas at risk from oil spill (P. Puig, pers. comm.; 

Wardrop and Ball 2000). Wind directions used for this measure typically use dominant winds of 

consistent direction and high velocity, and data can be obtained from weather bureaux.  

 

Sand dunes differ from other coastal features in that they are formed by movement of air (Pethick 

1984). They result from sediment carried to the beach by longshore transport, deposition on the 

beach by waves, erosion at the beach by wind, and deposition on the back-shore area which is 

influenced by vegetation (Pethick 1984; Goldsmith 1985). Size and the number of dune ridges 

indicate their age (Pethick 1984). Thus their presence and form indicate the presence of long term 

processes acting on the coast. The type of dune present may indicate processes of beach 

development, and thus in turn beach profile, composition of sand, and other factors influencing 

beach preference by turtles. They are large features and easily visible in photography. 

 

One interesting point to note is that morphological definitions of a beach relate to the area below 

high water levels to various distances offshore. This contrasts with definitions used by marine 

biologists who generally describe turtle nesting habitat as beaches, when in fact most nesting 

occurs on the berm or parts of the foredune. For the benefit of consistency in marine turtle papers 

I shall use the term beaches to describe nesting habitat. 

 

This section has shown that there are some physical characteristics of beaches that may influence 

beach selection by nesting marine turtles. Additionally there are other physical factors which may 

affect the quality of nest sites through morphological processes taking place along the coast. 

 

3.2 Habitat modelling 
Models which describe and predict locations of particular habitat used by a certain species 

require the correlation of its known presence or abundance to features of its habitat (Anderson 

and Gutzwiller 1996). Data are thus required for both the response variable (the species in 

question) and the explanatory variable(s) (its habitat characteristics). In this study the data 

describing the locations of marine turtle nesting have been provided, and only features relating to 

the nesting habitat are required. Methods available to obtain descriptions of habitat features 

include ground surveys or interpretation of remotely sensed data. Ground surveys were not 

possible for this study as the study area is remote and geographically extensive. The following 

sections will describe modelling techniques and the use of remote sensing data and GIS to obtain 

variables for use in models which predict locations of suitable habitat. This will be followed by a 
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brief description of case studies on the use of GIS and remote sensing to monitor marine turtles 

and their habitats. 

 

3.2.1 Habitat suitability models 
Habitat suitability modelling is an approach which has been used widely in wildlife management 

(eg. Brennan et al. 1986; van Horne 1989; Milsom et al. 2000; Suarez et al. 2000) and has also 

been widely used in conjunction with remote sensing and GIS technologies to capture, store, and 

analyse data (eg. Lyon 1983; Herr and Queen 1993; Boroski et al. 1996; and see below).  

 

Due to the complex nature of the environment and the use of many variables to describe it, 

models usually require complex statistical analyses (Brennan et al. 1986; Gutzwiller and 

Anderson 1986). The problems associated with linking environmental modelling techniques and 

GIS has received much attention (eg. see Goodchild et al. 1993; NCGIA 1996; Clarke et al. 

2000), however the use of GIS in wildlife-habitat modelling has been slow because the complex 

statistics required for environmental modelling are usually not found in the standard GIS, and 

remain relatively undeveloped (Bailey 1994; Burrough and McDonnell 1998; Wegener 2000).  

 

Modelling procedures typically conducted in the GIS include rule-based models and 

cartographical models (de Mers 1997; Johnston 1998; Wadsworth and Treweek 1999). Statistical 

modelling is normally done by exporting GIS-derived data to specialised software. The 

advantage of running the model outside the GIS is the option for using specialised software, 

while integrating the model in a GIS offers the options of using generic tools and a single 

database (Burrough et al. 1993).  

 

Habitat models use a variety of statistical techniques depending on the outcome required and the 

data collected. They typically are multivariate in nature, and hence require powerful statistical 

methods. Multivariate approaches include multiple regression, discriminate analysis, general 

linear modelling, and logistic regression. Logistic regression is useful when there is nonlinearity 

between the explanatory and response variable, and it can also include categorical variables 

(Mannan et al. 1996).   

 

With the increasing use of statistical modelling procedures using GIS data, Elston et al. (1997) 

warn users that errors not normally associated with standard statistical procedures can be 

introduced from data stored in the GIS. Any modelling procedures using GIS data should take 

this into account by a series of weighted-adaptations to the regression equation. Errors in spatial 
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data are known to come from many sources, such as age of data, scale, resolution, and data 

format etc. (Burrough and McDonnell 1998), so it is likely that errors may compound. 

 

3.2.2 Use of GIS and remote sensing to model habitat 
Data captured by remote sensing, such as satellite imagery or aerial photography, can provide 

information on large areas at relatively low costs, and has been widely used for habitat evaluation 

for wildlife management purposes (Lyon 1983; Hodgson et al. 1987; Avery and Haines-Young 

1990; Breininger et al. 1991; Congalton et al. 1993; Herr and Queen 1993; Carey and Brown 

1994; Baker et al. 1995; Boroski et al. 1996; Hepinstall and Sader 1997; Özesmi and Mitsch 

1997). Satellite imagery has been used for habitat suitability models for environmental features 

which are generally large ecological units, or phenomena suited to the low resolution of the 

imagery (Carey and Brown 1994; Boroski et al. 1996; Hepinstall and Sader 1997).  

 

On the other hand, aerial photography provides higher resolution and ease of interpretation and is 

more appropriate to users working in unfamiliar areas or landscapes requiring accurate habitat 

mapping (Sheppard et al. 1995). For example, Short and Williamson (1986) used aerial 

photography to differentiate the relative structural complexity of different land units. Baker et al. 

(1995) used aerial photography to analyse habitat at various scales, and Lehmann (1998) used 

aerial photography to map submerged vegetation, using variation in pattern and colour. The 

habitat for this study is of a narrow linear nature, and the resolution and interpretability of aerial 

photography make it a suitable data source.  

 

3.2.3 Case studies using GIS and remote sensing for turtle management 
The use of GIS and remote sensing technologies to describe and monitor marine turtles and their 

habitats is in its infancy, although early literature described its potential (Mosier 1994; Huang et 

al. 1995). Other literature has consisted of poster presentations (Mosier and Blaine 1994; Renaud 

et al. 1994), or brief conference abstracts (Schmid 1994; Groombridge 1996; Williams et al. 

1996), which mainly described applications of the technology. Mosier (1994) and Mosier and 

Blaine (1994) briefly describe the integration of existing coastal GIS data with nesting data from 

monitored nesting beaches and mortality data from strandings, highlighting the potential for 

management and analysis.  

 

Further work has examined the potential of satellite imagery to identify turtle feeding grounds 

employing techniques used to map reef zonation (Menges et al. 1998), and the use of GIS to store 

and analyse data for monitoring nesting sites (Blamires et al. in press). 
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A recent study has incorporated turtle nesting data in a coastal GIS developed for the Turkish 

coast (Maktav et al. 2000). They used a previously developed coastal GIS to examine potential 

threats to marine habitats in the Mediterranean, an area subject to intense human pressure. The 

GIS included a detailed digital terrain model of a nesting beach. The resulting GIS, with spatial 

data relating to elevation of nest locations, beach condition, water pollution and tourist 

developments, provided environmental managers with the ability to make plans for coastal 

protection including marine turtle nesting habitat.  

 

Although data to this level of detail would be ideal, it was not available for this study in a form 

that could be easily transferred into a GIS. Limited GIS data in the current study area exists for 

an Oil Spill Response Atlas (OSRA), developed by the Northern Territory Department of Lands 

Planning and Environment. Coastal areas were described in terms of exposure and other coastal 

attributes, but the information is limited to areas at risk of oil spill, and is restricted to a small 

portion of the study area. 

 

3.3 Proximity of settlements to nesting beaches 
Literature on the effects of disturbance by humans has mostly investigated artificial lighting and 

the associated disturbance to nesting turtles (eg. Mortimer 1995), and intensive beach use such as 

tourist visitation, and structural modification such as sea walls or beach replenishment (Hosier et 

al. 1981; Miller 1997). These are unlikely to be of consequence in the current study as much of 

the coastline is uninhabited apart from small settlements and there is little coastal development.  

 

Instead the main disturbance to nesting turtles is likely to be from hunters seeking nesting 

females, or possibly from egg harvests. A limited amount of literature has examined the 

consumption of turtles and eggs by indigenous people throughout the world (Bradley 1991; 

Kowarsky 1995; McCoy 1995; Nietschmann 1995; Spring 1995; Kennett et al. 1998). This has 

mainly recorded patterns of traditional use of turtles rather than making a biological investigation 

on disturbance. Kowarsky (1995) attempted an assessment of harvest levels by indigenous 

Australians, however it was limited and based largely on extrapolations from only a few 

communities. 

 

The proximity of settlements to nesting beaches may be influencing the rate of visitation by 

hunters to collect turtles and eggs, and hence the level of disturbance. In some locations in north 

east Arnhem Land vehicles are used in collection of eggs and turtles and regular vehicle access 
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may lead to increased rates of egg harvests (Kennett et al. 1998). Other authors report that motor 

boats are being used by coastal people in favour of traditional methods (Kowarsky 1995; McCoy 

1995; Spring 1995). 

 

The presence of a small village adjacent to a beach on Wan-An Island, near Taiwan, was 

considered a contributing factor to low nesting rates (Wang and Cheng 1999). At other beaches 

on the island where nesting was frequent these beaches were difficult to access by people, as the 

beaches were some distance away (about 2 km straight line distance) from villages, or because 

vehicle access was difficult. However, the authors did not test the association between 

accessibility of beaches and presence of nesting.  

 

Disturbance may be a contributing factor in the use of beaches by nesting turtles close to 

settlements. However, little research to date has investigated the association of proximity of 

settlements to nesting activity. A potential method to investigate this association is with the 

distance analysis capabilities of GIS. These usually involve measuring simple (Euclidean) or 

functional distance (de Mers 1997). While simple distance is used for many purposes, there are 

often barriers obstructing pathways. Functional distances can measure distances along networks, 

such as roads, which can take account of barriers such as rivers or mountains incorporating 

'friction' into the measurement. 

 

3.4 GIS implementation in aboriginal communities 
The outcomes of this study includes providing a GIS to the Dhimurru Land Management 

Aboriginal Corporation as a natural resource planning tool. Areas for resource management by 

indigenous management organisations are generally extensive and remote. GIS is an appropriate 

tool for the collation and analysis of data from various sources, ages, and formats to apply to 

landscape scales, and the resulting database can contain all known information about an area, 

facilitating management plans based on the best available information (Hill and Carter 1998).  

 

GIS can also be used for mapping available resources and the development of management plans 

for species of economic importance to indigenous communities (Hill and Carter 1998). GIS has 

been established in several indigenous communities in northern Australia, and it is identified as 

an important resource planning tool in these communities (Crerar 1998; Hill and Carter 1998). 

 

However, implementing GIS for resource management in aboriginal communities requires 

consideration of differences in indigenous perceptions of the environment. Successful 
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implementation is largely based on participation by the community during development to 

determine particular requirements needed for the GIS (Crerar et al. 1998). This can include 

preparation of particular styles of cartographic output, as some indigenous people may have 

differing interpretability to non-indigenous people (Crerar et al. 1998).  

 

Other considerations in developing GIS for indigenous communities are the software interface, 

methods of data entry, and altering databases to suit alternative concepts about spatial data 

(Carter et al. 1998). The database structure of a typical GIS may need to be altered because 

information stored may hold cultural and social significance for certain people, and Harmsworth 

(1999) suggests a framework to ensure confidentiality of culturally sensitive information. 
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4. METHODS 

The following chapter details the various data used to describe and map nesting habitat, methods 

for data analysis, and the limitations of data used from various sources, as determined in Chapter 

3. A preliminary assessment of remote sensing data sources comparing visible features assisted in 

choice of data, and these are summarised in Appendix 2.  

 

Software used for analysis and display of imagery and spatial data was ESRI ArcView™ 3.2. 

Data layers within ArcView™ are called themes and will be referred to as such unless otherwise 

stated. Software used for analysis of habitat characteristics was Statistica 99 and S-Plus 4.5. 

Microsoft Excel was used to prepare, modify and sort tabular data for both spatial and statistical 

analysis. 

 

4.1 Data sources 

4.1.1 Marine turtle nesting data 
Data on marine turtle nesting locations were obtained from PWCNT (Chatto, unpubl. data). 

These data were collected by aerial and ground surveys over a seven year period from 1993 to 

1999, and were often done in conjunction with shorebird and wetland bird surveys in remote 

areas. As a result many of the data were collected opportunistically, rather than systematically. 

This has provided good qualitative data for marine turtle nesting in many remote areas in the 

Northern Territory which otherwise would not have been surveyed.  

 

The data were provided with GPS locations of observations given as decimal degrees. The 

observations were provided in two formats: point observations (within a 100 m zone of beach); 

and transect observations (ie. start and stop points of various distances along the coast). Other 

information supplied included: 

1. species observed;  

2. type of observation (tracks or nests);  

3. number of tracks or nests seen; 

4. age of observation (recent or old and determined by condition of tracks in sand); 

5. if the number of tracks or nests was not counted, a code was supplied to specify a relative 

number of tracks or nests present (eg. R=many);  

6. type of survey (ground or aerial);  

7. survey date. 
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4.1.2 Aerial photography 
The most recent colour photography available for the study area was from July and September 

1982 at 1:50 000 scale (photography used to produce recent topographic maps in 1999 was 

unavailable). It was deemed not necessary to obtain overlapping photographs for stereoscopic use 

as the methods used did not consider elevation differences. A total of 25 photographs were 

purchased which provided coverage from Cape Wilberforce to Cape Shield. However, 

approximately 15 km of coast to the west and north of Port Bradshaw and approximately 20 km 

of coast south of Cape Wilberforce were not available. While the photography was taken in 1982, 

it is unlikely that features which I have used to collect data have changed substantially since the 

photography was flown, or were affected by seasonal variations of beach development. Sites 

visited on limited field examination showed no gross deviation from interpretation of aerial 

photography. 

 

4.1.3 Field work 
A field trip was made to the study area in May 2000 to meet with Dhimurru staff, and to collect 

field data. It is important for any user of remote sensing data to be familiar with the landscape not 

only from an aerial perspective, but from a ground perspective because this assists with image 

interpretation. The field trip was made during a time when Dhimurru were conducting helicopter 

surveys along beaches for turtles caught in discarded fishing nets. These surveys and other field 

work enabled the collection of various descriptions of beaches and associated habitats. 

 

The marine debris surveys start near Wanyanmera Point, and follow the coast northwards to Cape 

Arnhem (about 50km; see Figure 2.1) and cover a variety of beaches and coastline. Surveys are 

flown at 60 knots at an altitude of 100 m. Two helicopter surveys were flown on 12 and 17 May 

2000. The first survey commenced at Point Alexander, a further 30km south than the normal 

starting area of Wanyanmera Point, to enable extra data to be collected for this study. The end 

point of both surveys was Cape Arnhem.  

 

During the surveys photographs were taken with a standard 35 mm camera and 50 mm lens. 

Descriptions of beaches, dune systems, and vehicle tracks were recorded on topographic maps. 

At several locations a landing on the beach was made and extra data were collected, including 

beach width, slope, vegetation type and samples of sand. These were collected as ancillary data to 

assist with image interpretation, and were not used in any quantitative analysis. The locations of 

observations were recorded using a Garmin 12XL GPS. On 19 May 2000 a fixed wing Cessna 

206 was used to survey the entire study area from Cape Wilberforce to Cape Shield (Figure 2.1). 
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The survey was flown at a ground speed of 170 km-h and an altitude between 400-500 ft. 

Photographs and other observations were recorded as above. 

 

Several beaches were visited by vehicle in the vicinity of Nhulunbuy, Yirrkala and Cape Arnhem, 

and features were recorded as above. The ground surveys also enabled observations of beach 

profile, and collection of further data of beach width, slope, vegetation type and sand types. 

 

4.1.4 AUSLIG GEODATA  
AUSLIG GEODATA TOPO-250K (AUSLIG 1992) digital data were used for the production of 

base maps in the GIS. These data are provided as themes of hydrography, infrastructure, relief, 

and framework. AUSLIG TOPO-250K themes differ from ArcView themes by being structured 

into layers and features (AUSLIG 1992). The framework theme provides features of the 

mainland, islands, sea, and waterline. The waterline feature from the framework layer was used to 

represent the coast, and hence used to derive a map representing beaches. Other features used for 

this study were the watercourses (=rivers) from the hydrography theme, and roads from the 

infrastructure theme.  

 

The AUSLIG TOPO-250K themes are tiled corresponding to the 1:250 000 National 

Topographic map series, and the study area required six tiles for each feature (c5315, c5316, 

d5303, d5304, d5307, d5308).  

 

4.1.5 Satellite imagery 
A Landsat 5 Thematic Mapper (TM) image was available from the NTU GIS/RS Department for 

the study area. This has a pixel resolution of 30 m. The image was taken on 5 November 1997, 

and contained 7 spectral bands. This image covered most of the study area, excluding only four 

kilometres of coastline south of Cape Wilberforce. The image was georeferenced by staff of the 

GIS/RS laboratory to Universal Transverse Mercator (UTM) WGS84 Zone 53, using topographic 

maps as reference. 

 

The image was used as a backdrop for GIS data, providing on-screen viewing of the landscape 

and was useful in user-defined spatial comparisons between the landscape and other spatial data, 

and was used during the delineation of beach areas as described in section 4.3. An unsupervised 

classification of this image was used to assist identification of dune types (Appendix 3), but it 

was not used to produce a landcover map. 
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4.1.6 Other data 

4.1.6.1 Topographic maps 
Topographic maps at scales of 1:50 000, 1:100 000, and 1:250 000 were used for various 

purposes. The smaller scale maps were useful to view large parts of the study area in order to 

compare different geographic features easily in space. The 1:50 000 maps were also useful, as 

they have been recently produced (1999), and contain detailed information on outstations, roads, 

beaches, dunes and other coastal features. 

 

4.1.6.2 OSRA data 
The Department of Lands Planning and Environment (DLPE) has produced an Oil Spill 

Response Atlas (OSRA) using GIS and it contains digital information for the coast of the 

Northern Territory. OSRA was produced to identify areas at risk from oil spills and contains 

information on type of landform along the coast (beach, cliffs etc.), exposure of beaches, slope of 

beaches, type of vegetation, locations of reefs and sea grass beds, bathymetry, and Aboriginal 

outstations. It also contains many oblique aerial photographs, digitised and linked to points in the 

GIS. The coastal data supplied (eg. beaches) were limited to several areas north of Port 

Bradshaw, about 25% the current study area.  

 

Data used from OSRA included locations of Aboriginal outstations, and the oblique aerial 

photographs linked to points with locational attributes were useful for visual landscape 

interpretation. The method used in the Atlas to derive exposure of beaches was repeated for this 

study.  

 

4.1.6.3 Wind data 
Wind data was obtained from the Bureau of Meteorology in the form of wind roses for Gove 

Airport in Nhulunbuy, and is presented in Appendix 1. This was useful in understanding the 

seasonal wind patterns affecting the north east Arnhem Land coast, and these patterns were 

considered in the derivation of beach exposure. 

 

4.2 Creating the GIS framework 
Building a framework in GIS from available data is the initial step before displaying or analysing 

other spatial data. The framework used the digital AUSLIG GEODATA TOPO-250K. GIS can 

represent spatial data as vector or raster (grid) format. Raster is most applicable to continuous 

data such as elevation, while vector is most applicable to discrete data (Burrough and McDonnell 
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1998), such as landform descriptions. Vector themes in GIS can be represented as points, lines or 

polygons, each with associated data held in attribute tables. In this study nesting observations 

were represented as a point theme, while beaches were represented as a line theme. Derived 

beach characteristics were collated in a beach attribute table. 

 

It is intended that the GIS framework produced for this study be provided to Dhimurru for 

management of nesting beaches and other coastal areas. As a result the construction of the GIS 

included data that would have potential future use for Dhimurru as well as information essential 

for this study. The road and river themes were simplified from available data to aid visual 

interpretation at the landscape level for this study. The original data is available to provide detail 

if desired. 

 

All AUSLIG TOPO-250K data used in this study were merged to join tiles, tile edges removed, 

clipped to a study area polygon, then projected to UTM WGS84 Zone 53 for viewing with the 

Landsat TM projected image. 

 

A base map was produced from the AUSLIG TOPO-250K framework theme to display other 

spatial data with the surrounding landform. The coastline was produced separately using the 

waterline feature in the framework theme, and subsequently used to produce a theme representing 

beaches. 

 

Roads were obtained from the AUSLIG TOPO-250K infrastructure theme. The roads were used 

both for display purposes and to obtain information on where vehicle access to beaches is 

possible near the coast. When compared with recently produced (1999) 1:50 000 topographic 

maps, some roads were displaced or absent from the AUSLIG TOPO-250K data. For example, 

some Aboriginal outstations did not have roads leading to them. This occurred in only a few 

instances in the study area, and the corrections and additional roads were made by on-screen 

digitising in ArcView™, and using hard copy 1:50 000 topographic maps as reference. AUSLIG 

occasionally reposition linear features for clarity of display (up to 200 m for roads) (AUSLIG 

1992), however errors were greater than this. 

Major rivers in the study area were selected from the AUSLIG TOPO-250K hydrography theme 

and used for display purposes only. 

 

Locations of aboriginal outstations were obtained from the DLPE OSRA data and added to the 

framework. Several outstations were omitted or incorrectly placed when compared to recently 

produced 1:50 000 topographic maps. These were added or corrected by on-screen digitising 
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using the topographic maps as reference. The attribute table was updated with changed names of 

outstations provided by Dhimurru. Old names were stored in a separate field for reference to 

existing maps. The locations of outstations were used in the analysis of proximity of outstations 

to beaches. 

 

4.3 Identifying beaches and habitat characteristics 

4.3.1 Deriving a GIS theme of beaches 
A GIS line theme intending to represent beaches was produced using the digital coastline from 

the AUSLIG framework. However, at this stage this theme did not distinguish between beaches 

and other landforms along the coast. Delineation of the digital coastline and identification of 

areas that could be identified as beaches was made by editing the line into sections, and using a 

Landsat TM image as a backdrop to visualise beaches. Beaches which were long and narrow 

were easily identifiable in the Landsat TM image, however, those less than 30 m were difficult to 

identify from surrounding landform, as this is the resolution of the data. Aerial photography and 

topographic maps were also used as reference.  

 

Beaches were defined by the following decision rules using visible features in the remote sensing 

data: 

1. areas of continuous and exposed (not covered by vegetation) sand facing the sea or a bay, 

and not in tidal creeks;  

2. sand areas as above greater than 20 m wide (considered as narrowest beach visible on 1:50 

000 aerial photography); and 

3. continuous stretches of sand were broken into separate beaches by distinct changes in aspect 

or shape (derived subjectively from 1:50 000 aerial photography) or by large creeks, rocky 

headlands, cliffs, and intervening vegetation (ie. mangroves). 

 

Each section of the coastline representing a beach was given a unique number in the associated 

attribute table along with characteristics described below. 

Beaches on offshore islands were initially mapped, however when the turtle nesting data was 

overlayed in the GIS it became clear that many beaches on small (<500 m) rocky islands were not 

visible where nesting occurred. Some of the beaches identified in aerial photography were in 

small coves which are only about 50 m long. The resolution of the Landsat TM image is 30 m, 

and many of these shorter (<50 m) beaches could not be identified. Beaches which were visible 

on islands also differed in morphology by mostly being on the leeward sides of the islands. As a 

result islands were not mapped in this study. The exception was Bremer Island, which is large 
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(7.5 km), and has features similar to the mainland, such as dune morphology, and presence of 

outstations and roads. 

 

4.3.2 Characteristics of beaches 
Characteristics of beaches were defined as below using a range of continuous and categorical 

variables and details entered into the beach attribute table. 

 

4.3.2.1 Beach length 
Beach length may offer more nesting sites affecting the probability of nesting activity being 

observed. Length may also influence morphological processes occurring along the shore, such as 

the action of longshore drift. The length of each beach as represented by sections of the digital 

coastline was calculated in the GIS from the attribute table in metres. 

 

4.3.2.2 Offshore rocks 
Rocks or other obstacles along the shore may affect turtle access to a beach or provide refuge for 

predators (Mortimer 1995), and could thus be important for nesting beach selection. Beaches in 

the study area were assessed for the presence of rocks using vertical and oblique aerial 

photography of various scales. They were identified as dark areas within 500 m of the beach if 

submerged, or grey areas along the beach (and bordered by water) if not submerged. No 

distinction between submerged or unsubmerged rocks was made. Rocks visible with this data are 

likely to be quite large and part of a rock platform or shelf, and there are likely to be other small 

rocks not visible using this method. Detection of rocks did not appear to be affected by turbidity. 

Depth of water was not determined, but may have affected visibility. The percentage of the 

length of beach where rocks occurred was determined to the nearest 10% of the beach length (if 

<10%, separated into 0 or 5%). 

 

4.3.2.3 Beach aspect 
Beach aspect affects processes caused by prevailing winds and wave energy reaching the beach. 

The results may affect beach selection by some species of marine turtle (eg. Horrocks and Scott 

1991), or cause particular conditions of beach morphology and sand composition which is 

associated with nesting use (eg. Johannes and Rimmer 1984). 

 

Aspect of each beach was measured by drawing a line between the end points of a beach (as 

defined by the decision rules) and taking the direction of a seaward perpendicular line (Figure 

4.1) using 1:50 000 topographic maps and the digital theme of beaches as reference. The angle 
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was recorded in degrees, then converted to categories of the eight cardinal points of the compass 

(N=1, NE=2, etc.), with north being between 337.5 and 22.5 degrees.  

 

                    
 

Figure 4.1. Calculation of beach aspect on curved or irregular coast. 

 

4.3.2.4 Beach exposure 
Measures of exposure of a beach are a surrogate for wave energy reaching the beach, and 

considers both aspect relative to dominant winds and fetch (distance of open water). In this study 

the dominant winds considered are the east and south easterly winds which are of high velocity 

from April to September (Appendix 1). Exposure was used separately to beach aspect because it 

provides a different indication of morphological processes affecting beach and dune 

development, by incorporating wave energy.  

 

Aerial photography and topographic maps were used to assess relative areas of exposure, 

following methods used for OSRA (P. Puig, pers. comm. 2000; Wardrop and Ball 2000). A 

simple key using approximate distances was produced to identify three levels of exposure: 

1. Exposed beaches: facing east or south east with large fetch (>10 km); 

2. Semi-exposed beaches: facing directions other than east or south east with a large fetch (>10 

km); 

3. Sheltered beaches: facing any aspect with a short fetch (<10 km), or in a bay. 

 

4.3.2.5 Dune type 
Dune classification follows Davies (1977), and dunes in the study area were classified as either 

primary or secondary. Variations of primary dunes were identified in the study area, however not 

all dunes could be differentiated at this level. Dune type was determined by visual inspection of 

vertical and oblique aerial photographs, topographic maps, and a classified satellite image (see 
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Appendix 3). The oblique photographs revealed the size and nature of the dune system, and 

examples are shown in Figure 4.2. Secondary dunes were easily identified by their size, texture, 

and location on exposed parts of the coast. Thus dunes were classified as: 

1. primary dune (with either frontal dune ridge, sand beach ridges, high dune platform, or low 

dune platform); 

2. secondary dune (with transgressive blow-outs). 

 

4.3.2.6 Beach shape 
A further category was produced based on the shape of the beach to describe physical 

morphology, and to determine if there was any correlation between shape and the morphological 

processes producing suitable nesting beaches. Beaches were subjectively categorised by visual 

inspection of 1:50 000 aerial photography and topographic maps. Scale is an important factor 

when attempting this type of classification because it can change the perception of what shape 

particular features have. Shape was classified as: 

1. straight (if >75% of length with no sinuosity);  

2. partly curved (with irregular sinuous parts in >25% of length) 

3. curved (uniform curve with <25% irregular sinuosity).  

 

(a) 
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(b) 

 

Figure 4.2. Dune types in the study area. (a) primary dune with sand ridges; (b) secondary 

dune with transgressive blow-outs. 

 

4.3.3 Proximity of settlements to beaches 
Limited studies by Kennett et al. (1998) indicate that in north east Arnhem Land vehicle access 

to a beach may correlate with high levels of harvest of eggs or nesting females. To explore this, 

data on presence of tracks or roads was collected to develop a network of vehicle access to 

beaches, however it was considered incomplete to use for analysis.  

 

Instead proximity of beaches to nearest outstation was used as a surrogate measure for 

accessibility and hence harvest intensity. This was done using distance analysis in the GIS, which 

uses Euclidean distance. Distance values from nearest outstation to beaches were attributed to the 

beach attribute table by intersection with the theme of beaches in the GIS. Identifying the nearest 

outstation to respective beaches was done in the GIS using proximity analysis, or Theisson 

polygons, based on locations of outstations having equal magnitude. This technique assumes that 

all areas within each polygon are under the absolute influence of the enclosed point (outstation) 

(de Mers 1997). 
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Euclidean distance has obvious limitations when measuring access to a sinuous coastline. 

Because of the limitations of this measure, distances from outstations were assigned to four 5 km 

classes:  

1. 0-5 km 

2. 5.1-10 km 

3. 10.1-15 km 

4. 15.1-20 km 

 

Additional data on the number and length of beaches used for nesting and others not known to be 

used were tabulated for each nearest outstation. This data will be useful for beach management 

and any subsequent management of harvest rates. 

 

4.4 Mapping turtle nesting data 
Preliminary viewing and assessment of the turtle nest distribution data revealed that locational 

accuracy of many points varied; transect observations varied in length and location; a high 

proportion of the observations were not attributed to species; survey effort between beaches and 

seasons differed; and although all beaches have been surveyed at least once (Chatto pers. comm.), 

the data did not record nesting absences for all beaches surveyed. The latter point may be 

attributed to differing resolution of beach sections between surveys and this study.  

4.4.1 Treatment of nesting data 
When observations recorded during aerial surveys were displayed as points in the GIS they did 

not fall directly on the beaches, as represented by a line (see Figure 4.3). This may reflect the 

flight path taken for the survey not being directly over beaches; time lags in recording 

observations to recording locations during flight; and the low accuracy of early GPS equipment 

commonly used in light aircraft. 

 

For some data it was difficult to assess which points related to a specific beach, so data were 

removed when ambiguously sited among beaches, such as where beaches were close together 

around headlands. Data points slightly offshore but distant from islands were assumed to belong 

to the nearest mainland beach provided this could be done ambiguously. Data belonging to 

beaches on islands were omitted because these beaches were not used in this study. 

 

Data supplied as cumulative count at the end of a transect were not used as it was not possible to 

match these data to specific beaches as defined in section 4.3.1.  
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The survey methods did not always permit assignment of nests or tracks to particular species, so 

the data had a high proportion of observations recorded as species unknown. Additionally, counts 

of tracks or nests were not always done, so that deriving an index of abundance of nesting for this 

study proved difficult.  

 

These limitations restricted the response variable to presence or absence of nesting activity by a 

mix of species, based on all observations in all years of surveys, and the data were treated as 

follows: 

1. all species were combined; 

2. nests and tracks were combined; 

3. any reference to age of tracks was omitted;  

4. ground and aerial surveys were combined; 

5. all observation dates were combined. 

 

4.4.2 Joining nest and beach attribute tables 
To determine which beaches had presence or absence of nesting required attributes from each 

nest and beach theme to be joined based on a common element. GIS can join data from two 

attribute tables based on a common spatial location or attribute. If points overlay a polygon, or if 

points lie within a given distance from another theme, the spatial join is straightforward. 

However, locations of the nesting data were variable with respect to the beaches, and no common 

attributes occurred, so none of the automated GIS methods were available.  

 

Spatial overlay methods attempted included buffering each beach a given distance, then 

overlaying the buffer (as a polygon) with the point data. The points however, varied in distance 

from each beach, and buffers which were made too large to incorporate them overlapped each 

other and some points fell within two buffers. 

 

Instead, a common attribute was produced, giving each nesting record a number corresponding to 

the relevant beach. Nesting records were selected visually in the GIS (Figure 4.3), and the nesting 

records joined to the beach attribute table. This resulted in a table containing a unique beach 

number, physical attributes of beaches, and turtle nesting data relating to presence or absence. 
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Figure 4.3. Linking beaches and nesting data with a common attribute. Selected records (in 

yellow) in the nesting attribute table are given a number (169) coinciding with the relevant 

beach.  
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4.5 Statistical analysis and modelling 
Logistic regression analysis was used to determine the factors which affect presence of nesting 

activity by marine turtles. A binomial response variable was defined as presence of nesting (nests 

or tracks of turtles assumed to be seeking a nest site recorded at least once) or absence of nesting 

(no nesting recorded at any time during all surveys). For comparison of known nesting beaches 

with other nesting beaches all presence data were removed from the data set, and from the 

remaining absence records an equal number of beaches were chosen at random. Data were 

imported to statistical software for analysis. 

 

Terms and interactions were added to the model using a forward stepwise method, adding single 

terms to the null model individually. The process was repeated with permutations of the variable 

which produced the largest difference in deviance from the null model. Variables (Table 4.1) 

were added until no significant difference in the change in deviance occurred. The change in 

deviance approximates a χ2 distribution (McCullagh and Nelder 1989), with the degrees of 

freedom calculated in the usual manner. A t-value is also presented providing a test of the 

significance of the difference of the parameter value from zero. 

 

During preliminary analysis it was found that the modelling procedure would be improved with 

fewer variables. Classes in categorical data are treated as individual variables and can lead to 

over-dispersion of the response variable (McCullagh and Nelder 1989). A reduction in the 

number of categories in the beach aspect variable was done before further modelling. The pooling 

was as follows: 

1. N & NE;  

2. E & SE;  

3. S & SW;  

4. W & NW.  

 

Table 4.1. Summary of variables obtained using GIS and remote sensing. 

Variable Type Range or no. of levels 
Length (m) Continuous 103 - 13304 
% offshore rocks Continuous 0 - 100 
Beach aspect Categorical 4 
Beach exposure Categorical 3 
Dune type Categorical 2 
Beach shape Categorical 3 
Proximity of settlements 
to beaches 

Categorical 4 
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5. RESULTS 

5.1 Beach characteristics and nesting data 

5.1.1 Beach characteristics 
A total of 224 beaches was identified (as defined in section 4.3.1), representing 55% (355 km) of 

the total length of coastline in the study area (Table 5.1; Figure 5.1). Nesting activity was 

confirmed for 61 beaches, which were on average twice the length of beaches with absence of 

nesting (Table 5.1). The length of beaches varied considerably, particularly between bays and 

exposed parts of the coast; the longest beaches were typically on exposed coast as there were 

fewer changes of shape or aspect of coastline in these areas. 

 

Table 5.1. Number and length of beaches identified in the study area. 

Statistic All beaches Beaches with nesting 
activity 

Beaches with absence 
of nesting 

Count 224 61 163 
Sum (km) 355 150 205 
Mean (km) 1.58 2.5 1.25 
Maximum (m) 13407 13407 6940 
Minimum (m) 103 119 103 
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Figure 5.1. (a) Beaches in north east Arnhem Land showing nesting locations (northern 

section). 

 



  Chapter 5  Results 

  37 

 

Figure 5.1 (b). Beaches in north east Arnhem Land showing nesting locations (central 

section). 
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Figure 5.1 (c). Beaches in north east Arnhem Land showing nesting locations (southern 

section). 
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The majority of beaches had less than 10% of their length with abutting rocks or rock shelves 

(Figure 5.2). One beach with nesting activity was recorded with 100% offshore rock, which is 

possible because the rock ledge may be covered during high tides leading to deposition of sand 

and allowing turtle access. 
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Figure 5.2. Index of presence of rock or rock shelves on beaches. Y axis is proportion of all 

beaches. 
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Most of the beaches in the study area face an easterly direction (NE, E, SE; Figure 5.3), which 

follows the general aspect of the study area. The proportion of beaches with nesting activity 

shows a trend towards the use of beaches with east or south easterly aspect (Figure 5.3). The 

pooling of categories of aspect are presented in Table 5.2, with similar results. 
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Figure 5.3. Proportion of beaches in each aspect class showing differences between all 

beaches and nesting beaches. Y axis is proportion of all beaches. 

 

Table 5.2. Result of pooled aspect. 

Aspect n 
all beaches 

% all beaches n 
beaches with 

nesting activity

% beaches with 
nesting activity 

1 (N, NE) 56 25.0 13 21.3 
2 (E, SE) 94 42.0 38 62.3 
3 (S, SW) 44 19.6 5 8.2 
4 (W, NW) 30 13.4 5 8.2 
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Figure 5.4 illustrates the use of exposed beaches for nesting activity by marine turtles in north 

east Arnhem Land. A high number of sheltered beaches were recorded in bays. In terms of total 

length, exposed beaches made up 49.9%, semi-exposed 21.4%, and sheltered 28.7% of all 

beaches. 
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Figure 5.4. Use of beaches for nesting with different exposure. Y axis is percent of total 

beaches. 

 

 

Dune type 1 (primary dune) is the most common dune type found in the study area (Table 5.3), 

accounting for 76.1% of all beaches and 70.8% of nesting beaches compared to secondary dunes. 

 

Table 5.3. Percentage of all beaches and beaches with nesting activity between dune type. 

Dune type % all beaches % beaches with 
nesting activity 

1 (primary dunes) 76.1 70.8 
2 (secondary dunes) 13.9 29.2 
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Beaches in the study area were mostly partly curved, and nesting activity occurred on a similar 

proportion of beaches (Table 5.4). 

 

Table 5.4. Proportion of all beaches and beaches with nesting activity of each shape 

category. 

Shape % all beaches % beaches with 
nesting activity 

1 (Straight) 30.4 30.8 
2 (Partly curved) 46.1 47.7 
3 (Curved) 23.5 21.5 
 

 

5.1.2 Species of turtle nesting 
Nesting activity was attributed mostly to an unknown mix of species (Table 5.5). High numbers 

of tracks or nests identified to species were generally observed on a limited number of beaches, 

while most other beaches had low numbers. For example, one beach south of Port Bradshaw had 

almost 80% and 40% of all green turtle nests and tracks respectively; one beach on Cape Arnhem 

had over 70% of all flatback turtle nests; and two beaches on Cape Arnhem had 90% of all 

hawksbill nests observed during surveys. The remainder of beaches identified with presence of 

nesting did not have species identified. 

 

Survey effort differed between beaches. Twenty beaches (as defined in this study) were surveyed 

more than once, and survey effort varied between seasons. No observations were recorded in 

April, June or August, while July and October had high numbers of observations. 
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Table 5.5. Observations of nests and tracks of turtles attributed to mainland beaches in 

north east Arnhem Land 1993-1999. (Percentage in brackets.) 

 Nests Tracks 
Turtle 
species 

Number of 
observations 

Total number 
observed 

Number of 
observations 

Total number 
observed 

Green 33 
(38.8) 

49 
(36.8) 

13 
(11.2) 

30 
(10.8) 

Flatback 8 
(9.4) 

15 
(11.3) 

5 
(4.3) 

8 
(2.9) 

Hawksbill 7 
(8.2) 

19 
(14.3) 

3 
(2.6) 

5 
(1.8) 

Olive Ridley 1 
(1.2) 

1 
(0.8) 

0 
(0) 

0 
(0) 

Flatback or 
Green 

1 
(1.2) 

1 
(0.8) 

18 
(15.5) 

23 
(8.3) 

Hawksbill or 
Olive Ridley 

1 
(1.2) 

5 
(3.5) 

0 
(0) 

0 
(0) 

Unknown 
turtle species 

34 
(40) 

43 
(32.3) 

77 
(66.4) 

212 
(76.3) 

Total 85 133 116 278 
 

 

5.2 Proximity of settlements to beaches 
Distance analysis using Euclidean distance in the GIS determined that most beaches were <5 km 

from outstations, and most nesting beaches were <10 km from outstations (Table 5.6). No 

beaches were further than 20km from any outstation.  

 

Table 5.6. Number of beaches and nesting beaches in distance categories from outstations. 

Vehicle access (distance 
from outstation) 

Total no. of beaches No. of nesting beaches

1 (0-5 KM) 131 27 
2 (5-10 KM) 61 26 
3 (10-15 KM) 24 9 
4 (15-20 KM) 8 4 
 

 

Proximity analysis calculated using Theisson polygons determined the number of beaches nearest 

to each community (Figure 5.5). Distances from outstations to furthermost beaches and number 

of beaches attributed to outstations varied depending on their proximity to other outstations. The 

outstations of Balay Balay and Yirrkala had the largest number of beaches nearest to them, while 

Balay Balay and Barraratjpi had the highest number of nesting beaches (Table 5.7). Outstations 

in the southern part of the study area (Barraratjpi, Djarrakpi) had higher total beach lengths with 

nesting than other areas (Table 5.7). 
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Table 5.7. Number of beaches, and beach lengths for nearest Aboriginal outstation, derived 

using proximity analysis. Outstation order is from north to south in study area. Lengths 

given in metres. 

Name of outstation Total no. 
i

Total no. all 
b h

Total length 
f i

Total length 
ll b h

Average 
l h llDholtji 0 1 0 694 694.0 

Barrkira 2 8 11100 19219 2402.4 
Gutjangan 1 6 5872 13378 2229.6 
Ruwakpuy*      
Galaru 0 5 0 14245 2849.0 
Galupa 1 7 1298 12599 1799.9 
Gunyangara 0 6 0 3945 657.5 
Yudu Yudu 0 7 0 18134 2590.6 
Yirrkala 6 31 9568 30532 984.9 
Yangunbi 0 2 0 2983 1491.5 
Yalangbara*      
Gulurunga*      
Dhulmulmiya*      
Bawaka 3 13 13256 21002 1615.5 
Miritjangay 3 15 13961 21153 1410.2 
Buymarr 6 11 12497 14665 1333.2 
Garrthalala 3 20 9753 35675 1783.8 
Birany Birany 1 13 1455 20927 1609.8 
Balay Balay 11 33 15476 36811 1115.5 
Gurkawuy 5 20 15351 30949 1547.5 
Barraratjpi 12 16 21868 28350 1771.9 
Djarrakpi 6 9 20135 29657 3295.2 
*At time of study not occupied and not used in analysis, but have access to beaches in study area.  
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Figure 5.5. Results of proximity analysis using Theisson polygons. 
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5.3 Statistical modelling 

5.3.1 Habitat model 
Logistic regression identified four habitat variables as significant (p<0.05) as individual terms in 

the model, with exposure accounting for the greatest change in deviance (Table 5.8). Exposure 

was then entered into the model with all other variables. The addition of exposure of beach and 

length of beach produced the most parsimonious model, explaining approximately 30% of 

deviance (Table 5.9). 

 

 

Table 5.8. Univariate tests using logistic regression. Change in deviance is the difference 

from deviance from the null model (170.441). **p<0.05. (Percentage in brackets.) 

Variable Parameter 
value 

Standard error Change in 
deviance 

t-value Degrees of 
freedom 

Intercept -0.8213 ±0.2857 14.8398** -2.873** 122 
Length 0.0000463 ±0.00013 (8.7) 3.3144** 121 
Intercept -0.5557 ±0.25 38.8604** -2.222** 122 
Exposure2 -0.624 ±0.2423 (22.8) -2.5761** 120 
Exposure3 -0.869 ±0.207  -4.195**  
Intercept -0.344 ±0.2208 8.4423** -1.558 122 
Aspect2 0.411 ±0.2304 (4.9) 1.787 119 
Aspect3 -0.252 ±0.1717  -1.468  
Aspect4 -0.155 ±0.1586  -0.9801  
Intercept 0.476 ±0.263 10.2975** 1.8104 122 
Dune type2 0.798 ±0.263 (6.0) 3.037** 121 
Intercept 0.1703 ±0.222 2.9122 0.7668 122 
% Rocks -1.193 ±0.717 (1.7) -1.663 121 
Intercept 0.0344 ±0.198 1.1685 0.1736 122 
Shape2 -0.0321 ±0.203 (0.7) -0.157 120 
Shape3 0.1666 ±0.159  1.043  
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Table 5.9. Logistic regression models for presence/absence of nesting activity on beaches by 

marine turtles. Change in deviance is the difference from deviance from the null model 

(170.441). **p<0.05. 

Variable Parameter 
value 

SE Change in 
deviance 

(df) 

t-value 

Intercept -1.27 ±0.37 38.86** -3.38** 
Semi exposed -0.57 ±0.25 (-2) -2.31** 
Sheltered -0.87 ±0.22  -3.85** 
Beach Length (m) 0.00043 ±0.00016 9.23** 

(-1) 
2.71** 

 

 

Figure 5.6 illustrates the probability of finding nesting activity on beaches using beach length and 

exposure. Longer and more exposed beaches have a greater probability of nesting activity being 

recorded on surveys. 
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Figure 5.6. Probability curve of presence of nesting with beach length and different 

exposure to prevailing winds. 
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5.3.2 Proximity model 
Logistic regression identified the proximity of outstations to nesting beaches as a significant 

(p<0.05) determinant of presence of nesting when entered alone, showing that nesting is more 

likely to occur further from outstations (Table 5.10). 

 

Table 5.10. Univariate test of proximity of outstations to nesting beaches. Change in 

deviance is the difference from deviance from the null model (170.441). **p<0.05. 

Variable Parameter 
value 

SE Change in 
deviance 

(df) 

t-value 

Intercept 0.36 ±0.31 8.06** 1.17ns 
Proximity (2)  0.49 ±0.2 (-3) 2.34** 
Proximity (3) 0.05 ±0.18  0.27ns 
Proximity (4)  0.33 ±0.27  1.24ns 
 

 

Proximity of beaches was then entered into the model with exposure and length with no 

significant change in deviance (Table 5.11). 

 

Table 5.11. Multivariate model with addition of proximity. Change in deviance is the 

difference from deviance from the null model (170.441). **p<0.05 

Variable Parameter 
value 

SE Change in 
deviance 

(df) 

t-value 

Intercept -1.27 ±0.37 38.86** -3.38** 
Semi exposed -0.57 ±0.25 (-2) -2.31** 
Sheltered -0.87 ±0.22  -3.85** 
Beach Length (m) 0.00043 ±0.00016 9.23** 

(-1) 
2.71** 

Proximity (2)  0.43 ±0.22 4.21ns 1.6ns 
Proximity (3) -0.23 ±0.22 (-3) -1.1ns 
Proximity (4)  0.17 ±0.22  0.5ns 
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6. DISCUSSION 

This chapter examines the results of the modelling in relation to beach selection by marine turtles 

and the influence of habitat and human settlement on nesting, and issues of model limitations and 

validation. Implementation of the GIS for resource management and implications of the results 

for management of marine turtles will be discussed, and finally the conclusions. 

 

6.1 Nesting beach selection 

6.1.1 Influence of habitat  
Two measures of coastal morphology, exposure of beaches to prevailing winds and beach length, 

explained almost 30% of the variation in the presence of turtle nesting activity in north east 

Arnhem Land, and produced the most parsimonious model explaining beach selection by nesting 

marine turtles. The probability of the turtles nesting on a beach increased with exposure and 

beach length. Beach exposure is a measure of the wave energy on beaches, and the variation in 

exposure can be characterised by variation in morphology of beaches (Pethick 1984), and thus it 

has implications for the provision of suitable nesting sites. A similar proportion of beaches of 

varying exposure were available for nesting, but there was a high proportion of exposed beaches 

used for nesting activity. 

 

Other variables such as beach aspect and dune type, which also infer or reflect morphological 

processes, did not significantly contribute to the model. This could be explained by the 

intercorrelation of aspect and dune type with exposed beaches, or possibly that morphological 

processes measured by these features have no influence on providing suitable habitat for marine 

turtles. As exposure can also be a measure of proximity to ocean currents and deeper water, it 

may be that beach exposure, in terms of proximity to pelagic habitats, may have greater 

importance than on-beach morphological processes. Before examining this possibility, 

descriptions of the other features of potential importance to morphology will be discussed first. 

 

Beaches with east or south easterly aspect in north east Arnhem Land were more commonly used 

for nesting than other beaches. Yet in a model with exposure, aspect did not contribute 

significantly. Other studies have related aspect of beach to significant variation in nesting. For 

example aspect was determined to influence on-beach conditions of nesting and non-nesting 

beaches in Western Australia (Johannes and Rimmer 1984). Nesting beaches were found to have 

lower salinity because these beaches did not receive large amounts of salt spray carried by 
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prevailing winds, due to their aspect. In the current study aspect was not significant because of 

intercorrelation with exposure.  

 

The effect of sand dune type on nesting beach selection by turtles has not been tested before. 

Dune type was significantly (p<0.05) associated with presence of nesting activity, and a higher 

probability of nesting occurred on beaches with secondary dunes. Secondary dunes are older 

primary dunes which follow a seral-type process and become larger with increased aeolian 

transport of sediment. It could be concluded then that these dunes occur on exposed parts of the 

coast, where prevailing winds and sediment movement provide conditions for large dunes to 

occur. This is supported by the intercorrelation with exposure in the model. Hence exposure is 

the dominant variable in explaining locations of nesting activity, rather than aspect or dune type.  

 

The reason why exposure may be more significant in terms of its measure of proximity to open 

currents, is that it is important in hatchling survivorship. When hatchlings leave the natal beach 

they have an initial 24 h period of continuous swimming activity, or 'frenzy', to escape shallow 

water, and to reach sea currents and pelagic nurseries (Wyneken and Salmon 1992; Salmon and 

Wyneken 1994). Distance from beach to open sea is then critical for hatchling survival, and 

beaches closest to open sea would be favoured sites for nesting. Higher levels of predation in 

shallow waters would also reduce survivorship of hatchlings, making beaches in sheltered bays 

less favourable sites. Hatchlings also require wind generated waves and swells to orientate when 

migrating offshore (Salmon and Lohmann 1989; Salmon and Wyneken 1994) which is offered by 

exposed beaches. Although waves refract around headlands and into bays, those areas would 

have lower energy waves which may not be a sufficient cue for orientation. 

 

Beach length was positively correlated with presence of nesting activity, and contributed 

significantly to a multivariate model. A simple explanation for this is that longer beaches offer 

more potential nesting sites, and hence nest abundance and beach length should be positively 

correlated, as shown by Mortimer (1995).  

 

The presence of rocks on beaches increases hatchling mortality because more predators occur on 

rocky bottoms than over sand (Mortimer 1995). Rocks on the foreshore also provide roosts and 

refuge for predators such as birds and crabs. Rocks deter nesting turtles from accessing a beach. 

Hence it was surprising that the proportion of rocks on beaches in north east Arnhem Land was 

not a significant factor in determining presence of nesting. In this study foreshore and submerged 

rocks were not differentiated, nor was the depth of submerged rocks determined, which may have 

bearing on access and type of predators. An improved method to determine presence of rocks 
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using large scale photography may be necessary to fully assess the influence of rockiness and 

placement of rocks on nesting behaviour. 

 

Beach shape was used in the model to seek a morphological relationship with nesting, however it 

was not significant. Descriptions of beach shape were subjective and possibly flawed, because 

they did not consider that the shape was primarily a product of gross coastal geology as opposed 

to the sand forming the beach (morphology), caused by different processes. 

 

6.1.2 Influence of human settlement 
Analysis of settlement proximity to nesting beaches showed a significant negative relationship 

between distance to nearest settlement and probability of nesting occurring on beaches. 

Superficially the result appears to support the hypothesis that intense harvest of turtles or eggs 

close to settlements is associated with reduced use of beaches by nesting turtles. However, when 

the distance to settlement variable was entered into a model with exposure and/or length, it did 

not contribute to a significant reduction in deviance.  

 

A possible explanation is that proximity of settlements and beach exposure are strongly 

intercorrelated. Outstations in north east Arnhem Land are typically situated on sheltered bays, 

away from high velocity winds, offering them shelter. Thus the lower incidence of nesting on 

beaches close to settlements, is most parsimoniously explained by choices made to build 

outstations near sheltered beaches that offer values unrelated to turtle nesting. However potential 

access to resources such as nesting turtles may be an important consideration in determining 

harvest intensity.  

 

Examination of prehistoric Aboriginal settlement patterns found that proximity of natural 

resources, such as magpie goose, was a deciding factor in choosing sites of settlement (Guse 

1992). Modern settlement patterns may show a weaker relationship with resource availability, 

because of increasing sedentarism (Williams 1986; Altman and Taylor 1987), and vehicle use 

(Altman and Taylor 1987). Hence further work determining harvest rates of turtles or eggs should 

consider accessibility by vehicle (or other transport, eg. boats) rather than proximity of 

settlements alone.  

 

6.1.3 Limitations and model validation 
Development of models determining inter-specific variation or abundance in nesting were not 

possible for this study due to data limitations. Aerial survey methods of nesting turtles do not 
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always permit accurate identification of tracks, but these methods are preferable for large 

geographic areas (Schroeder and Murphy 1999). Problems with these methods include overlap in 

the track widths of hawksbill and olive ridley, and green and flatback turtles (Chatto 1998), and 

obliteration of tracks in sand by strong winds or tides (S. Whiting pers. comm.; Schroeder and 

Murphy 1999), can affect counts and species identification.  

  

Beaches on islands in this study were not mapped because they were difficult to identify with the 

available data. However, most islands in the Northern Territory support nesting, and many have 

high nesting density (Chatto 1998), and contain several internationally significant nesting 

populations (Limpus 1998). Thus they are important sites to identify and manage. Aerial 

photography at appropriate scales to map beaches on islands is not available, at least for the area 

covered in this study, and satellite imagery with sufficiently high resolution available for 

identifying narrow linear features is becoming more available (eg. IKONOS; Geoimage 1999). 

 

Many of the variables obtained for use in the models were affected by intercorrelation, indicating 

that the processes measured are similar in nature, and are possibly scale-dependant. The scale of 

data used to describe habitats pertaining to nesting beaches should be considered carefully, as 

processes which appear homogeneous at a small scale may become heterogeneous at a larger 

scale (Cao and Lam 1997). Scale can also affect spatial autocorrelation, and should be considered 

when species inhabit adjoining areas (Cao and Lam 1997). 

 

The results of the model describing probability of locations of nesting was in the form of a 

regression equation. It was found that adapting the equation from the statistical software to the 

GIS database containing beach attributes was difficult, and hence spatial display of the model 

results was not possible. This type of problem is among those which has been recognised for the 

integration of GIS and habitat or environmental modelling (Bailey 1994; Fotheringham 2000), as 

typically GIS are not currently suited for complex modelling procedures.  

 

Modelling procedures to predict nesting abundance or locations of suitable nesting habitat should 

be used with caution, even with data collected systematically (Schroeder and Murphy 1999). 

Nesting activity can be highly variable spatially and temporally, leading to wrong identification 

of beaches, and has implications for validating the model produced in this study. Surveys to 

validate the model for presence of nesting may need to be repeated several times before a suitable 

refinement is achieved. Some beaches with perfectly good nesting habitat may be considered to 

have absence of nesting when nesting abundance is seasonally low. However, repetitive surveys 

of beaches in north east Arnhem Land is logistically difficult due to remoteness and geographic 



  Chapter 6  Discussion 

  53 

size, thus other options should be sought. For example, testing of the model is probably best 

achieved by applying the methods to another geographical area which has also been surveyed. 

 

6.2 Developing a GIS for indigenous land managers 
The GIS produced in this study offers a framework for a data management system for use by 

Dhimurru. They will potentially be able to use the GIS for current work on the management of 

marine debris, as well as for the establishment of future management plans. However, 

consultation with Dhimurru should occur before implementation because there are several 

important considerations which should be followed when implementing GIS in indigenous 

communities. 

 

Consultation by indigenous managers during the development of the database is likely to lead to 

greater prospects of implementation of the GIS (Carter et al. 1998; Crerar 1998). To date only 

one visit has been made to the community for this study. This was to discuss management issues 

of nesting beaches and conduct surveys of the beaches, and was done before any development of 

the GIS had taken place. However, further consultation will take place before the GIS is 

implemented by Dhimurru to ascertain if particular needs are required for management of nesting 

beaches or for other purposes. 

 

Other work examining implementation of GIS in indigenous communities has highlighted the 

variations of environmental perceptions between indigenous and non-indigenous people as a 

reason for alteration of standard GIS (eg. Carter et al. 1998; Crerar et al. 1998). These alterations 

have included variations in cartographic output and database design (Carter et al. 1998; Hill and 

Carter 1998), and have been covered in more detail in Chapter 3. 

 

Issues specifically arising from this study which should be addressed concerning GIS are the 

detail of the framework and beaches, and maps depicting boundaries around outstations. The 

detail in the framework may need to be increased for more comprehensive management of coastal 

regions. Other data which may be of benefit includes coastal landcover information which occurs 

in other AUSLIG themes, such as mangroves, coastal flat, or elevation. 

 

The method of mapping beaches was to produce areas of homogeneity for classification into 

discrete variables, ie. they contained consistent shape and aspect, as defined by the decision rules. 

It is considered that the beaches have been described at a level of resolution fine enough for 
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management purposes, however some of the long beaches may be alternatively defined by 

Dhimurru, and hence will require modification. 

 

The map produced to represent beaches closest to each community (Figure 5.5) inherently 

contained boundaries which may be misconstrued by people to represent boundaries of some 

other nature, such as clan estates, but it should be clearly stated that this is not the intention of 

this figure. Brief consultation was made with Dhimurru before inclusion of the figure, and the 

initial response was indeed positive for its potential for management of beaches. 

 

6.3 Management implications 
The GIS and habitat model produced in this study provides Dhimurru with a framework upon 

which spatial databases relating to management of nesting beaches can be built. Although 

information produced from this study is incomplete, management is often necessarily based on 

incomplete knowledge, and this is the reality and challenge for managers. However, the GIS 

framework still provides habitat descriptions and contains a spatial database for the collation of 

new data and may help direct the acquisition of information by permitting systematic 

examination of information gaps and needs. 

 

One of the objectives of the Recovery Plan (Environment Australia 1998) is to engage indigenous 

people in the management of impacts on marine turtles. The GIS framework developed in this 

study assists with this aim because it has the potential to provide indigenous communities with 

spatial data to collate for production of management plans. Specifically, the Recovery Plan also 

aims to quantify mortality on stranded turtles and identify the sources of marine debris and to 

establish databases which collate this information. Current work being done by Dhimurru on 

turtle rescue and marine debris washed onto beaches can utilise the GIS framework to collate data 

on turtle locations, numbers, and mortality. The GIS framework also contains characteristics of 

beaches which can be associated with the locations of debris. For example a model could be 

developed using features such as exposure or aspect which may provide further information on 

occurrence or origin of debris on beaches. 

 

The Recovery Plan has as one of its criteria for success the identification of the characteristics of 

critical habitat and to identify future management needs. The GIS framework contains relevant 

information for 360 km of beaches, including 150 km of nesting habitat. It shows locations of 

nesting and indigenous communities, an assessment of size of potential nesting habitat, a road 

network, and other infrastructure information, in a remote part of the Australian coastline. 
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The Recovery Plan also aims to assess the status of marine turtles in Australia. For monitoring 

agencies the results of this study provides scope for the development of further models which 

could be used to guide surveys of new areas for nest distribution and abundance, especially 

useful in remote areas, gaining new information on the status of turtle nesting. The results could 

also guide refinements of existing survey methods. Long-term monitoring programs for nesting 

beaches should define survey areas to make year to year comparisons. This requires that the 

survey area be defined, surveys be consistent, and survey areas be measured (Schroeder and 

Murphy 1999). The GIS produced offers a framework to guide this development. 

 

6.4 Conclusions 
In conclusion, the aims of this study have been fulfilled by the development of models, using 

remote sensing and GIS data, which relate to marine turtle nesting beaches. 

 

A GIS has been developed containing habitat characteristics of marine turtle nesting beaches.  

The characteristics were collected using aerial photograph interpretation and GIS coverages. The 

resulting framework has the potential to guide management of nesting beaches, and provide 

scope for development of models on impacts and other associated issues on marine turtles. 

 

A statistical model was developed using the characteristics obtained with remote sensing data and 

GIS revealing that increased exposure of beaches to open sea and increasing beach length were 

significantly associated with nesting activity. This is interpreted as evidence that nesting females 

select these beaches that offer close proximity of open sea currents to hatchlings which increases 

their survivorship. However, several variables used in the model that were measured for their 

morphological relationships on nesting beaches were not significant and often strongly 

intercorrelated. The use of small scale imagery to collect these variables is problematic as 

biologically important features cannot be distinguished by statistical discrimination. Features 

which may not be significant at one scale may be more significant at another. 

 

The association between proximity of beaches to settlements was examined by using the model 

developed for examining beach use by nesting turtles. The results show that the absence of 

nesting close to settlements is not related to the presence of those settlements, but that turtles are 

more likely choosing beaches in other locations. Hence harvesting rates near settlements does not 

displace turtles from accessible beaches. Settlement patterns in north east Arnhem Land 

reflecting proximity of seasonal resources may have altered because of the provision of 
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infrastructure and increasing sedentarism. Models describing indigenous resource use need to 

consider these changes. 

 

A GIS framework has been produced for the management of marine turtle nesting beaches by 

indigenous landowners in north east Arnhem Land. The GIS has not yet been provided to 

Dhimurru, however considerations of GIS development for their use will be discussed with 

appropriate personnel. 

 

6.5 Recommendations for further research 
Some recommendations for future research based on the results of the study can be made to assist 

managers or other people attempting to use similar methods to produce habitat suitability models 

or describe marine turtle nesting beaches using remote sensing or GIS data.  

 

With large scale or high resolution imagery beaches on islands could be identified and described 

and included in models to describe nesting habitat. There are many small islands in the study 

area, and also throughout the Northern Territory, many of which contain important breeding 

rookeries for marine turtles (and other wildlife), and would benefit from the use of improved 

imagery. Also with improved imagery much better descriptions could be made of mainland 

beaches and surrounding landscape, identifying features such as rocks with higher accuracy. The 

results have shown that there is much intercorrelation between morphological features described 

in this study, and these are possibly scale-dependant, so improved resolution may improve the 

models. 

 

Determining access to nesting beaches to derive an index of potential egg harvests was difficult 

for this study because the area is geographically extensive and remote. Aerial surveys revealed 

that identifying vehicle tracks as evidence of access is difficult, partly because tracks may not be 

directly along the beach, or because of seasonal differences in activity of hunters. To reduce 

survey area, interviews with Dhimurru Rangers and hunters could be done to determine extent of 

known access, then further surveys to areas which are unknown could be done. Another problem 

with the method of using vehicle tracks is that access to one beach is potentially access to many 

other beaches, simply by driving over the dune crest at each end of the beach. Determining 

topographical barriers to vehicles may only be possible by comprehensive ground surveys or 

detailed elevation data. 
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Modification of the regression equation produced by the modelling procedures to derive spatial 

results in the GIS was not possible for this study. However with further work this may be 

possible, and may provide ease of interpretation of results. The integration of complex statistical 

capabilities into GIS software would assist in displaying results from modelling procedures in a 

spatial format. 

 

The use of nesting data provided by PWCNT was limited in this study, however, given further 

time, more information could be extracted. In particular, determining locations of inaccurate 

nesting points, modifying transect data to individual beaches, and the inclusion of islands would 

substantially improve results obtained from this data. It may also be possible to improve 

knowledge on various species use of habitat by extrapolating unknown species data using 

confirmed observations. 
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APPENDIX 1: WIND ROSE CHARTS FOR GOVE AIRPORT 

The following chart was provided by the Bureau of Meteorology, Darwin. 
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APPENDIX 2: VISUAL COMPARISON OF GEOGRAPHIC FEATURES  

Feature Aerial photography 
1:50K (1982) 

Topographic maps 
1:50K (1999) 

Topographic maps 
1:100K (1971) 

Landsat 5 TM raw 
image (1997) 

Wide beach Exposed (not 
covered) sand easily 
visible; difficult to 
distinguish between 
beach and berm (flat 
platform) 

Sand represented as 
stipple; unable to 
distinguish between 
beach and berm 

Exposed sand along 
seaward edge 
represented; unable to 
distinguish between 
beach and berm 

Wide expanses of sand 
clearly visible; unable 
to differentiate between 
various features of 
beach and dune 

Narrow beach All exposed sand 
visible; able to 
distinguish beaches 
from dunes; minimum 
width visible 
estimated at <20 m 

Most shown compared 
to aerial photography; 
characteristics of beach 
represented by 
variations in stipple 

No beaches 
represented on map, 
only sand dunes 

Difficult to distinguish, 
appears as bright pixels 
along shore 

Short beach Visible if >30 m wide; 
if also narrow difficult 
to discern 

Not all shown No beaches 
represented; bays and 
coastline marked 

Most visible if 
continuous and wide 
(>30 m)  

Dune types Clearly visible and 
distinguishable 

Sand ridges represented 
as lines, elevation as 
contours, unable to 
distinguish differing 
dune types 

Only high (older) 
sand ridges shown 
with text and contours 

Dunes visible only by 
areas of bare sand 
mixed with vegetation 
in particular patterns; 
classified image shows 
clearly 

Offshore 
characteristics 
eg. rocks, 
reefs 

Continuous areas of 
rock and rock bars, 
both submerged and 
above water are 
visible, sand bars 
visible 

Difficult to distinguish 
between intertidal flat 
and reef 

Most major rock 
ledges shown; smaller 
ones not shown 

Difficult to distinguish 
in unclassified image 

Dune 
vegetation 

Vegetation visible but 
unable to identify type 
of assemblage 

Vegetation represented 
but little detail (shows 
'scattered' vegetation) 

Differentiates 
between scrub and 
forest, but only 
broadly 

On dunes difficult to 
distinguish as pixels 
very bright (many 
'mixels' of vegetation 
dominated by sand) 

Roads Only major or well 
established minor 
roads visible (age of 
photography 
important) 

Comprehensive 
coverage; assumed to 
be all current main 
roads and tracks 

Does not show all 
known communities 
and roads leading to 
them 

Only major or well 
established roads 
visible; depends on 
width of road and road 
type (eg. gravel) 

Outstations May be overlooked 
easily; noticeable 
when road or airstrip 
visible; small 
buildings visible with 
aid of magnifier 

All known outstations 
are shown, including 
some temporary camps; 
place names given 

Few shown; 
outstations had not 
been established until 
mid-1970s 

None visible except 
larger centres where 
visible road network 
reveals habitation 
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APPENDIX 3: UNSUPERVISED CLASSIFICATION OF LANDSAT TM 

This unsupervised Isodata classification using Erdas Imagine was done on a Landsat TM (TM) (path/row 102/69; acquired on 5/11/97), with 100 classes, 
10 iterations, and a convergence level of 0.95, and a subset is shown below of the Cape Arnhem area (pixels are 30 x 30 m, and north is top of page). An 
oblique aerial photograph of this beach can be seen in Figure 4.2a. The classification was useful for visualising differences between dune types.  
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APPENDIX 4: INTERNET SITES USED IN THIS STUDY 

Internet resources used or referred to for this study are listed below. 

Organisation Address (add prefix http://) Reason for viewing 

AUSLIG home page www.auslig.gov.au/ Information on digital and 

other topographic data 

Bureau of Meteorology www.bom.gov.au/climate/ Wind data 

Dhimurru Land Management 

Aboriginal Corporation 

www.octa4.net.au/dhimurru/ Information of activities 

conducted by Dhimurru 

Environment Australia:  www.environment.gov.au/bg/in

digenous_policy/naidocfs7.htm 

Indigenous Protected Areas 

ESRI ArcExplorer www.esri.com/software/arcexpl

orer/index.html 

Information on the types of 

systems this program operates 

Esri Scripts gis.esri.com/arcscripts/scripts.cf

m 

Searched for scripts to derive 

aspect from a line theme 

Indian Ocean Marine Turtle 

Nesting Database 

www.unep-wcmc.org/ 

marine/mturtle/home.htm 

Interactive marine turtle 

mapping: Indian Ocean 

World Conservation 

Monitoring Service - 

Interactive Mapping Service 

ims.wcmc.org.uk/ As above 

IUCN www.redlist.org/ Status of marine turtles; only 

available electronically 

Marine Turtle Newsletter www.seaturtle.org/mtn/ 

 

Information on research and 

management activities  

National Marine Fisheries 

Service (US) 

www.nmfs.noaa.gov/prot_res/o

verview/publicat.html 

Proceeding of Symposia on Sea 

Turtle Conservation and 

Biology 

NT DLPE marine atlas www.lpe.nt.gov.au/atlas/index.

html 

Contains spatial data relating 

the study area for this study 

UNEP World Conservation 

Monitoring Centre 

www.unep-wcmc.org/ Useful for information on 

International Conventions 

University of Queensland, 

Department of Mathematics 

http://www.maths.uq.edu.au/~g

ks/research/glm/index.html 

The Generalized Linear Models 

Page 

 


