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1. INTRODUCTION 

Northern Australia is currently the focus of substantial economic development, which also has 

the potential to impact biodiversity and cultural values. The Northern Seascape scoping project 

(NESP Marine Biodiversity Hub Project A12 Phase 1) assessed the state of knowledge of 

Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC)-listed 

Threatened and Migratory marine species, and pressures, Indigenous priorities, coastal 

habitats, and fisheries bycatch in relation to them across the North Marine Bioregion. The focus 

was at a multiple taxa level, including elasmobranchs (sharks and rays), shorebirds, marine 

turtles, Dugong, and cetaceans. The project scoped the research needs and directions for a 

broad Northern Seascapes project for the years 2018ï2020. 

1.1 Project Scope 

The current óDeveloping the Northô agenda includes plans and potential for large-scale 

development activities such as agriculture, aquaculture, port development, mineral industry 

infrastructure, and water extraction which have the potential to impact biodiversity and cultural 

values. The need to balance future development with existing industries (for example, 

commercial fisheries), Matters of National Environmental Significance (MNES), and 

Indigenous priorities drives the need for a broad landscape (here termed óseascapeô) approach 

to managing and recovering Threatened and Migratory marine species in the North Marine 

Bioregion. The key aspects of the project scope were: 

¶ Project Scope: Northern Seascapes Phase 1 was a scoping project to understand 

research needs for potential 2018ï2020 NESP Marine Biodiversity Hub research on 

Threatened and Migratory marine species in Northern Australia; 

¶ Species Scope: The species scope was limited to EPBC-listed Threatened and Migratory 

marine species. The project will identify knowledge and knowledge gaps for the species, 

which may direct future Hub species-specific or species-group research.  

¶ Geographical Scope: The geographical scope was limited to the North Marine Bioregion 

(Figure 1), from Torres Strait, Queensland, through the Gulf of Carpentaria and the Top 

End to the Northern Territory/Western Australia border, encompassing coastal and 

estuarine habitats to the edge of the Australian Exclusive Economic Zone (EEZ). This 

region includes Kakadu National Park, and areas included as part of the North Marine 

Parks Network (formerly, óCommonwealth Marine Reservesô). 

¶ Indigenous Engagement Scope: The project was a NESP Category 1 project for 

Indigenous engagement and participation, with an assessment of Indigenous research and 

management priorities. Indigenous land and sea managers have been identified as primary 

research end users and are expected to play a central role in the on-ground research in 

Phase 2.  
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Figure 1. Map of the North Marine Parks Network, including outline of the North Marine Bioregion. 

Source https://parksaustralia.gov.au/marine/parks/north/maps/ 

1.2 Objectives 

The Northern Seascapes Scoping Project aimed to: 

¶ Improve our knowledge of key marine species and ecosystems to underpin their 

management and protection; 

¶ Identify key opportunities to collaborate and build Indigenous participation and knowledge 

into the management and protection of marine species; 

¶ Determine the causes of, and relationships between, pressures on the marine and coastal 

environment, to inform government investment; 

¶ Identify past and current changes in and pressures on the marine and coastal environment, 

and understand their impact to better target policy and management actions; and, 

¶ Better understand issues that are common to the fishing industry and the environment 

including identifying solutions of mutual benefit. 
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1.3 Report Structure and Research Component Objectives 

The Northern Seascape scoping project consisted of five research components with their broad 

objectives given below. Each component is presented as a chapter of this report, with each 

opening with a selection of óKey Pointsô as a summary. These chapters are followed by a 

synthesis section, which concludes by ranking North Marine Bioregion sub-regions as a 

prioritisation exercise to direct future research (see Section 7.7).  

Species 

Objective: Review existing knowledge on Threatened and Migratory marine species, 

including Biologically Important Areas, movements and corridors, habitat and ecology, 

and critical areas through a gap analysis approach. 

Pressures 

Objective: Review pressures (a summary of the human activities and environmental 

change) on Threatened and Migratory marine species through a pressure mapping 

approach.  

Indigenous Priorities 

Objective: Review Indigenous priorities for Threatened and Migratory marine species 

research and management through a desktop review and consultation with Traditional 

Owner groups. 

Coastal Habitats 

Objective: Depict the extent and timing of change in key coastal habitats over the last 

three decades at selected locations in Northern Australia through a proof-of-concept 

exercise to determine the feasibility of developing a reprocessed and restructured 

Australian Landsat archive (Data Cube) habitat-change analysis tool that could be 

applied across the coast of Northern Australia.  

Fisheries Bycatch 

Objective: Examine Threatened and Migratory marine species bycatch issues in the 

commercial fishing industry in Northern Australia through stake-holder engagement (a 

bycatch workshop) and fishing effort and interaction analysis.  

.
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2. SPECIES 

KEY POINTS 

¶ Of the ~80 EPBC-listed Threatened and Migratory marine species known to occur 

in the North Marine Bioregion, 16 were identified as priority species through 

consultation with research end-users and experts. This priority group consisted of 

three sawfishes, two river sharks, two inshore dolphins, six shorebirds, two marine 

turtles and Dugong. 

¶ A gap analysis was undertaken for these priority species by comparing information 

and distribution maps present in the Species Profile and Threats Database 

(SPRAT) with new data found in the peer-reviewed and grey literature, unpublished 

data and open access databases. 

¶ The approach used by DoEE for species distribution mapping is largely based on 

simple associations of the habitat underlying species observations and 

extrapolation and not based on quantitative relationships between species 

occurrence and habitat, such as is obtained from species distribution modelling and 

recommended here.  

¶ Dwarf and Green Sawfish had the most data gaps, followed by the other 

elasmobranchs, inshore dolphins, Hawksbill Turtle, Dugong, Olive Ridley Turtle, 

and shorebirds.  

¶ Many new datasets were identified that have not yet been incorporated into SPRAT 

profiles and distribution maps. This new data can fill data gaps for all 16 species, 

and analysis of these datasets can improve the distributions and potentially the 

designation of critical areas and BIAs. 

¶ Even when considering these new datasets, additional data collection is still 

required for all elasmobranchs, Hawksbill Turtles and inshore dolphins to improve 

data coverage for distribution modelling and mapping. 

¶ Research identifying and assessing the relevance and impact of threats to each 

individual species was an identified gap.  
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2.1 Introduction 

Northern Australia is the current focus of substantial economic development. It is also an area 

that sustains rich marine biodiversity, encompassing critical habitats (nesting, breeding and 

foraging grounds, migration corridors) for many EPBC-listed Threatened and Migratory marine 

species, including dugongs (Dugong dugon), pelagic and coastal cetaceans, marine turtles, 

sea snakes, birds, fishes and elasmobranchs. Key to assessing EPBC referrals for these 

species in relation to development is an understanding of the distribution, abundance and 

movement patterns of these species over a range of spatial and temporal scales. However 

the spatial products currently available to assess referrals are typically data poor, with maps 

of distribution and Biologically Important Areas (BIAs) largely built on presence only data from 

unstructured surveys and the use of qualitative approaches (e.g. spatial buffering around 

observations and extrapolation based on habitat known or thought to be preferred). Although 

there may be more robust datasets in existence (e.g. in the published and grey literature), 

these are largely not publicly available and thus quantitative approaches such as species 

distribution modelling are often not possible. In some cases, access to these datasets may 

improve species distribution maps but in others, data of sufficient quantity and quality may 

simply not exist. In a region where there are numerous threatened species and resources are 

limited, understanding the differences between these two conditions across species can assist 

in deciding whether research funds should be directed to data compilation and analysis or 

whether further data collection is necessary, or neither. To meet this need we undertook a gap 

analysis of both knowledge and spatial data for Threatened and Migratory marine species in 

the North Marine Bioregion.  

2.2 Objectives 

The aim of this component of the project was to identify the gaps in the knowledge, distribution 

maps and data currently available to Department of the Environment and Energy (DoEE) as 

a means of identifying future research needs for managing Threatened and Migratory marine 

species in the North Marine Bioregion. We reviewed information available in the Species 

Profile and Threats Database (SPRAT, http://www.environment.gov.au/cgi-

bin/sprat/public/sprat.pl) and distribution maps and compared it to what was available in the 

peer-reviewed and grey literature and unpublished data.  

2.3 Methods 

The objective proposed for the species component was a review of existing knowledge on 

Threatened and Migratory marine species in the North Marine Bioregion (~80 species), 

including Biologically Important Areas, movements and corridors, habitat and ecology, and 

hotspots/critical areas to identify knowledge and data gaps, and to identify research needs 

and direction. It became apparent that time constraints associated with the scoping phase of 

the A12 project (< 12 months) would prevent the completion of a gap analysis for the full list 

of Threatened and Migratory marine species. After consultation with research end-users and 

project partners, the list of species was reduced to those considered as priority due to their 

Threatened EPBC Status, while retaining a diversity of taxa to guide future needs. The priority 

http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl
http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl
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list consisted of three sawfishes, two river sharks, Dugong, two inshore dolphins, six 

shorebirds, and two marine turtles (Table 1). 

Table 1. List of priority species and their Environment Protection and Biodiversity Conservation Act 

1999 (EPBC) listings. 

Species Common name Threatened EPBC 

Status 

Migratory 

Glyphis garricki Northern River Shark Endangered No 

Glyphis glyphis Speartooth Shark Critically Endangered No 

Pristis clavata Dwarf Sawfish Vulnerable Yes 

Pristis pristis Largetooth Sawfish Vulnerable Yes 

Pristis zijsron Green Sawfish Vulnerable Yes 

Eretmochelys imbricata  Hawksbill Turtle Vulnerable Yes 

Lepidochelys olivacea Olive Ridley Turtle Endangered Yes 

Calidris canutus Red Knot Endangered Yes 

Calidris ferruginea  Curlew Sandpiper Critically Endangered Yes 

Calidris tenuirostris  Great Knot Critically Endangered Yes 

Charadrius leschenaultii Greater Sand-Plover Vulnerable Yes 

Charadrius mongolus Lesser Sand-Plover Endangered Yes 

Numenius madagascariensis Eastern Curlew Critically Endangered Yes 

Dugong dugon Dugong  Yes 

Orcaella heinsohni Australian Snubfin 

Dolphin 

 Yes 

Sousa sahulensis Australian Humpback 

Dolphin 

 Yes 

 

The main resources used by the DoEE to assess referrals under the EPBC Act are Species 

Recovery Plans and the Species Profile and Threats Database (SPRAT). The latter provides 

distribution maps as well as a species profile containing information on population, habitat, 

movements, feeding, reproduction and taxonomy of listed species, whereas the former sets 
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out the research and management actions necessary to support the conservation of these 

species. The Conservation Atlas might also be referred to, and this provides spatial 

information on BIAs for some of these species. Not all Threatened and Migratory marine 

species have recovery plans or BIAs identified (or complete), but all have a SPRAT distribution 

map and profile. We thus used the SPRAT profile and distribution maps as the main basis for 

the gap analysis. However, this approach was complicated by the reference list as provided 

on the SPRAT profile not being linked to the distribution maps. Thus, it is unclear which 

references (if any) relate to the distribution map. Clearly identifying the data used in the 

distribution maps in the SPRAT profile would facilitate a more routine updating of the maps. 

The species distribution maps are considered indicative only and in general combine the 

specific habitat type or geographic feature that contains observed locations of the species 

(known to occur), the suitable or preferred habitat occurring in close proximity to these 

locations (likely to occur); and the broad environmental envelope or geographic region that 

encompasses all areas that could provide habitat for the species (may occur) (DoEE). The 

observed species locations come from a database of species observation records (SPRAT 

database), and the habitat data for extrapolating from the locations comes from national and 

regional-scale environmental data (DoEE). Knowledge from scientific research is also used to 

understand habitat requirements, e.g. if experts/research outputs identify reef as important for 

a species then all reef areas in the broad vicinity (large spatial buffers are often specified) of 

species observation records might be designated as ómay occurô. As this information and 

habitat data is often incomplete, this approach to distribution mapping may lead to both under 

and over prediction of habitat use. In some cases, modelling is used to quantify the relationship 

between habitat variables and species occurrence and then species distributions can be 

predicted based on these modelled relationships (e.g. Maxent), however for all 16 priority 

species this was not the case (Marcus Baseler pers. comm). The source of the data in the 

SPRAT database was largely State and Territory wildlife atlases, the Atlas of Living Australia 

(ALA), Birdlife Australiaôs Birdata and museums (Marcus Baseler pers. comm). As the SPRAT 

database is not open access we requested access to the data in order to undertake the gap 

analysis for the 16 priority species but it was not able to be provided due to licensing 

restrictions. However, the internal DoEE high resolution distribution maps were provided as 

was as a spreadsheet with the names of the specific government departments, atlases, 

museums and conservation organizations that had contributed the data. Although this would 

theoretically have enabled us to identify where or if, there was new data not included in the 

SPRAT database, this information did not identify the original data sources 

(published/unpublished study or simple observations) and thus details of the nature and quality 

of the data were unknown.  

The first part our gap analysis process was to review the information in the SPRAT profile 

(using the SPRAT profile reference list) and the distribution maps for the North Marine 

Bioregion. As we could not access the data in the SPRAT database and had no information 

regarding its original source (as mentioned above), our assessment of the data behind the 

distribution maps was based on our understanding of the data using the information provided 

to us by DoEE (Appendix B) and our understanding of the data generally available for these 

species (from the SPRAT profile reference list). A score was assigned against a range of 

categories (listed below) according to the resolution (spatial, temporal and quality) of the data 

(high: 3; medium: 2; low: 1). We then summed the score in order to understand in relative 
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terms how good the knowledge and data were for each species and then averaged and 

rounded the score for each species to provide an overall score of high (3), medium (2) or low 

(1). The following categories were used to score each species: 

¶ Records and distribution: indicates the amount of information used in the SPRAT profile 

and data in the distribution map. We assessed the data behind the map using the methods 

described above and the relative proportion of the distribution classified as óknown to 

occurô in the SPRAT high resolution distribution maps. They were classed as data 

restricted (low: 1), data somewhat limited (medium: 2), data-rich (high: 3); 

¶ Population sampled: indicates the representativeness of the information in the SPRAT 

profile and used to create distribution maps, in terms of sex, maturity class (juveniles, sub-

adults, adults), season (breeding/non-breeding), and behavioural mode 

(foraging/migratory behaviour/nesting). If all sexes, maturity classes and behavioural 

modes that occur within the North Marine Bioregion were represented they received a high 

score (3), if it was somewhat limited it received a medium score (2) and if it was severely 

limited it received a low score (1); 

¶ Identification of critical habitats: indicates whether the data and information allowed for the 

identification of habitats/areas associated with nesting, nurseries, breeding, and foraging 

in the North Marine Bioregion. If SPRAT profile indicated that critical habitats were 

identified across the distribution it received a high score (3), if it was spatially limited it 

received a medium score (2) and if there was no information or it was severely spatially 

restricted it received a low score (1); 

¶ Type of data: indicates our assessment of the type of data used (telemetry, conventional 

tagging/marking (e.g. flipper tags, bird rings), counts, abundance, presence/absence, 

catch records), and the extent (temporal and spatial) to create current species distribution 

maps. The classification takes into consideration the resolution and scale of datasets in 

relation to each species expected distribution. Structured surveys or targeted studies, long 

term in nature got the highest score, the score was considered medium if the data was 

limited in some way by spatial and temporal coverage or the result of more un-structured 

surveys (i.e. occasional presence records on ALA), lowest score was given to data that 

was more incidental in nature such as arising from museum specimens and fisheries 

bycatch;  

¶ Threats: identifies threats and the amount of information currently in SPRAT or Recovery 

Plans on the understanding and impact of threats to species distributions and populations. 

The highest score was given to those where threats had been identified and are being 

monitored and the impacts well understood, a medium score was assigned if they were 

identified but not monitored or well understood and the lowest score was assigned if threat 

are mostly unknown or not well understood; 

¶ Biologically Important Areas or Important Bird Areas (as defined by BirdLife International 

and Birds Australia): those species that had BIAôs or IBAs described throughout the North 

Marine Bioregion received the highest score, a medium score was assigned if the defined 
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BIAs were spatially restricted across the region and the lowest score was assigned if there 

were no BIAs defined in the region; and, 

¶ Recovery Plan: indicates whether Recovery Plans have been developed by DoEE for the 

species. The highest score was given if they have one or have been deemed by DoEE as 

not required, a medium score was given if they donôt have one but are included in 

bioregional plans and the lowest score was given if there was no recovery plan and there 

was no other management plan associated with the species. However, the potential 

effectiveness of recovery plans for species was not evaluated or taken into account during 

the scoring. 

The second part of the gap analysis set out to uncover what new data and information exists 

for the priority species to update SPRAT profiles and distributions and fill the data gaps 

identified by the above process. This consisted of a review of the peer-reviewed and grey 

literature using Google Scholar, enquiries to species experts, government departments, 

conservation organisations (e.g. Queensland Wader Study Group (QWSG), BirdLife 

Australia), industry contacts (e.g. INPEX, ConocoPhillips) and searching free, online data 

repositories (e.g. Zoatrack, eBird, ALA, Global Biodiversity Information Facility, Australian 

Ocean Data Network). The classification score for each of the categories in the table was then 

updated for each species by taking into account the new information and datasets identified.  

The final step of the gap analysis was more quantitative. We contacted owners/custodians of 

the new georeferenced datasets identified and ask them to contribute to the project by sharing 

their data. New data obtained in this way, and from open access databases, was then plotted 

over the SPRAT high resolution distribution maps. Where the new data was not provided, 

either due to time or licensing constraints or a nil or negative reply, we attempted to simply 

place a point on the map where the study took place (obtained from the literature). Further 

work with data owners may be required to liberate some of these datasets.  

As we could not access the data in the SPRAT database nor comprehensive metadata for it, 

quantitatively assessing spatial gaps was not simply a comparison of the data used versus 

data available. In addition, the dataset that we compiled would contain data used in the SPRAT 

distribution map (i.e. not new data). Thus our approach consisted of gridding the area that 

contained the ónew dataô (that compiled here) and the SPRAT high resolution distribution (0.1 

degree grid cells). For each species we then calculated the proportion of grid cells in each 

occurrence category (known, likely and may) and in previously un-categorised grid cells (i.e. 

areas within the NMB that were not included as part of the species distribution in the SPRAT 

distribution maps) that contained at least one new data point. As only the óknownô category 

contains actual data points in the SPRAT distribution, any overlap of data in the ólikelyô and 

ómayô categories was thus considered new data not yet included in the SPRAT distribution. To 

summarise where the new data came from, we defined five sub-regions within the North 

Marine Bioregion (Top End, Arnhem, Western Gulf, Southern Gulf, and Cape York; see 

Section 7.7) and for each species we calculated the proportion of grid cells in only the ólikelyô 

and ómay occurô categories and in previously un-categorised grid cells that contained at least 

one new data point within each of those sub-regions. These results cannot be compared 

among species (only within) as the proportions are relative to the size of each species total 

distribution. When comparing within species among sub-regions it is also important to note 
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that although a sub-region may not have new data it may contain existing data (óknow 

occurrenceô) thus both the distribution map and sub-region map must be referred to when 

interpreting these results. The combination of the knowledge and spatial gap analyses allowed 

the identification of true gaps (no or limited data) for the priority species and assisted with 

recommendations to guide future research effort. 

2.4 Results  

The gap analysis of the information in the SPRAT profile (accessed June 2017) for 16 priority 

species is shown in Table 2 and the updated classification in light of new information and data 

(Table 5) is shown in Table 3. In addition, the before and after overall score is provided in 

Table 4. A table containing the summary information for the classification of each category for 

each species is available in Appendix B. 

We identified 47 datasets and data owners for the 16 priority species (Table 5), and another 

12 datasets for other Threatened and Migratory marine species not included in the priority list 

(Green Turtle, Flatback Turtle, Loggerhead Turtle, Estuarine Crocodile, Narrow Sawfish, False 

Killer Whale). The datasets for non-priority species are likely not complete and were found 

while searching for priority species. At least 23% of these were found and downloaded from 

online open access data repositories, 34% belonged to researchers/academic organisations, 

8% to conservation groups, 13% to Indigenous ranger groups, 11% to State and federal 

government and 5% belonged to industry. Email requests were sent to all the researchers and 

state and federal government agencies, letters have been prepared to send to Indigenous 

ranger groups and enquiries have been made regarding the industry data. The datasets 

constituted mostly telemetry (acoustic and satellite tracking) (40%) and survey datasets (catch 

records; boat, aerial and ground surveys) (38%), with the remainder likely a combination of 

surveys and presence only observations (information unavailable to assess). Around half (23) 

of the identified datasets were obtained for use in the spatial gap analysis and presented in 

Figures 3ï6. A process to make these data (or metadata if licence agreements are restrictive) 

available to ERIN needs to be negotiated with DoEE so that SPRAT distribution maps can be 

updated with this new data. 

2.4.1 Sawfishes and River Sharks  

The gap analysis indicated that the three species of sawfish and two river sharks had the 

lowest overall scores of the information currently used (Table 2), due to poor spatial coverage 

and overall paucity of the existing data behind the SPRAT species profiles and distributions 

(Figures 2ï4). The gap analysis indicated that data in SPRAT consisted only of juveniles and 

sub-adults for both the Largetooth Sawfish and Speartooth Shark, and of adult and juveniles 

for the Dwarf and Green Sawfishes. In addition, the data was mostly restricted to a single 

study or incidental catch records limited to a small number of embayments in the Northern 

Territory. Threats identified in the profile are also largely related to potential or expected issues 

related to interaction with human activities (e.g. fishing and habitat disturbance) and little 

information is available for assessment of impacts. Consequently, distribution maps for most 

of these species are classified as precautionary with a large extrapolation of the area of use 

by the species. Due to this, all species received a low overall classification, except for 
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Largetooth Sawfish as this species had sampling occurring at a higher number of sites (Table 

2, Figures 2ï4).  

The literature review revealed that new information is available regarding the distribution of 

Speartooth Shark (Lyon et al. 2017) and the genetic structure of river sharks (Wynen et al. 

2009, Feutry et al. 2014, Li et al. 2015) and Largetooth Sawfish (Feutry et al. 2015a, 2015b) 

within rivers of the North Marine Bioregion. Published data also identified nurseries and critical 

habitats for Speartooth Shark in the Adelaide and Wenlock Rivers, and the South Alligator 

River for the Northern River Shark (Pillans et al. 2009, Kyne 2013). Additionally, new and/or 

unpublished datasets (catch records, and acoustic and satellite tracking) have been identified 

for the three sawfish and two river sharks, though new data is still limited for Green and Dwarf 

Sawfish (Table 5). The published information and new datasets resulted in an upgrade to a 

medium score for both river sharks, and Green Sawfish, however the score for the Dwarf 

Sawfish remained as low (Table 3). The gap analysis also identified that these elasmobranchs 

are found in areas of high human activity, such as mangroves and estuaries, which, combined 

with the lack of information on the impact of threats (Table 2, Table 3), suggests that more 

data are needed for elasmobranch species. An unresolved issue is that sawfishes are reported 

as bycatch in commercial fisheries but often not identified to species level and there are no 

studies on the impact of fishing on populations (see Fisheries Bycatch Chapter). 

Most of the sampling is still focused on juveniles and young-of-year with a large amount of 

acoustic tracking, molecular work, and consideration of traditional ecological knowledge that 

enabled the identification of nurseries and pupping grounds. However, for some species there 

in an absence of data for adults and feeding grounds and large-scale movements are unknown 

(including continental shelf areas for some species). 

For Northern River Sharks and Speartooth Sharks we found new data in grid cells previously 

uncategorised by the SPRAT distribution (1% for both species, Table 6). Although this seems 

low, it is in relation to the very large and conservative area that makes up the distribution 

(mostly designated as ómay occurô) and thus analysis of the combined existing and new data 

would allow for some resolution of this area (at least in the rivers) and a refinement of the 

óknown to occurô distribution. However, for both species there is very little or no data in most 

of Arnhem, Southern and Western Gulf and Cape York. This indicates there is a need to collect 

more data from these sub-regions to improve the distribution in regards to the very large area 

designated as ómay occurô (Figure 2). 

For Dwarf, Largetooth and Green Sawfish most of the North Marine Bioregion, including vast 

sections of the shelf is classified as óknown to occurô, however we found very little data in these 

areas (Figures 3ï4). This suggests that the data in SPRAT used to define this area may be 

from limited fisheries bycatch records. We know that a conservative buffer was applied to the 

known, likely and may extents in the SPRAT distribution, but not what spatial extent was used 

for the buffer (Appendix C). More data over the shelf are clearly needed to define the area of 

known use with more certainty. Distribution modelling with the fisheries bycatch data might 

improve this, however it appears the data are limited and the bycatch is not always identified 

to species. We found a small amount of new data in the likely category and previously un-

categorised grid cells for most of these species (Table 6) As above this is partly biased by the 

very large, conservative area that makes up the distribution (mostly designated as ólikelyô) for 
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Largetooth and Green Sawfish. For Dwarf Sawfish, we found 20% of grid cells with new data 

(Table 6) and 67% of these grids were in the Top End (Figure 3). Analysis of the new data for 

all three species may improve the distribution in this region but not over the entire North Marine 

Bioregion. There is a lack of data in all other regions except Top End for the Dwarf and 

Largetooth Sawfish. Although the Green Sawfish has a few data points in all sub regions on 

the shelf, there is a paucity of data there and no data in coastal regions, as evidenced by the 

fact that most of it is classified as ólikelyô (Figure 3). The likely habitat was simply defined by 

ERIN by mapping hydrological, bathymetric and marine geomorphic features. As for the river 

sharks, more sampling is needed. There might also be a need to update the habitat data (e.g. 

using Seamap Australia), however this was not assessed here. 
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Figure 2. SPRAT distributions for sharks overlaid with new datasets obtained from those identified in 

Table 5. Dashed line contours represent Australian Marine Parks. Map insert represents the proportion 

of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each sub-region. The calculated 

percentage is classified as high (>60% grids with new data = green), medium (30ï60% grids with new 

data = orange) and low (<30% grids with new data = red); and represented as the coloured polygons 

in the small insert map. 
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Figure 3. SPRAT distributions for Green and Dwarf Sawfish overlaid with new datasets obtained from 

those identified in Table 5. Dashed line contours represent Australian Marine Parks. Map insert 

represents the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each sub-

region. The calculated percentage is classified as high (>60% grids with new data = green), medium 

(30ï60% grids with new data = orange) and low (<30% grids with new data = red); and represented as 

the coloured polygons in the small insert map. 
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Figure 4. SPRAT distributions for Largetooth Sawfish overlaid with new datasets obtained from those 

identified in Table 5. Dashed line contours represent Australian Marine Parks. Map insert represents 

the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each sub-region. The 

calculated percentage is classified as high (>60% grids with new data = green), medium (30ï60% grids 

with new data = orange) and low (<30% grids with new data = red); and represented as the coloured 

polygons in the small insert map. 
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2.4.2 Marine Turtles 

The gap analysis classified the information in SPRAT for the Olive Ridley Turtle and Hawksbill 

Turtle with a medium overall score (Table 2). The classification reflected the lack of information 

on population structure (most studies target adult females on the nesting grounds, and that 

critical habitats and BIAs relating to foraging and migratory pathways have not been identified 

for either species in the North Marine Bioregion. In addition the distribution had large areas 

assigned as ólikelyô and ómayô (Figure 5). Although there were some structured survey data (by 

Ray Chatto, Table 5 and others), this only included the NT; datasets that included the whole 

North Marine Bioregion largely came from flipper tag returns thus the type of datasets available 

for SPRAT was classified as medium. The majority of the nesting areas appear to have been 

identified for both species (we determined this by comparing maps of nesting beaches in the 

Recovery Plan for Marine Turtles (DoEE, 2017) with óknown nestingô in the SPRAT distribution 

map). Inter-nesting areas have been identified in the SPRAT distribution by buffering the 

nesting grounds by 30 km (Appendix C), but there is little data outside the nesting grounds. 

The SPRAT distribution outside the breeding distribution was made using a combination of 

observations and simple habitat associations, for example, the known foraging extents for both 

turtle species were created by selecting reef and seagrass area features within 20 km of all 

known breeding areas, BIAs and observation records (Appendix C). 

The literature search revealed new satellite tracking datasets available for the Olive Ridley 

Turtles in the Tiwi Islands (McMahon et al. 2007, Hamel et al. 2008) which were open access 

and downloaded (Table 4, Figure 5). New datasets were also identified from several other 

locations in the North Marine Bioregion, but for the telemetry data there was only a low number 

of transmitters deployed at each site (Table 4, Figure 5). We were not able to obtain these 

datasets in time and thus Figure 6 simply plots the deployment locations for these transmitters 

(triangles on Figure 5). Although the tracking datasets were all obtained from adult females 

only (transmitters attached while nesting) they provide important and largely absent in-water 

data points and can be used to indicate foraging areas on the continental shelf. Similarly, adult 

female Hawksbill Turtle tracking data from Groote Eylandt were obtained (Hoenner et al. 2016) 

and show their movement and potential foraging grounds on the shelf in the Gulf of 

Carpentaria and offshore coral reefs (Figure 5). Survey data (sightings) was also identified for 

both species (Table 6, Figure 5) and although they might assist with validating some of the 

ólikelyô and ómayô breeding categories we were not able to obtain the data to properly assess 

this. The new datasets identified increased the overall score for both species but only 

marginally for Hawksbill Turtles, and despite an increase in scores the classification for both 

species remained as medium. The score was improved from the potential ability of the new 

datasets to help identify critical habitats and BIAs for foraging. The medium overall 

classification reflects the relatively low number of individuals satellite tracked from each site 

(Table 4), the data not being representative of the population (only nesting females usually 

targeted) and the limited spatial and temporal coverage of the data (mostly collected during 

the nesting season).  

The Recovery Plan for marine turtles in Australia was updated in 2017 (DEE 2017). However, 

the limited knowledge on critical habitats, particularly foraging grounds and inter-nesting 

habitats of Olive Ridley and Hawksbill prevents an informed understanding of the risk of 
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threats to their populations in the North Marine Bioregion especially the impact of the, 

potentially large numbers caught in ghost nets (Jensen et al. 2013, Wilcox et al. 2013), and 

high rates of turtle-fisheries interactions in the Gulf of Carpentaria (DEE 2017). 

For Hawksbill Turtles, we found very little new data (Table 6), although Table 5 shows many 

more datasets than we obtained. Thus, this situation may improve if the data is obtained. For 

Olive Ridley Turtles, we found around 13% of grids with new data (Table 6, Figure 5) and 2.4% 

of these were not previously recorded as part of the distribution. And as for Hawksbill turtles, 

there were many new datasets identified, but we were not able to obtain them in time (Table 

5) to include in the analysis. Thus, if the data can be obtained for Olive Ridley Turtles, 

modelling of these data could assist with improving the distribution maps, especially for the 

foraging and inter-nesting areas. Even though these are classified as óknownô in the distribution 

of both species, they are the result of simple habitat associations and buffering and not from 

modelling of actual data points (Appendix C). 

We uncovered some Dugong aerial survey data for the entire coast of NT in which turtles were 

also recorded but not identified to species (Groom et al. 2015, Table 5). Distribution modelling 

could be applied to this data to identify general turtle important areas over the shelf, but 

keeping in mind that the survey was for dugongs so the spatial extent is somewhat limited to 

coastal areas. This would therefore only resolve a small proportion of the very large ómayô and 

ólikelyô to occur areas over the shelf. Additional satellite tracking data is needed for this but 

given the many nesting beaches, the cost of representative sampling would likely be 

prohibitive. Perhaps targeting sub-regions associated with high threat levels might make such 

an approach more feasible. 
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Figure 5. SPRAT distributions for marine turtles overlaid with new datasets obtained from those 

identified in Table 5. Dashed line contours represent Australian Marine Parks. Map insert represents 

the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each sub-region. The 

calculated percentage is classified as high (>60% grids with new data = green), medium (30ï60% grids 

with new data = orange) and low (<30% grids with new data = red); and represented as the coloured 

polygons in the small insert map. 
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2.4.3 Shorebirds 

For the six species of shorebirds assessed (Red Knot, Curlew Sandpiper, Great Knot, Greater 

Sand-Plover, Lesser Sand-Plover, Eastern Curlew), data used in the SPRAT and distribution 

maps have medium to high overall scores (Table 2). Long-term datasets of shorebirds during 

the non-breeding season are available from surveys (counts), banding and tracking studies, 

and many of the foraging grounds and roosting habitats for shorebirds in general have been 

identified so that almost all species were scored as medium or high for most categories (Table 

2). However, gaps were identified due to the fact that the SPRAT distribution shows large 

areas of the North Marine Bioregion as either no occurrence or in the likely and may categories 

for many species (Figure 6ï8). Parts of Arnhem Land and the Gulf of Carpentaria represented 

a geographical data gap for most species except Red Knot (Figure 7). These gaps are critical 

as agricultural development and dredging of river mouths for development have the potential 

to severally impact critical habitats for shorebirds in the region. Another knowledge gap was 

the lack of information on the effects of potential threats to species populations and 

distributions (Table 2). For most shorebirds, habitat loss was identified as a key threat, 

however, little is known on the rate of habitat alteration of critical habitats in the North Marine 

Bioregion (see Chapter 5) and little is known of the impact of human disturbances on these 

populations (Lilleyman et al. 2016). The Greater and Lesser Sand-Plover were the only 

shorebirds with a medium overall score, mostly due to the lack of data with which to develop 

the distribution across a large part of their range (Figure 8) and consequently, a gap in the 

knowledge of critical habitats for these species. Although there are no BIAs identified by DoEE 

at the species level, BirdLife Australia provide spatial information on bird important areas for 

shorebirds in general, and these are incorporated into the SPRAT distribution, thus all the 

birds received a medium score for BIAs. 

The overall score was improved (Table 3) when assessing new datasets with some additional 

information on distribution and population trends in the region (Clemens et al. 2010, Minton et 

al. 2013, Clemens et al. 2016, Dhanjal-Adams et al. 2016, Runge et al. 2017) when compared 

to information available in SPRAT. New and updated datasets have been identified by long 

term monitoring programs by Birdife Australia, Indigenous ranger groups, open access 

databases and some limited satellite tracking (Table 5, Figure 6ï8). These datasets resulted 

in the increase to a high overall classification score for all species (Table 3). Overall the 

shorebird group represent the best data available in SPRAT for the 16 priority species (Table 

2) and updated/additional datasets (Table 3, Figure 6ï8) will assist in improving the distribution 

and potentially in identification of species-specific BIAs and critical habitats (Table 3). The 

main gap was for threats and given the high threat status of all these species, more effort 

needs to be directed to monitoring and understanding the impact of threats. 

Red Knot and Eastern Curlew have the entire North Marine Bioregion classified as ómay occurô 

to allow for migratory routes and overfly areas (Appendix C). Although we did find new data in 

the may occur area, the proportions look very low due to the fact that the total area designated 

as ómayô is so large (Table 6, Figure 6ï7). At the time of writing we do not yet have all the new 

data in hand and are awaiting the provision of important datasets from Birdlife Australia and 

the QWSG (Table 5). We found a lot of new data in the ólikelyô category (33% and 38% of grid 

cells) so modelling of this data could resolve the uncertainty in these categories and improve 

the distribution in general and the designation of critical habitats and BIAs. However it is 
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important to keep in mind that the Eastern Curlew is already the subject of a dedicated NESP 

Threatened Species Recovery Hub project. 

For the other four species (Curlew Sandpiper, Greater Sand Plover, Lesser Sand Plover and 

Great Knot), though there are still some new datasets that we do not yet have in hand we do 

have a lot of new data in the ólikelyô category (from 20 ï 39% of grid cells) (Table 6, Figure 6ï

8). For the Curlew Sandpiper and Greater Sand Plover 50 and 74% of grid cells have new 

data in areas that were previously unrecorded (not included in the SPRAT distribution) (Table 

6) and for Curlew Sandpiper there was also 40% of grid cells with new data in the ómay occurô 

category (Table 6). Thus, distribution modelling of these new data will assist in improving the 

distribution and in the designation of species-specific critical habitats and potentially BIAs for 

all of these species.  

Because these species are classified as Vulnerable and Critically Endangered and show high 

association to coastal habitats such as mangroves and intertidal habitats, a useful exercise 

would be to assess and monitor the overlap between species distribution and changes in these 

vulnerable habitats using remote sensing techniques including those developed by 

Geoscience Australia as part of this project (see Sections 5.8 and 5.9). Such approaches 

could also monitor changes in coastal development, particularly around Darwin Harbour. The 

new datasets identified (Tables 5ï6) offer the unique opportunity to assess this, especially 

important given habitat loss is considered a key threat to shorebirds. 
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Figure 6. SPRAT distributions for the Curlew Sandpiper and Eastern Curlew overlaid with new datasets 

obtained from those identified in Table 5. Dashed line contours represent Australian Marine Parks. Map 

insert represents the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each 

sub-region. The calculated percentage is classified as high (>60% grids with new data = green), medium 

(30ï60% grids with new data = orange) and low (<30% grids with new data = red); and represented as 

the coloured polygons in the small insert map. 
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Figure 7. SPRAT distributions for Great Knot and Red Knot overlaid with new datasets obtained from 

those identified in Table 5. Dashed line contours represent Australian Marine Parks. Map insert 

represents the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each sub-

region. The calculated percentage is classified as high (>60% grids with new data = green), medium 

(30ï60% grids with new data = orange) and low (<30% grids with new data = red); and represented as 

the coloured polygons in the small insert map. 
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Figure 8. SPRAT distributions for Greater Sand-Plover and Lesser Sand-Plover overlaid with new 

datasets obtained from those identified in Table 5. Dashed line contours represent Australian Marine 

Parks. Map insert represents the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò 

distributions in each sub-region. The calculated percentage is classified as high (>60% grids with new 

data = green), medium (30ï60% grids with new data = orange) and low (<30% grids with new data = 

red); and represented as the coloured polygons in the small insert map. 
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2.4.4 Marine Mammals 

The analysis of the information currently available in SPRAT for the Dugong (Dugong dugon), 

Australian Snubfin Dolphin (Orcaella heinsohni), and the Australian Humpback Dolphin 

(Sousa sahulensis) indicated a medium overall score for all (Table 2, Figures 9ï10). Australian 

Humpback Dolphins had the lowest score as most of the North Marine Bioregion appears to 

be unsurveyed (Figure 10). For the Australian Snubfin Dolphin and Dugong, the distribution 

was better, but the Southern Gulf and Cape York coast was largely classified as ólikelyô and 

ómayô occur, suggesting that observation data were unavailable for these areas. Critical 

habitats have been identified in Western Australia and Queensland, but almost no information 

is available for the North Marine Bioregion, particularly for the inshore dolphins. For the 

Dugong, structured surveys in some areas identified in the SPRAT profile allowed a better 

understanding of the distribution and thus identification of critical habitats, when compared to 

inshore dolphins (Table 2). The absence of Recovery Plans (although all species have been 

included in Marine Bioregional Plans), and lack of detailed information on the effects of threats 

on populations in the region have been identified as gaps for all three species.  

The literature search identified new datasets from aerial surveys of the entire coast of the 

Northern Territory, and more regionally focussed (e.g. Darwin Harbour) boat and aerial 

surveys for all the marine mammal species (Palmer et al. 2017, Groome et al. 2017) (Table 5, 

Figures 9ï10). (Palmer 2014, Palmer et al. 2014a, 2014b, Brooks et al. 2017), though these 

studies did not extend across the whole North Marine Bioregion. Data from ALA filled some of 

the gaps for Dugong in the QLD section of the North Marine Bioregion as will other datasets 

that are still to come (Table 5) (e.g. Marsh et al. 2008). Combined, these new datasets present 

robust data that can be used to update the species distribution for most of the North Marine 

Bioregion (Figures 9ï10), increasing their overall classification score, though the classification 

remained as medium (Table 3) due to the lack of BIAs, recovery plans and little information 

on the impact of threats. For inshore dolphins, to our knowledge, surveys conducted to date 

have not included the Gulf. This combined with the no or limited identification of BIAs in the 

North Marine Bioregion resulted in a medium classification for both species (Table 3). Although 

key areas have been identified in some sections of the NT coast (Palmer 2017), there are 

none identified in the QLD portion of North Marine Bioregion. Many potential anthropogenic 

threats were identified for marine mammal species such as incidental capture in fishing gear, 

habitat degradation (foraging habitat such as seagrass for Dugong, estuaries and coastal 

areas for dolphins), overlap with fisheries activities and vessel traffic, and underwater noise, 

highlighting the importance of clearly defining critical habitats in order to provide assessment 

of the potential impact of these threats on populations (Table 2, Table 3).  

For Dugong and Australian Snubfin Dolphins, we found new data to improve the likely (~8% 

of grid cells) and may occur (9ï12% of grid cells) categories of the SPRAT distributions (Table 

6). The values calculated for Dugong will appear low given the conservative buffer applied to 

may occur distribution. The may occur distribution is simply based on 40 m bathymetry from 

Shark Bay, WA to QLD/NSW border (Appendix C). For the Australian Humpback Dolphin, we 

found a very large amount of data (83% of grid cells) in previously unrecorded grid cells (not 

included in the SPRAT distribution) (Table 6). Thus, for all marine mammals we recommend 

distribution modelling with this data. For Dugong, there are also new systematic aerial surveys 

for WA from Port Hedland to the NT border (Bayliss and Hutton 2017) such that the north and 
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north-west distribution could be improved (there may be new data for the eastern Gulf and 

rest of QLD too, however we are not aware of this). There appears a data gap for the 

Queensland section of the North Marine Bioregion for the inshore dolphins, thus new data 

collection is warranted there.  

Figure 9. SPRAT distributions for Dugong overlaid with new datasets obtained from those identified in 

Table 5. Dashed line contours represent Australian Marine Parks. Map insert represents the proportion 

of new data within ñlikelyò, ñmayò, and ñunrecordedò distributions in each sub-region. The calculated 

percentage is classified as high (>60% grids with new data = green), medium (30ï60% grids with new 

data = orange) and low (<30% grids with new data = red); and represented as the coloured polygons 

in the small insert map. 
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Figure 10. SPRAT distributions for Australian Humpback Dolphin and Snubfin Dolphin overlaid with 

new datasets obtained from those identified in Table 5. Dashed line contours represent Australian 

Marine Parks. Map insert represents the proportion of new data within ñlikelyò, ñmayò, and ñunrecordedò 

distributions in each sub-region. The calculated percentage is classified as high (>60% grids with new 

data = green), medium (30ï60% grids with new data = orange) and low (<30% grids with new data = 

red); and represented as the coloured polygons in the small insert map. 



 

 

 

Report - Seascape approach to managing & recovering Northern Australian threatened & migratory marine species                 Page |  27 

2.5 Discussion and Conclusions 

We identified many new data in areas that were previously un-categorised or classified as 

ñlikelyò and ñmayò in the SPRAT distributions (Tables 5ï6). The new datasets should be used 

to improve all 16 priority species distribution maps ideally using species distribution modelling. 

This process may also assist in the identification of critical habitats and potentially BIAs. To 

some extent the new information and maps produced here could immediately assist in 

informing response to referrals without any further analysis. We also highlight that the 

approach used by DoEE for species distribution mapping of these species is largely based on 

simple associations of the habitat underlying species observations which are largely not from 

structured surveys. Although we appreciate that a conservative approach to distribution 

mapping might be more appropriate where data are limited (e.g. sawfish and river shark 

marine areas of use, marine turtle foraging areas, shorebird overfly areas), where data are 

sufficient, a more quantitative approach is recommended, which would model the relationships 

between species occurrence and a range of habitat variables and use these modelled 

relationships to predict distribution across the region of interest (e.g. species distribution 

modelling). More informed distribution maps will also improve efforts to assess the overlap 

and potential impact of existing and future pressures. This information is urgently required in 

order to provide for informed management actions in light of proposed development in the 

region. We also found new datasets for threatened migratory and marine species not on the 

priority species list (Table 5) that may also be assessed for the development of species 

distribution maps in the future. Importantly, species distribution models and mapping require 

habitat data in relatively high resolution and at the scale of use of species. Although habitat 

data used to inform the SPRAT distributions were not assessed here, given they might also 

be incomplete, an assessment and potential update of this data in the SPRAT distribution 

mapping process may also be necessary.   

Although all species still had data gaps (Table 4), the majority were filled when considering 

the potential of new data sources not currently incorporated in SPRAT profiles and 

distributions, except for Dwarf and Green Sawfish, where the data only marginally improved 

the scores (Table 6, Figures 2ï10). The elasmobranchs had the most gaps, followed by 

Hawksbill Turtles and the inshore dolphins, then Olive Ridley Turtles and Dugong (Table 4). 

The shorebirds had the least data gaps relative to the other priority species, largely due to the 

extensive new datasets found for all five species and their potential to significantly improve 

the distributions and designation of critical areas and BIAs on a species-specific basis. 

The reason for the sawfish and river sharks having the lowest scores was not entirely due to 

a lack of studies, as we found ten new datasets. It was largely due to the fact that most of the 

data for them are from coastal environments (and often from a limited spatial scale) with very 

little robust data for them in offshore areas. In addition, most of the data come from juveniles 

and sub-adults. Similarly, with marine turtles, with most data from the nesting beaches and 

from largely one component of the population (adult females during the nesting season). The 

reason for the birds having the most extensive data was due to the conservation organisations 

in Australia and around the world dedicated to bird observations (e.g. Birdlife International, 

Birds Australia, Australian Wader Society Group). 
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For all 16 priority species there was a lack of data on the impact of threats or assessments 

that link threats and pressures to risks for species populations (Table 4). The analysis also 

highlighted the need to collect more data to improve the spatial coverage for all 

elasmobranchs, Hawksbill Turtle, and inshore dolphins in order to provide data over the whole 

North Marine Bioregion with which to improve distribution maps (Table 4). The data needed 

for inshore dolphins (Table 4) can be obtained from aerial surveys but the offshore data 

needed for elasmobranchs and marine turtles may need to come from telemetry. Although 

data are available from fisheries bycatch records, these are generally unreliable due to poor 

identification to species-level, and are somewhat patchy depending on the area of operation 

of the fisheries. The logistical and financial constraints of telemetry, especially satellite 

telemetry, will need to be weighed up against the need to better resolve the very large offshore 

areas designated as ólikelyô and ómay occurô for these two groups. 

Although we did not obtain all the datasets listed in Table 5, we received positive responses 

from many data owners and also requests for data sharing agreements (listed as pending in 

Table 5) which typically take time to negotiate. Nevertheless, for the majority of the 16 priority 

species our quantitative analysis still showed a relatively large proportion of grid cells 

containing new data (falling within likely, may and un-categorised grids in the SPRAT 

distribution). 

This gap analysis of 16 priority Threatened and Migratory marine species has identified where 

true gaps in knowledge and data exist within the North Marine Bioregion, allowing us to identify 

where further analysis of existing data can be prioritised over the more expensive and time-

consuming option of additional data collection. Our analysis has also allowed for the 

prioritisation of species, which provides for a more informed process of directing limited 

research funds for field data collection. Importantly, we have amassed a dataset (and 

metadata for additional datasets) of georeferenced data which can be used in species 

distribution models to develop more robust species distribution maps. Such an approach 

would ideally follow an agreed procedure with the DoEE and ERIN that could eventually be 

applied more broadly. 
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Table 2. Classification scores for information available for each species in the SPRAT species profile and distribution maps in the North Marine Bioregion. Red 

colour indicates low score (1), orange indicates medium score (2), and green indicates high score (3). The rounded average score was used to assign the 

overall score or low, medium or high. 

Species Common name 
Records 

and 
distribution 

Population 
sampled 

Critical 
habitats 

Data type Threats 
Biologically 
Important 

Areas 

Recovery 
Plans 

AVERAGE 
SCORE SUMMED 

SCORE  

Glyphis garricki 
Northern River 
Shark 

1 1 1 2 1 1 3 1.4 10 

Glyphis glyphis 
Speartooth 
Shark 

1 1 1 1 1 1 3 1.3 9 

Pristis clavata Dwarf Sawfish 1 1 1 1 1 1 3 1.3 9 

Pristis pristis 
Largetooth 
Sawfish 

2 1 1 2 1 1 3 1.6 11 

Pristis zijsron Green Sawfish 1 2 1 1 1 1 3 1.4 10 

Eretmochelys imbricata  Hawksbill Turtle 2 2 2 2 2 2 3 2.1 15 

Lepidochelys olivacea 
Olive Ridley 
Turtle 

2 2 2 2 2 2 3 2.1 15 

Calidris canutus Red Knot 3 3 3 3 2 2 3 2.7 19 

Calidris ferruginea  
Curlew 
Sandpiper 

1 3 3 3 2 2 3 2.4 17 

Calidris tenuirostris  Great Knot 1 3 3 3 2 2 3 2.4 17 

Charadrius 
leschenaultia 

Greater Sand-
Plover 

1 3 2 3 2 2 3 2.3 16 

Charadrius mongolus 
Lesser Sand-
Plover 

1 3 2 3 2 2 3 2.3 16 

Numenius 
madagascariensis Eastern Curlew 

3 3 3 3 2 2 3 2.7 19 

Dugong dugon Dugong 2 3 2 2 2 1 2 2.0 14 

Orcaella heinsohni 
Australian 
Snubfin Dolphin 

2 3 1 1 2 2 2 1.9 13 

Sousa sahulensis 

Australian 
Humpback 
Dolphin 

1 3 1 1 2 1 2 1.6 11 
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Table 3. Classification scores for information available for each species in the SPRAT species profile and distribution maps in the North Marine Bioregion 

updated with new knowledge and data identified. Red colour indicates low score (1), orange indicates medium score (2), and green indicates high score (3). 

The rounded average score was used to assign the overall score (1, 2, or 3). 

Species 
Common 

name 

Records 
and 

Distribution 

Population 
sampled 

Critical 
habitats 

Data type Threats 
Biologically 
Important 

Areas 

Recovery 
Plans 

OVERALL 
SCORE 

(AVERAGE) 

OVERALL 
SCORE 
(SUM) 

Glyphis garricki 
Northern River 
Shark 

1 2 2 3 1 1 3 1.8 13 

Glyphis glyphis 
Speartooth 
Shark 

1 2 2 2 1 1 3 1.7 12 

Pristis clavata Dwarf Sawfish 1 1 1 1 2 1 3 1.4 10 

Pristis pristis 
Largetooth 
Sawfish 

2 1 2 3 2 1 3 2.0 14 

Pristis zijsron Green Sawfish 1 2 1 1 2 1 3 1.6 11 

Eretmochelys 
imbricata  

Hawksbill 
Turtle 

2 2 3 2 2 2 3 2.3 16 

Lepidochelys olivacea 
Olive Ridley 
Turtle 

3 2 3 2 2 3 3 2.6 18 

Calidris canutus Red Knot 3 3 3 3 2 3 3 2.9 20 

Calidris ferruginea  
Curlew 
Sandpiper 

3 3 3 3 2 3 3 2.9 20 

Calidris tenuirostris  Great Knot 3 3 3 3 2 3 3 2.9 20 

Charadrius 
leschenaultii 

Greater Sand-
Plover 

3 3 3 3 2 3 3 2.9 20 

Charadrius mongolus 
Lesser Sand-
Plover 

3 3 3 3 2 3 3 2.9 20 

Numenius 
madagascariensis Eastern Curlew 

3 3 3 3 2 3 3 2.9 20 

Dugong dugon Dugong 3 3 3 3 2 1 2 2.4 17 

Orcaella heinsohni 

Australian 
Snubfin 
Dolphin 

2 3 2 3 2 2 2 2.3 16 

Sousa sahulensis 

Australian 
Humpback 
Dolphin 

2 3 2 3 2 1 2 2.1 15 
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Table 4. Overall classification scores for information available for each species in the SPRAT species profile and distribution maps in the North 
Marine Bioregion shown in Table 2, the updated scores after considering the new knowledge and data identified as shown in Table 3, and the 
gaps remaining and the recommendations. Red colour indicates low score (1), orange indicates medium score (2), and green indicates high 
score (3). 

Species Common name 
Table 

2 
score 

Table 
3 

score 

Gaps remaining Recommendations 

Glyphis garricki Northern River Shark 

10 13 

Need data from shelf areas, broad-scale movement data, 
identify critical habitats, BIAs and threats. 

Analyse the combined existing and new data to 
improve óknownô and collect new data on occurrence 
in areas outside the Top End in coastal environments, 
and in all areas in offshore marine habitats. Help 
fishers identify species and get better capture rate 
data. 

Glyphis glyphis Speartooth Shark 
9 12 

Need data from shelf areas, broad-scale movement data, 
identify critical habitats, BIAs and threats. Sample all 
components of the population 

As above 

Pristis clavata Dwarf Sawfish 
9 10 

Data spatially restricted on coast and shelf, sample all 
components of the population, need movement data, 
identify BIAs and threats 

As above 

Pristis pristis Largetooth Sawfish 
11 14 

Need data from shelf areas, identify critical habitats, BIAs 
and threats. Sample all components of the population 

As above 

Pristis zijsron Green Sawfish 
10 11 

Data spatially restricted on coast and shelf, sample all 
components of the population, identify BIAs and threats 

As above 

Eretmochelys 
imbricata  Hawksbill Turtle 

15 16 

Need data beyond nesting grounds and adult females, 
need to identify foraging grounds and understand threats. 

Analyse tracking data to identify foraging grounds and 
improve distribution over the shelf. Could also analyse 
generic turtle survey data. Need to collect more 
telemetry data. 

Lepidochelys 
olivacea Olive Ridley Turtle 

15 18 
As above Analyse tracking data to identify foraging grounds and 

improve distribution over the shelf. Could also analyse 
generic turtle survey data. 

Calidris canutus Red Knot 

19 20 

Threats Analyse new data to improve distribution and 
designation of critical habitats and species-specific 
BIAs (feeding and roosting). Monitor threats such as 
habitat loss and disturbance 

Calidris ferruginea  Curlew Sandpiper 17 20 As above As above 

Calidris 
tenuirostris  Great Knot 

17 20 
As above As above 

Charadrius 
leschenaultia Greater Sand-Plover 

16 20 
As above As above 
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Species Common name 
Table 

2 
score 

Table 
3 

score 

Gaps remaining Recommendations 

Charadrius 
mongolus Lesser Sand-Plover 

16 20 
As above As above 

Numenius 
madagascariensis Eastern Curlew 

19 20 
As above As above 

Dugong dugon Dugong 
14 17 

Identify and monitor threats, identify BIAôs Analyse new data to improve distribution and consider 
including data from all of northern Australia. 

Orcaella 
heinsohni 

Australian Snubfin 
Dolphin 

13 16 
No data for QLD. Identify and monitor threats, identify 
critical habitats and BIAôs 

Analyse new data to improve distribution. Collect new 
data in the Queensland section of the North Marine 
Bioregion  

Sousa sahulensis 
Australian Humpback 
Dolphin 

11 15 
As above As above 
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Table 5. Additional datasets identified for species in or adjacent to the North Marine Bioregion, not yet included in the SPRAT profile. 

Species Type  Number Data owner Location Publication/source Update Data in 
hand 
(Y/N) 

Speartooth Shark Catch records >250 CDU Multiple NT & WA 
river systems 

Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Y 

Speartooth Shark  Acoustic tracking >150 CDU 2 river systems, NT Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Partially 

Speartooth Shark Satellite tracking 2 CSIRO Port Musgrave, 
QLD 

Richard Pillans Contacted N 

Speartooth shark Acoustic tracking 25 UQ/CSIRO/CDU Wenlock and Ducie 
Rivers, QLD 

Lyon et al. (2017) and 
available on AODN 

Downloaded Y 

Northern River Shark Catch records >500 CDU Multiple NT & WA 
river systems 

Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Y 

Northern River Shark Acoustic tracking 50 CDU South Alligator 
River, NT 

Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Partially 

Narrow Sawfish Acoustic tracking 6 UQ Wenlock and Ducie 
Rivers, QLD 

AATAMS, Hamish Campbell Didnôt find N 

Green Sawfish Acoustic tracking 6 UQ Wenlock and Ducie 
Rivers, QLD 

AATAMS, Hamish Campbell Didnôt find N 

Largetooth Sawfish Acoustic tracking 9 CDU Multiple NT river 
systems 

Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Partially 

Largetooth Sawfish Catch records 70 CDU Multiple NT & WA 
river systems 

Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Y 

Dwarf Sawfish Catch records 10 CDU Multiple NT & WA 
river systems 

Marine Biodiversity Hub (Peter 
Kyne) 

Contacted Y 

Green Turtle Satellite tracking 20 CDU Djulpan Beach, 
Arnhem, NT 

Kennett et al. (2004) Contacted N 

Green Turtle Satellite tracking 5 Mark Hamman Raine Is., QLD but 
forage in Gulf 

None Contacted Data 
pending 

Olive Ridley (2) and 
Flatback (1) Turtle 

Satellite tracking 3 NAMRA Beagle Bay, WA Kiki Dethmers Contacted N 

Olive Ridley (3), Green 
(2) and Flatback (2) 
Turtle 

Satellite tracking 7 NAMRA Crocodile Is., NT Kiki Dethmers Contacted N 

Olive Ridley Turtle Satellite tracking 4 WWF Wessel Is., NT Whiting et al. (2007) Contacted N 

Olive Ridley Turtle Satellite tracking 4 CDU, UWS, GMR, 
TLC 

Tiwi Is., NT McMahon et al. (2007), freely 
available AODN 

Downloaded Y 

Olive Ridley Turtle Satellite tracking 9 EHP Mapoon, QLD  Letter prepared N 

Olive Ridley Turtle Satellite tracking 1 EHP Aurukun, QLD  Letter prepared N 
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Olive Ridley (1) and 
Green (1) Turtle 

Satellite tracking 2 NAMRA Wanuwuy Beach, 
NT 

Kiki Dethmers Contacted N 

Olive Ridley Turtle Satellite tracking 1 NAMRA Bare Sand Is., NT Kiki Dethmers Contacted N 

Olive Ridley Turtle Satellite tracking 4 CDU (Hamish 
Campbell) 

Cape York 
Peninsula, QLD 

Dwyer and Campbell (2016), 
freely available Zoatrack 

Downloaded Y 

Hawksbill Turtle Satellite tracking 1 CDU Fog Bay, NT   N 

Hawksbill Turtle Satellite tracking 7 CDU, DBCA, JCU, 
Utas 

Groote Eylandt, NT Hoenner et al. (2016), freely 
available AODN 

Downloaded Y 

Flatback (4) and Green 
(2) Turtle 

Satellite tracking 4 CVA, NTG? Coburg Peninsula, 
NT 

  N 

Flatback Turtle Satellite tracking 4 DoEE Field Is., NT   N 

Flatback Turtle Satellite tracking 6 LSR Sir Edward Pellew 
Is., NT 

 Letter prepared N 

Flatback Turtle Satellite tracking 2 ALT Jardine River, QLD  Letter prepared N 

Flatback (13) and Green 
(2) Turtle 

Satellite tracking 15 CDU (Mick Guinea) Bare Sand Is., NT Sperling (2007)  Contacted Data 
pending 

Flatback Turtle Satellite tracking 15  Cape Dommett, WA Scott Whiting Contacted N 

Flatback Turtle Satellite tracking 10 Mark Hamman Torres Strait, QLD NERP funded project Contacted Data 
pending 

Flatback Turtle Mark-recapture - DENR Rachel 
Groom? 

Bare Sand Is., Field 
Is., West Is., NT 

  N 

Flatback, Green and 
Olive Ridley Turtle 

Semi regular 
aerial survey of 
nesting beaches 

- Crocodile Is. 
Rangers 

Crocodile Is., NT  Letter prepared N 

Flatbacks and Olive 
Ridley Turtle 

Beach track 
counts 

- Thamarrurr rangers Thamarrurr, NT  Letter prepared N 

Olive Ridley Turtle Beach track 
counts 

- Tiwi Rangers Tiwi Is., NT  Letter prepared N 

Flatback, Green, Olive 
Ridley and Hawksbill 
Turtle 

Beach track 
counts 

- Cobourg Rangers Cobourg  Letter prepared N 

Marine turtles, inshore 
dolphin and Dugong 
2012,13 and 14 

Boat, aerial (point 
and strip) and 
land survey 

multiple INPEX, Cardno Pty 
Ltd 

Darwin Harbour, NT Cardno (2015)  N 

Marine turtles (Green (1) 
and Hawksbill(1)), 2012 

Satellite tracking 2 INPEX Darwin Harbour, NT Cardno (2015)   N 

Turtles (all species) 
Note: some data used in 
SPRAT 

Flipper tag 
recoveries, beach 
monitoring, 
satellite tracking 

- QLD department of 
Environment and 
Science 

All North Marine 
Bioregion 

Col Limpus Contacted N 

Estuarine Crocodile Satellite tracking 28 CDU (Hamish 
Campbell) 

Western Cape York, 
QLD 

Open access on ZoaTrack.org  N 
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Estuarine Crocodile Satellite tracking 11 UQ (Ross Dwyer) Wenlock River, 
Cape York, QLD 

Open access on ZoaTrack.org  N 

Coastal dolphins Capture-recapture 
from boat 

- INPEX, DENR Darwin Harbour, NT Brooks et al. (2017) 
 

Contacted Y 

Shorebirds Sightings 2 
datasets 

QWSG Gulf Carpentaria, 
QLD 

Peter Driscoll Contacted Data 
pending 

Shorebirds Sightings 
(occasional 
sampling) 

- CLCAC Gulf Carpentaria, 
QLD 

Roger Jaensch, Jory Stariwat contacted Data 
pending 

Shorebirds Sightings multiple eBird Australia Online data repository Contacted Y 

Shorebirds Long-term 
monitoring 

multiple Birds Australia North Marine 
Bioregion 

Connie Lee/Dan Weller Contacted N 

Shorebirds Satellite tracking 1 dataset Monash University Ashmore Is. but 
birds might be using 
North Marine 
Bioregion 

Rohan Clarke Contacted N 

Eastern Curlew Satellite tracking 2 CDU (Amanda 
Lilleyman) 

Darwin Harbour, NT Open access on Zoatrack.org Downloaded Y  

Shorebirds and turtles 
2003, 2008 
Note: These data appear to 
have been incorporated into 
the SPRAT distribution 
maps 

Ground and aerial 
surveys 

multiple Parks and Wildlife 
NT, DENR 

Coast, islands and 
major wetlands of 
NT 

Chatto (2003) 
Chatto and Baker (2008), data 
freely available in ALA, 
WildWatch, and NRMaps 

Downloaded Y 

Shorebirds, marine 
turtles and dolphins. 27 
July to 3 Aug 2010 

Ground surveys 
(turtles and 
dolphins 
opportunistic 
sightings) 

23 sites DoEE Coburg Peninsula 
RAMSAR site, NT 

AECOM (2010) Contacted N 

Dugong and other 
marine megafauna 2015 

Aerial survey Multiple DENR Entire NT coastline Groom et al. (2017) Contacted Y 

Coastal dolphins 

2014ï2017 

Helicopter and 
fixed wing aerial 
surveys 

Multiple DENR 39 estuarine and 
coastal sites across 
NT coast 

Palmer et al. (2017) Contacted Y 

Coastal dolphins Surveys - JCU Northwest Gulf of 
Carpentaria and 
Melville Bay, NT 

Beasley et al. (2012) Letter prepared N 

Coastal dolphins Entanglement 
locations 

Multiple   Tulloch et al. (nd) Contacted Y 

False Killer Whale Satellite tracking 6 DENR (Carol 
Palmer), CDU 
(Hamish Campbell) 

Groote Eylandt (2) 
and Coburg 
Peninsula (4), NT 

For Coburg data: Palmer et al. 
(2017), other 2 from Groote 
only just deployed 

Contacted Y 
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Dugong and other 
marine megafauna 1984, 
1997, 2014 
Note: the 2003 data may 
have been incorporated into 
the SPRAT distribution 
maps 

Aerial surveys Multiple DENR Gulf of Carpentaria Bayliss and Freeland (1989), 
Parks and Wildlife Service 
(2003), Groom et al. (2015) 

Contacted Y 

Dugong Aerial surveys Multiple JCU Gulf of Carpentaria Marsh et al. (2008) Data pending N 

Dugong, dolphins and 
marine turtles  
Note: these data may have 
been incorporated into the 
SPRAT distribution maps 

Aerial surveys Multiple JCU Gulf of Carpentaria Marsh and Lawler (1993), 
Marsh et al. (1995), Marsh et 
al. (2000) 

Data pending N 

Marine mammals and 
marine turtles 

Sightings Multiple DENR All NT Northern Territory WildWatch 
(http://root.ala.org.au/bdrs-
core/nt-dlrm/home.htm) 

Downloaded Y 

All species Sightings Multiple QLD government All QLD WildNet ï Queensland Wildlife 
Data 

(https://collections.ala.org.au/p

ublic/show/dr1132) 

Downloaded Y 

All species Sightings, 
telemetry 

Multiple Multiple All North Marine 
Bioregion 

ALA (https://www.ala.org.au/) Downloaded Y 

All species Sightings Multiple Multiple All North Marine 
Bioregion 

GBIF (https://www.gbif.org/) Downloaded Y 

 

*AATAMS = IMOS Animal Tracking Database, AODN = Australian Ocean Data Network, ALA = Atlas of Living Australia, ALT = Apudthama 
Land Trust; NAMRA=North Australia Marine Research Alliance; CDU=Charles Darwin University; CLCAC = Carpentaria Land Council 
Aboriginal Corporation (Indigenous rangers); CSIRO = Commonwealth Scientific and Industrial Research Organisation; CVA = Conservation 
Volunteers Australia; DBCA = Department of Biodiversity, Conservation and Attractions; DENR = Department of Environment and Natural 
Resources; EHP= Department of Environment and Heritage Protection; GBIF = Global Biodiversity Information Facility, GMR= Gumurr 
Marthakal Rangers; JCU=James Cook University; LSR = li Anthawirriyarra Sea Rangers; NTG=Northern Territory Government; QWSG = 
Queensland Wader Study Group; TLC= Tiwi Land Council; UQ = University of Queensland; UTas=University of Tasmania; UWS= University 
of Wales Swansea; WWF=World Wide Fund. 
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Table 6. New georeferenced data found for each species not included in the SPRAT distribution, calculated as the percentage of grids with 

new data in relation to total number of grids for each of the ólikelyô and ómay occurô classification categories in the SPRAT distribution. Empty 

cells indicate that that category was not a category in the SPRAT distribution for that species. In most cases data were found in grids that 

were not part of the SPRAT distribution and the proportion of those grids containing new data are reported here as óun-categorisedô. 

 
Likely 

breeding 
Likely breeding/ 

habitat 
Likely 

foraging 
Likely 
habitat 

Likely 
roosting 

Species may 
occur 

Un-
categorised 

Northern River Shark 
     

0 0.7 

Speartooth Shark 
     

0 1 

Dwarf Sawfish 3.3 
     

19.9 

Largetooth Sawfish 
   

1.9 
  

2.8 

Green Sawfish 0.7 
     

0.3 

Hawksbill Turtle 
 

0.1 0 
  

0.4 0.3 

Olive Ridley Turtle 
 

9.1 0 
  

1.6 2.4 

Red Knot 
   

33.3 
 

2.1 0.3 

Curlew Sandpiper 
   

39.2 
 

40 74.1 

Great Knot 
  

50 19.6 0 
 

17.5 

Greater Sand-Plover 
   

21.8 4.9 
 

49.7 

Lesser Sand-Plover 
   

19.2 0 
 

46 

Eastern Curlew 
   

37.6 
 

2.8 
 

Dugong    7.4  8.9 4 

Snubfin Dolphin    7.6  11.9 8.4 

Australian Humpback 
Dolphin 

0  0    83.2 
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3. PRESSURES  

 

 

 
  

KEY POINTS 

¶ Relevant spatial datasets for mapping historic, current, ongoing and future 

pressures were identified and collated.  

¶ Pressures were categorised as resource extraction and use, pollution, habitat 

modification, climate, and óotherô. 

¶ Pressures included fisheries effort, aquaculture infrastructure, location of oil and 

gas infrastructure, historical shipping and pollution data, location of historical 

seismic operations, cyclone intensity, spoil dumping, sewage outfalls, location of 

ports 

¶ Two additive pressure hotspots maps were derived by combining all spatial 

pressure data, the first including historic, current and future pressures, and the 

second only ongoing and future pressures. 

¶ Areas of high cumulative pressure were identified, which would possibly benefit 

from additional management. 

¶ Some additional work is required to review and update this approach, including 

the addition of several data sets that could not be accessed during the project. 

¶ High pressure areas tended to be closer to the coast where point source impacts 

occurred, however no area was exposed to less than 3 identified pressures due to 

the ubiquitous nature of climate and some pollution pressures. 
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3.1 Introduction 

Global tropical ecosystems have been transformed under the influence of direct and indirect 

effects of human activities (Jameson et al. 1995, Bruno and Selig 2007). Understanding the 

spatial distribution of these human pressures is crucial in managing the use of tropical 

ecosystems in a way that maximizes commercial and societal benefits while minimizing 

degradation and species loss (Burke et al. 2011). The North Marine Bioregion of Australia is 

known for its high diversity of tropical species and is of global significance for breeding and/or 

feeding grounds for a number of protected, rare and threatened marine animals. This region is 

also coming under more and more pressure from industry, from pollution and, increasingly, 

from climate change. With many of Earthôs systems experiencing pressures beyond safe levels 

(Rockström et al. 2009), it is important to have an up-to-date assessment of historical and 

current pressures in the North Marine Bioregion to focus conservation action, identify 

sustainable development options, and prevent further species decline or ecosystem 

degradation. 

Cumulative pressure maps, such as the ñHuman Footprintò for land environments (Sanderson 

et al. 2002), or the Halpern et al. (2008) global map of human impact on marine ecosystems, 

provide large-scale information on where humans are exerting pressure on natural systems, 

altering them from their natural states. Such maps have been used in a large number of 

ecological and conservation analyses (Venter et al. 2016). The Halpern et al. (2008) pressure 

map, developed at a 1km2 resolution, identified Northern Australia as one of the least impacted 

areas globally. The last five years have seen a proliferation of efforts to characterize and map 

cumulative pressures and impacts (Halpern and Fujita 2013). A national synthesis of pressures 

and trends in the marine environment for Australian waters is now available through the NESP 

Marine Biodiversity Hub (https://www.nespmarine.edu.au/theme/understanding-pressures-

marine-environment). 

Global or national-scale cumulative mapping results typically do not match basic understanding 

of regional spatial patterns of impact. For instance, these results often integrate over shallow 

coastal areas which as a result, often appear less impacted than deeper areas despite human 

activities being concentrated on the more sensitive shallow areas particularly in tropical regions 

and seagrass or reef habitats (Selkoe et al. 2009). Maps derived for national- or global-scales 

and objectives cannot include the local detail of higher resolution data and information on 

processes and threats necessary to interpret local-scale issues. Effective and comprehensive 

regional-scale marine conservation for the North Marine Bioregion thus requires fine-resolution 

data on the spatial patterns of threats, their overlap with values of interest, and ultimately a 

clear understanding of how they interact. We cover the first two of these activities in this report, 

while recognizing additional work will be needed to interpret how values and pressures interact.  

A wide range of pressures has been identified as affecting the North Marine Bioregion as part 

of the North Marine Bioregional Plan and Report Card (www.environment.gov.au/ 

marineplans/north) prepared under the Environment Protection and Biodiversity Conservation 

Act 1999. That pressure analysis assessed present and emerging pressures affecting 

https://www.nespmarine.edu.au/theme/understanding-pressures-marine-environment
https://www.nespmarine.edu.au/theme/understanding-pressures-marine-environment
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conservation values in the North Marine Bioregion, and found overall pressure is low by global 

standards, due to relatively low levels of marine resource use and low coastal population 

pressure across the region (except for around Darwin). A number of human activities and 

drivers of pressures, however, were identified for the region, including: 

¶ Climate change and associated large-scale effects, including shifts in major currents, 

rising sea levels, ocean acidification, and changes in the variability and extremes of 

climatic features (e.g. sea temperature, winds, and storm frequency and intensity); 

¶ Harvesting of living resources; 

¶ Increasing industrial development in areas adjacent to the region; and, 

¶ Growth in marine industries, transport and infrastructure.  

Over the past decade, the population of Northern Australia has grown at a faster rate than that 

of the Australian average, and the economy of Northern Australia has sustained significant 

growth beyond the rest of the nation, now contributing to 11.7% of the Australian Gross 

Domestic Product (GDP). With this growth, improvements in infrastructure are required to link 

Northern Australia to the south of the country and to further advance economic opportunities, 

including regionally. 

Information on the implications of environmental pressures on ecosystems at different spatial, 

temporal and ecological scales in the North Marine Bioregion is scant. We aimed to collate, 

model and map all available spatial information on identified historic, current, ongoing and 

future pressures in the North Marine Bioregion, and identify areas of overlapping pressures, to 

guide further research and analysis.  

3.2 Methods 

3.2.1 Mapping Data on Historic and Existing Pressures 

Relevant spatial datasets to mapping pressures for the North Marine Bioregion were identified 

and collated (Table 7). These include national spatial datasets collated by CSIRO as part of 

the NESP Marine Biodiversity Hub Pressures Project C1: Improving our understanding of 

pressures on the marine environment, as follows: 

¶ Commonwealth trawl fisheries effort; ¶ Historical shipping and pollution data; 

¶ Aquaculture infrastructure; ¶ Seismic operations; 

¶ Mining - oil and gas infrastructure; ¶ Sea-surface temperature change; 

¶ Shipping; and, ¶ Harmful substance spills. 
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New data were acquired from online sources and/or data holders and spatially digitized or 

interpolated and modelled (Table 7, see also Appendix D). New pressures included resource 

extraction and use, pollution and habitat degradation, and additional climate impacts (Table 7). 

Further spatial data on bycatch and fisheries and ship interactions with Threatened and 

Migratory marine species were also collated, interpolated, and spatially digitized where 

possible. Details of data interpolation by layer are found in the metadata (see Appendix D). 

Data were mapped to a resolution of 0.1 degrees and clipped to the North Marine Bioregion 

using ArcGIS.  

Table 7. Pressure data collated and mapped for the North Marine Bioregion, including new data sets 

obtained for this project. 

Pressure type Data collated New data? 

Resource extraction and use State fisheries effort and catch (QLD, NT) X 

Recreational fishing X 

Commonwealth fisheries (AFMA)  

Oil and gas wells  

Pollution Aquaculture X 

Port infrastructure and dredging  

Spills (garbage, chemical, oil, other)  

Recreational boating  X 

Sewage outfalls X 

Urban development X 

Acute nutrient and sediment risk X 

Industrial pollution X 

Habitat modification Telecommunications cables X 

Dredging X 

Climate Sea surface temperature  

Sea-level rise X 

Extreme weather (cyclones) X 

Other Seismic exploration  

Shipping lanes  

Population pressure  
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Exclusions 

The following pressures have been identified as potentially affecting the North Marine 

Bioregion, but were not mapped as part of the current pressures project, due to insufficient or 

unavailable spatial data and/or models, or time/resource constraints: 

¶ Ocean acidification; ¶ Onshore mining ï downstream impacts; 

¶ Renewable energy operations; ¶ Sea-level variability; 

¶ Ghost nets; and, ¶ Invasive species. 

Although information also exists on the impacts of marine debris on marine wildlife in the north, 

such as through stranding records and entanglements (e.g. Ceccarelli 2009), spatial 

information on the sources of marine debris is lacking. Spatial information identifying marine 

debris impacts is important for evaluating interaction rates, but in itself may not be an accurate 

spatial representation of marine debris pressures in the north.  

3.2.2 Mapping Data on Future Pressures 

Building on the mapping of historic and current pressures we looked to key policy documents 

including the Northern Australia Audit (2015) and the Our North, Our Future: White Paper on 

Developing Northern Australia (2015).  

A Northern Australia infrastructure audit was conducted by Infrastructure Australia (see 

http://infrastructureaustralia.gov.au/policy-

publications/publications/files/IA_Northern_Australia_Audit.pdf for more detailed information).  

The objective of the audit was to define a policy platform for realising the potential of Northern 

Australia, which will: 

¶ Define policies for developing the north to 2030; 

¶ Capitalise on the regionôs strengths; and, 

¶ Remove barriers to investment and bringing Australiaôs broader strengths to Northern 

Australia. 

The scope of the audit was to:  

¶ Collect and evaluate data for critical infrastructure assets and networks in the economic 

infrastructure (transport, energy, water, and communications) sectors; 

http://infrastructureaustralia.gov.au/policy-publications/publications/files/IA_Northern_Australia_Audit.pdf
http://infrastructureaustralia.gov.au/policy-publications/publications/files/IA_Northern_Australia_Audit.pdf
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¶ Undertake demographic and economic modelling of Northern Australia against various 

population growth scenarios (for the years FY16 short-term, FY21 medium-term and 

FY31 long-term); 

¶ Provide a critical infrastructure gap analysis against both óbaselineô projections and the 

various population growth scenarios; and, 

¶ Generate a list of critical infrastructure requirements. 

The audit mainly focused on infrastructure that would connect to large population centres 

(>3,000 people) and areas where existing or prospective economic activity was identified. 

Despite their recognized need for infrastructure, many smaller remote Indigenous communities 

were not included at this time.  

Key identified growth regions (combination of economic opportunity, government support, 

projects that are well advanced, and a requirement for economic infrastructure) were:  

¶ Queensland: The Galilee Basin (thermal coal), Bowen Basin (metallurgical coal 

expansion) and Northwest minerals province (base metals, other minerals);  

¶ Northern Territory: The Darwin-Katherine/Wolfe Basin and Roper River/McArthur River 

(both base metals and other minerals), the Tennant Creek/Wonarah region 

(phosphate) and the Amadeus Basin (oil, shale gas); and, 

¶ Western Australia: The Pilbara (iron ore expansion), Canning Basin (oil, shale gas), the 

Browse Basin (liquefied natural gas), NorthWest Shelf (oil, gas) and the East Kimberley 

(Ord irrigated agricultural expansion). 

The resources and mining sectors were identified as the most important contributors to the 

Northern Australian economy. Ports are increasingly important for domestic and international 

distribution of shipments, as well as providing facilities for the cruise ship industry, military and 

paramilitary vessels, and offshore oil and gas industry. Nearly all new port development and 

port expansion, which includes dredging and marine infrastructure, is associated with the 

natural resource sector. Many ports, including Darwin, are lacking specialised infrastructure 

(e.g. high capacity ship handling equipment, deep water channel access) to support large 

shipments, which currently impedes development of natural resource deposits. Areas including 

Darwin, Bing Bong (near Borroloola), Karumba, and Wyndham, have been identified as having 

primary infrastructure gaps, and will likely be subject to substantial growth and expansion in 

upcoming years to accommodate these valued markets. The development of these regions 

will have effects on the marine environment; thus, advice on sensitive development, along with 

sufficient monitoring is required to help reduce and mitigate future impacts on Northern 

Australiaôs Threatened and Migratory marine species. 

  



 

 

 

Report - Seascape approach to managing & recovering Northern Australian threatened & migratory marine species                 Page |  48 

Furthermore, we considered EPBC referrals to understand development pressure. For any 

project, development, undertaking, activity, or series of activities, an application (a referral) is 

required to address if the action will, or is likely to, have a significant impact (an action with 

important, notable consequence) to any matter of National Environmental Significance (NES), 

including National Heritage values (for more information, see 

http://www.environment.gov.au/heritage/management/referrals). These referrals are assessed 

under the Environment Protection and Biodiversity Conservation Act 1999 (the EPBC Act). 

Each referral addresses the extent of environment to be lost, degraded, or notably altered or 

modified, including those species most likely to be affected by the action.  

We acquired, modelled, and mapped a suite of ongoing and future anthropogenic pressures, 

specifically:  

¶ Population growth; 

¶ Recreational boating and fisheries; 

¶ Future petroleum prospectivity;  

¶ EPBC referrals; and, 

¶ Future development. 

3.2.3 Mapping Multiple Pressures to Identify Hotspots 

There is a range of practices currently used by practitioners for combining and measuring 

pressures (Salafsky et al. 2003). Arithmetic measures, such as adding, multiplying, or 

averaging pressure values, are relatively simple, transparent, and repeatable. We derived 

standardized relative risk metrics for relevant pressure datasets/models, by log[X+1]-

transforming and re-scaling between 0ï1 each pressure layer to put them on a single, unitless 

scale that allows direct comparison, as per Halpern et al. 2008. This method assumes that the 

maximum level of each pressure is equivalent, and that intermediate levels of pressures are 

linear. We first summed all the historic, current, and future pressure values to derive an additive 

pressure hotspots map, following the methods of previous studies (Salafsky and Margoluis 

1999, Halpern et al. 2008, Selkoe et al. 2009), as follows 

 

where r is the relative risk metric for each pressure p in grid cell x, Tx is the total additive 

pressure in grid cell x, summed across all pressures. By adding pressure values together, the 

approach is conservative, or risk-averse, giving higher weight to areas with multiple pressures 

of high value. 



 

 

 

Report - Seascape approach to managing & recovering Northern Australian threatened & migratory marine species                 Page |  49 

Predicting Future Hotspots  

Furthermore, to provide a more future-focussed product that estimates ongoing anthropogenic 

pressures acting upon the North Marine Bioregion to 2030, we then repeated the process, after 

removing any pressures that were part of the cumulative value calculation above, but are no 

longer acting upon the marine environment, or are not likely to contribute to future pressures. 

These were largely pulse activities that have occurred in the past, such as seismic activity, 

spoil dumping, and spills. 

We also consulted two reports developed for the region that outline future potential 

development: The Northern Australian Audit Report (Infrastructure Australia 2015) and the 

White Paper on Developing Northern Australia (Commonwealth of Australia 2015).  

The Northern Australian Audit (January 2015) assessed critical economic infrastructure gaps 

and requirements to meet projected Northern Australia population and economic growth 

through to FY31 (2031). We used the results of modelled future population growth scenarios 

to inform potential future population pressure in the North Marine Region. The White Paper 

outlines new actions the Government is taking to promote the further development of northern 

Australia. There are many existing policies and programmes the Commonwealth, Queensland, 

Northern Territory and Western Australian governments are already undertaking that are of 

particular benefit to northern Australia. A selection of these is outlined in the White Paper, and 

these were reviewed in detail to extract those developments that might impact upon the marine 

environment in the North Marine Region. 

Additionally, to understand the location and industries most likely to affect EPBC-listed 

Threatened and Migratory marine species across the North Marine Bioregion referrals between 

the period 2000 and 2016 which triggered Threatened and Migratory marine species were 

analysed from data provided by the Environment Standards Division of the Department of the 

Environment and Energy.  

We included the following new or modified pressures in the ongoing and future pressures 

calculation. There are assumptions around modelling each future pressure, and further work 

outside the remit of this scoping project would be required to develop a set of future scenarios 

(for example, a high aquaculture scenario or a low oil and gas scenario). 

¶ Population growth: We estimated future high population growth pressure acting on 

the region by combining the aspirational (high industry) economic growth scenario in 

the Northern Australian Audit and the population pressure raw values as derived from 

the Australian Bureau of Statistics for 2011.  

¶ Recreational boating and fishing: We used population growth scenarios from the 

Northern Australian Audit to model future recreational boating pressure. 

¶ Future prospectivity: We derived a relative index of future petroleum prospectivity 

based on sedimentary basins that are considered to be prospective for petroleum. 



 

 

 

Report - Seascape approach to managing & recovering Northern Australian threatened & migratory marine species                 Page |  50 

¶ EPBC referrals: We included current and future development as identified through the 

EPBC referral process (and see Appendix E) 

¶ Commercial fisheries: Predicting future spatial extent and intensity of each 

commercial fishery was not possible, so instead we used the average annual effort 

from the most recent 5 years as the future effort value. 

¶ Aquaculture: We assumed potential ongoing pressures from aquaculture due to 

potential nutrient and waste discharge, fish escapes, disease and chemicals. We 

applied the historical value for this pressure for existing aquaculture structures to the 

future. 

¶ Port infrastructure and dredging: We assume ongoing disturbance from port 

activities in the future equal to historical value. 

¶ Land-based pressures: We included the existing land-based pressure value for 

coastal ecosystems. 

¶ Point-source pollution: We included the previously derived values for sewage 

outfalls. 

¶ Benthic structures (e.g. communications cables, pipelines): Although the 

magnitude of impact is likely greater during construction of benthic structures, we 

assume ongoing episodic pressures during operation include underwater noise, 

disturbance, electromagnetic fields (for telecommunications cables), contamination 

and heat dissipation (Meißner et al. 2006). 

¶ Shipping: We assume ongoing impacts from shipping that include vessel strike, 

anthropogenic noise, potential sea-floor abrasion and benthic ecosystem damage, 

biofouling. Globally, commercial vessel activity has been increasing (Davis et al. 2016). 

Within Australian waters, commercial vessel activity has grown by approximately 4% 

each year since the early 2000s. We assume homogenenous increase in shipping 

across the region, and so used the existing shipping values (BITRE 2015) (but we also 

acknowledge that modelling a future high shipping scenario could be informative, but 

was outside this scoping project). 

¶ Climate change: We included modelled annual variance in sea surface temperature 

and modelled change in sea surface temperature in the future pressures index.  
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3.3 Results 

3.3.1 Historic and Current Pressures  

National Datasets 

Relevant data previously collected as part of the NESP Marine Biodiversity Hub National 

Pressures project by CSIRO were clipped to the spatial extent of the North Marine Bioregion 

and are shown in Figures 11 and 12. 
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Figure 11. Human pressures within the North Marine Bioregion, (A) oil and gas infrastructure 

(http://www.nopta.gov.au), and (B) historical harmful substance spills (Australian Maritime Safety 

Authority, Australian Fisheries Management Authority). 
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Figure 12. Human pressures within the North Marine Bioregion, (A) Northern Prawn Fishery effort 

(2011ï2014), and (B) location of aquaculture (Department of Primary Industries and Fisheries 2016). 

See Appendix D for more information and metadata. 
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Figure 13. Human pressures within the North Marine Bioregion, (A) seismic surveys (Geoscience 

Australia), and (B) shipping routes (Australian Maritime Safety Authority). 
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Figure 14. Human pressures within the North Marine Bioregion, (A) modelled annual variance in sea 

surface temperature (CSIRO, NESP), and (B) modelled change in sea surface temperature. See 

Appendix D for more information and metadata. 
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Fishery Resource Extraction 

Resource extraction data acquired from the NT Fisheries consisted of catch and effort data 

dating back to 2006 for 14 fisheries across the North Marine Bioregion, as follows: 

¶ Coastal line; ¶ Mud Crab; 

¶ Coastal net; ¶ Mollusc; 

¶ Bait net; ¶ Aquarium Display; 

¶ Spanish Mackerel; ¶ Trepang; 

¶ Offshore Net and Line; ¶ Restricted Bait; 

¶ Demersal; ¶ Timor Reef;  

¶ Barramundi; and, ¶ Finfish Trawl (now Demersal fishery). 

 

Effort and catch data for each fishery in the NT were provided by the Department of Primary 

Industry and Resources aggregated by year, location (60 nm grid), and total net days fished 

(effort), with data dating from 2006 to 2018. We used data from years to 2017, as data for 2018 

is still incomplete. To scale up effort and derive cumulative fishing pressure maps for the NT 

fisheries we calculated the average of the days fished per effort ID and grid square, summed 

across all fisheries (Figure 15A). Fine-scale resource extraction data for Queensland from 

2011 to 2014 were also obtained but at a finer 6 nm resolution. Restrictions on effort data detail 

due to there being fewer than 5 vessels operating meant that fishing intensity over time could 

not be mapped, however we were still able to derive maps of the extent of fishing pressure 

(Figure 15B). Data for each gear or fishery were then standardised to 1, to be comparable with 

the other pressures. 

The Northern Territory commercial fisheries footprint has historically covered up to 95% of the 

North Marine Bioregion, whilst Queensland commercial fisheries cover only 17% of the region, 

although the Queensland data was provided for a small number of years compared to the NT 

fisheries data (QLD = 4 years, NT = 12 years, respectively).  

Commonwealth fisheries data from the Northern Prawn Trawl Fishery were previously collated 

as part of the Marine Hub Project C1 mapping national-scale pressures. These data are shown 

in Figure 12A. 
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Figure 15. Cumulative fishing pressure map for (A) NT fisheries (Department of Primary Industry and 

Resources), calculated from the average of the days fished per effort ID and grid square, summed 

across all fisheries, where dark areas indicate high historical pressure, and lighter areas indicate lower 

pressure, and (B) QLD fisheries (Department of Agriculture and Fisheries), identifying spatial extent of 

fishery effort only, due to restrictions on data (low vessel numbers). 
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Population Pressure 

Australian Population Grid 2011 and ASGC (Edition 2006) Urban Centres and Localities Digital 

Boundaries data were acquired from the Australian Bureau of Statistics, to derive information 

on current population pressure along the coast of the North Marine Bioregion.  

Data were transformed by summing population numbers at sites >100 people, and creating a 

buffer of 20 km around each population centre to account for pollution and habitat degradation 

from human use. The 20 km radius was chosen arbitrarily as an average distance that people 

may travel to get to the coast. Buffer values were standardised by summing the population in 

each buffer. The resulting map (Figure 16) estimates population pressure across the North 

Marine Bioregion. Coastal towns and villages with <100 people were not included in the map 

under the assumption that these small communities exert minimal pressure on the marine 

environment. 

 
Figure 16. Existing population pressure estimated across the North Marine Bioregion for population 

centres with >100 people, and associated average census values for each catchment in the region 

(original data from the Australian Bureau of Statistics). 
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Recreational Boating/Fishing 

Understanding the distribution and intensity of recreational boat use is a key component of the 

pressure on coastal marine environments. This information can be used to understand the 

impacts from recreational fishing and from ship strike on small marine mammals and reptiles. 

We have derived models of recreational boating/fishing based on previous work within the 

NESP Marine Biodiversity Hub (P. Dunstan, CSIRO), by combining information on the 

distribution of boat ramps, the distribution of boat and trailer registrations by post code, the 

size and power of different classes of boats, and the distances that needed to be travelled to 

reach boat ramps to estimate the distribution of different classes of boat using each boat ramp, 

and coupled this with information on population pressure to predict the distribution and intensity 

of recreational boat use at a resolution of 30 nm (Figure 17).  

 

Figure 17. Modelled recreational boat use in the North Marine Bioregion (source: P. Dunstan, CSIRO). 
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Pollution 

Data on acute and chronic pollution pressures in the North Marine Bioregion were obtained 

from a range of sources.  

The industrial pollution layer was generated from the industrial class cover of the Australian 

Bureau of Agricultural and Resource Economics and Sciences (ABARES) 2005ï2006 land use 

map derived from an AVHRR satellite image (Figure 18A).  

Sewage outfall data were obtained from the NESP sewage outfall projectôs national database 

(https://www.outfalls.info) and digitized (Figure 18B). We estimated dispersal distance from 

mixing zone of 500m, as a rough approximation, based on license information from National 

Outfall Database providers. If found to be important in future assessments, this assumption 

could be updated with oceanographic models.  

Pressures on coastal marine habitats (e.g. seagrass, reef) from port infrastructure and 

dredging were assessed and mapped based on the locations of ports in Australia provided by 

the Australian Customs & Border Protection Service (http://data.gov.au/dataset/australian-

ports), and Australian shipping routes (Figure 19A). We predicted that there was a high risk to 

seagrass habitat when there was a port located in a grid cell, a moderate risk in cells adjacent 

to a high cell, and a low risk in cells adjacent to a moderate cell, using shipping routes to 

determine the direction of risk, with a spatial threshold of three grid cells from port determining 

the maximum distance of impact. We considered that there was no exposure to the threat of 

port infrastructure and development and hence no risk in all other grid cells.  

Information on the dumping at sea of hazardous substances (spoil dumping) was obtained 

from the Department of Defence online at http://www.hydro.gov.au/n2m/dumping/dumping.htm 

and digitized (Figure 19B). We re-scaled the raw point-source pollution pressure data to 

between 0.5 (low impact) to 1.0 (highest impact), with any grid cells not affected by these 

pressures allocated value of zero.  

https://www.outfalls.info/
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Figure 18. Human pressures within the North Marine Bioregion, (A) Industrial pollution (from ABARES), 

re-scaled from 0 (no pollution) to 1 (high pollution), and (B) sewage outfalls (NESP, 

https://www.outfalls.info).) 
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Figure 19. Human pressures within the North Marine Bioregion, (A) Port infrastructure and dredging risk 

(Australian Customs & Border Protection Service), and (B) Spoil dumping (ammunition, boat, other 

materials, Department of Defence). 
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Sediment and Nutrient Pollution 

Spatial data describing acute and chronic sediment and nutrient risk to seagrass habitats have 

been derived previously by Canto et al. (2016). The authors derived this pressure layer by 

using disturbance of the catchment (as identified in the National Estuary Audit 2000, 

http://www.ozcoasts.gov.au/search_data/estuary_search.jsp) to describe catchment 

condition. As sediment and nutrient loads are strongly linked to catchment clearing and land 

use, Canto et al. (2016) assumed that catchments that were near pristine and largely 

unmodified would pose a low risk to seagrasses in terms of sediment and nutrient loads. 

Similarly, the highest risk would be from catchments which are extensively modified. 

Streamflow data were compiled from the Australian Bureau of Meteorology (bom.gov.au) which 

described the daily flows from the period 1990ï1999 from 241 stream gauging stations 

Australia-wide. The risk of acute sediment and nutrient risk for each estuary and connected 

coastline was determined as a function of catchment condition moderated by the likelihood of 

large pulses of flow along river channels as well as the total volume of the flow. 

Resuspension data was derived by Canto et al. (2016) from Geoscience Australiaôs dataset 

ñPercentage of the time that the Shields parameter exceeded 0.25ò developed during the 

CERF Marine Biodiversity Hub. The Shields parameter defines the bed shear stress required 

to initiate sediment movement. When it is >0.25, conditions on the seabed are highly mobile, 

hence there is more chance of resuspending sediments which can have a negative impact on 

seagrasses due to reductions in light. The percentage of the time that the Shields parameter 

exceeded 0.25 was determined from the Geological and Oceanographic Model of Australiaôs 

Continental Shelf (GEOMACS) model (Hemer 2006, Harris and Hughes 2012). 

We obtained and mapped data from Canto et al. (2016) for urban/agricultural runoff, and 

sediment resuspension (Figure 20). This information was derived by considering the catchment 

condition moderated by the likelihood of large pulses of flow along river channels as well as 

the total volume of the flow. 
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Figure 20. (A) Acute sediment and nutrient risk to coastal habitats in the North Marine Bioregion, and 

(B) sediment resuspension risk (from Canto et al. 2016). 
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3.3.2 Climate Drivers 

Maps of extreme weather events were obtained from the Coastal and Marine Resources 

Information System (CAMRIS), identifying intensity, frequency and density of cyclone 

occurrence in the Australian region (Figure 21A). Large areas in the western Gulf, and along 

the coast southwest of Darwin, were identified as having high historical cyclone density and 

intensity. We re-scaled the values to between 0.5 and 1, to be consistent with other pressure 

values. 

We also obtained maps of modelled increase in sea level rise for 2070 (Figure 21B) from Canto 

et al. (2016), which identified high risk of sea-level rise from Groote Eylandt extending 

southeast along the coast to past the Queensland border, with the rest of the coastal region 

identified as moderate risk from sea-level rise. We re-scaled these values to be consistent with 

the other pressures, so that high risk = 1 and moderate risk = 0.75. 
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Figure 21. (A) Cyclone intensity (CAMRIS), and (B) sea-level rise risk to coastal habitats for 2070 from 

Canto et al. (2016). 
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3.3.3 Ongoing and Future Pressures  

Population Growth 

The Northern Australian Audit (January 2015) assessed critical economic infrastructure gaps 

and requirements to meet projected Northern Australia population and economic growth 

through to FY31 (2031). The report used a hybrid of Australian Bureau of Statistics and 

State/Territory projections to derive core population projections for five scenarios (baseline, 

aspirational economic growth, medium economic growth, northern population shift, and low 

population growth). Under the auditôs core baseline population projections, Northern Australia 

is projected to grow at 1.8 per cent year-on-year, compared to 1.6 per cent for Australia as a 

whole. We used the modelled output values from the aspirational (high industry) economic 

growth scenario to FY31 and added these to the population pressure raw values as derived 

from the Australian Bureau of Statistics for 2011 to estimate future high growth pressures 

acting on the region (Figure 22). 

 

Figure 22. Future modelled population pressure increase across the North Marine Bioregion, based on 

modelled population and economic growth as identified in the aspirational (high industry) growth 

scenario of the Northern Australia Audit (2015). 
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Recreational Boating 
 
We assumed recreational boating pressures will increase in intensity as per the current 
population growth, and used the indexes from the two population growth scenarios from the 
Northern Australian Audit to increase the existing recreational boating pressure index spatially. 
 

 

Figure 23. Future modelled boating pressure across the North Marine Bioregion, based on modelled 

population and economic growth as identified aspirational growth scenario of the Northern Australia 

Audit (2015). 
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Petroleum Prospectivity 

This dataset is a subset of the Sedimentary Basins dataset developed by Geoscience 

Australia. It represents sedimentary basins that are considered to be prospective for petroleum, 

and it has been attributed with a rating describing the relative prospectivity of different areas. 

This interpretive data on relative petroleum prospectivity is derived from Geoscience 

Australia's internal quantitative basin evaluation work, modified in some cases after 

consultation with their own internal experts on particular basins. The classification terms used 

represent a simplified qualitative assessment of petroleum prospectivity, and are subject to 

future change as new data are gathered and interpreted. We applied an index between 0 and 

1 based on the range of prospectivity attributes within the dataset (low, low-medium, medium, 

medium-high, and high), and then spatially joined the data to the north Australian grid to derive 

a relative index of future petroleum prospectivity to the North Marine Bioregion. 

 

Figure 24. Petroleum prospectivity in the North Marine Bioregion as identified by Geoscience Australia. 
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EPBC Referrals 

We included current and future development as identified through the EPBC referral process. 

First, we investigated each of the referrals identified as potentially having an impact on the 

marine environment, to understand if the development is current or ongoing, through web-

based and literature searches. We removed those developments that were identified as 

completed, applications that have expired, as well as those applications that have been 

withdrawn. Most seismic applications had expired and were removed. We included all 

development application areas from the last 15 years that were identified as currently active, 

including coastal and marine mining operations, land development, infrastructure, aquaculture, 

pipelines, and renewable energy operations, and created a presence-only value layer, where 

the spatial extent of these ongoing applications was given a value equal to 1. 

 

Figure 25. EPBC referrals (from data up to 29/5/2017) that are currently active with potentially ongoing 

impacts into the near future. 
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Proposed Development 

We performed an in-depth analysis of potential developments outlined in the ñWhite Paper on 

Developing Northern Australiaò (Commonwealth of Australia 2015). We researched each 

development identified in the paper to extract those relevant to the North Marine Region that 

might potentially impact upon coastal or marine ecosystems and/or species, and manually 

digitized each selected development to provide a qualitative map of proposed or current 

development in northern Australia. Of the developments outlined in the paper, only 14 were 

identified as having potential impacts on marine environments. The remainder were located 

inland, or were outside the North Marine Bioregion boundary. 

We list all pertinent developments in Table 8. We were able to digitize most developments, 

although some were set to the size of the catchment (e.g. Gulf Water Plans, Expansion of the 

Ord Irrigation Scheme) due to there being no easily accessible fine-scale spatial information 

on the scale of the development. We therefore acknowledge the coarse-scale qualitative 

nature of this map, and suggest it be used only to inform where future development might 

occur, and not to inform management unless further investigation is conducted. Only one 

development (Pastoral Lease diversification) could not be digitized due to there being no 

spatial information on the extent of the development. 



 

 

 

Report - Seascape approach to managing & 
recovering Northern Australian threatened & 
migratory marine species                 Page |  72 

Table 8. Potential developments outlined in the White Paper on Developing Northern Australia with the potential to impact on the North 

Marine Bioregion. 

State/ Territory Where  Name Type Detail 

Queensland 

Weipa, QLD 

South of the Embley 

bauxite project, 

Weipa 

Mining and 
Energy 

Queensland is the largest bauxite producer in Australia, and Australia is the largest 

bauxite producer in the world with 30 per cent of the worldôs production in 2012. The 

Cape York bauxite deposits are some of the richest and largest in the world, second only 

to Guinea. The South of Embley bauxite project represents a new mine with up to 40 

years of production at 25 to 50 million tonnes per year. The Weipa mine has been in 

operation since 1963. The new South of Embley mine will sustain the mining town of 

Weipa and provide ongoing employment for up to 1500 workers. 

Queensland 
Peninsula 

Road, Cape 

York 

$200m+ upgrade to 

the Peninsula 

Development Road in 

Cape York 

Infrastructure 
and 
Construction 

To better connect areas of economic opportunity with local communities and support the 

growth of the hospitality, transport, tourism and maintenance industries. 

Queensland Flinders and 

Gilbert River 

Catchments, 

QLD 

Gulf Water Plans 

Agriculture 

The Finalisation of the Gulf Water Plans will identify additional volumes of unallocated 

water for the Flinders and Gilbert River catchments. https://www.daf.qld.gov.au/business-

priorities/business-trade/development/industry-development/flinders-gilbert-agricultural-

zone/map-of-catchments 

Queensland 

Cape York 

Catchments 

Cape York Water 

Strategy 

Agriculture 

The Cape York Water Strategy provides a vision for the sustainable water allocation and 

management across Cape York, which allows for a balanced approach to support 

development while being sympathetic to the cultural, recreational and environmental 

values of the region. https://dnrme.qld.gov.au/__data/assets/pdf_file/0009/1396116/cape-

york-draft-water-plan.pdf 

Northern Territory Captured in 

petroleum 

prospectivity 

Creating 

Opportunities for 

Resource Exploration 
Minerals 

A four year (2014ï18) $23.8 million initiative aimed at stimulating minerals and petroleum 

exploration through new geoscience and exploration incentives. 

Northern Territory Darwin Harbour Foreshore 

Minerals 

Development of an over-arching strategy to attract investment in economic infrastructure 

around Darwin harbour and the industrial foreshore. It will also include long term planning 

for industrial and residential land use. 
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State/ Territory Where  Name Type Detail 

Northern Territory Tiwi Islands Tiwi Islands 

Economic 

Development 

Partnership 

Agreement 
Minerals 

The Tiwi Land Council, Commonwealth and Northern Territory governments are 

negotiating an Economic Development Partnership Agreement to coordinate opportunities 

for business and industry development, investment and trade, and create jobs across the 

Tiwi Islands region. 

Northern Territory NT ï no 

spatial 

information 

Pastoral Lease 

diversification 

Minerals 

Working with pastoral leaseholders to diversify their business to capitalise on new 

Northern Territory laws allowing a portion of leases to be developed for other commercial 

purposes such as agriculture, horticulture, forestry, aquaculture or tourism ventures. 

Northern Territory Darwin, NT Ichthys LNG 

processing plant  
Private sector 
- under 
construction 

Located on Blaydin Point on Middle Arm Peninsula in Darwin Harbour, the processing 

plant is expected to produce 8.4 million tonnes of LNG and 1.6 million tonnes of LPGs 

(propane and butane) each year, along with 15,000 barrels of condensate per day at 

peak. 

Northern Territory NT Seafarms Sea 

Dragon Project 

Projects where 
EIS process is 
underway 

Development of 10 000 ha of Tiger Prawns on Legune Pastoral Lease, adjacent to Ord 

Stage 3. 

Northern Territory QLD north-

west 

South of the Embley Projects where 
EIS has been 
completed 

New bauxite mine, initially producing 22.5 million dry product tonnes per annum (mdpt/a) 

with the potential to increase to 50 mdpt/a. 

Northern Territory Darwin Marine Industry Park 

Road and 
Infrastructure 

Northern Territory Government is seeking to develop a marine industry park in Darwin. 

Centrally located on Australiaôs northern coastline, Darwin is the gateway of choice to 

Asia. Located within a deep water harbour with port and rail access, immediately adjacent 

to major onshore and offshore gas and oil developments, a marine industry park will 

provide a unique opportunity to capitalise on Darwinôs significantly expanding oil and gas, 

marine services and defence industries. 

Northern Territory Darwin Port of Darwin 

Redevelopment and 

associated works Road and 
Infrastructure 

The combined Port of Darwin project is to facilitate the development of the resources rich 

Northern Territory and further growth in its agricultural industries, in particular the 

livestock market and to capitalise on the potential for Darwin to be the gateway 

Northern Territory WA Expansion of the Ord 

Irrigation Scheme in 

Northern Territory Road and 
Infrastructure 

The Northern Territory Government under this project aims to offer 14,500 ha of new 

agricultural land with clear land title to the market as a development opportunity 

 



 

 

 

Report - Seascape approach to managing & recovering Northern Australian threatened & migratory marine species                 Page |  74 

We also obtained spatial data on Digital Cadastral Database (DCDB) Development 

Applications for the Northern Territory from the Department of Infrastructure, Planning and 

Logistics (http://www.ntlis.nt.gov.au), as a qualitative guide to identifying where future 

development on the land might impact downstream coastal systems and species (Figure 26). 

 

 
Figure 26. Proposed and potential development in northern Australia displayed as Northern Territory 

development applications (Digital Cadastral Database; http://www.ntlis.nt.gov.au), and potential 

developments extracted from the White Paper on Developing Northern Australia (Commonwealth of 

Australia 2015) (Table 8). 
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3.3.4 Hotspot Mapping 

Historic and Current Pressures 

Historic and current human impact on the North Marine Bioregion shows strong spatial 

heterogeneity (Figure 27). The total cumulative pressure mapping identified higher historical 

pressures overall throughout much of the Northern Territory coastal waters compared to 

offshore waters of the North Marine Bioregion (Figure 28), which was expected given that 

coastal and continental shelf areas are subjected to both land- and ocean-based pressures. 

The exception to this was a high pressure region in the north-west offshore waters of the North 

Marine Bioregion, reflecting historical offshore fishing effort and mining operations. Hotspots 

around Darwin, Groote Eylandt and Nhulunbuy (Gove) reflect historical fishing effort and 

recreational boating, combined with land-based pressures including industry, port activities, 

and population density. Coastal waters of east Queensland had lower cumulative pressures 

overall than the Northern Territory waters, with the exception being the coastal waters around 

Weipa, reflecting port activities including shipping and recreational boating, as well as other 

indirect land-based pressures. Offshore regions of the Gulf were largely identified as low to 

moderate cumulative pressure. Some heterogeneity in values appeared to be driven by the 

spatial distribution and intensity of NT and QLD State fisheries.  

The data show that climate change pressures have the largest footprints, covering the entire 

region, roughly 625,689 km2. The point source pollution pressures (sewage outfalls, spoil 

dumping, port infrastructure, etc.) had a disproportionally higher impact value compared to 

their footprint, which covers <2% of the region. No single grid cell showed a zero value, due to 

the blanket coverage of some climate change pressures (SST variance and change) and also 

shipping routes. This also meant that there were no areas of the North Marine Bioregion 

affected by fewer than two pressures per cell.  
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Figure 27. Total cumulative pressure hotspots map, derived by adding historic and current pressure risk 

metrics in each grid cell. We identify areas of high risk which might benefit from additional management 

(red areas), versus low risk areas that might provide options for mitigation (blue areas), for the North 

Marine Bioregion, given current and historical pressures. 

Evaluation of the spread of historic and current cumulative pressure scores identified a right-

skewed distribution of pressure scores per grid cell (Figure 28). The additive pressure scores 

ranged from 0.4 to 8.3, with a mean of 1.9 (Figure 24). The theoretical maximum possible score 

for the additive model would be 21, based on all threats occurring at their highest level. The 

maximum observed pressure scores (>8) occurred along the coast adjacent to Darwin, which 

also had the maximum number of threats. Approximately 15% of the region has been subjected 

to very low pressure levels (Tx <=1), though a small proportion (<1%) has very high Tx scores 

(>=5). A substantial proportion of the area is offshore, with fewer pressures, resulting in the 

great majority of grid cells in offshore areas having low cumulative pressure scores. 
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Figure 28. Histogram of cumulative impact scores depicting the fraction of North Marine Bioregion area 

that falls within each impact category (number of grid cells). There are no zeros; histogram bars are in 

bins of 0.5. (Inset: expanded views of the tail of values). 
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Ongoing and Future Pressures 

Differences in modelled values between the total cumulative pressures (Figure 27) and 

ongoing and future pressures (Figure 29) were evident largely in offshore areas including the 

Gulf of Carpentaria region, which had lower ongoing pressures relative to those historically. 

Some areas of the coast had higher ongoing pressures relative to the rest of the region once 

historical pressures were removed, including waters extending north-west from the NT/QLD 

border to Groote Eylandt, which was driven by predicted population trends and associated 

boating as well as commercial fishing. In contrast, waters north of the Tiwi islands were 

predicted to have lower ongoing pressures relative to values including historical pressures. 

 

Figure 29. Cumulative ongoing and future pressure hotspots map, derived by adding current ongoing 

and future pressure risk metrics in each grid cell. This figure identifies hotspots of multiple current 

ongoing and future pressures (red) versus regions of low current ongoing and future pressures (blue). 
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3.4 Conclusions 

We have compiled the most complete, highest resolution and regionally-consistent marine 

dataset on historic, current, and projected cumulative human and natural pressures on the 

environment for the North Marine Bioregion. It builds upon earlier NESP research on national 

pressure mapping by CSIRO, by not only updating previously developed maps of pressures 

for the North Marine Bioregion to the present day, and in some cases at a finer resolution, but 

also including new pressure data and models, as well as collating spatial pressure data derived 

by other studies as detailed in Appendix D. Furthermore, we then look to the future, examining 

key policy papers and interrogating EPBC referrals in order to (qualitatively) anticipate likely 

focal points for future development. 

Knowledge of the current and historical distribution and intensity of pressures is an important 

component in decision-making to guide future research and management. The approach in 

this report is a first step in identifying areas of high cumulative pressures where further 

management of human activities may achieve a higher return-on-investment e.g. by reducing 

or eliminating anthropogenic drivers with high impact scores (Halpern et al. 2008). We also 

identify low pressure areas, which might not be a high priority for additional management, but 

may provide an opportunity for offsetting residual risks in other areas, or be prioritized for the 

protection of their natural values depending on which species and habitats they contain.  

There are some caveats in the approach used here. Because the maps developed are static, 

providing a snapshot of historic or current marine use only, they do not indicate comparative 

trends through time. Although some data were provided as long time-series (e.g. NT fisheries 

effort), others were either point source snapshots of the current status or location of pressures 

(e.g. sewage outfall), or earlier pressures that may operate in a different spatial location now 

(e.g. seismic activities), or may be discontinued (e.g. inactive oil wells). It might be possible to 

derive some information on change over time in pressures for those data that were provided 

for longer time series or extrapolate information on pressure intensity over time for the point 

source or static data sources, but this would require further time and resources and was 

beyond the scope of this project. From the information we have already, it is clear that there 

are a number of historical pressure sources no longer affecting the North Marine Bioregion, 

and a number of locations where pressures have existed in the past that are not currently 

affected, including historical spoil dumping locations, historical seismic activity, 

decommissioned oil and gas wells, and decommissioned cables. However, pressures from 

urban development and recreational resource use has likely increased concomitant with 

increasing human populations particularly along the coast, and pressures and impacts from 

climate-driven changes in the environment will likely increase in the near future as well, 

potentially compounding local pressures (Brown et al. 2013, Poloczanska et al. 2013).  

Because we used an additive approach, the estimates potentially inflate human impacts on 

coastal areas (Halpern et al. 2008). Some refinement to the pressure maps developed here is 

needed as information and resources becomes available, as some identified pressures could 

not be included due to data or time constraints, and the approach taken to accumulate 
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pressures will need to be revisited for specific questions or species, building on the current 

Hub project for the Great Barrier Reef. 

The results of the cumulative mapping represent an initial scoping exercise to show the spatial 

variation in anthropogenic impacts. The number of assumptions when using cumulative 

pressure maps to guide spatial decision-making (Halpern and Fujita 2013) preclude the use of 

these maps to guide management at this stage. Firstly, the additive approach assumes 

pressure layers are of equal importance, but underlying biases or values might place 

importance on some pressures, such as commercial fishing, over others, such as recreational 

fishing. This typically requires assumptions or expert judgment about how important particular 

types and groups of pressures, which has been dealt with by a range of approaches (Halpern 

et al. 2009, Allan et al. 2013), and is being further developed in a separate NESP Marine 

Biodiversity Hub project identifying approaches to consider cumulative impacts on the Great 

Barrier Reef, but was beyond the remit of this scoping project. 

A fundamental assumption in developing cumulative pressure maps using an additive 

approach is that pressures are independent of one another. Synergistic effects often occur 

when multiple threats affect an area. For example, overfishing can make coral reefs more 

sensitive to disease and less resilient to coral bleaching as a result of climate change 

(McManus and Polsenberg 2004). Species may also respond differently to pressures (Díaz et 

al. 2013, Brown et al. 2014), thus the effectiveness of actions to ameliorate pressures will vary 

(Tulloch et al. 2015). Future work could address interactions between pressures by using a 

threshold or multiplicative approach, but this would require detailed knowledge on the 

synergisms between different pressures acting upon northern systems and species. We 

currently know very little about where, when or why nonȤadditive responses may occur (Crain 

et al. 2008, Darling and Cote 2008). Outputs of the additive mapping approach are likely 

conservative compared to using a multiplicative approach that assumes interactions exist 

between pressures (Crain et al. 2008). 

Although pressure maps are a way to visualise management concerns and focus future 

research, they tell us nothing about the impacts on species, and because of this, are very 

different from a cumulative impact map (e.g. Halpern et al. 2008, Selkoe et al. 2009) that 

include links between pressures and impacts on ecosystems and species. Information on the 

spatial distribution of species, especially those that are threatened, and associated impacts of 

pressures, is crucial for pressure impact mapping. We addressed this by developing a risk 

matrix of pressure interactions with threatened species to address this aspect of impact 

mapping, and this information is detailed in Synthesis chapter at the end of the report.  

Future research should be directed towards improving the accuracy of species distribution 

models. Once developed, this information could be used in tandem with the pressure maps 

developed here through specifically developed interaction matrices, to guide effective 

conservation decisions that have the potential to improve the persistence of Threatened and 

Migratory marine species. This can be achieved by identifying the most vulnerable regions and 

species to guide conservation action (Tulloch et al. 2016), minimizing pressures to those 
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species, while at the same time identifying where and how conservation is consistent with 

increased sustainable development of the existing and new sectors in the North Marine 

Bioregion (Tulloch et al. 2015, Tulloch et al. 2016). Building environmental forecasts around 

the five future population scenarios identified in the Northern Australian Audit is one approach 

that requires discussion amongst research end-users.  
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4. INDIGENOUS PRIORITIES 

 
 

  

KEY POINTS 

¶ An examination of Indigenous priorities in relation of Threatened and Migratory 

marine species was undertaken in two stages: i) a desktop review; and, ii) a 

consultation phase. 

¶ There was interest expressed by all communities engaged. Some communities did 

not have the resources to engage while the Mud Bay decision was proceeding. 

¶ There are two critical factors that differ from community to community: i) capacity 

(including number of rangers, training and experience, availability of suitable 

vessels and equipment); and, ii) suitability of the proposed project timeframe. 

¶ While priorities varied between groups, the work revealed current interest and 

existing capacity relating specifically to marine turtles, dugong, shorebirds and 

seabirds, and sawfishes, and largely within the Western Gulf of Carpentaria region 

(through the Numbulwar Numburindi Amalahgayag Injung, Yugul Mangi Rangers, 

and possibly Dhimurru), and the Daly River region of the western Top End (through 

the Malak Malak Rangers). 

¶ It is important to consider not only what future research should be conducted, but 

how. In cross-cultural research the partnerships underlying, and processes adopted 

in the conduct of projects are of critical importance. 

¶ Traditional Owners and their ranger groups are increasingly interested in driving the 

research agenda, including involvement in design, active participation, and 

ensuring beneficial local outcomes. 
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4.1 Introduction  

Indigenous Australians have been the custodians of the seascapes of this country for 

millennia, continuing up to the present day. However, since European settlement, Indigenous 

governance and management of (land and) sea country has been significantly eroded, leaving 

much sea country unmanaged. New governance and management systems, interests and 

needs are emerging across Australia as dramatically changed circumstances, pressures, 

opportunities, and information needs demand critical thinking for protecting and managing 

healthy marine environments.  

This chapter provides an overview of some of the Threatened and Migratory marine species 

(and extending to their populations and habitats) that Indigenous communities in the study 

area (North Marine Bioregion and adjacent coastal regions of the Northern Territory, including 

the Gulf of Carpentaria and the western Cape York region of Queensland) would like to see 

collaborative research effort focused on, so that they are better placed to manage sea country 

into the future. The information presented was derived through a combination of two 

processes: (1) a desktop study; and, (2) consultations with representatives from Indigenous 

Land Management (ILM)/Ranger groups and/or Traditional Owners (TOs) and other 

Indigenous community members.  

The first component was a desktop study of readily available materials including Indigenous 

Protected Area (IPA) Management Plans (Table 9), Healthy Country Plans and other 

strategies framed by various ILM/Ranger groups involved in caring for sea country. Where 

available, IPA Management Plans and other Sea Country plans should be recognised as 

incorporating (to a greater or lesser extent) local and traditional knowledge, customary 

protocols and other enabling and empowering features of resilient communities, adapted to 

deliver agreed environmental management outcomes. They are generally developed over a 

period of several years through extensive, considered, and representative consultation with 

all the appropriate TOs and other relevant community members. They clearly articulate 

community desires with regard to sea country matters, set in the context of an ongoing 

commitment to continue the ancestral custodianship of their traditional estates, using both 

traditional and contemporary approaches to manage sea country. They are a primary resource 

for anyone interested in working in land and sea country. Within the study area however, IPAs 

cover only parts of the coast; Figure 30 shows the coverage of existing IPAs across the study 

area). Other material, perhaps with limited emphasis on relevant research but indicating 

practical interests, aspirations and concerns, were also considered.  
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Table 9. Indigenous Protected Areas (with a coastal boundary) within the North Marine Bioregion and 

relevant Management Plans. 

IPA 

Region 

Management Plan 

available? 

Year/operational period 

Ranger group/s 

Marri-Jabin (Thamurrurr)- Stage 1 

Western NT 

No Thamurrurr 

Djelk 

Central Arnhem Land, NT 

Healthy Country Plan 

2015ï2025 

Djelk 

Marthakal - Stage 1 

North East Arnhem Land, NT 

Yes (sea country extension 

planned) 

2015ï2020 

Gumurr Marthakal 

Dhimurru 

North East Arnhem Land, NT 
Yes  

2015ï2022 

Dhimurru 

Laynhapuy ï Stage 1 

North East Arnhem Land, NT 

No, but publication imminent 

(sea country extension 

planned) 

Yirralka 

Anindilyakwa 

Gulf of Carpentaria, NT 

Yes Anindilyakwa 

South East Arnhem Land (SEAL) 

South East Arnhem Land, NT 
Yes (sea country extension 

mooted) 

2015ï2020 

2 groups 

Yugul Mangi & 

Numbulwar Numburindi 

Amalagayag Inyung 

Yanyuwa (Barni-Wardimantha Awara)  

Southern Gulf of Carpentaria, NT 

Sea Country Plan  

2007 

li Anthawirriyarra 

Nijinda Durlga (Gangalidda) ï Stage 1 

Southern Gulf of Carpentaria, QLD 

Yes 

2015 

Gangalidda Garawa 

Thuwatha/Bujimulla (Wellesley Islands)  

Southern Gulf of Carpentaria, QLD 

Yes 

2015 

Wellesley Islands 
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Figure 30. Coastal Indigenous Protected Areas and other coastal Aboriginal land within the North 

Marine Bioregion. 

Aboriginal people have a clear interest in research relating to their sea country. It is important 

to consider not only what future research should be conducted, but how. In cross-cultural 

research the partnerships underlying, and processes adopted in the conduct of projects are of 

critical importance. Broader issues of communication, access, consent and intellectual 

property, scale and context, compensation, appropriate use of Indigenous knowledge and 

governance need to be considered in exploring what is best practice collaborative research. 

Some communities already have considerable experience working with western scientists, 

and this experience has enabled them to establish a clear process for managing engagement 

in research projects. In some cases, communities are driving the research agenda and actively 

seeking out partnerships to address identified knowledge gaps.  

The Desktop Review (Appendix F) details the broader Indigenous treatment of sea country 

within which obligations to country and its wildlife are described and actions to meet those 

obligations are set out. It is through this broader contextual lens that engagement with 

Indigenous sea country managers over Threatened and Migratory marine species can be 

made meaningful and fruitful. 

Following on from the desktop component we undertook targeted consultations with 

Indigenous community members/Ranger groups to provide a more comprehensive view of 

ópriorityô marine fauna for future research. In addition to exploring the species of interest, the 

consultations were an opportunity to consider the capacity and level of interest in participating 

in future research endeavours.  

Whilst communities have a desire to bolster their capacity to manage marine species, it is 

important to consider the broader context of individuals and communities sea country 

priorities. At this time, there is one issue in particular that exemplifies this, the Blue Mud Bay 
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issue. When considering sea country research priorities in the Northern Territory it was 

important to recognise the importance of the Blue Mud Bay Native title decision and current 

related processes. In the past 12 months, the Northern Land Council has been in discussion 

with many coastal communities in relation to the Blue Mud Bay native title decision. As a 

consequence of the 2008 decision by the Australian High Court, negotiations are required to 

establish agreements for recreational and commercial fisher access to the intertidal zone on 

Aboriginal Land. The issue of ownership and management over the intertidal zone is of 

paramount importance to Indigenous sea country custodians. In some cases, we were advised 

that discussions about any potential sea country research were not appropriate whilst matters 

relating to post Blue Mud Bay management were in active negotiation. 

We must also recognise some important qualifications of this work, which have been 

articulated in the óScope and qualificationsô section of the Desktop Review (Appendix F). 

4.2 Consultations 

A brief overview of discussions during the consultation phase of the project is provided in 

Table 10, including comments on existing research projects communities/ranger groups are 

involved in, and some notes on capacity. Following on from the table is a discussion section, 

providing a short summary for each location/community where we engaged/attempted to 

engage during the project.  
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Table 10. Outcomes from consultations. 

Location/region Ranger group/s 

operating in the 

region 

Existing research 

projects/partnerships of 

relevance 

Species/groups/communities 

and the issues of interest 

Additional 

species/issues 

discussed  

Capacity and 

other notes 

Northern Territory 

Ngukurr/ 

Numbulwar  

Western Gulf of 

Carpentaria 

 

Yugul Mangi 

Rangers. 

Numbulwar 

Numburindi 

Amalahgayag Injung 

Rangers 

Largetooth Sawfish research, 

NESP Marine Biodiversity Hub 

Project A1. 

Barramundi movement, 

Department of Environment and 

Natural Resources (DENR), 

CDU RIEL, NT Fisheries and 

Yugul Mangi. 

Marine turtles: surveys of resident 

populations and nesting beaches, 

boat strike from rec fishers. 

 

Dugong: surveys, boat strike from rec 

fishers. 

 

Sharks and rays including  

Largetooth Sawfish. 

 

Shorebirds including Far Eastern 

Curlew. 

Inshore dolphins 

Seabirds 

Shovelnose ray and 

Wedgefish 

Both groups have high 

capacity for water-based 

work, vessels & qualified 

coxswains.  

Rangers have identified 

outstations which could 

act as basecamps. 

Year-round access to 

Ngukurr improving. 

Strong relationship 

established through A1. 

Tiwi Islands 

Top End 

 

Tiwi Land and Marine 

Rangers 

NESP Threatened Species 

Recovery Hub Project 6.2 Tom 

Duncan PhD comparing western 

and local conservation values. 

Have previously done marine 

turtle research with WWF. 

As part of NESP Marine Hub project 

A1 community members expressed 

an interest in Sawfish in 2016. 

 Current sea country 

focus is on renegotiating 

conditions of 20-year 

fishing access 

agreement.  

Previous attempts to 

schedule field sampling 

in 2016 unsuccessful. 

Groote Eylandt 

Gulf of Carpentaria 

 

Anindilyakwa 

Rangers 

Recent collaboration with AIMS 

on benthic habitat mapping of 

IPA. 

  Unable to engage within 

the project timeframe.  

Demonstrated capacity 

for sea country work. 

Maningrida 

West Arnhem Land 

 

Djelk Rangers Coastal dolphin surveys, DENR. Seabirds including terns, concerns 

about overharvest of eggs, requires 

surveys of island rookeries. 

Marine turtles. 

General mapping of habitat & marine 

species distributions 

 Blue Mud Bay 

negotiations #1 priority. 

High capacity for ocean-

based work, multiple 

vessels & large number 

of rangers. 
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Darwin region 

 

Larrakia Rangers, 

Kenbi Rangers 

DENR Darwin Harbour coastal 

dolphin surveys Carol Palmer. 

NESP Threatened Species 

Recovery Hub Project 5.11 Far 

Eastern Curlew. 

 

Impacts of increasing in-water noise 

associated with seismic surveys, 

shipping, dredging and blasting on 

marine mammals. 

Water quality impacts on all marine 

life of Darwin Harbour including 

several Threatened and Migratory 

marine species. 

 Larrakia Rangers 

working hard to gain 

appropriate recognition.  

Larrakia have expressed 

a strong desire to be 

engaged in marine 

research generally.  

Kenbi & Larrakia both 

have vessels. 

Borroloola 

Southern Gulf of 

Carpentaria 

 

Waanyi Garawa 

Rangers, 

li Anthawirriyarra Sea 

Rangers 

 

The li Anthawirriyarra rangers 

regularly record opportunistic 

sightings of Threatened and 

Migratory marine species, and 

other marine animals for their 

own purposes. 

Dugong and marine turtles, surveys 

and examining potential 

contamination of seagrass beds from 

McArthur River mine, possible human 

health implications.  

Also concerns around impacts on 

these species from commercial 

fishery bycatch, ghostnets, and 

recreational boat strike. 

 Waanyi Garawa Rangers 

donôt currently manage 

sea country, but they are 

custodians of sea 

country to north of IPA. 

li Anthawirriyarra 

Rangers identify as a 

sea ranger unit, have 

vessels and undertake 

regular marine patrols. 

Nhulunbuy 

North East Arnhem 

Land 

Dhimurru Rangers Seagrass monitoring. 

Tern research and monitoring, 

Birdlife Australia. 

Marine turtle and dugong incl. 

mortality associated with commercial 

fishing. 

Shorebirds. 

Marine megafauna. 

General marine biodiversity mapping. 

Seabirds Lost a number of staff 

late 2017, but eager to 

be involved once 

recruitment complete. 

Strong connections and 

positive relationships 

with neighbouring 

groups. 

Laynhapuy  

North East Arnhem 

Land 

Yirralka Rangers  Broad marine biodiversity mapping.  High capacity. 

Strong relationship with 

northern neighbour. 

Difficulty with 

communication at times.  

Daly River 

Top End 

Malak Malak Rangers Largetooth Sawfish work, 

extension of Project A1. 

 

  Keen to continue/expand 

sawfish work, include 

acoustic tagging of 

relocated animals.  
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Strong relationship with 

researchers. 

Small group but have 

vessels for river/estuary 

work. 

Queensland 

Southern Gulf 

 

CLCAC Gangalidda 

Garawa Rangers & 

Normanton Rangers,  

Wellesley Island 

Rangers 

Shorebird research: As part of 

the East Asian-Australasian 

Flyway 2 flyway sites 

established, 1 within the Nijinda 

Durlga IPA (EAAF125) and 

another, near Karumba to east 

of IPA (EAAF120). Wellesley 

Island Rangers likely to be 

involved in surveys for NESP 

Marine Hub Project D3.  

  Difficulty engaging with 

groups through the 

CLCAC. 

Wellesley Islands group 

recently re-established 

so capacity may be 

limited. 

Mapoon 

North West Cape 

York 

 

Mapoon Land and 

Sea Rangers 

Sawfish research, Sharks and 

Rays Australia. 

Shorebird monitoring, BirdLife 

Australia. 

Marine turtle research, QLD 

Dept. Environment & Heritage 

Protection (QLD EHP) and 

Western Cape Turtle Threat 

Abatement Alliance (WCCTTA). 

Aust. Snubfin Dolphin QLD 

EHP. 

Also tracking movements and 

monitoring nests of Estuarine 

Crocodiles, Sea snake 

population and distribution; and 

Dugong population and 

distribution. 

  Given the number of 

existing research 

collaborations, there is 

probably limited capacity 

to take on additional 

research. Furthermore, 

the existing portfolio of 

research covers many 

Threatened and 

Migratory marine 

species. 

Napranum 

North West Cape 

York 

Nanum Wungthim 

Land and Sea 

Rangers 

Involved in marine turtle 

research with WCTTAA. 

Focussed on marine turtle monitoring 

and research. 

 Unable to engage 

directly with group within 

project timeline. 
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Pormpuraaw 

South West Cape 

York 

Pormpuraaw Land 

and Sea Rangers 

Current focus on Olive Ridley 

Turtles in association with 

WCTTAA (turtle monitoring pre-

dates WCTTAA) 

Rangers undertake regular 

Shorebird counts. 

Marine turtles esp. Olive Ridley, 

Hawksbill & Flatback; population 

dynamics, possible climate change & 

extreme event impacts.  

Understanding intra & inter seasonal 

shorebird population fluctuations. 

Also sawfish & dolphins incl. Aust. 

Snubfin. 

Shovelnose rays   

Kowanyama 

South West Cape 

York 

Kowanyama 

Aboriginal Land & 

Natural Resource 

Management Office 

(KALNRMO). 

Sawfish research, Dr Barbara 

Wueringer Sharks and Rays 

Australia. 

Climate change impacts, Dr Jeff 

Shellberg Griffith Uni. 

Locally directed, expert assisted 

research on shorebirds is a priority. 

Interested in understanding potential 

climate change impacts on marine 

turtles. 

 KALNRMO ultimately 

aims to apply for 

research funding 

directly, then invite 

researchers into 

community. 



 

 

 

  

4.3 Northern Territory 

4.3.1 Borroloola Region, Western Gulf 

The Waanyi Garawa Ranger group (which includes both Waanyi and Garawa people) is 

responsible for management of the land bound Ganalanga-Mindibirrina IPA (South East of 

Borroloola). Some Garawa Traditional Owners are custodians of sea country to north of the 

IPA and aspire to undertake marine management in future. Sampling in this region could 

provide a much-needed opportunity Garawa TOs to strengthen connections with their sea 

country. The li Anthawirriyarra Rangers operate out of Borroloola and identify as a sea ranger 

unit so have a good capacity for marine work. They undertake regular marine patrols 

throughout the waters adjacent to the Yanyuwa (Barni-Wardimantha Awara) IPA, making a 

concerted effort to record opportunistic sightings of marine fauna. For people around 

Borroloola one of the main concerns relating to sea country is the possibility that pollution from 

the McArthur River Mine is having an impact on marine life, particularly turtles and Dugong. 

Sediment (which is potentially contaminated) from upstream spreads throughout the river 

mouth/estuarine areas, interacting with vast meadows of seagrass, a primary food source for 

marine turtle and dugong. Other recognised threats, include bycatch in commercial net 

fisheries, mortality due to ghost nets, and physical disturbance by increasing numbers (and 

size) of recreational boats. 

4.3.2 Darwin Region 

The Larrakia Rangers (administered by Larrakia Nation Aboriginal Corporation) are located in 

Darwin and the Kenbi Rangers on the Cox Peninsula, on the western side of Darwin Harbour. 

Both groups are equipped with sea worthy vessels and have ample experience undertaking 

work on sea country. The Larrakia Rangers are currently supporting Darwin Harbour coastal 

dolphin surveys with Carol Palmer from the Department of the Environment and Natural 

Resources (DENR), and also the Far Eastern Curlew research by Amanda Lilleyman, NESP 

Threatened Species Recovery Hub Project 5.11. Unfortunately, we were unable to speak to 

the Kenbi Rangers within the project timeframe, however we understand they are also involved 

in the DENR dolphin surveys.  

Broadly, Larrakia people expressed concern about water quality impacts (primarily focussed 

within the Darwin Harbour) on all marine life, including Threatened and Migratory marine 

species, such as the inshore dolphin species and marine turtles. Noise pollution was also 

raised as an issue (again focussed on Darwin Harbour), particularly regarding marine 

mammals.  

Much of the discussion with the Larrakia Rangers revolved around engagement in the research 

process, the positive and negative aspects of previous and existing research projects. There 

are a number of factors that result in the Larrakia Rangers not being as easily recognisable as 

the ógo toô land managers, when compared to Indigenous ranger groups, particularly those in 

more remote localities. This lack of recognition means they are often overlooked when 

people/organisations consider research in the region.  



 

 

 

  

4.3.3 Daly River  

The Malak Malak Rangers are not a coastal group but manage country along a stretch of the 

Daly River, south west of Darwin, which has proved to be critical habitat for the Largetooth 

Sawfish. A strong partnership between the Rangers (and other TOs) and NESP researchers 

began in 2008, but was truly solidified during a Sawfish rescue mission in 2012. Since then 

the group has played a critical role in the óIndigenous partnerships for management of 

euryhaline speciesô component of the NESP marine Biodiversity Hub ñProject A1: Northern 

Australian hotspots for the recovery of threatened euryhaline species.ò and they are eager to 

continue collaborative research on the species known locally as Tyemirerriny.  

4.3.4 Maningrida 

Discussions with the Djelk Ranger Manager reiterated that any proposals for collaborative 

research that supported the goals of the Healthy Country Plan would be welcome, provided 

proposals were developed in an appropriate manner following a number of engagement 

principles. As detailed in the Plan, the presence of migratory species including seabirds and 

turtles will be used as an indicator of healthy sea and coasts, which will be measured in two 

ways 1) surveying community members for harvest of seabird and marine turtle eggs and 2) 

through population surveys of migratory species.  

There has been concern expressed about possible over-harvest of seabird eggs (including, 

but possibly not limited to unspecified tern species) on some islands off Maningrida. The TO 

for the islands has expressed a strong desire for research on the local seabird population, 

particularly looking at harvest sustainability; which would provide vital knowledge to inform 

culturally and scientifically appropriate management of egg harvest in future.  

At present, there is a considerable discussion around the current state of commercial (and to 

a lesser extent recreational) fishing in the area. Commercial fishery bycatch is a concern to 

many TOs. People what to know what species are caught, and in what numbers and they 

would like to see more effort go into utilising bycatch instead of wasting a potential food 

resource. However, there wasnôt any discussion about bycatch as a specific threat to any 

particular Threatened and Migratory marine species. This was reflected by an example from 

Borroloola where the occasional incident of a Dugong mortality would be considered 

acceptable, provided the animal was not wasted, but rather provided to the community for 

consumption.  

4.3.5 South East Arnhem Land 

The Yugul Mangi Rangers are based at Ngukurr, on the banks of the Roper River; and the 

Numbulwar Numburindi Amalahgayag Injung Rangers are located on the coast at Numbulwar. 

These two groups work together to manage the recently dedicated South East Arnhem Land 

IPA. Although Ngukurr is inland, the Yugul Mangi Rangers readily (and regularly) access the 

coast via the river and so have considerable capacity for sea country work, as do their northern 

neighbours.  

A number of other Threatened and Migratory marine species and associated subjects have 

been discussed with TOs in the region. There are known nesting beaches for Green and 



 

 

 

  

Flatback (and possibly Olive Ridley) turtles on some islands and the mainland. TOs would like 

to see marine turtles and Dugong surveyed, since as far as people are aware they havenôt 

ever been surveyed locally (unlike other populations in Northern Australia). There was a recent 

sighting by Police of dolphins a long way up the Roper River. Though the species was not 

identified they were almost certainly Australian Snubfin or Indo Pacific Humpbacks. Some of 

the rangers recalled that when they were much younger they used to see them up near town 

much more regularly, even in floodwaters. People also expressed an interest in learning more 

about other shark and ray species including Shovelnose Rays and wedgefish, which are seen 

and sometimes caught, but not well understood.  

There was a discussion about shorebirds. One of the senior rangers had been involved in 

some shorebird work several years ago, so he explained to the others that some shorebirds 

travel incredible distances between breeding and feeding grounds. People agreed that the Far 

Eastern Curlew is seen on mudflats and other coastal habitats in the region, as are numerous 

other unidentified shorebirds. In addition to marine turtle nests, some of the islands are known 

to have extensive seabird rookeries.  

A partnership with Yugul Mangi Rangers, Numbulwar Numburindi Amalahgayag Injung 

Rangers and NESP researchers was established during work undertaken as part of NESP 

marine Biodiversity Hub ñProject A1: Northern Australian hotspots for the recovery of 

threatened euryhaline species.ò The level of commitment was also apparent in Yugul Mangiôs 

willingness to spend some of their own operational funds (some $3500) on acoustic tags. 

Researchers, and four Malak Malak rangers travelled to the Roper River to work with the local 

rangers to search for Largetooth Sawfish, known by locals and visiting recreational fishers to 

inhabit some of the waterways in the area. This trip also served as a valuable knowledge 

exchange opportunity. Researchers heard historical accounts of the species, helping to 

increase knowledge of distribution, and gained an understanding of their cultural value. The 

rangers, and in turn other community members, learned about the conservation plight of the 

species, and began to appreciate the significance of their country as a potential stronghold for 

the species. Despite not catching any sawfish on that trip both ranger groups expressed a 

strong desire to continue the research. They requested that researchers return in 2017 to try 

again.  

At the Sept 2017 dedication of the South East Arnhem Land IPA, rangers from both groups 

spoke about their desire to continue Sawfish research, showcasing the signs which were 

produced as part of Project A1. In October 2017 rangers and researchers made another 

attempt to catch and tag sawfish. An extensive sampling effort in the river resulted in one 

sawfish pup being caught and tagged, just upstream from the Roper Bar. Several other 

promising billabong sites were also suggested by community members. Within the limited time 

available, several of these were sampled over a short period without success, but based on 

their habitat characteristics are considered to be worthy of a more concerted sampling effort 

in future. 

4.3.6 Tiwi Islands 

The Tiwi Land Councilôs (TLC) Marine and Land Rangers operate from multiple locations on 

Bathurst and Melville islands (north of Darwin). The marine rangers are well equipped to 



 

 

 

  

undertake work on sea country and have previously collaborating with scientists on a marine 

turtle research project with the World Wildlife Fund. 

Discussions were held with Kate Hadden, Land and Resources Manager for the TLC. We were 

advised that TOs are currently focussed on trying to renegotiate conditions of an existing 20-

year fishing access agreement. There had been progress creating a Tiwi Islands Sea Country 

Management Plan, but this planning process is currently on hold until issues around the fishing 

agreement have been resolved. The TLC does have some good guidance around research, 

including research protocols and access agreements.  

As part of Project A1 there was significant interest expressed about Largetooth Sawfish, 

however we were ultimately unsuccessful in scheduling any field work for that project. It would 

be worthwhile contacting the Land and Resources Manager again in 2018 to reassess the 

situation on the ground. 

4.3.7 North East Arnhem Land including Dhimurru and Laynhapuy IPAs 

Operating primarily out of Nhulunbuy, the Dhimurru Rangers manage the land and sea country 

of the Dhimurru IPA. They also work closely with their southern neighbours the Yirralka 

Rangers, who manage the Laynhapuy IPA. Both groups would be generally be considered to 

have a high capacity for sea country work, being equipped with necessary vessels and 

experience to undertake marine research activities.  

Initial discussions with both groups were extremely productive, with many Threatened and 

Migratory marine species (and associated issues) of mutual interest identified. Dhimurru are 

currently working with Birdlife Australia on a project focussing on terns. Marine megafauna and 

shorebirds were two groups of particular interest for Dhimurru. We were not able to undertake 

more detailed on-ground consultations during the project timeline as the dry season is a busy 

time of year for both groups; and it proved particularly challenging to communicate with the 

Yirralka Rangers. The Dhimurru Sea Country Facilitator advised that a number of rangers and 

support staff left late in 2017, however they are aiming to recruit new staff early in 2018, and 

have stated that they are definitely interested in considering collaborative sea country research 

once they have returned to full capacity. A renewed effort to engage with Yirralka is also 

recommended. 

4.4 Queensland 

4.4.1 Southern Gulf including Nijinda Durlga and Thuwatha/Bujimulla IPAs 

Indigenous land management in this region is primarily delivered by Carpentaria Land Council 

Aboriginal Corporation (CLCAC) ranger groups, Gangalidda Garawa and Normanton; and the 

Wellesley Island Rangers, which was also previously hosted by the CLCAC. The Wellesley 

Island ranger group has gone through a challenging time in recent years and was inactive for 

a period, before recommencing in September 2016 under the Gulf Region Aboriginal 

Corporationôs company Wellesley Islands Land & Sea Social and Economic Development. 

During the consultation period, the then CLCAC CEO would not facilitate discussions with 

rangers or TOs in the region. Shortly after this, the CLCAC CEO position was advertised, as 



 

 

 

  

was the position of IPA coordinator. These changes in key personnel at the CLCAC and the 

new management arrangements for the Wellesley Island ranger group may well open the 

opportunity to engage in discussions in 2018. It would be critical to develop a robust research 

agreement for any research in this region, clearly outlining data sharing arrangements; and 

any preliminary discussions should address these issues up front. 

4.4.2 Mapoon 

Mapoon Land and Sea Rangers and TOs are already involved in a number of established 

research projects on Threatened and Migratory marine species including sawfish with Sharks 

and Rays Australia, shorebirds with BirdLife Australia, marine turtles with QLD Dept. 

Environment and Heritage Protection (QLD EHP) and Western Cape Turtle Threat Abatement 

Alliance (WCTTAA), Australian Snubfin Dolphins with QLD EHP; as well as research tracking 

movements and monitoring nests of Estuarine Crocodiles, sea snake population and 

distribution; and Dugong population and distribution. The Mapoon Rangers have the 

infrastructure and experience to undertake marine work, however given the number of existing 

projects, there may be limited capacity to take on additional research. Furthermore, the existing 

portfolio of collaborative research project already covers many Threatened and Migratory 

marine species 

4.4.3 Pormpuraaw 

The Pormpuraaw Land and Sea Management Rangers (PLSM Rangers) are the local land 

and sea management group. There was a clear message that any research to be undertaken 

in the area should be by ñinvitation onlyò. All data is to be retained within Pormpuraaw Land & 

Sea Management databases, with data sharing arrangements confirmed in writing before 

research begins.  

Threatened and Migratory marine species of particular interest to Pormpuraaw region TOs 

include marine turtles (particularly Olive Ridley, Hawksbill and Flatback), sawfish, dolphins 

(including Australian Snubfin) and shorebirds; Shovelnose rays were also discussed. 

A key research interest for local TOs is getting a better understanding of local climate change 

impacts and their implications for Threatened and Migratory marine species and other native 

animals and habitats in the region, including whether locally observed changes (see below) 

and the occurrence of extreme weather events might inhibit or disrupt movement patterns of 

various Threatened and Migratory marine species, and/or have implications for marine turtle 

nesting rates and site selection. 

Elders, PLSM Rangers and other Pormpuraaw TOs describe seeing substantive coastal 

changes over recent years. Locally have observed a lack of big wet seasons and substantive 

coastal landscape changes ï in the absence of big wet season flows sediment loads arenôt 

getting flushed out into the Gulfôs current-driven waters as previously occurred. Sediment loads 

are increasing around river and creek mouths and there is increased mud-flat build up directly 

along beach fronts. It is suspected that the increased sediment loads are caused by cumulative 

upstream impacts, including grazing. 



 

 

 

  

The main work being undertaken by PLSM Rangers relating to Threatened and Migratory 

marine species is research, monitoring and protection of Olive Ridley turtles, in partnership 

with WCTTAA. At the time of consultation WCTTAA funding was unclear beyond mid-2018. 

As described in the Desktop Review, WCTTAA work is focussed on predation control for turtle 

nests, and data collection on local population aggregations along the Western Cape York 

coastline. It is known that the largest Cape York nesting populations of Olive Ridley Turtles 

occur on beaches in the region, as well as smaller populations of Flatbacks and Hawksbills. 

The PLSM Rangersô turtle work pre-dates WCTTAA, and they have gathered a great body of 

local marine turtle data. A locally specific marine turtle management strategy endorsed by EHP 

is in place and being implemented by PLSM Rangers (subject to resources). The rangers also 

conduct shorebird counts and are interested in research examining intra- and inter-seasonal 

population fluctuations/changes. 

4.4.4 Kowanyama 

The Kowanyama Rangers (working through the Kowanyama Aboriginal Land & Natural 

Resource Management Office KALNRMO) undertake marine patrols as part of their natural 

and cultural resource management activities.  

KALNRMO articulated clear aspirations to direct and control all future research that occurs 

around Kowanyama. It is considered essential to ensure a strong cultural perspective in all 

research work done. There is a desire to establish very strong research protocols, and 

agreements on use of information. KALNRMO should maintain copies of all data collected, 

and any information/data is shared with a research organisation should not be passed onto a 

third party unless permissions have been sought at the outset of any research. KALNRMO 

ultimately aims to apply for research funding directly, and then invite desired researchers into 

the community. Current practices see researchers funded to undertake projects on 

Kowanyama lands but KALNRMO, Rangers and TOs never seem to benefit financially from 

these projects or receive appropriate remuneration for the time and assistance they contribute. 

Shortcomings in research arrangements include not appropriately acknowledging local 

expertise, traditional ecological knowledge or other cultural intellectual property; and not 

including agreed remuneration funds for such local contributions in grant submissions. 

Kowanyamaᾷs abundance of migratory shorebirds (and other birds) is seen as a strength and 

there is a vision to have the whole coastline declared a protected area for shorebirds, providing 

significant potential for high value nature and culture-based tourism. Locally directed, expert 

assisted research on shorebirds is a priority to support this vision. Marine turtles are also a 

concern, TOs have noticed changes to shorelines and turtle hatchings in recent times, with 

these changes often attributed to localised climate change impacts. Some recent research on 

potential climate change impacts around Kowanyama has been undertaken by Dr Jeff 

Shellberg (Griffith University). Sawfish are also a species of interest and significance, research 

has been done by Dr Barbara Wueringer of Sharks and Rays Australia. 

4.4.5 Napranum 

Land and sea management around Napranum is delivered by the Nanum Wungthim Land and 

Sea Rangers. We were unable to engage directly with the rangers during the project 



 

 

 

  

timeframe, however WCTTAA staff advised that the ranger group was heavily involved in 

WCTTAA led marine turtle work.  

4.5 Conclusions 

Findings from the consultation phase of this work reaffirmed those of the Desktop Review, that 

Indigenous sea country custodians and managers throughout the study area clearly have an 

interest in bolstering their knowledge about one or more Threatened and Migratory marine 

species, increasing their capacity to manage the sea country under their care. Equally 

important was the message that, in addition to efforts on elucidating focal and priority species 

(and where), the engagement process for planning and delivering collaborative research 

requires consideration (see óPrinciples of appropriate engagement in future researchô section 

of Desktop Review Appendix F). 

As noted in the Desktop Review, whilst local knowledge systems/interests substantially 

overlap with formal science, for instance in identifying conservation targets, what these targets 

mean to traditional custodians may differ dramatically from the targets as objects of scientific 

research. Although the reasoning behind ascribing óvalueô to a particular species may differ, 

both the Indigenous and western science communities share an overall goal of using informed 

management to ensure that these species persist in the North Australian Seascape.  

Though there was interest expressed by all communities engaged, there are two critical factors 

that differ from community to community: 1) capacity (including number of rangers, training 

and experience, and availability of suitable vessels and other equipment); and, 2) suitability of 

the proposed project timeframe. In the Northern Territory, the question of timeframe is 

particularly significant as it relates to the matter of Blue Mud Bay negotiations (see Introduction 

and Background section of this chapter). 

Of the wide diversity of Threatened and Migratory marine species in the study region, marine 

turtles were the most commonly discussed group. In Western Cape York, there is significant 

research effort already underway on turtles, primarily supported by Western Cape Turtle 

Threat Abatement Alliance (WCTTAA). Late in 2017, WCTTAA advised that funding for the 

organisation beyond mid 2018 was unclear. If funding is not forthcoming this could leave a gap 

in the research commitments of various groups working on turtles (assuming they are not able 

to continue the work without support). Any collaborative research on Threatened and Migratory 

marine species in the Western Cape York should (among other activities) provide an 

opportunity to continue, and to potentially expand, the existing scope of marine turtle work 

(WCTTAAôs main focus is on improving hatchling survivorship), since this is clearly a priority 

for those communities. In the Northern Territory, research on marine turtles would also be 

welcomed as groups there recognised a number of pressures acting on these species.  

As with marine turtles, whilst there is a vast body of traditional ecological knowledge about 

Dugong across Northern Australia, it is a species that almost all communities expressed some 

concern about. People have questions about the sustainability and health of local populations. 

Western science recognises that there are a variety of threatening processes impacting on the 

species, even in the relatively intact and undeveloped seascape of Northern Australia. With 

the rise of modern-day challenges, that existing body of knowledge, built over countless 



 

 

 

  

generations, now needs to be supplemented with information about how contemporary threats 

such as commercial fisheries bycatch, reduced water quality, boat strike and degradation of 

seagrass beds is impacting on this culturally significant species. 

Sawfish were also a group of considerable interest. Traditional Owners from the Tiwi Islands 

were eager to see sampling for sawfish as part of NESP Project A1, unfortunately we were 

unable to schedule fieldwork before that project concluded. Sawfish research is already being 

carried out in two communities (Kowanyama and Mapoon) on Western Cape York with Sharks 

and Rays Australia. Continuation of the Largetooth Sawfish work with Malak Malak, 

Numbulwar, and Yugul Mangi Rangers is desired by communities, with a demonstrated 

capacity to partner on sawfish research, and produce meaningful outputs and outcomes. 

A number of communities have been investing in efforts to understand and manage shorebirds 

and/or seabirds. In the southern Gulf of Carpentaria significant shorebird sites have been 

protected under the East Asian-Australasian Flyway partnership. Ranger groups there, and 

others in Western Cape York are undertaking regular shorebird monitoring, and TOs are 

interested in further research to understand species distributions and population dynamics. 

There are concerns about the sustainability of customary seabird harvesting, as these species 

are subjected to contemporary pressures such as predation by feral animals.  

In the case of the two South East Arnhem Land (SEAL) IPA ranger groups, continuation of 

Largetooth Sawfish work could form one part of a broader multi-taxa collaborative research 

effort in the region. TOs of the SEAL IPA expressed an interest in a diverse range of other 

Threatened and Migratory marine species including shorebirds, marine mammals, turtles, and 

other sharks and rays. The groups have the capacity to undertake sea country work, and 

clearly articulated their desire to increase sea country management, aiming to extend their IPA 

into sea country in the future. Efforts to expand their sea country knowledge through 

appropriate collaborative sea country research would certainly be beneficial in supporting 

these aspirations.  

Working in the western Gulf of Carpentaria region would also take advantage of existing 

positive relationships, including the relationship between the SEAL ranger groups and NESP 

researchers; and potentially the good working relationship between the SEAL rangers and their 

neighbours from adjoining IPAs to the north, the Yirrkala and Dhimurru Rangers. Even if the 

timing in the first stages of the field work were not suitable for Dhimurru, sampling methods 

and tools developed on sea country adjacent to the SEAL IPA would be largely transferable 

immediately to the north. Looking further ahead, provided appropriate data sharing 

agreements are developed, there may be opportunities for regional analysis of datasets 

derived from sampling during and beyond the life of this project. 

Across the Top End of the Northern Territory there is currently a focus on commercial fishing 

licensing, as described previously for Maningrida and the Tiwi Islands. Should negotiations 

reach a satisfactory conclusion in the near future, there would definitely be value in renewing 

discussions with Djelk and Tiwi Land Council, as there is both interest in Threatened and 

Migratory marine species and capacity on-ground, however, it is simply not the number one 

priority at this time. In the greater Darwin area, where many of the pressures acting upon 

Threatened and Migratory marine species are most evident there is certainly keen interest in 

Threatened and Migratory marine species, however there are also many other pressing 



 

 

 

  

concerns for Traditional Owners of a highly urbanised environment. There are also a number 

of research projects on Threatened and Migratory marine species underway. Any new marine 

research in the Darwin region must involve the Larrakia Rangers, and at a minimum attempt 

to engage with Kenbi Rangers. Between the Western Australian border and the Darwin region 

there are few coastal communities, the largest being Wadeye (population ~2,300). There are 

two small ranger groups managing sea country along that stretch of coastline. The Thamurrurr 

Rangers, who deliver land management of the Marri-Jabin (Thamurrurr)- Stage 1 IPA, and the 

Bulgul Land and Sea Rangers. We were unable to engage with these groups during the 

project, but previous experience suggests limited capacity. Conversely, a strong working 

relationship with the Malak Malak Rangers of the Daly River region would allow continuation 

of sawfish research. 

During this scoping project, there were a number of instances where we were either unable to 

engage, or were not able to progress beyond preliminary discussions with representatives from 

a community/Ranger group during the limited project timeframe. In several cases we 

recommend further attempts to engage or progress discussions in the short term, in particular 

Wellesley Island, Anindilyakwa, and Yirralka. More broadly, it is worth remembering that many 

factors may change between the consultation period for this project and the end of 2020. 

Staffing levels could increase, or indeed decrease. For example, assuming Dhimurru is 

successful in filling some key positions, their renewed capacity would allow them to engage in 

collaborative research. Additionally, existing projects may conclude, freeing up time in ranger 

work plans.  

This scoping study revealed current interest and existing capacity relating specifically to marine 

turtles, dugong, shorebirds and seabirds, and sawfishes, and largely within the Western Gulf 

of Carpentaria region (through the Numbulwar Numburindi Amalahgayag Injung, Yugul Mangi 

Rangers, and quite likely Dhimurru), and the Daly River region of the western Top End (through 

the Malak Malak Rangers). The limited project timeframe, and other priorities and 

commitments of various communities and their ranger groups precluded understanding marine 

species priorities across the entire North Marine Bioregion, but the results presented here 

provide a sound platform to continue engagement in appropriate geographical locations in 

2018, and beyond.  



 

 

 

  

5. COASTAL HABITATS 

  

KEY POINTS 

¶ Rather than a scoping study, the Coastal Habitats components of this project was 

a proof of concept, with applied examples of possible focal areas for future surveys. 

¶ Seven case study locations (Keep, Daly, Roper, McArthur, Flinders, and Gilbert 

River estuaries, and Darwin Harbour) were used to test the utility of the Australian 

Landsat data archive, a 30-year continuous record, in the Digital Earth Australia 

analysis platform for characterising and monitoring the condition and change in 

extent of coastal habitats. 

¶ A suite of analyses was undertaken including: assessing the extent of different 

coastal habitats, detecting coastal change including change in mangrove 

communities, and the distribution of intertidal areas. 

¶ The work was successful in: (a) generating baseline information for the case study 

areas, including capturing the dynamic character of several sites; and, (b) 

developing valuable monitoring tools for future use. 

¶ Analysing the long and detailed Landsat time series provides unique insights into 

the form, timing and rate of change in estuarine landforms and habitats, and 

highlights the potential utility of the approach for predictive modelling of Threatened 

and Migratory marine species distributions and populations. 

¶ Ground validation would be required to enable robust habitat classifications. 



 

 

 

  

5.1 Introduction 

This chapter provides a preliminary assessment of the utility of a satellite remote sensing 

approach for the identification and characterisation of coastal habitats that are critical for many 

Threatened and Migratory marine species in Northern Australia.  

This project utilised the Australian Landsat archive in the Digital Earth Australia (DEA) analysis 

platform for satellite imagery and other Earth observations. The DEA incorporates advanced 

approaches to organising, analysing, and storing vast quantities of satellite data, enabling 

rapid, robust analysis across broad spatial and temporal dimensions (Lewis et al. 2016, 2017). 

The DEA Landsat archive comprises imagery for the entire continent with approximately 

fortnightly frequency of observation at 25 m resolution, continuously from 1987 to the present. 

The potential of the DEA for mapping intertidal areas and mangrove extent has been tested, 

and changes over time and in extent, in seven estuaries identified: Darwin Harbour and the 

Keep, Daly, Roper, Macarthur, Flinders and Gilbert River estuaries. The estuaries were 

selected by the A12 Project team because they provide important habitat areas for key species 

of interest.  

The focus of this scoping work, across the seven study sites, was to: 

¶ Build understanding of the effects of tidal dynamics on the distribution of intertidal areas 

across this region of large and complex tides; 

¶ Use tidal modelling and Landsat imagery to map the extent of intertidal habitat and detect 

coastal change; and, 

¶ Use the Landsat archive and a normalised difference vegetation index to identify change 

over time in mangrove communities. 

Features of importance to shorebird populations are a focus, and include the intertidal mud 

flats which are pertinent for feeding, and high tide areas which do not inundate with water for 

roosting. Such areas are variable over the lunar cycle but usually include sand spits, headlands 

and beaches as well as salt flats that are inundated on spring high tides. 

5.2 Methods 

New approaches to remotely mapping the extent of intertidal areas and important coastal 

habitats were tested. Intertidal areas were identified using the DEA archive based on modelled 

tide height (Egbert and Erofeeva 2002, 2010) that occurred at the time of image acquisition 

(Sagar et al. 2017). This analysis utilises an advanced image classification scheme that 

enables viewing of coastal regions at selected tide stages. In this approach, composite images 

of coastal regions over varying stages of the tide and varying time periods are generated as a 

way of showing coastal change. Furthermore, this tidally attributed archive of coastal imagery 

enables mapping of intertidal extents, which effectively characterises the topography of 

intertidal zones.  



 

 

 

  

Changes in vegetation cover can also be effectively mapped using the DEA. This project 

looked specifically at the effectiveness of mapping changes in mangrove extent over the past 

30 years in the nominated priority estuaries.  

These image-based characterisations of the study sites aim to reveal both the topography and 

cover types of the intertidal zone, in addition to detecting both event based and more gradual 

change in landscapes and habitats. An important aim is to develop products that provide a 

baseline understanding of the extent and dynamics of critical habitats on the northern coast, 

and that can be used to better understand how both the habitats and key inhabiting species 

respond to change. 

5.3 Tidal Composite Imagery 

For the purposes of tidal modelling, the Australian coastline was divided into 306 tidally self-

similar polygons, from which óregionalô tide dates and heights were modelled and extracted. 

For a given date of Landsat image acquisition within a given polygon, the corresponding 

modelled tide height was attributed to the image (Figure 31). This allows the image archive to 

be sorted by tide height. Clear composite images of the northern coastline can then be 

generated based on tide stage/height and date range. Such an approach is invaluable for 

characterising coastal habitats, particularly in Northern Australia. This is because seasonal 

effects contaminate many of the individually captured satellite images with cloud cover. Our 

synthetic compositing approach creates an average reflectance value from the nominated 

dataset for every cloud-free pixel. The images produced in this work are composited from these 

average pixel values. As a result, the image composites assume coastal stability during the 

nominated time-range even though this will not always be the case. 

 

Figure 31. For any given coastal or marine region, tidal modelling (gray line ï OTPS model) can be 

generated. All Landsat image acquisitions within that region (overlaid symbols ï Observations) are 

attributed to the corresponding modelled tide height (meters above sea level). The dataset can then be 

sliced by tide range (represented as percentiles of the observed tidal range on the secondary y-axis) 

and/or date to generate a synthetic geomedian (Roberts et al. 2017) composite image of the nominated 

region.  



 

 

 

  

5.3.1 High and Low Tide Composites 

Composite images of high (HOT) and low (LOT) tide, in this work, represents the top and 

bottom 20% of tidal observations (from tide-tagged satellite imagery) respectively. Typically, 

the images are composited from Landsat observations acquired between 2000 and 2017. The 

only exceptions to this date range are for the low tide composites from the Daly and Keep 

Rivers where the data quality and resolution were sufficient to reduce the timeline to 

observations made between 2005 and 2017. 

All high and low tide composites are shown as true colour images. That is, the red, blue and 

green spectral bands, measured via Landsat, are combined to produce an image that is 

representative of how the human eye naturally observes light. 

5.3.2 Coastal Change Composites 

The dynamic nature of intertidal zones makes them difficult to image or map consistently in 

any assessment of coastal change. In this work, the mid-tidal range (40th to 60th percentiles) 

of the tide-tagged subset of observations was used, being the most data rich part of the 

observed tidal range and representative of the region for the greatest part of the tidal cycle. 

To assess how change affects the appearance of coastal regions, image composites were 

generated for short time periods of the total DEA archive. In this work, 6-year composites were 

produced, spanning 5 discrete epochs between 1988 and the present.  

The coastal change composites are presented as false colour images. These images are 

generated using Landsatôs short- and near-wave infrared and green bands. This band 

combination is very effective at distinguishing vegetation (which appears as bright green) from 

sediment laden water and saturated soil (both appear as bright blue). The appearance or 

absence of either water or vegetation is often the dominant feature of the change composite 

images and so false colour has been used here to highlight these changes. In the case of the 

Keep River, the data quality of the false colour composites was inferior to the true colour 

composites which were used instead. 

5.4 Intertidal Extents Model 

The Intertidal Extents Model (ITEM) is a national dataset of the exposed intertidal zone; the 

land between the observed highest and lowest tide (Sagar et al. 2017). ITEM provides the 

extent and topography of the intertidal zone of Australia's coastline (excluding off-shore 

Territories) and was generated using the same tidal modelling methodology that underpins the 

composite generation detailed above. ITEM uses a water identification algorithm to identify the 

tidal water extent in coastal imagery for every coastal image in the DEA archive. For every 

10% increase in tide height, the average water extent is incorporated into the model. The result 

is an intertidal topographic model with 10 stepwise increments representing average tide 

height (or equivalently, average land exposure) at every 10% increase in the tidal range. 

ITEM also has an associated confidence layer. This layer represents the average overall 

standard deviation (std) from each layer in ITEM. Regions of low confidence (high std) can 

represent areas where the original tidal modelling or ITEM methodology may not perform 



 

 

 

  

optimally. Low confidence may represent issues with the generation of a single layer of ITEM, 

which is propagating into the average std calculation for example. However, some areas show 

low confidence where the modelling and methodology is known to work well. In these places, 

coastal change is often reflected and is usually seen around river deltas and sandbars for 

example. The high std, generated from imagery collected since 1986, can be a useful indicator 

for areas of coastal change. 

5.5 Normalised Difference Vegetation Index (NDVI) of Mangroves 

5.5.1 Normalised Difference Vegetation Index 

The Normalised Difference Vegetation Index (NDVI) is an algorithm that exploits the 

absorbance and reflectance characteristics of various parts of the light spectrum, as detected 

by Landsat. The returned values range between -1 and +1 and offer an interpretation of the 

analysed scene. Negative values usually correspond to non-vegetative targets such as water, 

values close to zero (-0.1 to 0.1) generally correspond to barren areas of rock, sand, or snow, 

while low, positive values usually represent shrub and grassland (~0.2 to 0.4), and high values 

are indicative of healthy crops or dense vegetation such as temperate and tropical rainforests 

(values approaching 1). 

NDVI is calculated as: 

(NIR ï RED) / (NIR + RED) 

where RED and NIR stand for the spectral reflectance measurements acquired in the red and 

near-infrared regions, respectively. 

5.5.2 Hovmoller Plots 

Hovmoller plots are used in this report to exploit the full depth of the DEA archive. These plots 

show landscape and land cover change over time. For a given spatial transect (x-axis), every 

DEA observation of the pixels along that transect is shown (y-axis). In this report, the NDVI of 

each pixel is shown, depicting the interpreted location of water, sand and vegetation over time. 

5.5.3 Mangrove Dieback Event Detection 

The 2015/2016 mangrove dieback event in Northern Australia is highlighted in this work as a 

demonstration of the DEAôs event detection capabilities.  

The Global Mangrove Watch (Thomas et al. 2015) is a global mangrove baseline extent map, 

based on mangrove extents in 2010, as observed using radar and optical satellite data. For 

the current work, a prototype DEA mangrove extent product calculated NDVI within the Global 

Mangrove Watch extent mask for each of the case study sites. A well-documented mangrove 

dieback event occurred over 2015/2016 in Australia (Duke et al. 2017) so for this work, NDVI 

was generated within the mangrove mask for each of 2014 and 2016. The results present the 

NDVI difference (NDVI2016 ï NDVI2014) within the masked mangrove area and highlights areas 

of dieback or increased growth within the mangrove canopy area, as detected by Landsat. 



 

 

 

  

5.6 Estuary Characterisation 

The seven case study estuaries are well distributed across the north marine bioregion (North 

MBR) and have one or more of the following features: 

¶ Known occurrence of threatened and migratory elsmobranch, shorebird or inshore dolphin 

species; 

¶ Potential or realised development pressures; 

¶ Indigenous Sea Ranger group capacity; and, 

¶ Links to other NESP Hubs working in Northern Australia (Threatened Species Recovery 

Hub, Tropical Water Quality Hub and Northern Australia Environmental Resources Hub). 

Northern Australia experiences some of the largest tidal ranges in Australia and this is reflected 

in the morphology and functioning of the estuaries examined in this study. The Keep, Daly and 

Roper Rivers are all tidally dominated estuaries. Similarly, Darwin Harbour is classed as a tide 

dominated system. This is contrasted by estuaries on the eastern side of the Gulf of 

Carpentaria where the tidal range is much lower. The McArthur, Gilbert and Flinders Rivers 

are all river dominated systems with tide dominated deltas. All six river systems are considered 

to be in near-pristine condition, while until recently Darwin Harbour was largely unmodified, 

except primarily for the urban Darwin area. More recently, the area around the Port of Darwin 

has been a focus of significant development activity, including LNG processing facilities and 

other infrastructure projects. 

Australiaôs north coast has a tropical monsoonal climate with marked wet and dry seasons. 

The discharge of coastal rivers is limited to the wet season, during which tropical cyclones 

regularly occur. The combination of strong tidal currents and episodic river discharge is largely 

responsible for the distinctive estuarine morphologies of Northern Australia, modified by local 

waves and cyclone-induced erosion. Australiaôs northern estuaries and low-gradient coast are 

also characterised by extensive mangrove communities that line the coast and the margin of 

channels, typically sitting landward of extensive mud flats and seaward of a supratidal zone 

(e.g. salt flats; low vegetation). Mangroves are also susceptible to damage by the passage of 

intense cyclones and may take several years to recover (e.g. Brooke et al. 2017).  

A number of these sites has been identified as being critical waterbird and shorebird habitat 

(Olsen and Weston 2004). The McArthur, Roper and Daly river wetlands have been identified 

as qualifying for listing under the Ramsar Convention (designating them wetlands of 

international significance) and/or as sites under the East Asian-Australasian Shorebird Site 

Network (Olsen and Weston 2004). Darwin Harbour, as well as the McArthur, Roper and Daly 

Rivers have also been identified as wetlands of national importance (Environment Australia 

2001). The Daly River contains a number of habitats that are unique to the Northern Territory, 

including habitat for most of the Territoryôs freshwater turtle species as well as two species of 

threatened elasmobranchs, the Freshwater Whipray and the Largetooth Sawfish (Murray et al. 

2006 and references therein). 
 

The following sections provide an overview of the potential utility of the Landsat archive and 

analysis tools in the DEA for mapping and monitoring key habitat and important areas for 



 

 

 

  

Threatened and Migratory marine species. For each of the case-study estuaries the Landsat 

archive is employed to describe: 

¶ The extent and stability of the intertidal zone; 

¶ The dynamics of coastal landforms ï the rate and extent of geomorphic change; and, 

¶ The distribution and dynamics of mangrove extent, including evidence of recent dieback 

events. 

5.7 Regional Context 

Composite imagery of the high and low tides at the mouth of each estuary show persistent 

coastal features that are visible above the water line at each extreme of the tidal range. Low 

tide composites reveal the intertidal zone, enabling differentiation between substrate types and 

show the location of persistent islands and sandbars in the channel and offshore. High tide 

composites show the typical extent of the high tide water mark and the habitats that interact 

with the high tide. 

Tidal modelling and satellite imagery are combined (ITEM) to show the tidal extents for these 

same estuary mouths, indicating the dynamism of the tide at each location. This effectively 

provides a bathymetric map of the intertidal zone. The confidence maps associated with ITEM 

can be useful for identifying locations of coastal change. Thirty years of input imagery is used 

in the tidal modelling and coastal change that is represented in the confidence layer will have 

occurred at some time during that same period. 

5.7.1 Gilbert River 

The low (Figure 32) and high (Figure 33) tide image composites for the southern end of the 

Gilbert estuary show that the coastal topography at this site is considerably different between 

the two tide stages due to the extensive beached areas and sandbar. Figure 32 indicates the 

vegetated areas (green). 

 



 

 

 

  

 

Figure 32. Lowest observed tides (LOT) 

composite image for the southern end of the 

Gilbert estuary. 

 

Figure 33. Highest observed tides (HOT) 

composite image for the southern end of the 

Gilbert estuary.

Intertidal extent modelling shows the broad intertidal zone that exists around the sandbar at 

the southern end of the Gilbert River estuary (Figure 34). The confidence layer associated with 

the tidal extent modelling shows that uncertainty is high around the sandbar, possibly indicating 

a region of change (Figure 35). 

 

 

Figure 34. Tidal extent, southern mouth of the 

Gilbert River estuary. The colour coding 

represents exposed land at varying percentage 

ranges of the regional tidal scheme: red - 

exposed at the lowest 10% of tides, dark blue - 

exposed when tides are at 70 to 80% of their 

maximum range. 

 

Figure 35. ITEM confidence layer at the mouth of 

the Gilbert River estuary. The transect 

represented in Figure 66 is shown in black as well 

as the coastal change detection (Figure 70) 

bounding box. 

  



 

 

 

  

5.7.2 Flinders River (Norman River) 

The low (Figure 36) and high (Figure 37) tide image composites for the Flinders River estuary 

show that bottom currents have eroded channels into the extensive low-tide flats.

 

Figure 36. LOT composite image of the 

Flinders River estuary. 

 

Figure 37. HOT composite image of the 

Flinders River estuary. 

Intertidal extent modelling shows that the tidal influence is fairly uniform across the Flinders 
River estuary coastline (Figure 38). The confidence layer associated with the tidal extent 
modelling shows that minimal long-term change is evident in this region (Figure 39). 
 

 

Figure 38. Tidal extent at the mouth of the 

Flinders River. The colour coding represents 

exposed land at varying percentage ranges of 

the regional tidal scheme: red being land 

exposed at the lowest 10% of tide heights, dark 

blue being land exposed when tide heights are 

at 70 to 80% of their maximum range. 

 

Figure 39. ITEM confidence layer for the 

Flinders River estuary. The transect 

represented in Figure 66 is shown in black. The 

bounding box highlights a region of significant 

coastal mangrove habitat dieback over the 

2015/2016 Austral summer. 

 

  








































































































































































































































































