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Abstract 

 

In a global context, the tropical coastal waters around much of northern Australia are 

exceptional in their relatively unmodified condition, due largely to the limited 

amount of coastal development and relatively low human population size in coastal 

lands. These waters offer a significant opportunity for the conservation of coastal 

biodiversity. However, increasing development pressures may jeopardise this 

opportunity and adding to this risk there is little information on distribution, 

population size and trends for much of the marine biodiversity in the region. This 

data deficiency has constrained the assessment of the conservation status of marine 

species and hence compromised conservation planning, management and security. 

This study assessed aspects of the status of three species of coastal dolphin – the 

Australian snubfin (Orcaella heinsohni), the recently described Australian humpback 

(Sousa sahulensis) and bottlenose (either or both Tursiops truncatus or T. aduncus) – 

in coastal waters of the Northern Territory (NT), Australia. Serendipitously, I also 

considered aspects of the status and distribution of the false killer whale (Pseudorca 

crassidens), a delphinid species that uses NT coastal waters to a much greater extent 

than was previously known.  

 

This study helped clarify the taxonomy and distribution of Orcaella in these waters, 

documented the broad distributional patterns  of the three dolphin species in this 

region, and provided the first estimates of abundance and apparent survival for all 

three species for a site in monsoonal northern Australia. The three species were 

found to be widely distributed along the Northern Territory coast, but showed some 

significant differences in habitat use. At my main study site in Port Essington, the 
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population sizes of the three species were determined by Pollock’s robust capture–

recapture design modeling over 2.9 years. The estimated number of individuals 

varied per sampling episode from 136 (s.e. 62) to 222 (s.e. 48) for Orcaella, 48 (s.e. 

17) to 207 (s.e. 65) for Sousa and 34 (s.e. 16) to 75 (s.e. 26) for Tursiops. Apparent 

annual survival for Orcaella was 0.81 (s.e. 0.11), Sousa 0.59 (s.e. 0.12) and Tursiops 

0.51 (s.e. 0.17). Satellite tracking of four false killer whales demonstrated that this 

species is recorded in  these coastal waters, but at a very different scale to the coastal 

dolphins. The study findings are interpreted with respect to the conservation status of 

the four species, and I draw some recommendations for their conservation 

management.  
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Chapter 1 

General Introduction 

 

Declining status of marine environments worldwide 

 

Due to a wide range and increasing intensity of human activities, the world‘s marine 

environments and their biodiversity are experiencing significant decline (Halpern et 

al. 2008, Davidson et al. 2012). Factors contributing to this decline include direct 

exploitation of marine species (Pauly and Watson 2005, Sibert et al. 2006, Berens 

McCabe et al. 2010), habitat degradation (Halpern et al. 2007, Halpern et al. 2008, 

Jefferson et al. 2009, Davidson et al. 2012), bycatch associated with some fishing 

activities (e.g. gillnets, purse-seine) (Perrin et al. 1994, Sibert et al. 2006, 

Schiermeier 2010, Berens McCabe et al. 2010), pollution (often sourced from factors 

operating in terrestrial environments of coastal catchment areas) (Thompson 2007, 

Halpern et al. 2008, Ylitalo et al. 2009, Davidson et al. 2012), global climate change 

and ocean acidification (Moore and Huntington 2008, Halpern et al. 2008, Hoegh-

Guldberg and Bruno 2010), noise pollution (Weilgart 2007), increasing vessel traffic 

(Wells and Scott 1999, Laist et al. 2001, Jefferson et al. 2009, Bechdel et al. 2009), 

tourism (Lusseau et al. 2006, Bejder et al. 2006), habitat loss (Jefferson et al. 2009, 

Halpern et al. 2008), aquaculture, sea-bed mining, and the spread of pest species and 

disease (O‘Shea and Odell 2008, Halpern et al. 2008,Woinarski et al. 2014). 

Although most of these impacts are pervasive across marine environments, 

degradation is typically most pronounced in coastal waters because these are often 

adjacent to areas with large and rapidly increasing human populations (Lotze et al. 

2006). 
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The conservation significance of coastal waters of the Northern Territory 

 

The coastal waters around much of northern Australia are now exceptional world-

wide in their relatively unmodified condition, due to regionally low human 

population sizes, a relative lack of coastal development, limited modification of 

nearby terrestrial areas and associated rivers, and relatively limited exploitation of 

marine resources (Heap et al. 2001, Halpern et al. 2008, Edyvane and Dethmers 

2010, Bejder et al. 2012, Palmer et al. 2014a, Stein et al. 2014). Many of these 

waters are  considered ‗pristine‘ or near-pristine condition (Munksgaard and Parry 

2001, 2002). Hence the coastal waters of northern Australia represent an opportunity 

for the conservation of coastal biodiversity that is significant at least at the national 

level. However, the conservation of these coastal ecosystems is currently hampered 

by three factors: 1) low levels of protection afforded to these coastal waters within 

the marine reserve system; 2) very limited available information about most marine 

species and environments, and 3) rapidly increasing development pressures. These 

issues are discussed briefly in the following sections. The opportunity for 

conservation of coastal biodiversity and risks to it, provides the broad foundation for 

this thesis. 

 

Marine reserves in the Northern Territory 

 

This study focuses on the marine environments adjacent to the 11,000 km coastline 

of the Northern Territory. Currently, only three marine reserves have been 

established in this jurisdiction (Larson et al. 2013, Cobourg Marine Park Plan of 

Management 2011, http://www.environment.gov.au/land/nrs/science/capad/2014). 
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By far the most substantial is the only marine conservation reserve declared under 

the Territory Parks and Wildlife Conservation Act - the Cobourg Marine Park, with 

an area of c. 2,300 km
2
. This jointly managed (between Aboriginal owners and the 

Northern Territory government‘s environment agency) reserve allows a wide range 

of activities, including pearl aquaculture enterprises, recreational fishing, and some 

commercial fishing activities. Two other small ‗aquatic life‘ reserves, in Darwin 

Harbour, are recognised as part of the National System of Marine Protected Areas: 

the 245 ha East Point reserve and an 18 ha reserve at Doctor‘s Gully, established to 

protect a fish-feeding tourism venture. In addition to these marine reserves, some 

largely terrestrial conservation reserves (such as Kakadu National Park) include 

relatively small areas of estuaries, islands and inter-tidal zones (Kakadu National 

Park Management Plan 2007-2014). 

 

Collectively, the three Northern Territory marine reserves encompass less than 3% of 

its coastal waters, and represent only two of the nine recognised coastal bioregions 

across this jurisdiction 

(http://www.environment.gov.au/land/nrs/science/capad/2014). The coastal reserve 

system is not comprehensive and is highly unlikely to be adequate for long-term 

conservation of marine biodiversity. Furthermore, it was not established from a basis 

of systematic conservation planning or assessment of the occurrence or requirements 

of marine biodiversity (Edyvane and Dethmers 2010).  

 

In Commonwealth waters beyond the three nautical mile limit of Northern Territory 

waters, a recent planning process has identified a series of six more substantial and 

comprehensive marine protected areas (Figure 1). However, the selection process 

http://www.environment.gov.au/land/nrs/science/capad/2014
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underpinning this recent national initiative has been influenced by many factors in 

addition to biodiversity conservation criteria, and the implementation of the marine 

reserves and of their management is currently subject to government review 

(‗transitional arrangements‘) (http://www.environment.gov.au/topics/marine/marine-

reserves/overview/management).  

 

 

Figure 1. North Commonwealth Marine Reserve networks (Mapping data 

obtained from: http://www.environment.gov.au/land/nrs/science/capad/2014). 

 

Most (85%) of the coastal lands of the Northern Territory are Aboriginal owned, and 

the recent (2008) High Court decision in the Blue Mud Bay case has affirmed that 

ownership extends to and encompasses tidal waters. As a consequence, it is likely 

http://www.environment.gov.au/land/nrs/science/capad/2014
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that future coastal marine reserves in the Northern Territory will include some form 

of Indigenous Marine Protected Areas (National Oceans Office 2004b). 

 

Limited information on biodiversity in Northern Territory coastal waters 

 

Coastal environments of the Northern Territory are poorly known. There is no 

comprehensive habitat mapping and no substantial marine biodiversity surveys for 

most parts of the coast. Other than for some commercially important fisheries 

species, there is no population monitoring, and there have been few studies of the 

ecology of species in Northern Territory coastal waters. A recent checklist of fish in 

the Northern Territory (Larson et al. 2013) illustrates the scarcity of ecological 

information on local species: of nearly 1500 species recorded, 120 comprised ‗new‘ 

records, and the review concluded that conservation assessments for fish species 

were substantially hindered by ‗the poor state of knowledge of … populations and … 

distributions … many sampling gaps remain and the basic biology of most species is 

unknown.‘  

 

Comparable major information gaps were described for all considered taxonomic 

groups (including seagrasses, mangroves, corals, sharks and rays, sawfish, cetaceans, 

dugong, marine turtles, marine snakes, molluscs, squid, prawns, crabs and 

holthurians) in a recent consolidated report of marine biodiversity in the ‗Northern 

Planning Area‘ (NPA) of Commonwealth waters off the Northern Territory and 

western Cape York Peninsula, Queensland (National Oceans Office 2004a). 

Examples of typical comments include that: 
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‗the only recent data collection … has been in ports‘, ‗most other data for the 

region dates from the late 1980s or earlier‘, ‗there is almost a complete lack 

of information in the planning area‘ (Coles et al. 2004); 

 

‗in contrast to both the east and west coasts, until the recent coral survey off 

Arnhem Land, there was an almost total lack of information about the corals 

of the planning area. Little is still known …‘ (Veron et al. 2004);  

 

‗information on the occurrence of sharks and rays … is still scanty. Basic 

biological information is lacking for almost all species of sharks in the NPA. 

The information summarised … is from best guesses based on work mostly 

done elsewhere’, ‘Basic biological information and knowledge of habitat 

requirements is lacking for nearly all rays‘ (Larson et al. 2004); 

 

‗data gaps (exist) in species distribution and range, specific habitat 

requirements, biology and general life history. This is especially the case for 

the NT coastal area’, ‘the distribution and abundance of sawfish populations 

in the NT area … is relatively unknown‘ (Peverell et al. 2004); 

 

‗information about the distribution of cetacean species in the NPA is lacking‘ 

(Hale et al. 2004). 

 

  



1. Introduction  8 

Several features were consistent across many of these accounts: (i) the isolation of 

much of the coastal area from major population centres has rendered research 

expensive and hence relatively limited; (ii) most information on marine biodiversity 

in the region was derived from research and monitoring of commercial fisheries 

operations; (iii) hence, most research was undertaken in places where these fisheries 

operated; (iv) for coastal and inshore species and habitats, most knowledge was 

derived from research undertaken close to ports; (v) although relevant information 

existed, there had been little inclusion by researchers and management agencies of 

Indigenous knowledge about marine biodiversity; (vi) information has been poorly 

collated across disparate agencies and researchers; (vii) there has been little 

understanding of threats to marine biodiversity or of the responses of marine 

biodiversity and ecological processes (such as climate change and cyclonic 

disturbance) to threats; and (viii) there was little information available on population 

trends (National Oceans Office 2004a). 

 

There has been some substantial research on some coastal environments and species 

in this region in the decade since the 2004 review, including studies that concluded 

that the region has substantially greater conservation values for marine biodiversity 

than previously recognised (Kyne 2014). However, there have been few such studies 

and, for most components of biodiversity in Northern Territory coastal waters, the 

knowledge base remains extremely sparse. This lack of knowledge is a serious 

impediment to conservation management and planning: it is difficult to identify and 

quantify conservation values, to delineate sites of particular conservation 

significance, to analyse or predict species‘ population viability or structuring or to 

predict likely responses to new developments or other pressures.  
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Increasing development pressures in Northern Territory coastal waters 

 

Many regions of northern Australia are now experiencing unprecedented rates of 

development of gas and mineral industries, with consequential increases in the 

number, size and activity of ports. This trend is evident in the Northern Territory, 

including for example the recent establishment of a major liquid natural gas 

processing plant on the margin of Darwin Harbour, with associated extensive (>800 

km) undersea pipeline and major increases in the volume and size of shipping 

(Darwin Port Corporation 2014). Mining ventures elsewhere in the Northern 

Territory are also being serviced by recently established or growing industrial ports 

in otherwise remote coastal areas of the Northern Territory, including in the 

Borroloola area (Gulf of Carpentaria), Gove (north-eastern Arnhem Land), Groote 

Eylandt and Melville Island (associated with a recently established plantation 

forestry venture). 

 

Assays of water quality and biodiversity at and around some of these port areas have 

indicated at least local-level pollution and modifications of some coastal biodiversity 

assemblages (Munksgaard et al. 1998; Neave et al. 2013). Furthermore, the 

establishment and expansion of ports in the shallow coastal waters of northern 

Australia typically also involves some physical changes in coastal environments 

associated with substantial and ongoing dredging activity (Bejder et al. 2012). It is 

likely that such impacts will magnify and become more widespread as industrial-

scale developments increase. Projected major expansion of shipping traffic is also 

likely to increase the risks of introduction of marine pests such as the notable (but 
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fortunately rapidly eradicated) outbreak of introduced black-striped mussel 

Mytilopsis sallei in Darwin Harbour in 1999 (Bax et al. 2003).    

 

Northern Australia generally, and near-coastal areas of the Northern Territory in 

particular, are also likely to be subjected to substantial increases in agricultural 

development and to water extraction and river modification, associated with ongoing 

government commitments to accelerate intensive development (Department of Prime 

Minister and Cabinet 2014). Such broad-scale modification of terrestrial and aquatic 

environments can be expected to lead to major changes in the condition of estuarine 

and coastal waters, as has been observed  following intensification of agriculture, 

and associated river impoundment, in the nearby Ord River area of the east 

Kimberley, Western Australia (Wolanski et al. 2001; Doupé and Pettit 2002; 

Wolanski et al. 2004). 

 

Another likely future impact on coastal waters of the Northern Territory is sea bed 

mining. There are current proposals to exploit shallow (< 50 m) undersea deposits of 

manganese in extensive areas within Northern Territory coastal waters, with such 

activity without close precedent elsewhere in the world (NT EPA 2012). Currently, 

there is limited information on the actual or potential impacts of such activity on the 

marine environment, on other marine resource industries, and on methods for 

managing these impacts (NT EPA 2012). 

 

Direct exploitation of marine biodiversity is also likely to escalate in Northern 

Territory coastal waters, associated with increases in Northern Territory population 

size and increasing world-wide demands for fish and other marine biodiversity. 
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Recent analyses indicate at least localised over-harvesting leading to depletion of 

some fish stocks due to recreational fishing pressure in the Northern Territory 

(Grubert et al. 2013). There is also ongoing government commitment to increase the 

accessibility of coastal areas to recreational fishers (Northern Territory Department 

of Primary Industry and Fisheries 2014), indicating that pressures will not only 

magnify in existing areas of activity but also become more pervasive across the 

coastline. 

 

Aquaculture, mostly for pearls and barramundi (Lates calcarifer), has developed into 

a substantial industry in parts of the Northern Territory coast, with substantial recent 

and projected increases and ongoing government encouragement for aquaculture 

ventures particularly in remote Aboriginal coastal communities (Northern Territory 

Department of Primary Industry and Fisheries 2014). Such expansion, particularly in 

remote and otherwise little modified coastal areas, may have potential impacts on 

coastal biodiversity through spread of disease, pollution and entanglements (Wilson 

et al. 1997). 

 

Collectively, this array of likely further developments can be expected to have 

substantial impacts on coastal environments and biodiversity across much of the 

Northern Territory coastal waters, and it is unlikely that the current largely 

unmodified state of these environments will be retained. To accommodate such 

future developments with least conservation impact it is important to undertake 

baseline research focusing on factors such as: 

  

 



1. Introduction  12 

 (i) What are the conservation features that are of most importance? 

(ii) Where are these values best represented (and where should the focus of 

conservation effort be directed)? 

(iii) How susceptible are these values, including to incremental (cumulative) 

impacts? 

(iv) What is the conservation status of key species? 

(v)  How can conservation management be best achieved? 

(vi) What are the ecological and life history characteristics of key species that 

are relevant to management and impacts? 

 

The research described in this thesis contributes to addressing some of these 

questions, and is aimed at helping to describe aspects of the current biodiversity 

values of this area in a manner that recognises the likelihood of substantial future 

change in development pressures and condition of these environments (Hamilton and 

Gehrke 2005, Hartford et al. 2011). The focus of my research is on one distinctive 

component of coastal biodiversity, that of a set of three dolphin species occurring in 

Northern Territory coastal waters: Australian humpback dolphins (Sousa sahulensis), 

Australian snubfin dolphins (Orcaella heinsohni) and bottlenose dolphins (Tursiops sp.). 

These species are a priority for consideration in part, because they are considered to be 

one of the six recognised ‗conservation values‘ of Australia‘s ‗North Marine Region‘ 

(the other priority values being marine turtles, sawfish and river sharks, dugong, sea 

snakes and the ‗Gulf of Carpentaria coastal zone‘) (Department of Sustainability 

Environment Water Population and Communities 2011a). 
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Coastal dolphins: global status and general ecology 

 

Based on molecular and morphological data Cetaceans fall firmly within the 

artiodactyl clade (Geisler and Uhen, 2005), and are now included in the order 

Cetartiodactyla (Committee on Taxonomy 2014).  Cetaceans are found in every 

ocean of the world, and from Arctic to Antarctic waters (Rice 1998). Delphinids are 

the most diverse and widespread of the marine mammals.  Delphinids are upper level 

predators and have an important role in the structure and function of marine 

communities (Bowen 1997). 

 

Globally, 25% of marine mammals are at risk of extinction. However the 

conservation status of almost 40% of marine mammals is uncertain (Davidson et al. 

2012). As recognised by the IUCN – SSC Cetacean Specialist Group, there are a 

total of 90 cetacean species (with one functionally extinct). There are 38 small 

cetaceans, including four species of river dolphin (Committee of Taxonomy 2014). 

Amongst the delphinid species, about 23 occur mainly or only in river and nearshore 

environments, although this categorisation is not necessarily definitive as some 

dolphin species occur across coastal and oceanic waters. Of these coastal/river 

dolphin species two are listed by the IUCN as Vulnerable, eleven are Data Deficient 

and three are Near Threatened (http://www.iucnredlist.org/). This set also includes 

some of the world‘s most endangered species, such as the critically endangered 

Yangtze River dolphin (Lipotes vexillifer) (that is probably now extinct) and the 

vaquita (Phocoena sinus). Other coastal/river dolphin species listed as endangered 

are the South Asian river dolphin (Platanista gangetica) and Hector‘s dolphin 

(Cephalorhynchus hectori) endemic to New Zealand.  
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 Spatial habitat preferences for bottlenose dolphins Tursiops sp. have been shown to 

change over time leading to changes in range (MacLeod et al. 2003, Torres et al. 

2008). Moreover, range changes in cetaceans have been linked to climate change 

(MacLeod 2009), water temperature fluctuations (Wells et al. 1990) and distribution 

of prey species (Wilson et al. 2004).  

 

Coastal dolphins are dependent upon inshore and nearshore environments for 

foraging, shelter and protection (Shane et al. 1986), are often reliant on specific 

habitats, typically have relatively small home ranges, local residency patterns but 

may show some seasonal migration (Shane et al. 1986, Wells and Scott 1999). 

Dolphins are long-lived, late to mature, have low reproductive rates and fecundity 

and provide long parental care (Connor et al. 2000). Recent analysis has 

demonstrated that marine mammal species at most conservation risk have relatively 

low rates of reproduction, small geographic range and social group size, and occur 

mostly in coastal areas (Davidson et al. 2012).  

 

Available information on life history parameters for coastal dolphins suggests that 

they do not reach sexual maturity until at least six years, with life expectancy at least 

30-40 years, gestation periods of around 12 months and birth intervals of at least 2.5 

years (Taylor et al. 2007). These life history parameters are comparable to those of 

the dugong (Dugong dugon), for which gestation is 14.5 months, sexual maturity 

occurs at 6 to 13 years and birth intervals are 28 to 39 months (Kwan 2002, Marsh et 

al. 2011).  
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Many of these ecological characteristics render coastal dolphins highly susceptible to 

anthropogenic activities and environmental change (Corkeron et al. 1997, Parra et al. 

2006a; Ross 2006, Cagnazzi 2010, Parra and Jedensjö 2013). Similarly some 

distributional characteristics (including partly discontinuous distributions composed 

of small and potentially isolated subpopulations) make the overall status of coastal 

dolphins more readily affected by local scale and incremental losses (Cagnazzi 2010, 

Frere et al. 2008, Frere et al. 2011, Cagnazzi et al. 2013).  

 

Factors that threaten the survival of coastal dolphins include reduced or degraded 

freshwater outflow to estuaries, underwater noise, habitat loss, fisheries interactions, 

contamination from industrial, municipal and agriculture discharge, tourism, climate 

change and increasing development pressures (Constantine et al. 2004, Lusseau et al. 

2006, Wang et al. 2007, Dungan et al. 2012, Bejder et al. 2012, Allen et al. 2012, 

Palmer et al. 2014a). Furthermore, many of these threats may operate in a manner 

that leads to cumulative and synergistic effects (Bejder et al. 2012, Ellison et al. 

2012, Dungan et al. 2012).  

 

This array of threats has led to current and ongoing decline in many coastal dolphin 

species across much of their global distributions (Borobia et al. 1991, Thompson et 

al. 2000, Kreb and Budiono 2005, Jefferson et al. 2009, Cantor et al. 2011, 

Jaramillo-Legorreta et al. 2007, Turvey et al. 2007). However, assessment of 

population trends and conservation status and hence the development and 

implementation of conservation management responses for many of the world‘s 

coastal dolphins is hampered by critical information shortcomings. For some groups, 

the taxonomy is unsettled at generic and specific level (McGowen et al. 2009, 
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McGowen 2011, Perrin et al. 2013), with several recent cases suggesting that what 

was previously-considered to be largely invariant and widely-ranging species are 

instead a series of far more localised species, with notable implications for 

conservation status and priorities (Jefferson and Waerebeek 2002, Frère et al. 2008, 

Charlton-Robb et al. 2011, Frère et al. 2011, Mendez et al. 2013). In some cases the 

taxonomic treatment is unresolved or contested (Committee on Taxonomy 2014), 

and this uncertainty may lead to suboptimal conservation planning and management. 

 

Assessment of the conservation status of coastal dolphins, and marine mammals 

more generally, is also constrained by information deficiencies relating to key 

parameters of population size and trends and area of occupancy (Taylor and 

Gerrodette 1993, Wilson et. al. 1999, Parra et al. 2006a, Woinarski et al. 2014). For 

many coastal dolphins, these parameters are difficult to estimate, and relevant studies 

may need to be sustained over many years and replicated at many sites. However, 

studying coastal dolphins is challenging, expensive and time consuming 

(Dhandapani 1992, Parra and Corkeron 2001, Kreb 2004, Palmer et al. 2011). 

Many occur at low densities and/or are cryptic, so the ability to detect change in 

populations becomes especially difficult and problematic (Thomson et al. 2000). The 

limited capability to detect trends has been cited as an argument that quantifiable 

proof of decline or increase should not be a necessary criterion for enacting 

conservation measures for species already at low densities (Gerrodette 1987, Taylor 

and Gerrodette 1993). A recent study that assessed the ability to detect declines in 

marine mammal populations determined that the detection of even abrupt declines 

(e.g. 50% decrease in abundance) in most whale and dolphin populations is 
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unachievable with present funding for surveys and current survey designs and 

technology (Taylor et al. 2007). 

 

Lack of information hampers not only the assessment of conservation status but also 

the development of conservation management responses. Conservation management 

requires an understanding of habitat use and the factors that affect species‘ 

distribution and abundance (Ingram and Rogan 2002, Laran and Gannier 2008). 

Such data can also provide a key to understanding other aspects of a population‘s 

ecology such as social structure, foraging strategies or disease processes (Wilson et 

al. 1997). Identification of particular areas and critical habitats plays a crucial role in 

the conservation and management of coastal dolphins (Bejder et al. 2012). 

 

The conservation status of coastal dolphins in Australia, particularly northern 

Australia 

 

There is some degree of taxonomic uncertainty about several species. Many threats 

affecting coastal dolphins at the global level also affect dolphins at least in part of 

their Australian coastal range. There are very substantial knowledge gaps relating to 

assessment of conservation status. Overall conservation management responses are 

not well resolved or successfully implemented. 

 

Here, I provide a brief review of the history of conservation assessment for coastal 

dolphins in Australia, with particular relevance to taxa occurring in northern 

Australia. This consideration is made somewhat more complex by changes in 

taxonomic treatment and nomenclature over the recent past, with the change in 
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taxonomic treatment resulting in consequential changes in the entities and 

distributions (and hence relevant conservation parameters) for all relevant taxa. Note 

that I give the names and species-concepts as provided in and at the time of papers 

cited. 

 

The first comprehensive review of the conservation status of coastal dolphins (and 

other cetaceans) in Australian waters (Bannister et al. 1996) concluded that no 

delphinid species were known to be threatened or known to be secure, but rather that 

the information base was too meagre to assign species to a conservation status 

category (Table 1.1). However it was suggested that all three coastal species could 

qualify as threatened if more information was available. The review implied that 

there was no such concern (of ‗a significant threat‘) for oceanic delphinids in 

Australia.   
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Table 1.1. Conservation status of delphinid species in the first Action Plan for 

Australian Cetaceans (Bannister et al. 1996). Note that the conservation status 

categories differ from those now applied. For those included in the table below 

‗Insufficiently Known‘ involves ‗a suspicion that the status may be of a threatened 

category‘ (emphasis added), whereas the ‗no category assigned‘ coding indicates that 

there ‗is no firm basis on which to infer a significant threat‘ (Bannister et al. 1996). 

Common and scientific names are as used by Bannister et al. (1996). 

Conservation status 

assigned 

Largely coastal species Largely oceanic species 

Insufficiently Known Indo-Pacific humpbacked 

dolphin Sousa chinensis* );  

Irrawaddy dolphin Orcaella 

brevirostris**  

spinner dolphin Stenella 

longirostris 

No conservation 

category assigned 

because of insufficient 

information 

bottlenose dolphin Tursiops 

truncatus 

rough-toothed dolphin Steno 

bredanensis; dusky dolphin 

Lagenorhynchus obscurus; Risso‘s 

dolphin Grampus griseus; pan-

tropical spotted dolphin Stenella 

attenuata; striped dolphin Stenella 

coeruleoalba; Fraser‘s dolphin 

Lagenodelphis hosei; pygmy killer 

whale Feresa attenuata; false killer 

whale Pseudorca crassidens 

No conservation 

category assigned but 

possibly secure 

 hourglass dolphin Lagenorhynchus 

cruciger; common dolphin 

Delphinus delphis; southern right 

whale dolphin Lissodelphis peronii; 

melon-headed whale 

Peponocephala electra; long-

finned pilot whale Globicephala 

melas; short-finned pilot whale 

Globicephalus macrorhynchus 

No conservation 

category assigned but 

probably secure 

 killer whale Orcinus orca 

* now described as a new species: Australian humpback dolphin Sousa sahulensis (Jefferson and 

Rosenbaum 2014) 

** now described as a new species: Australian snubfin dolphin Orcaella heinsohni (Beasley et al. 

2005) 
 

  



1. Introduction  20 

In 2006, the conservation status of Australian delphinids was reviewed again (Ross 

2006). The Indo-Pacific humpbacked dolphin Sousa chinensis (now Australian 

humpback dolphin S. sahulensis) and Irrawaddy Dolphin Orcaella brevirostris (now 

Australian Snubfin dolphin O. heinsohni) were assessed as Insufficiently Known. 

 

The review recognised a taxonomic split for bottlenose dolphin and recommended a 

change in conservation status for T. truncatus to ‗No conservation category assigned 

but possibly secure‘ and categorised T. aduncus (which was not considered by 

Bannister et al. 1996) as ‗No conservation category assigned because of insufficient 

information‘ (Ross 2006). 

 

The conservation status of all delphinid species in Australia waters was reviewed 

again by Woinarski et al. (2014), this time using IUCN criteria and categories. All of 

the coastal dolphins including Australian snubfin dolphin O. heinsohni, Indo-Pacific 

humpback dolphin S. chinensis (now Australian humpback dolphins S. sahulensis), 

common bottlenose dolphin T. truncatus and Indo-Pacific bottlenose dolphin T. 

aduncus were categorised as Data Deficient (Table 2.1). 

 

Hence, despite calls in each of these reviews, spanning a nearly 20 year period, for 

relevant research to be undertaken relating to conservation status, the information 

base for these coastal dolphin species in Australian waters has remained  insufficient.  

Given the lack of information and explicit concerns for these species, a threatened 

status may be likely to be valid if the relevant information was available. 
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The lack of relevant information required to assess whether or not these species are 

threatened leaves these species in something of a conservation limbo. Australian 

national conservation legislation, the Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act), does not contain a ‗Data Deficient‘ category: 

the onus of proof is on nominators or authorities to demonstrate with relevant 

information that a species convincingly meets thresholds for relevant criteria for 

inclusion in a threatened category. However the Act does provide some conservation 

protection for coastal dolphin (and some other) species through listing of at least 

some of them as ‗cetacean species‘ (and hence as ‗marine species‘: s. 209) and as 

‗migratory species‘ (s. 248) under international treaties (notably the ‗Bonn 

Convention‘ – The Convention on the Conservation of Migratory Species of Wild 

Animals). However, although this categorisation allows such listed migratory species 

to be considered as ‗Matters of National Environmental Significance‘, this 

categorisation is not applied to listed marine/cetacean species and hence this 

ascription provides substantially less conservation protection, particularly in relation 

to development impact assessment, than that which would be available if the species 

were listed as threatened (Bejder et al. 2012). 

 

Conservation status is also applied at global (by the IUCN) and local state/territory 

levels, with different contexts and conservation implications. However, these 

assessments have reflected many of the same issues as those described above – 

information shortcomings preclude consideration against the most relevant 

conservation criteria. The global assessments have also been constrained by shifting 

treatments of species‘ definition, with the most recent IUCN categorisation treating 

Sousa chinensis as a single species with broad range from south-eastern Asia to 
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northern Australia (Reeves et al. 2008a), although it has recognised the 2005 

taxonomic split that separated the almost entirely Australian-endemic Orcaella 

heinsohni (Reeves et al. 2008b). In both cases, the status assigned was Near 

Threatened, again a categorisation that is not available under the Environment 

Protection and Biodiversity Conservation Act. The international assessment also lists 

T. aduncus as Data Deficient and T. truncatus as Least Concern (Hammond et al. 

2008a, b) and the false killer whale as Data Deficient (Taylor et al. 2008). 

 

Under Northern Territory legislation, the conservation status of the Australian 

snubfin dolphin and Indo-Pacific humpback dolphin was reviewed in 2012 and 

changed from Least Concern to Data Deficient; both bottlenose dolphin species (T. 

aduncus and T. truncatus) and the false killer whale remained listed as Least 

Concern (Table 1.2). 

 

Collectively, these conservation status assessments and determinations provide little 

conservation security to the coastal dolphins of northern Australia, especially given 

concerns about escalating rates of coastal developments (Parra et al. 2006a, Allen et 

al. 2012, Bejder et al. 2012, Cagnazzi et al. 2013b, Palmer et al. 2014a). In the 

Northern Territory (and across monsoonal northern Australia), baseline population 

estimates for all coastal dolphin species are lacking, and the conservation status of all 

three species is poorly resolved (Parra et al. 2002, 2004, Palmer et al. 2014a). The 

lack of sufficient baseline information on the status of coastal dolphin populations 

potentially hinders adequate environmental impact assessments, because currently 

pre-impact assessment is likely to be based on very sparse opportunistic sighting 

data (Bejder et al. 2012, Palmer et al. 2014a, b). The combination of life history 
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parameters for coastal dolphins (small populations, genetically isolated, potentially 

small home ranges and reliance on coastal habitats) makes them particularly  

vulnerable to local extinctions. 

 

Table 1.2. Conservation summary for three species of coastal dolphins and the 

false killer whale in Northern Australia (from Woinarski et al. 2014). 

* & # refers to both T. truncatus and T. aduncus.   

Species IUCN 

status 

(2012) 

CITES 

status 

(2012) 

EPBC Act 

status (2012) 

Legal status 

Queensland 

Legal 

status 

Northern 

Territory 

Legal 

status 

Western 

Australia 

Australian 

snubfin 

Orcaella 

heinsohni 

Near 

Threatened 

Appendix 

1 

Not listed as 

threatened 

(listed as 

cetacean 

species and as 

a listed 

migratory 

species – 

Bonn) 

Near 

Threatened 

Data 

Deficient 

Not Listed 

(Schedule 

4 – other 

specially 

protected 

fauna) 

Australian 

humpback 

Sousa 

sahulensis  

*Near 

Threatened 

applies to 

S.chinensis 

Appendix 

1 applies 

to  

S. 

chinensis 

Not listed as 

threatened 

(listed as 

cetacean 

species and as 

a listed 

migratory 

species – 

Bonn (as 

S.chinensis)) 

Near 

Threatened 

(as 

S.chinensis) 

Data 

Deficient 

(as S. 

chinensis) 

Priority 4 

(as S. 

chinensis) 

Bottlenose 

* Tursiops 

aduncus  

 

 

 

# Tursiops 

truncatus  

*Data 

Deficient 

(global 

range of 

species) 

 

# Least 

Concern 

*# 

Appendix 

11 

* # Not listed 

as threatened 

(listed as 

cetacean 

species). The 

Arafura/ 

Timor Sea 

population of 

the spotted 

bottlenose is 

listed as 

migratory 

under 

Appendix 11 

of CMS - 

Bonn 

* # Not 

listed 

* # Least 

Concern 

* # Not 

listed 

False 

killer 

whale 

Pseudorca 

crassidens 

Data 

Deficient 

Appendix 

II 

Not listed as 

threatened 

(listed as a 

cetacean 

species) 

Not listed 

Least 

Concern 

Not Listed 
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A major impediment to assessment of conservation status is the uncertainty of 

estimates of population sizes and trends (Parra et al. 2012, Beasley et al. 2012b, 

Woinarski et al. 2014). For the Australian snubfin and Australian humpback, there 

are abundance estimates for only a small number of local populations and no 

estimates of population trends at any site or across their Australian distribution 

(Corkeron et al. 1997, Hale 1997, Parra et al. 2002, Parra et al. 2004, Palmer et al. 

2014b). Prior to this study, there were no estimates of abundance of bottlenose 

dolphins occurring in monsoonal northern Australia (Palmer et al. 2014b). 

 

In 2011, the World Wildlife Fund for Nature (Australia) submitted a nomination to 

list the Australian snubfin dolphin as Vulnerable under the EPBC Act (Beasley et al. 

2012a). However, due to a lack of key information particularly relating to population 

size and trends, and to area of occupancy, the nomination was unsuccessful (Beasley 

et al. 2012a, b, Parra et al. 2012). In response, a strategic and targeted approach has 

been proposed to address these information gaps and facilitate the assessment of the 

conservation status of tropical coastal dolphins in Australian waters (Parra et al. 

2012). This approach seeks to assess coastal dolphin population sizes and trends at a 

representative series of sites in areas that are (and are likely to remain) relatively 

undisturbed and at sites that are subject to (and likely to be increasingly affected by) 

development pressure, while also attempting to systematically determine their 

distribution (particularly area of occupancy) at a national scale (Parra et al. 2012). 

This thesis contributes significantly to this national approach. 
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Species’ overview 

 

This thesis focused mainly on the conservation biology of three dolphin taxa that co-

occur across much of the coastal waters of northern Australia – Australian humpback 

dolphin, Australian snubfin dolphin and bottlenose dolphin. I also review false killer 

whale distribution in the coastal waters of the Northern Territory and present a 

preliminary study on their movement patterns. Here, I present a brief sketch of each 

of these taxa, noting that more information is presented on them in subsequent 

chapters.  

 

Given the relatively limited global range of two of the dolphin species (Australian 

humpback dolphin and Australian snubfin dolphin), my study area comprises a 

substantial proportion of the global distribution and population, and the conservation 

management of these species in Northern Territory waters will substantially 

influence the overall conservation future for these species. 

 

Australian snubfin dolphin Orcaella heinsohni  

 

The Australian snubfin dolphin Orcaella heinsohni is found throughout coastal 

waters of northern Australia, including Queensland, Northern Territory and Western 

Australia (Parra et al. 2002, Palmer et al. 2014a). The range of the Australian 

snubfin dolphin extends from the Fitzroy River and the Keppel Islands in coastal 

waters off central Queensland, along the northern Queensland coast, across the 

Northern Territory coast to Ningaloo Reef in Western Australia (Parra et al. 2002, 

2006a, Robertson and Arnold 2009, Allen et al. 2012, Cagnazzi et al. 2013b, Palmer 
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et al. 2014a, b). There are also a small number of records from waters of New 

Guinea and the Solomon Islands, although at least some of these records require 

further verification (Beasley et al. 2002, Robertson and Arnold 2009). Before 2005, 

only a single species was recognized within the genus Orcaella, the Irrawaddy 

dolphin O. brevirostris, with a distribution extending from the Bay of Bengal to 

Borneo and the Indo-West Pacific region (Arnold and Heinsohni 1996, Rice 1998, 

Robertson and Arnold 2009). In 2005, the Australian snubfin dolphin (O. heinsohni) 

was described as a separate species based on cranial, morphological, colouration and 

molecular differences between Australian and Asian specimens (Beasley et al. 

2005).  

 

There is detailed information on the ecology and population status of the Australian 

snubfin dolphin for only a few selected areas along Queensland‘s east coast (Parra 

2006, Parra et al. 2006a, Parra et al. 2006b, Parra 2007, Parra and Jedensjö 2013, 

Parra and Ross 2009, Cagnazzi et al. 2011, Parra et al. 2011, Cagnazzi et al. 2013a, 

Cagnazzi et al. 2013b ), Northern Territory (Palmer et al. 2008, Palmer 2009, Palmer 

2010, Palmer et al. 2011) and Western Australia (Thiele 2005, 2008, 2010a, 2010b, 

Brown et al. 2014). These studies demonstrate that the Australian snubfin dolphin 

typically lives in small subpopulations of around 50-100 individuals (Parra et al. 

2006a, Cagnazzi et al. 2011, Cagnazzi et al. 2013b) with low gene flow between 

subpopulations (Cagnazzi 2010, Brown et al. 2014). Studies in Queensland have 

shown that they have relatively small home ranges (Parra 2006, Cagnazzi 2010, 

Cagnazzi et al. 2011, Cagnazzi et al. 2013b). The Australian snubfin dolphin appears 

to exist as a meta-population, with relatively little dispersal between discrete 
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subpopulations and some subpopulations may be genetically isolated (Cagnazzi 

2010).  

 

The Australian snubfin dolphin is found in shallow coastal, estuarine waters and 

large tidal rivers (Parra et al. 2004, Parra 2006, Parra et al. 2006b). The species is 

recorded feeding on a wide variety of fish and cephalopods associated with these 

inshore habitats (Parra and Jedensjö 2013). Boat-based surveys, photo-identification, 

focal observations, association analyses and social network techniques have been 

used to quantify snubfin dolphin grouping and fission-fusion dynamics (Parra et al. 

2011). Australian snubfin dolphin schools vary in size from one to 15 animals. 

Association patterns among individuals are non-random and highly structured, with 

social networks characterized by numerous strong associations among specific 

clusters of individuals. Modelling of temporal patterns of association has indicated 

long-lasting associations are an important feature of snubfin dolphins‘ fission-fusion 

dynamics. The grouping and fission-fusion dynamics patterns of snubfin dolphins 

are likely related to their feeding habits and associated prey availability (Parra et al. 

2011). 

 

Australian humpback dolphin Sousa sahulensis  

 

With some parallels to the taxonomic history of Orcaella, the taxonomy of the 

humpback dolphin Sousa has long been unresolved, but recent studies have 

demonstrated that there are four species worldwide including the newly described 

Australian humpback Sousa sahulensis (Frere et al. 2008, Frere et al. 2011, Mendez 

et al. 2013, Jefferson and Rosenbaum 2014). The range of the Australian humpback 
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dolphin includes the waters of the Sahul Shelf from northern Australia to southern 

New Guinea. As newly re-defined, the species is separated from the Indo-Pacific 

humpback (Sousa chinensis) by a wide distributional gap that coincides with 

Wallace‘s Line (Jefferson and Rosenbaum 2014). 

 

There is detailed information on the ecology and population status of the Australian 

humpback dolphin for only a few selected areas along the Queensland‘s east coast 

(Corkeron et al. 1997, Parra and Corkeron 2001, Parra et al. 2004, Chilvers et al. 

2005, Parra 2006, Parra et al. 2006a, Parra et al. 2006b, Parra 2007, Parra and Ross 

2009, Cagnazzi et al. 2011, Parra et al. 2011, Cagnazzi et al. 2013b, Parra and 

Jedensjö 2013), Northern Territory (Palmer et al. 2008, Palmer 2009, Palmer 2010, 

Palmer et al. 2011) and Western Australia (Allen et al. 2012, Brown et al. 2012). 

These studies demonstrate that the Australian humpback dolphin typically lives in 

small subpopulations of around 50-100 individuals (Parra et al. 2006a, Cagnazzi et 

al. 2011); and in Queensland have relatively small home ranges (Parra 2006, 

Cagnazzi 2010, Cagnazzi et al. 2011).  

 

The species is found in shallow coastal, estuarine waters and large tidal rivers (Parra 

et al. 2004, Parra 2006, Parra et al. 2006b) and has been documented to exhibit 

strong site fidelity (Parra 2006). Recent studies revealed heterogeneity in distribution 

and varied use of patches within a habitat and a small number of important key 

hotspot areas (Parra 2006). The species has been recorded feeding on a wide variety 

of fish and cephalopods associated with these inshore habitats (Parra and Jedensjö 

2013). Boat-based surveys, photo-identification, focal observations, association 

analyses and social network techniques were used to quantify Australian humpback 
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dolphin group dynamics in Cleveland Bay, North Queensland (Parra et al. 2011). 

School size of Australian humpback dolphins range from one to 12 animals and the 

sizes of humpback dolphin schools vary significantly with behaviour. Schools of 

Australian humpback dolphins are larger when socializing rather than foraging or 

travelling and schools foraging behind trawlers were larger than schools foraging 

independently of trawlers (Parra et al. 2011). Association pattern analysis among 

individuals showed that individuals formed non-random associations, with groups of 

individuals that were closely connected with each other, but sparsely connected with 

other groups. Temporal patterns of association for Australian humpback dolphins 

were best described by a ‗casual acquaintances‘ model, indicating associations 

among individuals were temporally less stable (Parra et al. 2011). Differences in the 

social structure among Australian snubfin and Australian humpback dolphins appear 

to be correlated to their feeding habits and associated prey availability (Parra et al. 

2011, Cagnazzi et al. 2011, Beasley et al. 2012b). 

  

Bottlenose dolphin Tursiops sp.  

 

The taxonomy of bottlenose dolphins (Tursiops spp.) is contentious. Previously all 

bottlenose dolphins were included in the cosmopolitan species T. truncatus. 

Subsequent morphological, ostelogical and genetic analyses confirmed two distinct 

species: the common bottlenose dolphin T. truncatus and the Indo-Pacific bottlenose 

dolphin T. aduncus (Wang et al. 1999, 2000, LeDuc et al. 1999, Hale et al. 2000, 

Möller and Beheregaray 2001). Yet, aspects of the taxonomy of Tursiops remain 

unresolved (Woinarski et al. 2014, Palmer et al. 2014a) and the specific status of 

populations in some Australian coastal regions remains uncertain (Committee on 
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Taxonomy 2014). Generally the smaller inshore coastal bottlenose dolphin is 

regarded as the Indo-Pacific (T. aduncus) and the larger offshore bottlenose dolphin 

is regarded as the common bottlenose (T. truncatus). However, the taxonomic status 

of Tursiops sp. in some parts of southern, western and northern Australia and 

Tasmania is uncertain (Ross and Cockcroft 1990, Chatto and Warneke 2000, Möller 

and Beheregaray 2001, Krützen et al. 2004, Kemper 2004, Fury and Harrison 2008, 

Charlton-Robb et al. 2011, Ansmann et al. 2013, Palmer et al. 2014a) and the genus 

may be split further (Natoli et al. 2004). In this study, I did not seek to identify the 

species of Tursiops encountered, and such specific identity would have been 

impossible for all observations. In this thesis, I described all records of bottlenose 

dolphins in coastal Northern Territory as ‗Tursiops sp.‘. More precisely, the 

attribution should be to ‗Tursiops truncatus and/or T. aduncus‘, but this is 

cumbersome. The use of ‗Tursiops sp.‘ here should not be taken to necessarily 

indicate that only a single species is reported. 

 

In Australia, bottlenose dolphins collectively have an extensive coastal distribution 

around Australia and appear to be relatively abundant in subtropical and temperate 

Australian waters but less abundant in monsoonal northern Australia (Palmer et al. 

2014b, Woinarski et al. 2014).  

 

Bottlenose dolphins feed on a wide variety of schooling, demersal and reef fishes 

and cephalopods (Ross 1984, Barros and Odell 1990, Barros and Wells 1998, Blanco 

et al. 2001, Santos et al. 2001). Extensive studies have been conducted on habitat 

use and social structure of bottlenose dolphins in Shark Bay where the social system 

features a fission–fusion grouping pattern with stronger associations between adult 
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males more so than adult females and bisexual philopatry. Associations among adult 

female bottlenose dolphins in Shark Bay are variable but not as strong as those 

between the most strongly bonded males (Smolker et al. 1992). In a recent study of 

male alliances, Randić et al. (2012) highlighted that bottlenose dolphins in Shark 

Bay show a combination of traits that is unique among mammals including complex 

male alliances in an open social network. Mean group sizes range from between five 

and 16 individuals (Corkeron 1997, Möller et al. 2002, Beasley et al. 2012b). 

 

False killer whale Pseudorca crassidens  

 

The false killer whale is the fourth largest member of the Delphinidae family (with 

body length 4 – 6 m). It has an extensive global distribution but is generally 

considered to be a tropical and sub-tropical species but is mainly found in the tropics 

(Baird 2009). In most parts of its range, this species usually occurs far from shore. 

However, false killer whales have been frequently reported close to shore in 

deep water habitats near s o m e  tropical oceanic islands (Acevedo-Guitierrez et 

al. 1997, Baird et al. 2008). Around the main Hawaiian Islands, genetic evidence 

suggests a demographically isolated population (Chivers et al. 2007, Baird et al. 

2008, Martien et al. 2014).  False killer whales have also been recorded occurring 

around the west coast of Vancouver Island in Barley Sound, Canada (Stacey & 

Baird 1991). These records are well north of the primary range of this species (which 

is generally tropical to warm temperate), and such records off western Canada are 

therefore considered to be part of the secondary range (i.e. not regularly occupied).   
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The false killer whale is one of the least known of the large tropical delphinids 

(Odell and McClune 1999). False killer whales are highly social, and occur in groups 

ranging from 10 to 50 individuals but have been recorded in groups of > 200 (Baird 

et al. 2005, 2008, 2010, 2012).  

 

False killer whales prey mainly on large pelagic fish and squid and have occasionally 

been recorded taking small cetaceans and large whales (Baird 2009). They reach 

sexual maturity between 8 and 14 years of age, males live for about 57 years and 

females up to 62 years (Odell and McClune 1999, Baird 2009). They are slow 

breeding with a gestation period of about 15.5 months and calving intervals of 6.9 

years (Baird 2009). 

 

Study area 

 

This thesis considers the status of dolphins in the coastal waters of the Northern 

Territory, particularly in Cobourg Marine Park. The Northern Territory coastal area 

encompasses a significant portion (c. 20-30%) of the range of the Australian snubfin 

and Australian humpback dolphins. There have been no previous intensive studies of 

these species in this region, so the studies described here bring much new 

information to a poorly-known but significant component of the range of these 

species. Furthermore, these studies complement the few previous studies of these 

species, mostly in north-eastern Queensland, that occurred in notably different 

geographic and environmental settings. 
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I selected Cobourg Marine Park as a main study site because (i) this is the only large 

marine protected area in Northern Territory waters, (ii) there has been little previous 

survey or study in this reserve, so this study should contribute to the objectives of the 

reserve; (iii) the area is likely to remain relatively undisturbed, so an ongoing study 

here is likely to provide a valuable reference (‗control‘ or ‗benchmark‘) point that 

will be useful within the context of a set of monitoring sites in both developed and 

undeveloped areas; and (iv) this site was specifically recognised as one of only three 

‗biologically important areas‘ for the Australian snubfin and for the Australian 

humpback dolphins, and one of only two such areas for the Indo-Pacific bottlenose 

dolphin, in the Northern Planning Area (Department of Sustainability Environment 

Water Population and Communities 2011b). 

 

The broad ecological features of the coastal environments of the Northern Territory 

have been described by Department of the Environment Water Heritage and the Arts 

(2007), Edyvane and Dethmers (2010) and Department of Sustainability 

Environment Water Population and Communities (2011a). Characteristic features 

include: shallow seas (developed over multiple periods of land connections between 

northern Australia and New Guinea: Sahul); very large (2.5 to 8 m) tidal ranges; 

turbid inshore waters; marked seasonality in winds, currents, air temperature and 

rainfall; extensive estuaries associated with large but seasonal river systems; warm 

temperatures; extensive coastal mangrove formations; relatively little and highly 

localised coastal development and other human pressures. Although these features 

are generally pervasive across Northern Territory coasts, there are also some regional 

contrasts, with the eastern coastline flanking the large and very shallow Gulf of 

Carpentaria system, a central (Arafura Sea) system from the rugged chain of the 



1. Introduction  34 

Wessel Islands in north-eastern Arnhem Land to the large Tiwi Islands and semi-

enclosed Van Diemens Gulf, and the western section based on the Joseph Bonaparte 

Gulf (Department of the Environment Water Heritage and the Arts 2007).  

 

Many of these features are likely to be important in defining and maintaining habitat 

suitability for the three coastal dolphins considered here. Some of these features – 

most notably remoteness from population centers, turbidity and large tidal range – 

also contribute substantially to the cost and difficulty of research on these species, 

and such considerations unavoidably influenced my study design and capability. 

 

Thesis aims and objectives 

 

The overall aim of this thesis was to provide some taxonomic clarification, and 

baseline information on the ecology and conservation status of coastal dolphins in 

selected areas of the Northern Territory waters, establish a broad benchmark against 

which changes associated with development pressure can be measured, and provide 

an evidence base to allow managers to try to constrain those single and cumulative 

development pressures that may have unacceptable impacts upon these species.  

 

Prior to this study, cetacean research in the Northern Territory had been extremely 

limited and largely restricted to very short-term, localised and/or opportunistic 

studies (e.g. Freeland and Bayliss 1989); hence baseline information has been 

lacking. The relatively pristine and undeveloped Northern Territory coastline is 

likely to harbour relatively secure populations and be critically important for the 

long-term conservation management of these coastal dolphin species. However, 
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effective conservation and management of these species in the Northern Territory, 

and elsewhere in their range, will need to be underpinned by an understanding of 

their distribution, occupancy, population sizes and trends (in either size, extent of 

occurrence or area of occupancy), and population structure at a scale relevant to the 

distribution of the three coastal dolphin species (Parra et al. 2012). 

 

Thesis approach 

 

In this thesis, I use a combination of methods – mitochondrial DNA analysis using 

biopsy samples collected from free-ranging dolphins, collation of historical and 

contemporary data from sighting surveys, community sightings, stranding and 

museum records; satellite tracking of movement patterns, collection of photo-

identification data from boat-based surveys and a robust design capture-recapture 

model analysis.  

 

The key questions addressed in this thesis are: 

 What are the taxonomic relationships of the Australian snubfin occurring in 

Northern Territory and Western Australian waters? (Chapter 2) 

 What is the distribution of three species of coastal dolphins in Northern 

Territory coastal waters? (Chapter 3) 

 At a local-scale, what are the population estimates, survival and temporary 

emigration rates for three species of coastal dolphins in a remote and 

reasonably unmodified coastal area of the Northern Territory? (Chapter 4) 

 Could the typically ocean-going false killer whale be reliant on estuarine 

habitats in Northern Territory waters? (Chapter 5) 
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 Do false killer whales use Northern Territory coastal waters regularly or 

substantially? (Chapter 6) 

 What are the implications of this study for the conservation of coastal 

delphinids in the Northern Territory? (Chapter 7) 

 

The outcomes of this study – taxonomic clarification, broad-scale distributional 

context and local-scale population estimates – will provide valuable information 

towards environmental impact assessments and species management and help direct 

future research efforts. 

 

In this thesis, Chapter 1 (this chapter) provides a general introduction and thesis 

overview. Chapters 2, 3, 4, and 5 were prepared as stand-alone papers and are 

presented here with minimal changes from the versions published. Chapter 5 

provides some rationale for the preliminary study of the false killer whales described 

in Chapter 6. Chapter 7 provides the conclusions and conservation implications of 

the results of this PhD research. Some additional notes on aspects of coastal dolphin 

ecology, arising from my research, are included as Appendices 1, 2 and 3. 

 

References are not collated across chapters but presented at the end of each chapter. 

Please note that text in some of the chapters may refer to other chapters by their 

published reference citation, rather than to the chapter number. 

 

The shifting nomenclature of the study species makes for some inconsistency in the 

use of names in this thesis. In chapters 2, 3, and 4, I used ‗Indo-Pacific humpback 

dolphin Sousa chinensis‘ as this reflects the taxonomy accepted at the time of 



1. Introduction  37 

publication of these papers. However, as noted above, populations occurring in 

Australian waters are now recognised as a distinct species, the Australian humpback 

S. sahulensis (Jefferson and Rosenbaum 2014).  

 

Thesis outline 

 

Chapter 1: Introduction 

 

In this chapter I provide a context for the topics that are relevent to, and justify the 

objectives of, this thesis. I consider briefly a global perspective of the the world‘s 

oceans and cetaceans (and more specifically coastal dolphins) and note the profound 

changes to coastal environments that are taking place as a result of human activities. 

I outline the background and significance of northern Australia for the long-term 

conservation management of coastal dolphins occurrring within the currently 

relatively pristine and undeveloped coastal waters. These waters now offer a 

significant opportunity for the conservation of coastal biodiversity, including coastal 

dolphin species. However, that opportunity may not persist, because there is rapidly 

increasing development pressures across much of this region. This thesis was 

prompted by this opportunity and concern, and its main goal was to attempt to 

understand the status of coastal dolphins in part of this remote region.  

 

Chapter 2: Orcaella genetics 

 

In this chapter I present a published paper that evaluates the taxonomic affinities of 

Orcaella populations in north-western Australia. Recent morphological and 
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molecular analyses of the dolphin genus Orcaella (formerly considered monotypic) 

show a species-level disjunction between eastern Australia and South- East Asia. 

However, because of restricted sampling, the taxonomic affinities of the 

geographically intermediate populations in the waters of the Northern Territory and 

Western Australia remained uncertain. We sequenced 403 base pairs of the 

mitochondrial control region from five free-ranging Orcaella individuals sampled 

from north-western Western Australia and the Northern Territory. Low net 

nucleotide divergence (0.11–0.67%) among the Australian Orcaella populations 

confirmed that populations occurring in waters of the Northern Territory and 

Western Australia belong to the Australian snubfin (O. heinsohni) rather than the 

Asian Irrawaddy dolphin (O. brevirostris). Clarifying the taxonomic relationships of 

Orcaella across its range in northern Australia is an important first step in the 

conservation and management for both Orcaella species.  

 

 

Chapter 3: Distribution 

 

In this chapter I present a published paper that reports mostly on the broad 

distributional patterning of three species of dolphin that occur in coastal waters of 

the Northern Territory: the Australian snubfin Orcaella heinsohni, the newly 

described Australian humpback Sousa sahulensis and bottlenose Tursiops sp. This 

chapter provides a broader distributional context and complement to the local-scale 

population studies described in Chapter 4. It reviews the broader distribution of these 

coastal dolphins, via the collation of historical and contemporary data from sighting 

surveys, stranding and museum records, and a community sighting program. The 
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Northern Territory‘s remote and relatively pristine waters are likely to hold 

significant subpopulations of all three species. However; further information on the 

dolphins‘ population size, trend and structure are needed to resolve their 

conservation status at state and national jurisdictions, inform environmental impact 

assessments and species‘ management. 

 

Chapter 4: Abundance and survival 

 

This chapter describes a 32 month field study in Cobourg Marine Park aimed at 

estimating abundance, and apparent survival of the three coastal dolphin species at 

the largely undeveloped harbour of Port Essington (325 km
2
), Northern Territory. 

Given increasing obligations to undertake population assessments for impact studies 

at proposed development sites, I assess the strengths and limitations of a systematic 

sampling program. The values derived provide the only estimates of local population 

size for these species across monsoonal northern Australia. Such information is 

becoming increasingly important as development pressures intensify in coastal areas. 

Sampling protocols for future monitoring and impact assessment need an enhanced 

consideration of seasonality and scale issues. 

 

Chapter 5: False killer whale sightings 

 

In this chapter I collate sightings of the false killer whale (Pseudorca crassidens) in 

waters of the Northern Territory since 2007. The sightings indicate a need to re-

evaluate the status of this species in this area and that it may merit consideration in 
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conservation planning and management for estuarine, coastal and harbour 

environments in this region.  

 

Chapter 6: Movements of the false killer whale 

 

In this chapter, I use satellite tracking to seek to better resolve the use of the coastal 

waters of the Northern Territory by false killer whales. This research extends the 

current information base from the few anecdotal, brief, occasional and incidental 

sightings records mostly at two sites (Cobourg Marine Park and Darwin Harbour) 

(Chapter 5) to explore whether the species may use these coastal waters more 

substantially, and hence whether it should be considered more critically in 

conservation planning and management in this region. 

 

Chapter 7: Conclusions and conservation implications 

 

In this final chapter I discuss how each of the various research questions was 

addressed and the implications of the research results for conservation planning and 

management. 
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Figure 2. Schematic flowchart of thesis structure. 
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Abstract. Conservation management relies on being able to identify and describe species. Recent morphological and
molecular analyses of the dolphin genus Orcaella show a species-level disjunction between eastern Australia and South-

east Asia. However, because of restricted sampling, the taxonomic affinities of the geographically intermediate
populations in the Northern Territory and Western Australia remained uncertain. We sequenced 403 base pairs of the
mitochondrial control region from five free-ranging Orcaella individuals sampled from north-western Western Australia

and the Northern Territory. Low net nucleotide divergence (0.11–0.67%) among the Australian Orcaella populations
show that populations occurring in the Northern Territory and Western Australia belong to the Australian snubfin
(O. heinsohni) rather than the Asian Irrawaddy dolphin (O. brevirostris). Clarifying the distribution of Orcaella is an
important first step in the conservation and management for both species; however, an understanding of the metapopula-

tion structure and patterns of dispersal among populations is now needed.

Additional keywords: distribution, mitochondrial DNA, northern Australia.

Received 17 March 2011, accepted 28 May 2011, published online 12 October 2011

Introduction

Accurate taxonomic identification of organisms is essential to

making informed decisions about conservation and implemen-
tation of protective legislation (Mace 2004) and for undertaking
on-ground management. Recently, the Australian snubfin dol-

phin (Orcaella heinsohni) was described as a new species and is
currently the only cetacean known to be endemic to Australian
waters, although the species may also occur in Papua New
Guinean waters (Beasley et al. 2002, 2005). The species was

split from the Asian Irrawaddy dolphin (O. brevirostris) on
morphological characteristics and 17 fixed nucleotide

differences in a 403 base-pair (bp) segment of the mitochondrial
control region (mtDNA; Beasley et al. 2005). The genetic

component of the study by Beasley et al. (2005) was based on
24 samples from South-east Asia and four samples from
Australia (three from north-eastern Queensland and one

from the Northern Territory). Since the publication of the study
of Beasley et al. (2005), uncertainties have arisen about the
collection location of the sample from the Northern Territory
(i.e. Darwin). The Darwin sample was received by South-west

Fisheries Science Centre, USA, by a secondary party and the
origin of the sample has not been confirmed through museum
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records (K. M. Robertson, pers. comm., Protected Resources
Division, South-west Fisheries Science Centre, National

Marine Fisheries Services, National Oceanic and Atmospheric
Administration).

Orcaella populations in the Northern Territory and Western

Australian waters are approximately midway between the
known distributions of O. brevirostris and O. heinsohni. Addi-
tionally, with changing sea levels for,90% of the past 250 000

years, and the formation of the land-bridge between Australia
and New Guinea during the Pleistocene, Orcaella populations
on the eastern coast of Queensland would have been isolated
at varying times from populations in the Northern Territory

and Western Australia (Voris 2000). Given the doubt surround-
ing the ‘Darwin’ sample in the study of Beasley et al. (2005),
and the historical separation of eastern coast Queensland

from northern Australian waters, it remains unclear whether
these northern Australian populations are composed of
O. brevirostris, O. heinsohni or a mixture of both species.

In the present study, as part of an ongoing multi-species
coastal dolphin program, we analysed mtDNA sequence data
from Orcaella individuals from the Northern Territory and
north-western Western Australia. Our results corroborate the

findings of Beasley et al. (2005) and confirm the presence of the
Australian snubfin dolphin across northern Australia.

Materials and methods

Tissue sampling

During 2008, the following two areas were targeted for collec-
tion of biopsy samples from free-ranging Orcaella: Cobourg

Peninsula (Northern Territory) and Roebuck Bay (Western
Australia) (Fig. 1, Table 1). Skin samples were collected using
a biopsy system specially designed for small cetaceans
(PAXARMS, Krützen et al. 2002).

Sampling was attempted only during calm sea conditions
(Beaufort ,2), with no swell. Biopsy sampling of Orcaella

presents some challenges, in comparison with sampling other

coastal dolphins. The species is wary of vessels (Dhandapani
1992; Parra and Corkeron 2001; Kreb 2004) and typically their
surfacing patterns are unpredictable. Individuals tend to main-

tain a low profile on surfacing and inhabit turbid in-shore waters
(Parra and Corkeron 2001; Parra et al. 2002); thus, sampling
opportunities are limited. We were able to approach Orcaella

schools to within sampling distance (2–12m) more successfully

100�0�0�E 110�0�0�E 120�0�0�E 130�0�0�E 140�0�0�E 150�0�0�E

100�0�0�E 110�0�0�E 120�0�0�E 130�0�0�E 140�0�0�E 150�0�0�E

10�0�0�N

0�0�0�

10�0�0�S

20�0�0�S

10�0�0�N

0�0�0�

10�0�0�S

20�0�0�S

��6500

Bathymetry (m)

�6499 to �5000

24 Mutations

�4999 to �4000

�3999 to �3000

�2999 to �2000

�1999 to �1000

�999 to �500

�499 to �400

�399 to �300

�299 to �200

�199 to �100

�99 to 0

�0

Timor Trough

Fig. 1. Orcaella sample locations (coloured symbols on map) used to investigate taxonomy and distribution. Background map shows elevation, including

bathymetry (darker shading¼ lower elevation). The white arrow indicates the position of the Timor Trough. The inset shows the haplotype network, colour-

coded to match sample locations. Circle sizes in the network are proportional to the number of individuals with that haplotype. Grey circles represent single-

step mutations.
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when animals were socialising (i.e. dolphins in close proximity
to one another with localised movements; high level of

interactions – touching each other and rubbing bodies; fins
and flukes breaking the water often; modified from Parra et al.
2006a). Dolphin schools are defined by relatively close cohe-

sion; each dolphin within 100m of each other and undertaking
similar behavioural activities (Parra et al. 2006a).

It was during these socialising bouts that Orcaella schools

maintained close cohesiveness (individuals usually ,5m
apart) and allowed close approaches by our research vessel.
Typically, the vessel was either stationary or moving very
slowly (,2 kmh�1) when biopsy sampling was attempted.

Sample location was recorded using a global positioning system
(GPS) (�5m). Tissue samples were stored in 20% dimethyl
sulfoxide (DMSO) saturated with sodium chloride (Amos and

Hoelzel 1991).

Laboratory procedures

DNA was extracted using Dneasy� Blood and Tissue Kit

(Qiagen, Hilden, Germany), following the manufacturer’s proto-
col. DNA extractions were quantified using electrophoresis. The
same ,400-bp fragment of the control region used by Beasley

et al. (2005) and Caballero et al. (2008) was amplified using
primers H16498 (50-CCTGAAGTAAGAACCAGATG-30; Rosel
et al. 1994) and L15812 (50-CCTCCCTAAGACTCAAGG-30).

Each amplification reaction contained 10–20 ng of DNA

template, 0.125mM dNTPs, 0.6 mM of each primer, 1.5mM
MgCl2, 0.5U Red Hot� DNA polymerase and 1�Reaction
Buffer IV (Applied Biosystems, Carlsbad, CA, USA), and

sterile water to 25 mL. We used the following thermal profile
for amplification: 948C for 2min, followed by 30 cycles of 948C
for 30 s, 488C for 30 s and 728C for 30 s. We also added a single

5-min 728C extension step. Amplification products were puri-
fied using aWizard�Genomic DNA Purification Kit (Promega
Corporation, Madison, WI, USA), and quantified by electro-
phoresis. Dye-terminating sequencing was performed on puri-

fied template using Big Dye Terminator v3.1 chemistry and
protocols (Applied Biosystems). Sequencing products were

analysed on an ABI 3130xl Genetic Analyzer (Applied Biosys-
tems). Chromatogramswere checked and edited using Sequence

Scanner v1.0 (Applied Biosystems), and aligned and analysed
using MEGA 4 (Tamura et al. 2007).

Analyses

We incorporated five previously published O. heinsohni and
O. brevirostris sequences obtained from dolphins sampled from
Queensland, Indonesia and Thailand into our dataset (Fig. 1,

Table 1). We grouped samples into the following a priori

populations for further analysis: Queensland, Northern Terri-
tory, Western Australia and South-east Asia (for the Indonesian
and Thailand samples). To describe the magnitude of genetic

divergence among these populations, we calculated net
nucleotide divergence, Da, which is the nucleotide divergence
between populations that accounts for within-population poly-

morphism (Nei and Miller 1990). We also calculated pairwise
genetic distances among individual haplotypes. For both
measures of genetic distance, we used Kimura’s (1980) two-

parameter model of DNA evolution that allows for variation in
substitution rates with gaps (insertion–deletions) being ignored.
Finally, we represented the relationship among haplotypes for

all samples by constructing a haplotype network using the
computer program TCS (Clement et al. 2000).

Results and discussion

Biopsy sampling

We obtained five tissue samples via biopsy sampling from three
dolphins in Port Essington, Northern Territory, and two dolphins
from Roebuck Bay, Western Australia (Fig. 1). The present

study is the first published account of biopsy sampling from
free-ranging AustralianOrcaella.The small sample size reflects
the difficulty in obtaining tissue samples from this shy and

generally elusive dolphin. Unlike bow-riding dolphins, oppor-
tunities to approach Orcaella to within darting range are very
limited. There were no other known tissue samples available
from stranded or by-caught animals from this region.

Table 1. Details of the samples used in the study

Sample Lat/Long Population for analysis GenBank # Sequence (Variable sites with position number)

000001111111122222222333333333333

113480002333536778999014444556678

013670120145865363467970237191576

2905QldA �19.27, 146.80 Queensland GQ922343.1 GAGGTTGAATGTAATAGTCAGTCGGTCAGCGA

2906QldA �19.27, 146.80 Queensland GQ922344.1 .........C.....G................

2907QldA �21.17, 149.20 Queensland Not lodgedD ................................

Co6COBB �11.15, 132.07 Northern Territory JN016533 ......A......G..................

Co7COBB �11.13, 132.11 Northern Territory JN016534 ......A......G..................

Co8COBB �11.18, 132.08 Northern Territory JN016530 .G..............................

Ro1ROEB �17.59, 122.17 Western Australia JN016531 A..A............................

Ro4ROEB �17.59, 122.20 Western Australia JN016532 A..A............................

14360INDOA �0.5, 117.0 SE Asia GQ922337.1 AGA.CC.G..AGG.A.ACTGAATAACT.ATAG

EU121128.1C ‘Thailand’ SE Asia EU121128.1 ..AA.C.GG.AGG.A.ACTGAATAACTGAT.G

ABeasley et al. (2005).
BThe present study.
CCaballero et al. (2008).
DSequence obtained from Beasley et al. (2005).
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Haplotypes

A 403-bp section of the control region from our five samples

revealed five variable sites, defining three haplotypes (Table 1).
In the full analysis involving all sequences from 10 individuals,
there were 32 variable sites (excluding gaps at two positions),

which defined seven haplotypes.
Our study reports three novel haplotypes defined by only one

or two point mutations (Table 1). Pairwise genetic distances
among haplotypes are given in Table 2. Da values between

South-east Asian and all Australian individuals from sampled
areas were high, ranging from 5.5 to 5.7%. In contrast, Da
among the Australian individuals from sampled areas was very

low, ranging from 0.1% to 0.7%. Our sequences were clearly
closely allied to O. heinsohni from Queensland. Table 3 shows
Da values for our a priori groupings. These patterns are reflected

in the haplotype network, which shows a relatively small
number of mutational steps separating Australian haplotypes,
compared with the differences between the Australian and

South-east Asian haplotypes consisting of 24 and 25 nucleotide
differences (Fig. 1).

Phylogeography

During the last 1.7 million years of the Pleistocene, it is thought

that up to 28 stadial and interstadial cycles occurred, during
which time the configuration of land and sea would have
changed repeatedly (Shackleton and Opdyke 1973; Stringer and

Gamble 1993). For northern Australia, these cycles caused
repeated isolation of Queensland in-shore waters from those in
the Northern Territory and Western Australia. In total, this

configuration accounts for ,90% of the past 250 000 years
(Voris 2000). It is therefore surprising that we observed low

genetic differentiation between Queensland and Northern

Territory/Western Australia (Da values from 0.11% to 0.67%)
because this evidence suggests that there has been effective
dispersal between these areas during periods of connectivity. In
contrast, there has been continuous oceanic connectivity

between Australia and South-east Asia throughout the Pleisto-
cene. However, the narrow Timor Trough, which reaches depths
of 1500–3200m (Fig. 1) is likely to have provided a long-term

and stable barrier to dispersal and gene flow for a near-shore
shallow-water specialist such as Orcaella (Voris 2000; Parra
2006).

Conservation management

Conservation decision-making is inextricably linked to taxon-

omy (Mace 2004) and our results have helped resolve uncer-
tainty about the taxonomy and distribution of O. heinsohni in
Australian waters. O. heinsohni is listed as Near Threatened at
an international level (Reeves et al. 2008); however, population

trends at a national scale are unknown (Parra et al. 2006a;
Reeves et al. 2008). Estimates for local areas in Queensland
suggest that populations of O. heinsohni appear to be small and

localised (Parra et al. 2006a). The low reproductive rate
(i.e. maximum recorded age of 28 years: Marsh et al. 1989;
estimated age at reproduction of 9 years and one calf every

2–3 years: Taylor et al. 2007), combined with the low numbers
and continued threats (i.e. accidental catch in shark nets set for
bather protection: Paterson 1990; Gribble et al. 1998) are some

of the key reasons why the species is susceptible to local
extinction. The Northern Territory and north-western Western
Australia’s maritime estate is situated in a region of high marine
biodiversity and low human impact (Halpern et al. 2008).

Despite encompassing some of Australia’s remote and sparsely
populated coastlines, the Northern Territory and north-western
Western Australia face rapid development in some areas. As is

common for remote areas, there is little baseline information
with which to support marine planning and develop conserva-
tion plans in relation to coastal dolphins. Future studies on

metapopulation structure and gene flow among different
populations across their range, and taxonomic identification of
potential populations (i.e. Papua New Guinea) are needed to
establish conservation status and management actions at

national and regional scales.

Table 2. Percentage pairwise nucleotide divergence for each Orcaella haplotype (the present study and Beasley et al. 2005)

Sample Population [1] [2] [3] [4] [5] [6] [7] [8] [9]

2905Qld Queensland [1]

2906Qld Queensland [2] 0.8

2907Qld Queensland [3] 0.0 0.8

Co6COB Northern Territory [4] 0.5 1.3 0.5

Co7COB Northern Territory [5] 0.5 1.3 0.5 0.0

Co8COB Northern Territory [6] 0.3 0.5 0.3 0.8 0.8

Ro1ROE Western Australia [7] 0.5 1.3 0.5 1.0 1.0 0.8

Ro4ROE Western Australia [8] 0.5 1.3 0.5 1.0 1.0 0.8 0.0

14360INDO SE Asia [9] 6.6 6.9 6.6 7.2 7.2 6.3 6.6 6.6

EU121128.1 SE Asia [10] 6.3 7.2 6.3 6.9 6.9 6.6 6.3 6.3 1.8

Table 3. Percentage net nucleotide divergence (Da) among a priori

populations in the present study

Population Queensland Northern Territory Western Australia

Northern Territory 0.11

Western Australia 0.50 0.67

South-east Asia 5.52 5.71 5.58
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Chapter 3 
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Palmer C, Parra GJ, Rogers T, Woinarski J. 2014. Collation and review of sightings 

and distribution of three coastal dolphin species in waters of the Northern 

Territory, Australia. Pacific Conservation Biology 20: 116-125. 
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Estimates of abundance and apparent 
survival of coastal dolphins in Port 
Essington harbour, Northern Territory, 
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This chapter has been published as: 
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Estimates of abundance and apparent survival of coastal dolphins in Port 

Essington harbour, Northern Territory, Australia. Wildlife Research  

41: 35-45. 

 

 

 

 

Erratum 1.  The Abstract – Key Results should read: 

 
Abundance estimates for the three species varied across the sampling periods, with the 

estimated number of Australian snubfin dolphins ranging from 136 (s.e. 62) to 222 (s.e. 48); 

from 48 (s.e. 17) to 207 (s.e. 65) for the Australian humpback dolphin; and 34 (s.e. 16) to 75 

(s.e. 26) for the bottlenose dolphin. Apparent survival was estimated for snubfin at 0.81 (s.e. 

0.11), humpbacks at 0.59 (s.e. 0.12) and bottlenose at 0.51 (s.e. 0.17) per annum. 

 

 

Erratum 2.  Table 1 should read as per page 74. 

 

 

Erratum 3.  Table 4 should read as per page 75. 
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Table 1.  Collation of abundance estimates for coastal dolphin species in Northern Territory (NT), Queensland (Qld), Western Australia (WA) and 

New South Wales (NSW) 

Note that differences between studies may reflect real differences in density, but may also be influenced by study design, methodology and duration 

Species Study site (approx. area) Population 

estimate 

Approx. density 

(dolphins per km2) 

Source 

Orcaella heinsohni Port Essington, NT (325 km
2
) 136–222 0.42–0.68 This study 

Cleveland Bay, Qld (310 km2) 64–76 0.21–0.25 Parra et al. (2006) 

Keppel Bay (980 km2) 65–84 0.06–0.08 Cagnazzi et al. (2013) 

Sousa sp. Port Essington, NT (325 km
2
) 48–207 0.15–0.64 This study 

Cleveland Bay, Qld (310 km2) 34–54 0.11–0.17 Parra et al. (2006) 

Moreton Bay, Qld (1315 km
2
) 119–163 0.09–0.12 Corkeron et al. (1997) 

Great Sandy Strait, Qld (c. 1000 km2) 150 0.15 Cagnazzi et al. (2011) 

Tursiops sp. Port Essington, NT (325 km
2
) 34–75 0.10–0.13 This study 

Shark Bay, WA (14906 km2
) 2000–3000 0.13–0.20 Preen et al. (1997) 

Useless Loop area (Shark Bay), WA (226 km2) 115–208 0.51–0.92 Nicholson et al. (2012) 

Bunbury, WA (120 km2) 63– 139 0.53–1.16 Smith et al. (2013) 

Tursiops aduncus 

 

Moreton Bay, Qld (1,300 km2) 510–598 0.39–0.46 Ansmann et al. (2012) 

Point Lookout, Qld (150 km2) 806–861 5.37–5.74 Chilvers and Corkeron (2003) 

Moreton Bay, Qld (350 km2) 673–818 1.92–2.34 Lukoschek and Chilvers (2008) 

Clarence River estuary, NSW (89 km2) 71 0.80 Fury and Harrison (2008) 

Richmond River estuary, NSW (19 km
2
) 34 1.79 Fury and Harrison (2008) 

Port Stephens, NSW (140 km2) 61–108 0.44–0.77 Möller et al. (2002) 

Jervis Bay, NSW (102 km2) 143–160 1.40–1.57 Möller et al. (2002) 
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Table 4.  Estimates of the total marked population size ( N̂
m) and total population size ( N̂

total) of coastal dolphins in Port Essington harbour with 

log-normal 95% lower and upper confidence intervals (by session) and Coefficient of Variance (CV) 

  Period Marked population Total population 

Species Session (mm/yy) N̂
m s.e.( N̂

m) 
95% CI CV N̂

total s.e. ( N̂
total) 

95% CI CV 

Snubfin S1 11/08 93 34 26–159 0.37 153 57 76–310 0.37 

 S2 09/09 101 38 27–175 0.38 167 63 81–342 0.38 

 S3 11/09 82 37 10–155 0.45 136 62 58–317 0.46 

 S4 09/09 131 54 241–238 0.42 216 90 98–475 0.42 

 S5 11/10 134 28 80–189 0.20 222 48 146–336 0.21 

Humpback S1 06/08 29 10 9–49 0.34 48 17 24–95 0.36 

 S2 09/08 44 13 18–69 0.30 72 22 40–131 0.31 

 S3 11/08 49 16 17–80 0.32 80 26 43–151 0.33 

 S4 09/09 35 13 61–58 0.37 58 21 29–117 0.37 

 S5 11/09 58 17 24–91 0.37 95 30 52–173 0.31 

 S6 03/10 31 12 7–54 0.40 51 20 24–106 0.39 

 S7 06/10 126 39 49–202 0.31 207 65 113–379 0.32 

 S8 11/10 88 21 49–127 0.22 145 35 92–231 0.24 

Bottlenose S1 06/08 21 7 7–35 0.33 39 13 20–75 0.34 

 S2 03/09 32 11 1–53 0.35 59 22 29–118 0.37 

 S3 09/09 41 13 15–66 0.32 75 26 39–154 0.35 

 S4 11/09 18 9 1–36 0.50 34 16 14–83 0.49 

 S5 09/10 37 16 1–72 0.50 68 31 29–159 0.46 

 S6 11/10 26 13 1–50 0.47 48 24 19–123 0.50 
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Chapter 6 

 

A preliminary study of the movement patterns of false killer-whales Pseudorca 

crassidens in coastal waters of the Northern Territory, Australia 

 

Abstract 

Movements of four individual false killer whales were examined over a four month 

period using satellite tracking in coastal waters of the Arafura Sea, northern 

Australia. The individuals were initially tagged during March/April 2014 within 

Cobourg Marine Park, Northern Territory. Tracking lasted from 49 days to 89 days 

(mean = 66 days), and a total of 2,556 records with adequate precision were 

compiled. All four tagged individuals remained within the same school during this 

time.  

 

The locational data demonstrated broad scale movements of approximately 900 km 

from western-most (north-west of the Tiwi Islands) to eastern-most records (north of 

the Wessel Islands). Median water depth was 33 m, and median distance from land 

16.8 km; 17% of records were in waters shallower than 10 m, 33% of records were 

within 10 km of land, and the most distant record was 190 km from the nearest 

coastline. Locations varied across the four months of this sampling, with individuals 

being in relatively shallow waters (c. 20-25 m depth) close to land (10-20 km) in 

March and April, but moving to deeper waters (c. 40 m depth) further from land (60-

90 km) in May and June. This preliminary study indicates that a false killer whale 

population(s) may be present in coastal and pelagic waters across much of the 

region. The use of shallow coastal areas during certain times of the year is notably 
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different from that previously reported as typical for this species in other areas. Prior 

to this study, the false killer-whale was not considered a regular or important 

component of the coastal biodiversity of this region (e.g. Department of 

Sustainability Environment Water Population and Communities 2011a, 2011b). If, as 

indicated by this study, the false killer whale is a more regular user of these coastal 

waters, it merits more attention for conservation planning and management. 

Furthermore, its conservation needs may be substantially different to those of the 

other coastal marine mammals in this region. Further research is required to 

determine the generality of the movement patterns described here for false killer-

whales and to investigate their ecology and requirements in this area. 

 

Introduction 

 

The false killer whale Pseudorca crassidens is generally considered to be an oceanic 

species that approaches land mostly where the continental shelf is narrow and/or in 

isolated oceanic islands with precipitous slopes, such as the Hawaiian Islands 

(Stacey et al. 1994, Bannister et al. 1996, Baird et al. 2008, Baird 2009). Globally 

the species is poorly known, with an IUCN conservation status of Data Deficient 

(Taylor et al. 2008). This assessment also noted the “relative rarity of this species 

implied from the existing records makes it potentially vulnerable to low-level 

threats”. Subsequent to that global assessment, considerable declines have been 

reported for the best-known populations, around the Hawaiian islands (Reeves et al. 

2009).  

 



6. Movement of the false killer whale  98 

 

In Australia, false killer whales have been recorded at many locations around the 

coast, but these records are mostly of strandings and it is generally not regarded as a 

coastal species (Bannister et al. 1996). However, no systematic studies have been 

carried out on its ecology, habitat use and movement patterns in Australian waters.  

During a c. 3 year study of coastal dolphins in Port Essington harbour in the 

Cobourg Marine Park, Northern Territory, I recorded schools of false killer whales 

on several occasions, prompting a collation of records from Northern Territory 

coastal waters. This review indicated that the species may be a more frequent visitor 

to these shallow waters than previously recognised (Palmer et al. 2009).  

 

The most recent review of its conservation status in Australian waters also 

considered the species to be Data Deficient (Woinarski et al. 2014). The lack of 

sufficient information on population size and trends, area of occupancy, movement 

patterns and other relevant conservation parameters is likely to substantially hinder 

its consideration in conservation planning and management. Potentially this species 

is a more regular user of coastal waters or a resident in the Northern Territory coastal 

waters (Palmer et al. 2009). If this is the case,  it is likely that false killer whales will 

have different conservation management requirements to that of coastal dolphins 

(that have smaller ranging patterns) which have been the focus for some of the 

existing conservation planning and management in this area (Department of 

Sustainability Environment Water Population and Communities 2011b). Therefore, 

some further consideration of its occurrence, and status, in this relatively little 

modified coastal region (Halpern et al. 2008) is warranted.   
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In this study, I use satellite tracking to investigate the movement patterns and habitat 

use of false killer whales in the coastal waters of the Northern Territory. The 

approach used in this study is based on the successful application of long-term 

telemetry studies of this species in the Hawaiian Islands to determine patterns of 

occupancy and movements, and to provide information on ecology, population 

structure and trends (Baird et al. 2010, 2012). These studies have been instrumental 

in conservation management and planning for this species in that region. 

 

Methods 

 

Satellite tags were attached to four false killer whales in the Cobourg Marine Park 

between 27
th

 March and 3
rd

 April 2014 (Fig. 1), with the design following Baird et 

al. (2010). Tags were attached to the dorsal fin using a pneumatic projector at a 

distance of 5 to 10 m from a 5.5 m (27
th

 March) and 7.2 m (3
rd

 April) vessel that was 

moving parallel to the targeted individual. The tags contained an ARGOS-linked 

SPOT-5 (AM-S240C) location-only platform transmitter terminal (Wildlife 

Computers, Redmond, Washington, USA). The tag is attached by means of two 4-

7cm titanium darts and held in place with backwards-facing petals. The tag 

dimensions were 63 x 30 x 21 mm, with total weight of 49 g (Baird et al. 2012). 

Tags were duty cycled to transmit daily for 50 days, then every second day for the 

next 10 transmitting days (20 day span), then transmitting every 5
th

  day for the 

remainder of the tags’ life.  

 

Downloads of locational information from the first tagged false killer whale were 

used subsequently to help locate the school (of about 20 to 30 false killer whales) 
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and within that school a further three false killer whales were tagged. Individual false 

killer whales showed little response to satellite tag attachment – typically exhibiting 

only a tail slap and dive and then re-surfacing and continuing to swim parallel with 

the boat but at greater distance from it. 

 

Locational information varied in precision and location classes were classified 

according to estimated error and number of messages received during the pass.   

Regardless of the number of messages received during a satellite pass, an estimated 

error is calculated by ARGOS. For classification purposes, the error is assumed to be 

isotropic and therefore characterized by a single number called the radius of error 

(ARGOS User’s Manual 2014). It corresponds to one standard deviation (sigma) of 

the estimated location error. In presentation of results, I excluded locational data 

with an error radius > than 2 km (Class A 240 and B 1,348 location records 

excluded). (Class A has no accuracy information but has received three satellite pass 

messages; Class B has no accuracy information but has received one or two 

messages) (ARGOS User’s Manual 2014). 

 

The location records were mapped, and matched to water depth and distance to the 

nearest coast using ArcGis vers. 10.2. All datasets were projected into Australian 

Albers GDA94 (EPSG: 3577) with measurement units in metres. The attributes of 

the coastline dataset joined included the land mass unique identification and, for 

islands, area and perimeter. For depth values, I used the (very large) 2009 

bathymetric grid of Australia (0.0025
0
 cells/250 m resolution). The clipped grid’s 

cells were converted to polygons attributed with the depth, enabling a spatial join to 



6. Movement of the false killer whale  101 

 

attribute each ARGOS point record with the depth as recorded in the bathymetry 

grid.  

 

I present maps of the distributional records for all four individuals. Records for all 

individuals were then pooled (given that they were occurring consistently in the 

same school), and I calculated mean depth and distance to land for each of the four 

months over which there were records (March to June), although noting that there 

were relatively few records in March and June. 

 

Results 

 

Locational information was obtained for periods of 49 days to 89 days for the four 

tagged individuals (Table 1). Throughout the recording period, all active transmitters 

gave largely coincident signals, indicating the school of false killer whales 

containing the four satellite tagged animals remained together over that period 

(Fig.1). 
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Table 1. Length of time deployed transmitters were active and total number of 

fixes for four satellite-tagged false killer whales in coastal waters of the 

Northern Territory. 

Tag number Date deployed 

(2014) 

Last location 

date 

(2014) 

Total no. of 

location days  

Total no. of 

fixes  

129593 3rd April  21
st
 May  49 484 

131856 27
th

 March  30
th

 June 89 625 

131857 3rd April  8
th

 June  56 270 

131858 3rd April  30
th

 June  69 1177 

 

 

The tracking information demonstrated broad-scale movements of approximately 

900 km from western-most to eastern-most records, with activity largely restricted to 

relatively shallow coastal waters (Table 2). All four animals ranged over an 

approximate area of 70,000 km
 2
 and approached very close to shore at numerous 

points across the Top End coastline over the course of this study (Fig. 1). 
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Figure. 1 Locations of four satellite tagged false killer individuals (A – 131858; B – 

131857; C – 131856; D – 129593) showing all satellite-located positions by month 

(March = yellow; April = blue; May = red; June = black) and including initial ‘capture’ 

location and last recorded position. The 10 and 50 metre depth contours are shown.  

Note that March records are only for a small part of the month (one animal -5 

records), as are June (two animals - 35 records). 

 

Table 2. Water depth for all (filtered) locational records for four satellite tagged 

false killer whales in coastal waters of the Northern Territory. 

Depth 

range 

(m) 

Total no. of  

locations 

per tag  

Depth range for each for each tagged individual  

Tag no. 

12593 

Tag no. 

856 

Tag no.  

857 

Tag no. 

858 

1-20 709 179 189 16 325 

21-40 836 153 193 93 397 

41-60 751 114 168 110 359 

61-80 237 35 68 47 87 

81-100 23 3 7 4 9 

>100 0 0 0 0 0 

TOTAL 2,556 484 625 270 1177 
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Water depth and distance to land for false killer whale records varied among months, 

with March-April records being in shallower seas closer to land than May-June 

records (Figs 2, 3). Across all months, the median depth was 33 m, and 17% of 

records were in waters shallower than 10 m; the median distance from land was 16.8 

km and 33% of records were within 10 km of land. The record with greatest water 

depth was of 93 m, and the most distant record was 190 km from the nearest 

coastline. 

 

 

Figure 2. Scatterplot of water depth by distance from nearest land, for all 

records of all four false killer whale individuals, with records coded by month. 
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Figure 3. Monthly variation in water depth (top) and distance from nearest land 

(bottom) for all records of all four individuals. Small black boxes represent 

means, hatched boxes represent standard error, and whiskers represent 

minimum and maximum. 
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Discussion 

 

This study provided preliminary insights into the movement patterns and habitat use 

of four false killer whales along the Northern Territory coastline. I note that the 

results presented here need to be taken with caution as data come from only four 

individuals in one school and over a relatively short time frame (seven to twelve 

weeks), and may not be representative of other schools, other seasonal conditions, or 

other years.  

 

The satellite data indicated that this species uses coastal waters across much of the 

region. This habitat use contrasts notably with previous studies that typically report a 

distinct preference for deep oceanic waters (Stacey and Baird 1991). A notable 

exception to this general pattern is the genetically distinct nearshore false killer 

whale population reported in Hawaiian waters (Baird et al. 2012, Martien et al. 

2014). However, the seafloor around these volcanic islands is very steeply sloping 

such that even near-shore occurrences of false killer whales in this area may be in far 

deeper water than that observed here for use of Northern Territory seas. 

  

 

The results reported here considerably expand the limited knowledge of the status of 

this species in Northern Territory waters (Palmer et al. 2009). The tracking data 

indicated that the species is moving very extensively along the Northern Territory 

coast. In the Northern Territory, there is marked seasonality in winds, currents, air 

temperature and rainfall, and the location data suggest that false killer whales may be 

responding to some of these seasonal influences. In the wet season, estuaries could 
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be an essential habitat (Palmer et al. 2009). The data presented here and the few 

records reported previously (Palmer et al. 2009) illustrate the challenges in collecting 

information from a rare species that is sighted only occasionally in a remote and 

isolated region.  

 

In the coastal waters of the Northern Territory conservation planning and 

management of marine biodiversity is limited.  Conservation and management 

efforts have focused largely on relatively sedentary species that occur in a series of 

discrete subpopulations in many localities (Department of Sustainability 

Environment Water Population and Communities 2011a). Conservation planning for 

such species may be reasonably straightforward through the establishment of 

carefully-located representative marine protected areas, fisheries exclusion areas, and 

careful placement of highly localised developments. However, as reported elsewhere 

for large cetacean species with extensive dispersal (Hooker et al. 1999, Hooker et al. 

2011), such responses are unlikely to be effective for species such as false killer 

whales. The observed movement patterns in this study, although limited, indicated 

that this species is 1) unlikely to be well protected by a single small reserve or a 

network of discrete and small protected areas and 2) potentially under threat from 

anthropogenic activities in inshore waters (e.g. interaction with fisheries, coastal 

development). Moreover, on-ground conservation planning is difficult for highly 

mobile species like the false killer whale that are globally poorly known and have an 

IUCN conservation status of Data Deficient (Taylor et al. 2008). The IUCN 

assessment for this species also noted the “relative rarity of this species implied from 

the existing records makes it potentially vulnerable to low-level threats” (Taylor et 

al. 2008). Subsequent to that global assessment, considerable declines have been 
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reported for the best-known populations, around the Hawaiian islands (Reeves et al. 

2009).  

 

Although this study was brief and exploratory it provides valuable information and a 

platform for future studies on false killer whales in the Northern Territory. The 

preliminary results indicate that false killer whales appear to use coastal waters of 

the Northern Territory more regularly than previously thought and may be an 

important component of the biodiversity of this region. Further research should seek 

to determine: 

(1) whether there are other schools of false killer whales making analogous 

coastal movements along the eastern and western coastlines of the Northern 

Territory; 

(2) whether the movement patterns reported here are consistent across other 

months and years; 

(3) the likely ecological and environmental drivers of the movement patterns 

described here, and; 

(4) population genetics, conservation status, ecological requirements and 

conservation planning and management needs for this species. 
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Chapter 7 

 

Integration, conclusions and conservation implications 

 

This study sought to investigate aspects of the status and ecology of coastal 

delphinids occurring in Northern Territory coastal waters. I focused on three coastal 

dolphin species – the Australian snubfin dolphin (Orcaella heinsohni), the Australian 

humpback dolphin (Sousa sahulensis), and the bottlenose dolphin (Tursiops sp.), but 

I also considered the typically oceanic false killer whale (Pseudorca crassidens).  

 

Prior to this study, the status and ecology of all four species across Northern 

Territory coastal waters was poorly known. This study sought to address some major 

knowledge gaps in order to aid conservation planning and management efforts. The 

scope of this overall aim is vast: these are four disparate taxa occurring across 

11,000 km
2
 of mostly remote coastal seas, and the knowledge gaps included 

taxonomic uncertainties, distribution, population size and structuring, habitat 

preferences, ecology and threats. I do not address all of these important issues in this 

thesis. I selected research components and research approaches that address some of 

the most pressing concerns in regards to the management and conservation of these 

species. In some aspects (e.g. the distributional studies: Chapters 3), my approach 

was deliberately broad-based, whereas in other components of this research (e.g. 

population and residency status of three species at Port Essington: Chapter 4) I 

specifically sought to undertake more focused and comprehensive ecological studies 

at a selected study area. Satellite tracking of false killer whales (Chapter 6) was 

initiated for the first time in Australia and this brief study highlighted that coastal 

waters may be an important habitat for this species in this region.    
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In this final Chapter, I seek to bring together the results of these diverse but 

complementary studies into a more coherent assessment of the status of these species 

in this area. This chapter initially focuses on responses to the key research questions 

formulated in the Introduction (Chapter 1), then provides a synthesis relating to the 

conservation management implications of the set of studies, and concludes with an 

approach that outlines further research priorities.  

  

Question 1: What are the taxonomic relations of the Australian snubfin occurring in 

Northern Territory and Western Australian waters? 

The first question addressed the importance of clarifying a species’ distribution 

based on accurate taxonomic identification and phylogenetic history (Blair et al. 

2014). This is a first step for informed conservation management decisions to be 

formulated (Mace 2004). In Chapter 2, I examined the genetic relationships of 

snubfin dolphins occurring in Northern Territory and Western Australian waters. The 

Australian snubfin dolphin (Orcaella heinsohni) was split from the Asian Irrawaddy 

dolphin (O. brevirostris) in 2005 (Beasley et al. 2005) and at that point was the first 

cetacean known to be endemic (or almost exclusive) to Australian waters. The 

research of Beasley et al. (2005) was based on tissue samples collected from 

stranded animals from Asia and Queensland, with only one sample from the 

Northern Territory (and  there was some uncertainty about the provenance of this 

sample), and there were no samples in the analysis from Western Australia. Given 

that the Orcaella populations in Northern Territory and Western Australia occur 

between the two main geographic clusters sampled by Beasley et al. (2005), the 

taxonomic status of populations of Orcaella occurring in northern and north-western 

Australia was uncertain. Furthermore, marked genetic structuring between 
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populations east and west of Cape York Peninsula, associated with long periods of 

closure of the sea connection between north-eastern Australia and New Guinea, has 

recently been reported for another marine mammal, the dugong Dugong dugon (Blair 

et al. 2014), and such a marked genetic signal may also be expected in other coastal 

marine mammals in northern Australia. 

 

I analysed the mtDNA sequence data from biopsy samples collected from free-

ranging individuals in Orcaella populations in the Northern Territory and north-west 

Western Australia to resolve the taxonomic identify of populations in northern 

Australia. The results corroborated the findings of Beasley et al. (2005) and 

confirmed the presence of the Australian snubfin dolphin in waters of northern and 

north-western Australia.  

 

Question 2: What is the distribution of three species of coastal dolphins in the 

Northern Territory? 

By global standards the coastal waters of Australia are relatively unmodified, 

particularly in remote northern Australia (Halpern et al. 2008, Edyvane and 

Dethmers 2010). However, the conservation status of marine biodiversity in the 

coastal waters of northern Australia is poorly documented. Information on the 

ecology of three species of coastal dolphins in Australia was available for only a few 

selected sites along Queensland’s east coast (Corkeron et al. 1997, Parra et al. 

2006a, Cagnazzi et al. 2011, 2013). In the Northern Territory, studies on cetaceans 

had been mainly opportunistic (Harwood et al. 1984, Freeland and Bayliss 1989, 

Whiting 1997, Chatto and Warneke 2000, Parra et al. 2002, 2004, Porter and 

Chilvers 2003, Marsh et al. 2010). Accordingly, to gain a clearer understanding of 
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the broader distributional context for three species of coastal dolphins in the 

Northern Territory, I collated the historical and contemporary sighting data with 

records spanning 1948 to 2010 (Chapter 3). 

 

The Australian humpback dolphin (Sousa sahulensis) was the most frequently 

recorded species (44% of all records) followed by the Australian snubfin and 

bottlenose dolphins (Tursiops sp.) (both 28%). The sighting data indicated that the 

three species are widely distributed along the Northern Territory coast but with some 

apparent differences in habitat use. Tidal rivers, estuaries and coastal areas are 

important habitats for all three species but particularly so for the Australian 

humpback dolphin and Australian snubfin dolphin. There were relatively many 

records for these two species recorded long distances (20 to 50 km) upstream from 

the mouth of tidal rivers, whereas only 3% of records of bottlenose dolphins were 

within tidal rivers.  

 

The collated data were scarce and opportunistic rather than comprehensive and 

systematic, but the information provides insights into the distribution of coastal 

dolphins in the Northern Territory. The broad distribution and occurrence of coastal 

dolphins at many sites suggests that it is unlikely that these species would qualify for 

threatened status under IUCN categories B (small geographic range) or D (very 

small or restricted population), or EPBC Act equivalents. Information on population 

size, trends and structure are needed if we are to resolve the conservation status at 

the State/Territory and national levels. The information provides guidance for future 

research and management efforts and context for environmental impact assessments 

for coastal dolphins in Northern Territory waters.    
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In addition to the above information, it was during this c. 3 year study on coastal 

dolphins that I recorded schools of false killer whales on several occasions in 

Cobourg Marine Park while undertaking coastal dolphin boat-based surveys. These 

sightings prompted the collection and collation of sighting records for the false killer 

whale in the Northern Territory from 2007 to 2009 (Chapter 5). The collation of 

these sightings indicated that this oceanic species may be a regular visitor to the 

shallow coastal waters of the Northern Territory.  

 

Question 3: At a local scale, what are the population estimates and survival rates for 

three species of coastal dolphins in a remote and reasonably unmodified area of the 

Northern Territory?  

 In Chapter 4, I used photo-identification data and Pollock’s robust design model to 

investigate the abundance and apparent survival of Australian snubfin, Australian 

humpback and bottlenose dolphins in Port Essington, a largely unmodified harbour 

of c. 325 km
2
 in Cobourg Marine Park. Abundance estimates for the three species 

varied across the sampling periods, with the estimated number of Australian snubfin 

dolphins ranging from 136 (s.e. 62) to 222 (s.e. 48); from 48 (s.e. 17) to 207 (s.e. 65) 

for the Australian humpback dolphin; and 34 (s.e. 16) to 75 (s.e. 26) for the 

bottlenose dolphin. Annual apparent survival was estimated at 0.81 (s.e. 0.11) for the 

Australian snubfin dolphin; 0.59 (s.e. 0.12) for the Australian humpback dolphin and 

0.51 (s.e. 0.17) for the bottlenose dolphin.  

 

The population estimates for the Australian snubfin and Australian humpback 

dolphin exceeded the few other estimates available for these species elsewhere in 

Australia.  The bottlenose dolphin estimates were lower than for other sites in 
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Australia. These estimates comprise about 1-2% of the overall Australian estimates 

of population sizes (of 10,000 mature individuals, albeit with low reliability) for the 

Australian humpback dolphin and Australian snubfin dolphin (Woinarski et al. 

2014), and will help refine those estimates, and hence reduce the data deficiency for 

these species.  

 

Population estimates had large standard errors and confidence intervals, with this 

variability particularly marked for the Australian snubfin dolphin. The population 

estimates for the Australian humpback dolphin showed substantial variation across 

sampling periods.  All three coastal dolphin species moved into and out of the study 

area in Port Essington during sampling periods and limitations of small sample sizes 

had an impact on the potential for the robust design model to deal with time-varying 

survival probabilities and to provide informative analysis of temporary emigration. 

Moreover, coastal dolphins naturally occur in small numbers and can be hard to sight 

in turbid waters, exhibit boat-shy behaviours, and move into and out of the study 

area (within a sampling period). These factors affected the sighting rates and in turn, 

led to varying precision of population estimates for any primary sampling period.  

 

More intensive sampling, and sampling over a larger study area in Port Essington are 

needed for the robust design mark recapture methodology to provide acceptable 

levels of precision and the capacity to estimate temporary emigration rates. Such 

intensive sampling is required for future environmental assessments and for the 

establishment of a management responses and measurements of their efficacy. Any 

less robust and substantial approach in Port Essington is likely to provide unreliable 

estimates of population size and hence may be unable to provide acceptable 
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estimates of the significance to coastal dolphins of any area proposed for 

development.   

 

Studying coastal dolphins is time-consuming, expensive and logistically challenging. 

Nonetheless, estimates of population size (with acceptably small standard errors and 

confidence intervals) and temporary emigration are needed if we are to understand 

how these wide-ranging species use an area over time. The findings from this 

research indicated several issues to take into account for future capture-recapture 

studies in Port Essington and potentially other areas with similar characteristics: 

 Reliability and precision will be enhanced with more intensive sampling – for 

example, with more than one boat undertaking surveys concurrently.  

 The secondary sampling periods should be extended over a longer time frame 

– i.e. more survey days. 

 The size of the study areas during the secondary sampling period needs to be 

increased to reflect the ranging patterns of coastal dolphins.  

 To optimise sighting detectability the calmest sea state conditions are 

necessary. Based on Chapter 4 the months with optimal sea state conditions 

in monsoonal northern Australia are September to November.  

 In order to improve the overall value of data from boat-based mark-recapture 

monitoring programs for coastal dolphins (i.e. to narrow confidence 

intervals) and have the capacity to monitor trends over time in the 

populations, a substantial increase in survey expenditure will be required.   
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Question 4: Could coastal and estuarine waters of the Northern Territory be 

significant habitat for false killer whales? 

The purpose of this question was based on the first collation of sighting information 

on free ranging false killer whales in the Northern Territory (Palmer et al. 2009). The 

collation of sighting data of this rare typically ocean going species emphasised that 

there was very little documented information on this species (Palmer et al. 2009) in 

the Northern Territory and most information had been obtained from stranding data 

(Chatto and Warneke 2000, Palmer et al. 2014).  

 

Chapter 5 documents false killer whales entered semi-enclosed harbours during the 

wet season (December-April). Behavioural observations associated with these 

sightings suggest they were foraging. The information highlighted that estuarine 

waters could be an important seasonal habitat for false killer whales.  

 

Question 5: Do false killer whales use Northern Territory coastal waters regularly 

or substantially?  

Following on from the collation of false killer whales in coastal waters, Chapter 6 

documents the movement of four satellite tagged false killer whales for the first time 

in the Northern Territory and in Australia. The preliminary movement data was 

recorded over four individuals from the same school and over four months. The 

satellite tracking data highlighted that this school of false killer whales undertook 

broad scale movements, within a median depth of 33 m and median distance to land 

of 16.7 km. The information presented in this chapter substantiates that further 

research is warranted including ongoing satellite deployment to further document 
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movements and potentially seasonality, biopsy sampling to clarify population 

genetics, and through stable isotope and fatty acid analysis and observational studies 

identify prey species and assess if there is an overlap with commercial fisheries 

operating in Northern Territory and Commonwealth waters.   

 

Question 6: What are the implications of this study for the conservation of coastal 

delphinids in these waters? 

Coastal dolphins including the Australian snubfin, Australian humpback and 

bottlenose dolphins are susceptible to environmental change, because they are long-

lived, slow to mature, have low reproductive rates, long parental care, small home 

ranges and depend on nearshore environments (Shane et al. 1986, Parra 2006, Parra 

et al. 2006a,b, Fury and Harrison 2008, Jefferson et al. 2009). This thesis has 

improved our understanding of the status and biology of three species of dolphins, 

and the false killer whale, occurring in the coastal waters of the Northern Territory.  

 

The results fill in some of the major information gaps for some important marine 

species in Northern Territory waters (Larson et al. 2013). A lack of knowledge in 

these remote and isolated areas is a serious impediment to conservation management 

and planning. Given such data deficiency, it is difficult to delineate areas of 

conservation significance, analyse or predict species’ population viability and 

responses to new developments or other pressures.  

 

For the false killer whale, dispersion and movement patterns may be notably 

different to those of coastal dolphins. For example, this study indicated that home 

ranges of false killer whales may be very extensive. For this species, most life 
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history data have come from animals killed in a Japanese drive fishery and stranded 

animals (Kasuya 1986, Ferreira 2008, Baird 2009). But similar to coastal dolphins, 

individuals mature slowly, reproduce infrequently and are long-lived. Sexual 

maturity occurs between 8.25 to 10.5 years of age, gestation is estimated to last 

around 15 months and the only reported calving interval is 6.9 years (Kasuya 1986, 

Ferreira 2008, Baird 2009).  

 

For all four species, the assessment of population trends and conservation status and 

hence the framing and implementation of conservation management responses is still 

hampered by critical information shortcomings. Despite two conservation 

assessments over the last 20 years calling for research to clarify critical parameters 

relating to the conservation status of delphinids in Australian waters (Bannister et al. 

1996, Ross 2006, Woinarski et al. 2014), the information base at a national level 

remains inadequate – although some previous studies (Parra et al. 2002, 2004, Parra 

2006, Parra et al. 2006a,b) have provided noteworthy and substantial advances in 

knowledge about the ecology and status of the Australian humpback and Australian 

snubfin dolphins. The research presented in this thesis has advanced our 

understanding substantially in some aspects, particularly for the Northern Territory 

region, but the overall information base remains limited.  

 

There is a significant opportunity to undertake applied conservation management of 

four delphinid species in the coastal waters of northern Australia generally, and of 

the Northern Territory specifically. My study demonstrated that it is likely that these 

waters hold important populations of Australian snubfin and Australian humpback 

dolphins. This study also showed that false killer whales use coastal waters in the 
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Northern Territory, and this use may be exceptional in an Australian context. For the 

Australian snubfin and humpback dolphin, the Coburg Marine Park is likely to be of 

long-term importance for conservation, with a relatively large population protected 

from many of the threats that affect these species elsewhere in their range. The 

extent to which there are other comparably important individual sites in other coastal 

waters of the Northern Territory is however unknown. Conservation management of 

coastal dolphins at Port Essington will require protection of important habitat, 

habitat quality and threat amelioration in adjacent sites given that dolphins move in 

and out of the study area. This requirement may be even more pronounced for the 

conservation of false killer whales in this region, because of their substantial 

movements.  

 

This local and broad-scale conservation management should include minimising 

both current and future threats. From studies elsewhere in the world, the main factors 

of concern include: entanglement in fishing gear or other fisheries interactions 

(Slooten 2007, Wells et al. 2008, Aragon-Noriega et al. 2010), increasing coastal 

developments (Jefferson et al. 2009), anthropogenic noise (Brownell et al. 2009, 

Jensen et al. 2009), human interactions and tourism (Bejder et al. 2006), depletion of 

prey from both commercial and recreational fishing (Sibert et al. 2006, Berens 

McCabe et al. 2010), vessel strikes (Wells and Scott 1999, Laist et al. 2001) and 

displacement (Goodwin and Cotton 2004), habitat loss (Allen and Read 2000, 

Jefferson et al. 2009) and pollution (Thompson 2007, Ylitalo et al. 2009). Given the 

demonstrated impacts of these factors upon coastal dolphins elsewhere in the world, 

the management of these factors in north Australian waters (or for some of these 

factors, in lands adjoining these waters) should be considered proactively and 



7. Conclusion and conservation implications  125 

strategically in relation to impacts upon the important coastal dolphin populations 

occurring in these waters. This is not the current case, where development 

assessment is typically limited to local-scale issues, and broader incremental or 

cumulative impacts are largely ignored (Edyvane and Dethmers 2010). Furthermore, 

there has been no proactive conservation planning in these coastal waters, whereby 

sites of conservation significance for coastal dolphin species (or other marine 

biodiversity) are identified and protected prior to planning that focuses on 

development options (Edyvane and Dethmers 2010).  

 

This study in context 

 

How do my findings relate to knowledge of these species gained from studies 

elsewhere in their range? How do the particular environmental characteristics of 

coastal monsoonal Australia influence the ecology of these species? Are my findings 

typical of those reported elsewhere? Unfortunately, these questions are difficult to 

answer, because there have been few comparable studies of Australian snubfin, 

Australian humpback, and bottlenose dolphins and false killer whales in monsoonal 

northern Australia.  

 

My thesis findings (in Chapter 3) indicated that Australian snubfin and Australian 

humpback dolphins co-occur across a range of coastal habitats in the Northern 

Territory; with estuaries, semi-enclosed harbours and tidal rivers as important 

habitats. This finding concurs with previous studies elsewhere in their range 

(Corkeron et al. 1997, Hale 1997, Preen et al. 1997, Hodgson 2007, Parra and 

Corkeron 2001, Parra et al. 2002, 2004, Parra 2006, Parra et al. 2006b, Cagnazzi 
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2010, Beasley et al. 2010, Marsh et al. 2010, Thiele 2010, Allen et al. 2012). My 

results corroborate conclusions from these other studies that the conservation and 

maintenance of high quality estuaries, tidal rivers and coastal habitat within 20 km of 

a river mouth should be a general priority for the conservation of these dolphin 

species. However, while previous studies of these species have demonstrated some 

association with tidal rivers, the upstream extent of use reported in my study (e.g. up 

to 50 km upstream from the mouth in the turbid East and South Alligator Rivers), 

surpasses that previously documented. This is probably because such extensive tidal 

stretches in rivers are particularly characteristic of the Northern Territory. 

 

Overall, populations for Australian snubfin and Australian humpback dolphins are 

thought to be small, and some subpopulations may be geographically and genetically 

isolated (Cagnazzi 2010). However, there have been very few quantitative estimates 

of population size in any areas across their range in northern Australia (Corkeron et 

al. 1997, Parra et al. 2006a; Fury and Harrison 2008; Cagnazzi et al. 2011, 2013). 

My research added to the limited set of site population estimates for the Australian 

snubfin and the Australian humpback and provided such an estimate for the first time 

in monsoonal Australia for the bottlenose dolphin (Chapter 4). The population-size 

estimates in my study area are broadly comparable to, but slightly larger than, 

estimates of local population size of the Australian snubfin and Australian 

humpback dolphins reported from the few previous studies elsewhere in Australia 

(Parra et al. 2006a, Cagnazzi et al. 2011) . However, these results should be taken 

with caution given the large confidence intervals associated with these estimates. 

The estimated population size and density for bottlenose dolphins in Port Essington 

were smaller than those from studies elsewhere in Australia (Connor et al. 2000, 
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Möller et al. 2002, Chilvers and Corkeron 2003,  Lukoschek and Chilvers 2008,  

Nicholson et al. 2012), except for the estuarine populations reported by Fury and 

Harrison (2008).  

 

Assessment of the conservation status of coastal dolphins is constrained by 

information deficiencies relating to key parameters of population size and trends and 

area of occupancy (Taylor and Gerrodette 1993, Wilson et. al. 1999, Parra et al. 

2006a). For many coastal dolphins, these parameters are difficult to estimate, and 

population assessment and monitoring studies need to be carried out over many years 

and will need to be replicated at a range of key sites and include the collection of key 

environmental covariates. The limited capability to detect population trends has been 

one of the reasons that quantifiable proof of population decline or increase is a 

difficult criterion for the assessment of conservation status, and for measurement of 

the impacts of particular developments or responses to particular management 

impositions, especially for species already occurring at low densities (Gerrodette 

1987, Taylor and Gerrodette 1993). However, the development and implementation 

of appropriate systematic survey designs and analysis of appropriate models for 

population size, survival and other demographic parameters is possible (Palmer et al. 

2014) but requires long-term funding and a focused approach.  

 

As shown in other studies on bottlenose dolphins (Conn et al. 2011, Balmer et al. 

2012, Nicholson et al. 2012, Smith et al. 2013) and one study on the endangered 

Indo-Pacific humpback dolphin (Wang et al. 2012) and in Port Essington (Chapter 4 

with due caveats) the robust design model (Pollock 1982) can provide a workable 

approach for monitoring population size of coastal dolphins. The combination of 
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both open and closed populations (within the robust design) allows for population 

abundance to be estimated for each primary sample and apparent survival between 

each sampling periods. Temporary emigration can also be estimated between 

primary samples (Kendall et al. 1995, 1997, Kendall and Nichols 1995) and the 

approach is an improvement on standard open-populations models which cannot 

accommodate variation in capture probabilities (except by time) and can produce 

biased estimates (Pollock et al. 1990, Williams et al. 2002).  

 

As suggested previously by Parra et al. (2012), in order to get broad national 

population trend information, this methodological approach could, and should, be 

instigated in a strategic number of key undeveloped and developed (and developing) 

sites across the range of these coastal dolphin species in Australia and produce 

baseline population estimates and monitor population trends over time (many years). 

However, the time taken to gain sufficient evidence of population trajectories may be 

substantial, such that proof that species may have breached a population reduction 

threshold may not be obtainable until that decline is largely beyond remedy (e.g. 

Parra et al. 2006a).  

 

Northern Australia is defined by a very strongly seasonal (monsoonal) climate, with 

this manifest in coastal waters by extreme seasonal variation in discharge of rivers, 

and some marked seasonal variation in sea surface temperature, turbidity and 

prevailing winds. It is highly likely that these characteristics impose marked seasonal 

variations in food resource availability for coastal delphinids, and this may influence 

their patterns of habitat use, movement and breeding activity. My studies provide no 

quantitative information on variability in habitat preferences or resource availability, 
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but indicated some level of at least local-scale movements of coastal dolphin species 

and broader regional movement by false killer whales. Such movements may be a 

response to temporal and spatial variability in resources. However, there is too little 

comparable information available from other studies in less seasonal environments to 

indicate whether such movement patterns are typical of these species or are a 

response to the marked seasonal variation in my study area. 

 

Recommendations for further research 

 

Extinction risks for many declining cetacean species are correlated with a number of 

factors: high trophic level, small population size and low population density, delayed 

maturity, low reproductive rate and small geographical range (Purvis et al. 2000, 

Baird 2009). These factors are characteristic of Australian snubfin and humpback 

dolphins. To manage extinction risks, frame and implement conservation 

management responses, I recommend the following priority further studies.  

 

Genetic studies  

 

To what extent are the ranges of these species continuous, and what is the extent of 

subpopulation structure and genetic isolation across these ranges?  

An understanding of metapopulation structure and gene flow among coastal dolphin 

species across their range is needed to determine priority sites and subpopulations for 

conservation attention, the context and impacts of local developments, conservation 

status and priority management actions (Palmer et al. 2011). It will be important to 

clarify the extent to which subpopulations of the three species of coastal dolphins are 
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genetically isolated from neighbouring subpopulations as this will help define 

management units (Moritz 1994, Rosel et al. 2009, Parra et al. 2012, Cagnazzi et al. 

2013).  

 

Are false killer whales in Northern Territory coastal waters a distinct genetic stock? 

In the Hawaiian Exclusive Economic Zone (EEZ) two lines of evidence – based on 

comparing mitochondrial haplotypes samples from nearshore with samples from 

offshore (as well as North Atlantic, Indian Ocean, Western Pacific) – have indicated 

there are at least two genetic stocks of false killer whales (Chivers et al. 2007, 

Martien et al. 2014). False killer whales sampled near the main Hawaiian Islands are 

demographically isolated from their offshore counterparts (Chivers et al. 2007, Baird 

2009) and a comparable divergence may be the case in the Northern Territory. 

Population genetic data are needed to delineate management units for this 

particularly poorly-known species.   

 

Long-term population modelling (including pre- and post- development and in 

protected areas)  

 

Detailed monitoring studies with consistent methodological approaches –such as 

robust design mark-recapture analysis of photo-identification data – will need to be 

undertaken at key sites across northern Australia and for all four species if we are to 

assess and interpret overall population trends, and to monitor impacts due to local 

development or flowing from conservation management actions. Data from my study 

may help in the design of such monitoring studies, in particular in relation to power 
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analysis that should be undertaken to guide the extent of monitoring required to 

detect significant changes in abundance. 

 

Population Viability Analysis - what is the trajectory?  

 

Population viability analysis (PVA) for all four species is desirable in order to assess 

overall population-level responses to individual and cumulative developments, and 

to identify actions that may deliver most conservation benefit. Any such PVA will 

require more information on population sizes and responses to impacts, to 

complement the partly-existing demographic data including age of first reproduction, 

age-specific birth and death rates, inter-birth interval and age and sex structure. 

Assessment of demographic characteristics can be determined through long-term 

photo-identification combined with genetic studies using biopsy samples from free 

ranging animals.   

 

Habitat modelling 

 

Factors that influence habitat use and suitability need to be investigated. Determining 

whether temporary emigration is related to food availability is a key area for 

investigation and should be investigated for all four species. Habitat models should 

incorporate a range of covariates including water depth, slope, bathymetry, and 

distance from shore, turbidity, chlorophyll concentration and prey availability.  
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Ranging patterns for false killer whales  

 

Studies are required to assess habitat use by false killer whales, and its seasonal 

variation, to determine areas of critical habitat and potential overlap with commercial 

fisheries operations. My preliminary study suggests that satellite tracking may 

provide significant advances to such understanding.  

 

Fisheries interactions 

 

Currently in the Northern Territory there is very little publicly available information 

on fisheries interactions with cetaceans, and commercial fisheries are self-reporting 

and self-regulating. This information is important for the regulation of fisheries 

activity and its amelioration of impacts. In the 1980s, very high rates of dolphin 

bycatch and mortality were reported for the Taiwanese gillnet fishery operating in 

the Arafura Sea region (Harwood et al. 1984), and this substantial level of bycatch 

was an influential factor in the regulation and closure of this fishery.  

 

The probability of interaction and impact for individual dolphin species will depend 

on the distribution, type, timing and intensity of fishing effort, and the extent to 

which this distribution coincides with coastal dolphin habitat (Harwood 1999). 

Currently, there is some coarse-scale assessment of the distribution of commercial 

fishing activity in these waters, through grid-based reporting of catches and logbook 

returns (Northern Territory Government 2014). This information combined with data 

on the distribution and abundance of delphinid species will make it possible to 

develop a preliminary threats matrix showing the distribution of fishing effort in 

coastal waters of the Northern Territory and where this overlaps with distribution, 
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abundance and specific habitats for coastal dolphins and false killer whales. 

However, more fine-scale information on fisheries activity and dolphin habitat use 

would be desirable, along with more comprehensive reporting of bycatch and other 

fisheries interactions. 

 

Persistent organic pollutants  

 

Given that all four species are top level predators, have low reproductive rates, 

delayed maturity and are long-lived, they are likely to accumulate high levels of 

persistent organic pollutants. Persistent organic pollutant levels and heavy metals can 

be assessed from biopsy samples and allow for comparison among dolphin species 

and individuals (Ylitalo et al. 2009, Cagnazzi et al. 2013), and between sites exposed 

to substantial development impact and sites remote from impact. This research may 

be particularly pertinent given substantial current and projected increases in port 

activity, including export of a range of heavy metals, in these otherwise largely 

undeveloped waters.  

 

Conclusion 

 

The conservation and management of coastal dolphins in northern Australia will be 

an enduring challenge, but that outcome is likely to be more readily achieved as 

more knowledge is acquired. This thesis has contributed substantially to filling some 

of the deficiency in information that currently inhibits effective conservation and 

management of coastal dolphin the Northern Territory. It has helped document a 

considerable conservation value of coastal waters of monsoonal northern Australia 
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for these four species, and provided a more robust evidence base for assessment of, 

and responses to, development and other impacts. However, further research and 

management initiatives are needed before the status of these species in this region 

can be assessed and considered secure. 

 

Coastal waters of the Northern Territory are relatively undisturbed and cover much 

of the global range of Australian snubfin and Australian humpback, and a significant 

portion of the range of  bottlenose dolphins in Australian waters. My studies indicate 

that significant populations of these coastal delphinids inhabit some key areas along 

the Northern Territory coast.  The Northern Territory thus offers an exceptional 

opportunity to undertake conservation management and planning that is proactive, 

rather than reactive.  In the short term, a range of conservation management actions 

should be implemented. These include: (1) the identification and protection of sites 

of particular conservation significance for these coastal delphinid species (and other 

important components of biodiversity); (2) a more contextual approach to 

development assessment, that more appropriately considers cumulative impacts and 

the distributional and meta-population structuring of these species; (3) rigorous 

assessment of the actual impacts of existing and emerging developments, such that 

likely impacts of future developments may be more robustly estimated; (4) the 

development of evidence-based thresholds for land use modification and 

development in catchment areas that are likely to affect the quality of tidal waters 

and estuaries; and (5) more detailed assessment of fisheries interactions and resource 

depletion, with consequential refinement of fisheries management to ensure that 

fisheries activities have no significant impacts upon the population viability of these 

delphinid species.  
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