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Summary 

Introduction 

Following the deaths of six Indo-Pacific bottlenose dolphins (Tursiops aduncus) in the Swan Canning 

Riverpark in 2009 and recommendations of the Chief Scientist‘s Report to the Minister for 

Environment (Beazley, 2010), the Swan River Trust commissioned this report in order to:  

1. provide up to date information on the size and composition of the Riverpark dolphin 

population in context of historic datasets; and 

2. review dolphin health investigations with up to date analyses of all findings from the 2009 

mortality event and an evaluation of the prevalence and incidence of epidermal disease in 

dolphins using the Swan Canning Riverpark. 

Riverpark Dolphin Population 

A total of 45 surveys (284 hours) were conducted over a set survey route within the Swan Canning 

Riverpark between June 2011 and July 2012 resulting in 109 dolphin sightings. Thirty six dolphins, 

including 27 adults/sub-adults and nine calves were photo-identified. Twenty of the 27 adult and sub-

adult individuals had been identified previously, either during intensive research from 2001-2003 or 

during low-level monitoring from 2008-2011. 

Of the nine mother-calf pairs identified, four of the females were known from the 2001-3 research 

(Highnitch, Tworakes, Moon, Tupac). Three of these (Tworakes, Moon, and Tupac) had calves that 

were 3-4 years old. Eden, a female identified in 2009, also had a calf of a similar age. Three females 

had calves born after May 2011 (Pirulli, Highnitch, and Resource). 

We classified 16 adult/sub-adult dolphins as ‗residents‘ within the Swan Canning Riverpark. These 

dolphins had high seasonal sighting rates and were sighted in >10% of surveys between June 2011 and 

May 2012. Four of the ‗resident‘ dolphins were females with dependent calves. Thus, if calves are 

included, the total population size of resident dolphins in the Swan Canning Riverpark is 20 dolphins. 

This is similar to the estimated number of resident dolphins present in 2001-3 (20-25 dolphins, 

including calves).  

Five adult/sub-adult dolphins were classified as ‗transients‘ because they were sighted only once or 

twice within one month in the Swan Canning Riverpark and were mostly observed in adjacent coastal 

areas (Cockburn Sound, Owen Anchorage, and Gage Roads). Two of the ‗transient‘ dolphins were 

adult females with calves who were observed in consortship-type association with ‗resident‘ males. 
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The other six adult/sub-adult dolphins sighted within the Swan Canning Riverpark were classified as 

‗occasional visitors‘, although the sample sizes of sightings were small. Dolphins classified as 

occasional visitors included three mother-calf pairs, a solitary male, and a male alliance from Cockburn 

Sound that was first identified in 1993.  

Analyses of sighting data indicate that the ranging patterns of adult/sub-adult dolphins occurring in the 

Swan Canning Riverpark are best described by (but are not limited to) an emigration and re-

immigration model. This emigration and re-immigration model estimated that the population size was 

17 adult/sub-adult individuals and that dolphins were spending an average of 142 days in the Swan 

Canning Riverpark and 28 days in adjacent waters (e.g. Owen Anchorage). The difference between the 

population sizes estimated by the model and by sighting information is minor and reflects the small 

sample size of sightings for some dolphins. On-going study will improve the precision of these 

estimates. 

Analyses of association data indicate that adult males and females have stable associations and that 

male associations are stronger than female associations. A model of constant companions explains the 

adult male associations, while a model of casual acquaintances explains female associations (i.e. 

individuals associate and disassociate after a certain time).  

Further research is needed to confirm the composition of the current resident community and to assess 

the genetic and demographic connectivity of the community to other dolphin populations in the Perth 

area. We emphasise that a one-year study only provides a ‗snap-shot‘ of the current population – 

further research is needed to better characterise the resident community and to confirm the residency 

patterns observed to date. 

Health Investigations 

I. Review of the 2009 Mortality Event 

In 2009, two clusters of mortality occurred in the Swan Canning Riverpark resulting in six deaths from 

a resident community of c. 20 adult/sub-adult dolphins. By comparison, only six deaths were recorded 

for the previous seven years. Thus, 2009 was an anomalous year. The first cluster occurred over three 

weeks in June 2009 (winter), while the second occurred over five weeks in September-October 2009 

(spring). The pathology of these deaths has been previously reported (Holyoake et al., 2010), but 

results of subsequent tests to determine the role of pathogens are presented here and discussed in the 

context of previous findings. 
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The dolphins in the first cluster (June 2009) were of mixed age classes. Two of these dolphins died 

from opportunistic infections such as Aspergillus spp. bronchopneumonia or meningoencephalitis. 

Characteristic dolphin morbillivirus lesions were not observed but cetacean morbillivirus (CeMV) 

antigen was detected in multiple tissues from both animals using standard immunohistochemistry 

methodology at an independent laboratory (Agri-Food and Biosciences Institute, Belfast – AFBI). PCR 

on the same tissues at a second independent laboratory (Australian Animal Health Laboratory – 

AAHL) confirmed the presence of CeMV nucleoprotein and phosphoprotein genes.  

Dolphins from the second cluster (September-October 2009) were all adults. The most significant 

pathology in the two dolphins examined post-mortem was severe extensive ulcerative dermatitis 

associated with presumed poxvirus intracytoplasmic inclusion bodies and opportunistic bacterial and 

mycotic infection. CeMV antigen was not detected in tissues from the two dolphins. Efforts to confirm 

the presence of poxvirus by molecular methods and electron microscopy at AAHL were unsuccessful. 

Analysis of the stranding records for the Swan-Canning Estuary found two further examples of severe 

extensive dermatitis in October 2003 and November 2007, both affecting adult dolphins.  

The June 2009 cluster of mortalities appears to have been associated with an outbreak of CeMV. 

CeMV has been definitively identified as the primary aetiologic agent ultimately responsible for the 

deaths of two of these mortalities, compounded by significant and severe secondary opportunistic 

bacterial and fungal infections. The mixed age-class presentation of these two individuals suggests that 

the Swan Canning Riverpark dolphins were a previously naïve population. Stranding data documenting 

a 2009 mortality spike in cetaceans, including dolphins, on the coast of Western Australia suggests that 

CeMV may also have affected other coastal and estuarine populations. This constitutes the first report 

of CeMV-related dolphin mortality from the Indian Ocean and is the first time this pathogen has been 

detected in marine mammals in Western Australia. 

The September-October 2009 cluster followed the spring decline in water salinity and was associated 

with an extreme presentation of what is presumed to be cetacean poxvirus (despite the lack of 

definitive molecular diagnosis) causing extensive dermal ulceration exacerbated by osmotic stress.  

The role of potentially immunosuppressive anthropogenic pollutants in either of these events is 

unknown. Holyoake et al. (2010) previously identified that four of the deceased dolphins had high 

dieldrin and PCB concentrations in blubber tissue.  
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In conclusion, a multi-factorial model remains the best explanation of the 2009 mortality event in the 

Swan-Canning Estuary. While we have identified some of the causal factors associated with the 

pathology observed we cannot determine exactly how these factors combined to result in the deaths of 

all of the dolphins involved. This conclusion is consistent with the findings of other studies of marine 

mammal mortalities and illustrates the difficulties associated with wildlife disease and mortality 

investigations, which often involve complex interactions between host, environment, and agent. 

II. Epidermal Disease 

We assessed the prevalence and incidence of epidermal disease in dolphins from the Swan Canning 

Riverpark using photo-identification images of dolphins observed within the estuary between June 

2011-June 2012. To support this assessment, we developed a classification scheme for dolphin skin 

lesions within southwestern Australia. 

The prevalence of skin lesion types varied. All dolphins had excoriations (e.g. tooth rake marks) that 

occur during interactions with other dolphins. Of the lesion types having a potentially infectious 

aetiology, hyperpigmented and hypopigmented lesions were present in more than 80% of individuals 

and targetoid (rounded with rings of distinct colours creating a target-shaped mark) lesions were 

present in more than 50% of dolphins. Estimating the actual prevalence of pathogenic lesions was 

difficult because some lesions may represent scarring and different pathogens can manifest with similar 

lesion presentations. Examinations of microscopic tissue sections and molecular analyses of lesion 

biopsies are necessary to definitively determine the pathogen(s) present/responsible. 

No ulcers, erosions, plaques, concentric rings, or abrasions were observed. No animals displayed multi-

nodular lesions consistent with descriptions of lacaziosis (lobomycosis). The genital area and oral 

mucosa of dolphins were rarely visible, making it difficult to detect if herpesvirus-associated lesions 

were present. 

Tattoo-like lesions were present in five of 36 of individuals. Lesions in these individuals diminished in 

size, number, and/or severity over the year. Tattoo-like lesions may indicate poxvirus (i.e.Tattoo Skin 

Disease) infection, as it is likely that cetacean poxvirus is endemic to dolphin populations in this 

region. Lesion prevalence appeared low and the absence of severe presentations of tattoo-like lesions 

suggests that dolphins were generally able to control poxvirus infections. However, lesion prevalence 

and severity may vary seasonally and annually in response to environmental conditions and to exposure 

to immunosuppressive stressors (e.g. CeMV, contaminant burdens). 
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I. Introduction& Aims 

Project Background & Objectives 

An investigation into the deaths of six Indo-Pacific bottlenose dolphins (Tursiops aduncus) within the 

Swan Canning Riverpark between May-October 2009 found that a suite of factors likely contributed to 

the mortalities (Beazley 2010; Holyoake et al. 2010). This investigation, along with research 

undertaken for Swan Canning Research Innovation Program (SCRIP) Project: ―Toxicant exposure, 

population genetics, and trophic associations of bottlenose dolphins (Tursiops sp.) in the Swan River‖ 

(Holyoake et al. 2011), emphasised the vulnerability of the resident community to natural and 

anthropogenic stressors and the need to improve the scientific basis for the long-term conservation of 

dolphins within the estuary.  

To support this aim, the Swan River Trust and Murdoch University entered into a collaborative 

agreement Project to undertake further health and ecology investigations into dolphins in the Swan 

Canning Riverpark and to conclude analyses of existing data and samples. This report presents the 

major findings for this project. The specific objectives of this project were to: 

(a) review the 2009 unusual mortality event in light of findings from further tissue analyses; 

(b) assess the prevalence and incidence of epidermal disease in dolphins from the Swan 
Canning Riverpark; 

(c) analyse historic datasets from 2001-3 to establish baseline information for dolphins within 
the Swan Canning Riverpark; and 

(d) characterise the size and composition of the current resident dolphin community in the Swan 
Canning Riverpark. 

 

Structure of Report 

This report contains a summary and five component sections: 

1. Section I: Introduction& Aims –project aims and background information; 

2. Section II: Health Investigations – review of the 2009 mortality event; 

3. Section III: Health Investigations – an assessment of epidermal disease in Riverpark dolphins; 

4. Section IV: Ecology Investigations – a review of research undertaken from 2001-3; 

5. Section V: Ecology Investigations – an assessment of the current Riverpark dolphin population; 
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Scientific Basis for Report 

This report draws on the scientific information obtained during field studies of dolphins conducted in 

the Perth area since from the early 1990s onwards. Publications relevant to this report include: 

Bejder, L., Samuels, A., Whitehead, H., Finn, H. and Allen, S. 2009. Impact assessment research: use and misuse 

of habituation, sensitisation and tolerance to describe wildlife responses to anthropogenic stimuli. Marine 

Ecology Progress Series 395: 177-185. 

Cannell, B.L. 2004. Distributions of the major marine fauna found in the Perth metropolitan area (Yanchep to 

Mandurah). Technical Report: MMS/CWC, LNE/MMP, SEMP, SIMP-79/2004, Marine Conservation 

Branch, Department of Conservation and Land Management, Perth, Western Australia. 

Donaldson, R., Finn, H., and Calver, M. 2011. Illegal feeding increases risk of boat-strike and entanglement in 

bottlenose dolphins. Pacific Conservation Biology 16: 157-161. 

Donaldson, R., Finn, H., Bejder, L., Lusseau, D., Calver, M. (in press) The social side of human-wildlife 

interaction: wildlife can learn harmful behaviours from each other. Animal Conservationdoi:10.1111/j.1469-

1795.2012.00548.x 

Finn, H.C. 2005. Conservation biology of bottlenose dolphins (Tursiops sp.) in Perth metropolitan waters. PhD 

thesis. School of Biological Sciences & Biotechnology, Murdoch University, Perth, Western Australia. 

Finn, H.C. and Calver, M.C. 2008. Feeding aggregations of bottlenose dolphins and seabirds in Cockburn Sound, 

Western Australia. The Western Australian Naturalist 26: 157-172. 

Finn, H.C., Donaldson, R., and Calver, M.C. 2008. Feeding Flipper: a case study of a human-dolphin interaction. 

Pacific Conservation Biology 14: 215-225. 

Gales, N and Waples, K. 1993. The rehabilitation and release of bottlenose dolphins from Atlantis Marine Park, 

Western Australia.Aquatic Mammals 19: 49-59. 

Ham, G.S. 2009. Population biology of bottlenose dolphins (Tursiops sp.) in Cockburn Sound, Western Australia. 

Honours thesis. School of Biological Sciences & Biotechnology, Murdoch University, Perth, Western 

Australia. 

Holyoake, C., Finn, H., Stephens, N., Duignan, P., Salgado, C., and others. 2010. Technical Report on the 

Bottlenose Dolphin (Tursiops aduncus) Unusual Mortality Event within the Swan Canning Riverpark, June-

October 2009. Report to the Swan River Trust, May 2010. Murdoch University, Perth, Western Australia. 

Holyoake, C., Finn, H., Stephens, N., Linke, T., Daniel, C., Allen, S., Smith,H., McElligott, D., Bejder, L. 2011. 

Toxicant exposure, population genetics, and trophic associations of bottlenose dolphins (Tursiopsaduncus) in 

the Swan River. SCRIP Project Report to the Swan River Trust, October 2011. Murdoch University, Perth, 

Western Australia. 

Lo, H.N. 2009. Bottlenose Dolphins (Tursiops sp.) in the Swan River, Western Australia: community size and 

composition, residency patterns, and social structure. Unpublished Honours thesis.Department 

ofEnvironmental and Aquatic Science, Curtin University of Technology, Perth, Western Australia. 

Moiler, K. 2008. Bottlenose Dolphins (Tursiops sp.) – a study of patterns in spatial and temporal use of the Swan 

River, Western Australia. Unpublished Honours thesis. Department of Environmental Biology, Curtin 

University of Technology, Perth, Western Australia. 

Waples, K.A. 1997. The rehabilitation and release of bottlenose dolphins from Atlantis Marine Park, Western 

Australia. PhD thesis. Texas A & M University, Galveston, Texas. 

Supporting Research Initiatives 

This project was undertaken as part of two broader research initiatives: the Murdoch University Marine 

Mammal Health Project and the Coastal and Estuarine Dolphin Project. 

Murdoch University Marine Mammal Health Project 

The Murdoch University Marine Mammal Health Project is a collaborative research program 

investigating the health of marine mammals in Western Australia. Researchers from Murdoch 

http://mucru.org/research-projects/marine-mammal-health-project/
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University collaborate closely with personnel from the WA Department of Environment and 

Conservation (DEC) and from other Australian and international research institutions. The general aims 

of the Population Assessment project are to: (1) identify and characterise the factors associated with 

cetacean strandings and (2) acquire baseline and epidemiological information on disease levels.  

The specific research objectives of the Marine Mammal Health Project are to: (a) collect morphometric 

and life history data (e.g. size, sex, age class); (b) undertake partial and where feasible full post-mortem 

examinations to acquire information on causes of morbidity and mortality, and to collect tissues for 

pathogen identification, histopathology and toxicology; (c) isolate and identify pathogenic viruses, 

bacteria, protozoa, or fungi from tissue samples (where appropriate); (c) archive tissue samples for 

long-term disease surveillance, toxicological monitoring, and retrospective study; and (d) establish 

beneficial collaborations within WA, nationally and internationally in order to enhance the information 

gained from the samples collected. 

Coastal and Estuarine Dolphin Project 

The Coastal & Estuarine Dolphin Project (CEDP) is a collaborative research program addressing the 

health, ecology, and conservation of dolphins in the Perth region. CEDP partners include the Cockburn 

Sound Management Council, Curtin University, Fremantle Ports, Murdoch University, and the Swan 

River Trust. 

In July 2011, we initiated field research for a four-year Population Assessment project to assess the 

abundance, habitat use, and ranging and residency patterns of dolphins in the Perth region using photo-

identification, behavioural sampling, GIS, and line transect sampling. The design and methodology of 

the project follows that of the South West Marine Research Program (SWMRP) in the Bunbury region 

(Smith 2012). The study area for the project extends along the coast from Rockingham to Scarborough 

and inwards to include the Swan Canning Riverpark; it comprises four sub-areas: Cockburn Sound, 

Owen Anchorage, Gage Roads, and Swan Canning Riverpark (Figure 1.1). 

The overall aim of the Population Assessment project is to characterise the population size, structure, 

and connectivity of dolphins around Perth region. This aim addresses two information needs identified 

following the deaths of six dolphins within the Swan Canning Riverpark in 2009: (a) the status of 

populations and ‗communities‘ of dolphins within the Perth metropolitan area, particularly the resident 

community associated with the Swan Canning Riverpark and (b) the connectivity of the different 

populations and communities within the Perth metropolitan area.  

The issue of population connectivity is important because bottlenose dolphins sometimes exhibit long-

term site fidelity to particular coastal and estuarine areas, suggesting that local extinction could occur. 

http://mucru.org/research-projects/coastal-and-estuarine-dolphin-project/
http://mucru.org/research-projects/south-west-marine-research-program/
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Genetic and ecological information is therefore needed to assess population structure and dispersal 

rates and individual ranging patterns, and to describe the current size and composition of resident 

communities (where they occur). Thus, although the resident community in the Swan Canning 

Riverpark is a key focus of this research, we also need information on their connectivity to dolphins in 

adjacent areas in order to better assess their vulnerability. 

The general aims of the CEDP Population Assessment project are to: (1) determine how many dolphins 

occur in this region; (2) investigate whether dolphins show long-term fidelity to particular locations; 

(3) assess if discrete ‗communities‘ of dolphins occur within certain areas; and (4) evaluate what 

environmental variables are associated with the distribution of dolphins. The specific research 

objectives are to: (a) estimate dolphin abundance across the study area using photo-identification and 

mark-recapture methods; (b) determine residency and ranging patterns for individuals in order to better 

understand site fidelity and population structure; (c) determine habitat use patterns through habitat 

modeling; and (d) collect behavioural, environmental, and epidemiological data related to interactions 

with human activities and with dolphin health (e.g. entanglements, epidermal diseases). 

 

Figure 1.1: Overall study area for the Population Assessment project showing: (a) the location of 

the four sampling areas (Cockburn Sound, Owen Anchorage, Gage Roads, Swan Canning 

Riverpark) and (b) the lay-out of the line transect design within these areas. Sampling within these 

four areas is balanced temporally with equal numbers of samples (n > 5 samples) per season (summer, 

autumn, winter, spring). Dolphin observed during transect sampling are photo-identified and group size 

and activity are recorded. Environmental data is also recorded on a systematic basis to allow for habitat 

modelling (along with bathymetry and substrate databases). 

Swan Canning Riverpark 
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II. Health Investigations: Review of 2009 Unusual Mortality Event 

Introduction 

Factors Affecting Health & Mortality of Bottlenose Dolphins 

The deaths of six Indo-Pacific bottlenose dolphins (Tursiops aduncus) in the Swan Canning Riverpark 

over a five-month period in 2009 represented an ‗unusual mortality event‘ because of the small number 

of dolphins thought to be resident within the estuary at the time (c. 20-25 individuals) and stranding 

records indicating a typical stranding rate of about one carcass per year for the Riverpark (Holyoake et 

al. 2010). The deaths occurred in two clusters, with the first cluster (comprising Cases 1-3 in Table 2.4) 

occurring over a three-week period in June 2009 (winter) and involving mixed-age classes, and the 

second cluster (comprising Cases 4-6 in Table 2.4) occurring over a five-week period from September 

to October 2009 (spring) and involving solely adult animals. 

An unusual mortality event of this kind implies that some factor or, more likely, suite of factors was 

present and caused a perturbation from normal or ‗background‘ rates of mortality within the 

population. Factors that cause or contribute to poor health and mortality within dolphin populations are 

commonly described as stressors (Acevedo-Whitehouse and Duffus 2009) (Table 2.1). These stressors 

can affect health or cause mortality in a range of ways (Table 2.2). Stressors may be natural or 

anthropogenic, and may be further divided into persistent, acute, and lethal stressors (Table 2.3).  

Table 2.1: Factors (or ‘stressors’) that may cause or contribute to poor health and mortality within dolphin 

populations include: 

 infection by a virulent primary pathogen, e.g. cetacean morbillivirus (CeMV) 

 opportunistic (secondary) infection by bacterial and fungal pathogens 

 parasitism 

 natural predation 

 disturbance from human activities or interactions, e.g. with fishing operations 

 anthropogenic noise 

 adverse environmental conditions; e.g. exposure to very cold or very low salinity waters 

 epidermal disease, e.g. tattoo skin disease (TSD) 

 introduction of a novel or emerging disease, such as a more virulent variant of a pathogen; 

 low food availability, e.g. low abundance of prey species 

 human-induced injuries, e.g. entanglements; and 

 concentrations of contaminants sufficient to impair reproductive and immune function. 
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Table 2.2: Stressors may affect health or cause mortality by causing: 

 physical trauma, e.g. wounds such as lacerations, avulsions, or amputations 

 reduced condition, e.g. emaciation, fat store depletion 

 systemic physiological stress, e.g. elevated production of stress hormones 

 physiological injury/impairment, e.g. acoustic damage 

 immune system impairment, e.g. lymphoid depletion resulting in immunosuppression1 

 reproductive impairment, e.g. reduced fertility, embryo toxicity, abortion/stillbirths 

 epidermal lesions, e.g. tattoo skin disease 

 neurological impairment, e.g. brevetoxicosis 

 internal lesions that impair normal physiologic function, e.g. pneumonia2 

 

Table 2.3: Types of Stressors 

(a) Persistent – Some stressors may cause chronic (i.e. repeated, sustained, long-term) and generalised (i.e. 

affecting multiple bodily functions) stress affecting the physiology, body condition, immune function, and/or 

reproductive viability of the animal. Specific effects may include: reduced immunological function; decreased 

reproductive output; diminished blubber reserves and general body condition; increased susceptibility to 

opportunistic pathogens and parasitism; and reduced regenerative/healing potential following cell/tissue 

injury/damage.3 

Examples include: toxicants, anthropogenic noise, vessel disturbance, adverse environmental conditions,4 low 

prey availability, interactions with human activities (e.g. fishing or tourism operations), chronic infection 

from a persistent but weakly virulent (i.e. non-lethal) pathogen, and an enduring entanglement injury. 

(b) Acute  – Certain stressors affect organisms over shorter time periods. For example, while a persistent stressor 

may affect an organism over a period of months to years, an acute stressor will occur over a time-span of 

weeks, days, and possibly even hours.  

Examples include: infection by a primary pathogen, a severe entanglement injury, and a wound from a shark 

attack or vessel strike. 

(c) Lethal – In a few cases, stressors are sufficient to cause death by themselves (e.g. shark attack), or by 

exacerbating pre-existing conditions in such a way that leads to the death of the animal in a short period of 

time.5 

 

                                                
1 Immunosuppression refers to the suppression (i.e. compromised) of normal immune function of an individual, and may involve 
dysfunction of adaptive and/or innate immunity. Causes of immunosuppression include primary pathogens (e.g. morbillivirus), 

contaminants, and environmental stress. These factors may cause lymphoid depletion, leading to immunosuppression. 
2 The definition of lesion used in pathology differs from how the term is used in other contexts. Blood & Studdert (1988) define 
the term as: ―any pathological or traumatic discontinuity of tissue or loss of function of a part. Lesion is a broad term, including 

wounds, sores, ulcers, tumours, cataracts and any other tissue damage. They range from skin sores associated with eczema to the 

changes in lung tissue that occur in tuberculosis‖ (p. 529). Thus, even a change that does not cause overt structural damage is 
classified as a lesion if it adversely affects function. 
3 Heavy parasitism is an indication of poor health rather than necessarily a cause. However, it will also adversely affect the 

individual as a persistent stressor in its own right. 
4 These would relate to: (a) prevailing long-term conditions; (b) conditions that persist for shorter periods of time; and (c) 

variation in conditions, particularly those involving a rapid and substantial change. 
5 In forensic pathology, the legal term cause of death refers to the injury, disease, or abnormality responsible for instigating the 
sequence of functional disturbances culminating in mortality, either by itself or allied with other factors. The term mechanism of 

death refers to the structural or functional change that makes organisms no longer able to sustain life without artificial 

intervention. Finally, the term manner of death refers to the way in which the cause of death is classified, with particular 
reference to human agency.  
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A Conceptual Model of Health 

An animal‘s state of health can be conceptualised as lying along a continuum running from very 

healthy (i.e. absence of disease, good body condition, normal physiologic function) right through to 

death, with a threshold for disease occurring somewhere in between (Figure 2.1). The presentation of 

disease may vary from sub-clinical to severe. Some animals may lie near the threshold because their 

immune system is challenged, e.g., they are affected by a suite of chronic stressors, have sustained a 

traumatic injury, or carry a mild but recurrent infection. A small change in the stressors affecting these 

individuals may be sufficient for disease to occur (or for pre-existing conditions to grow more severe).
6
 

Most instances of disease are multi-factorial. A multi-factorial aetiology means that disease typically 

occurs because two or more stressors interact (i.e. act synergistically) or exert a cumulative effect. 

 

Figure 2.1: Continuum representing potential states of health for individual dolphins. Disease 

refers to the finite abnormality of structure or function with an identifiable pathological basis. 

Mortality Rates 

Background rates of mortality for dolphins in the Perth area are not well-known, but mortality may 

occur through: shark predation, infectious and non-infectious disease, senescence, and agonistic 

interactions (e.g. male-male fighting). Anthropogenic factors add to natural background mortality rates 

and are considered to have a ‗biologically significant‘ impact if their impact on demographic 

parameters (birth and death rates) is sufficient to threaten population viability. This threshold of 

biological significance provides part of the conceptual framework for statutory instruments designed to 

identify and mitigate anthropogenic mortality on marine mammals.
7
 

 

                                                
6 For example, infection by a primary pathogen (such as a virus) may cause immunosuppression leading to secondary infection 
by bacterial, fungal, or protozoal pathogen(s), which may ultimately culminate in the animal‘s death. Diminished body condition 

caused by one or more stressors may result in mobilisation of lipid reserves, thereby allowing lipophilic contaminants to enter the 

bloodstream as these tissues are metabolised. 
7 For example, the United States Marine Mammal Protection Act 1972 utilises a concept called Potential Biological Removal 

(PBR) to provide guidelines for assessing the biological significance of fishing-related mortality for a marine mammal 

population. The New Zealand Marine Mammal Protection Act 1977 uses a similar concept known as Maximum Allowable Level 
of Fishing-Related Mortality (MALFIRM). 
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Estuaries & Health 

Coastal and estuarine ecosystems are challenging environments for dolphins (Reeves et al. 2003; 

Balmer et al. 2011; Jefferson et al. 2011). Populations inhabiting these areas may experience: habitat 

loss and degradation; exposure to environmental contaminants and biotoxins; incidental mortality from 

interactions with fisheries and other activities; disturbance from vessel interactions and anthropogenic 

noise; and greater risk of infectious disease (Van Bressem et al. 2009a; Jefferson et al. 2011; Schwacke 

et al. 2012). These stressors can affect the behaviour, physiology, and health of dolphins and reduce 

reproductive success and survivorship, particularly if stressors exert cumulative or synergistic impacts 

(Gulland and Hall 2007; Balmer et al. 2008; Bejder et al. 2009; McHugh et al. 2011).  

Estuaries are challenging environments for dolphins because of the diversity and severity of stressors 

that may be present. Dolphins may experience rapid and substantial changes in environmental 

conditions (e.g. salinity, temperature, tidal height) and the availability of food, as well as stress from 

anthropogenic factors (e.g. debris, contaminants, harmful algal blooms, vessel disturbance, interactions 

with fisheries). Estuarine dolphin populations are therefore at particular risk of suffering infectious 

disease, physiological stress, human-induced injury, and exposure to algal biotoxins (Van Bressem et 

al. 2009a). Along the eastern U.S. seaboard, for example, estuarine dolphins have been the most 

affected by unusual mortality events (Hohn 2002). 

Studying the Effects of Stressors 

Pathology investigations may use a variety of methodologies. These include: post-mortem examination 

through gross and histological approaches; ancillary laboratory analyses such as microbiological 

culture/identification, serum or other body fluid chemistry, serology, immunohistochemistry, biotoxin 

and contaminants analyses; collection of relevant environmental data (e.g. water quality, presence of 

potentially harmful phytoplankton); and epidemiological analysis. Polymerase Chain Reaction (PCR) 

or other molecular techniques are often used to screen for disease; these methods work by amplifying 

the DNA/RNA belonging to infectious agents or pathogens present in tissues collected post-mortem or 

by remote biopsy to a level where they can be detected. Ideally, pathology investigations are coupled 

with ecological and demographic data so as to support assessments of the biological significance of 

stressors (or suites of stressors), and determine whether identified health challenges are likely to 

impinge upon demographic parameters and potentially threaten the viability of populations. 

Cetacean Morbillivirus 

Disease is often the cumulative result of interacting host, environment and agent factors. Complex 

interactions between host, environment, and agent often result in difficulties in establishing clear cause 
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and effect pathways in wildlife disease and mortality investigations. The lack of baseline and 

epidemiological information for many marine mammal diseases is a further complication. The disease 

outcome of cetacean infection with cetacean morbillivirus (CeMV) epitomises such complexity. 

Cetacean morbillivirus has a worldwide distribution (Van Bressem et al. 2001) and has been implicated 

as the cause of several epizootics resulting in mass mortalities in the NW Atlantic (Lipscomb et al. 

1994; Krafft et al. 1995; Duignan et al. 1996); North Sea (McCullough et al. 1991; Visser et al.1993); 

Black Sea (Birkun et al. 1999); and Mediterranean Sea (Domingo et al. 1990; Van Bressem et al. 1991; 

1993; Fernàndez et al. 2008; Raga et al. 2008; Keck et al. 2010). The first confirmed case of fatal 

CeMV in the southern hemisphere was recently described in an Australian offshore bottlenose dolphin 

(Tursiops truncatus: Stone et al. 2011). Serological evidence of CeMV infection has since been 

detected in five cetacean species from southeastern Queensland and northern New South Wales, 

Australia (Stone et al. 2012). 

Although cetacean morbillivirus is regarded as one of the most pathogenic infectious agents for 

cetaceans (Van Bressem et al. 2001), much remains unknown about the pathogenesis and epidemiology 

of disease. Evidence of subclinical infection has been detected in dolphins (Bossart et al. 2010), but the 

factors that lead to clinical disease and the development of epizootics remain unknown (Bossart et al. 

2010). Van Bressem et al. (2009a) suggested several factors such as fisheries interactions, inbreeding, 

migration, high contaminant loads, higher sea-surface temperatures and limited prey availability may 

have synergistically interacted to increase the severity of CeMV infection and favour the occurrence of 

epizootics in striped dolphins (Stenella coeruleoalba) in the Mediterranean.  

In 2009, over a period of five months (June-October 2009), there were six confirmed mortalities in a 

small resident population of Indo-Pacific bottlenose dolphins (Tursiops aduncus) in the Swan Canning 

Riverpark. The deaths were deemed an unusual mortality event as the population was thought to only 

comprise about 20-25 individuals and previously on average only one or less stranded carcass per year 

had ever been reported (Holyoake et al. 2010). The main aim of this study was to determine direct and 

indirect causes of the mortalities, including consideration of potential interactions among proposed 

environmental, host, and agent determinants of disease.  

  



Project Report: Dolphin Health & Ecology Investigations   
 

 
17 

Methods 

Pathology & Disease Investigation 

Four of the six individuals were necropsied (two were deemed too autolysed to examine) (Table 2.4). A 

standard small cetacean necropsy protocol was followed (Duignan 2000; Pugliares et al. 2007). The 

degree of post-mortem autolysis was determined and each carcass was assigned a condition code 

according to Pugliares et al. (2007).  Necropsies and histopathology were conducted at the Department 

of Anatomic Pathology, School of Veterinary and Biomedical Sciences, Murdoch University; 

Veterinary Department, Perth Zoo; and Animal Health, Department of Agriculture and Food Western 

Australia (DAFWA). 

Immunohistochemistry (IHC) for the detection of morbillivirus antigen was performed (on samples 

from those individuals where the post-mortem/histopathological findings was indicative) at the Agri-

Food and Biosciences Institute, Belfast, Northern Ireland (AFBI), on paraffin-embedded formalin fixed 

tissues from the four dolphins necropsied by using a monoclonal antibody specific for the 

nucleoprotein of canine distemper virus (VMRD, Inc.) at a dilution of 1 in 100. The reagents used were 

part of a commercially available streptavidin-biotin peroxidise technique kit and the methodology 

followed that used by Kennedy et al. (1989). Tissues from healthy dolphins were used as negative 

controls, while tissues from morbillivirus-infected striped dolphins (Domingo et al. 1992) and from a 

harbour porpoise (Phocoena phocoena: Kennedy et al. 1991) were used as positive controls. Negative 

controls in which the primary antibody was omitted were also included. 

Reverse transcriptase polymerase chain reaction (RT-PCR) for detection of morbilliviral RNA was 

performed on formalin-fixed paraffin embedded tissues found positive via IHC at the Commonwealth 

Scientific and Industrial Research Organisation (CSIRO), Australian Animal Health Laboratory 

(AAHL), Geelong, Victoria, using molecular techniqes as previously reported (Stone et al. 2011).Two 

sets of primers (previously described in Stone et al. 2011) for the detection of morbillivirus 

nucleoprotein (N) gene18 and phosphoprotein (P) gene19 were utilised. Amplified PCR products (~238 

bp for N gene and ~429 bp for P gene) were gel purified and sequenced. BLASTn software 

(http://blast.ncbi.nlm.nih.gov): a tool used by biologists world-wide to identify similarities between 

nucleotide based biological genome sequences) was utilised to compare sequence similarity with 

known dolphin morbillivirus sequences reported in the literature. 

IHC for the detection of dolphin poxvirus antigen was performed by CSIRO / AAHL on samples from 

Cases Four and Six (the only individuals where this was indicated by gross/histopathological findings). 

A poxvirus antibody against capripox (recombinant LSDV P32 – envelope protein) was used (although 

http://blast.ncbi.nlm.nih.gov/
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it is somewhat divergent from cetacean poxvirus, it was the only one available at the time); according 

to the literature (Bracht et al. 2006), the dolphin poxvirus DNA polymerase gene fragments are 74% 

homologous with capripox.  

Polymerase chain reaction (PCR), utilising several published and in-house methods for detection of 

poxvirus, parapoxvirus and herpesvirus, was performed by CSIRO / AAHL on samples from Cases 

Four and Six (the only individuals where this was indicated by gross / histopathological findings). Both 

generic and specific primers for dolphin poxvirus were used.  

Samples from the wet formalin fixed skin lesions from Case Six (the only individual where these 

samples were available; Case Four was also indicated, however samples were not available) were 

examined by thin section electron microscopy (EM) (in particular the transition zone where most 

intracytoplasmic poxviral-like inclusions were seen within keratinocytes) at CSIRO/AAHL in an 

attempt to identify the presence of intralesional pox virions. The same tissue was homogenised for 

negative contrast EM. Targeted laser selection of the areas of interest (i.e. region of epidermis 

containing keratinocytes affected by intracytoplasmic pox-viral like inclusion bodies) within formalin-

fixed, paraffin-embedded tissue from the same individual for thin section EM examination was also 

performed. 

Contaminants Analysis 

From each dolphin necropsied approximately 100 grams of blubber was collected from a location 

immediately anterior to the dorsal fin (Higgins and Noad 2006). Blubber samples were wrapped in 

acetone rinsed and dried aluminum foil, placed in a ziplock bag and stored at -20°C prior to analysis. 

Blubber samples were sent to the National Measurement Institute (NMI), Sydney, for analysis of 

dichlorodiphenyltrichloroethane (DDT) and its metabolites, dieldrin and polychlorinated biphenyls 

(PCBs). For each sample 4 g of blubber was mixedwith approximately 10 g anhydrous 

sodium sulphate andsonicated for 2 hours using 50 mL hexane-acetone mix solvent before being 

allowed to soak overnight (US EPA method 3540C). The next day the extract was purified using Gel 

Permeation Chromatography (US EPA method 3640). The final extract was analysed by gas 

chromatography with electron capture detection (GC-ECD) [Agilent 6890 Gas Chromatograph with 

twin micro-ECDs, column 1: RTC-CL Pest (30 m x 0.32 mm x 0.25 µm) and column 2: DB-608 (15 m 

x 0.32 mm x 0.25 µm)]. Samples were calibrated against a 0.01 ug/mL standard containing the analytes 

of interest, while the surrogates TCMX, DF-DDE, DB-DDE, Terphenyl-d14 and Decachlorobiphenyl 

were analysed along with the samples. Analytes found to be present at greater than the instrumental 

linear dynamic range were diluted to within calibration range prior to re-analysis. Quality assurance 
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consisted of a matrix spike, laboratory control spike, duplicate testing and analysis of one blank per 20 

samples. The limit of reporting per wet weight of tissue was 0.1 µg/g for DDT, DDT metabolites and 

dieldrin, and 2ng/g for PCBs. 

Prior to analysis the fat content of each blubber sample was determined. Samples were blended to 

obtain a homogeneous mass which was not free flowing, 6 g of this homogeneous mass was accurately 

weighed into a thimble (height 100mm, diameter 25mm) and dried overnight at 102 (+/- 2) degrees 

Celsius. After cooling, each thimble was placed in a Soxhlet apparatus and extracted with diethyl ether 

for 16 hours. The ether extract was collected in a pre-weighed 250mL Erlenmeyer flask.  After 16 

hours extraction, the apparatus was disassembled and the diethyl ether extract was evaporated on a 

water bath. The pre-weighed flask containing the fat was placed in an oven at 102 (+/- 2) degrees 

Celsius for 1 hour. It was then placed in a desiccator containing dry silica gel to cool. After 1 hour it 

was removed from the desiccator and weighed. This oven drying and weighing procedure was repeated 

until successive measurements agreed within 0.005 g. The fat content of the blubber was calculated by 

using the formula: 

% fat  = 100 x  (Weight of flask  - Weight of empty flask) / Weight of Sample in Thimble 

Results 

Pathology & Disease Investigation 

Two of the four dolphins (Cases Two and Three) necropsied were immunopositive for morbillivirus 

(CeMV) via IHC; infection of these two individuals by CeMV was confirmed by testing at a different 

laboratory which confirmed the presence of the CeMV nucleoprotein and phosphoprotein genes by RT-

PCR (Table 2.4).  

Two of the dolphins (Cases Four and Six) had numerous, extensive, multifocal to coalescing ulcerative 

skin lesions covering up to 70% of their surface area with intracytoplasmic viral inclusion bodies 

detected in numerous intralesional keratinocytes; these were consistent in their morphology with 

dolphin poxvirus. However, efforts to determine the presence of poxvirus (as well as differentials such 

as parapoxvirus and herpesvirus) via PCR and EM at CSIRO/AAHL were unsuccessful.  

The blubber contaminants results are presented in Table 2.5. Case Three had the highest dieldrin, 

∑DDT, and ∑PCB concentrations of the four dolphin blubber samples analysed. 
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Discussion 

Pathology & Disease Investigation 

Prior to 2009 one or less dolphin deaths per year had been reported in the Swan Canning Riverpark 

(Holyoake et al. 2010). In 2009 there were six reported deaths in a space of five months suggesting that 

the deaths were possibly related. However, the necropsy results for the four dolphins examined did not 

indicate one consistent finding that could be attributed as the cause of death for all. Lymphoid 

depletion was noted histologically in all four dolphins necropsied, two animals were immunopositive 

on IHC for morbillivirus (CeMV) antigen (Cases Two and Three) and the tissues from these same 

animals were found to be RT-PCR positive for CeMV nucleoprotein (N) gene18 and phosphoprotein 

(P) gene19, thus definitively identifying the presence of CeMV antigen in these two individuals. 

Therefore, it would appear that the June cluster of mortality was associated with a CeMV outbreak. 

Two animals (Cases Four and Six) had severe ulcerative skin lesions with intracytoplasmic inclusion 

bodies detected in keratinocytes, the morphology of which was consistent for dolphin poxvirus (a 

marine mammal specific orthopox virus). Attempts to positively identify the presence of poxvirus in 

the lesioned tissue via PCR and EM were unsuccessful (additionally, testing for herpesvirus and 

parapoxvirus as differentials was also negative). Thus, we have exhausted all means currently available 

to confirm the aetiological diagnosis for the skin lesions. Unfortunately, it is unlikely we will learn any 

more about their aetiopathogenesis unless they occur again in the population. 

What follows is an attempt to discuss possible direct and indirect causes of the pathology and 

mortalities, including consideration of potential interactions among proposed factors.  

Cetacean Morbillivirus 

This is the first time cetacean morbillivirus (CeMV) has been detected in marine mammals in Western 

Australia; additionally, this is the first report of CeMV-related dolphin mortality from the Indian 

Ocean. CeMV antigen was positively identified (using two different molecular techniques at two 

different independent laboratories) in tissues from two of the three June cluster mortalities (Cases Two 

and Three; a juvenile male and an adult female, respectively). Unfortunately, Case One (a male calf) 

was too decomposed for necropsy and molecular investigation. Serological surveys indicate that 

morbillivirus infection can be widespread in marine mammal populations without causing significant 

acute mortality and/or mass strandings (Duignan et al. 1996). However, the presence of CeMV-related 

mortality in mixed-age classes such as seen in the June cluster would suggest an outbreak in a 

previously naïve population, or at least a scenario where the virus had not been circulating during the 

lifetime of the oldest individual (Case Three, approximately 16 years of age based on dental aging and 
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morphometric measurements). In populations in which CeMV infection is endemic, deaths tend to 

occur solely in juveniles as immunity in individuals surviving exposure is typically life-long (Duignan 

et al. 1996). The outbreak coincided with a significant increase in bottlenose dolphin strandings along 

the WA coast in 2009 (affecting both coastal and estuarine dolphins) in comparison to relatively 

constant stranding rates from 1981-2008 (Groom et al. 2012). This fact supports the hypothesis of 

CeMV entering a naïve population, given the mortality spike in 2009 and the relative constancy of 

stranding rates in the preceding 20 years.  

Molecular characterisation of the CeMV N and P gene sequences identified and isolated from Cases 

Two and Three using BLASTn software is ongoing at CSIRO/AAHL. Interestingly, preliminary partial 

N and P gene sequencing carried out so far demonstrates that this particular virus is distinct from all 

other hitherto reported cetacean morbilliviruses (i.e. it is a different strain of the virus), including the 

virus identified previously in southeastern Queensland and northern New South Wales (Stone et al. 

2011, 2012). This difference in viral strains between the east and west coast of Australia is probably 

due to geographic isolation, given the distance between small cetaceans on either side of the continent. 

This new information offers potentially significant insights into the long-term evolution of cetacean 

morbilliviruses.  

Neither of the two CeMV positive individuals exhibited the characteristic histopathological lesions of 

acute morbilliviral infection, such as ‗Warthin-Finkeldey‘ type multinucleate giant syncytial cells in the 

lungs, lymphohistiocytic encephalitis with lymphocytic perivascular cuffing and intranuclear 

acidophilic viral inclusions within neurons, and oropharyngeal ulceration (Duignan et al. 1992; Stone et 

al. 2011). However, most individuals do not die acutely of CeMV in isolation; instead, most animals 

(of all age-classes) generally die of secondary infections such as fulminating interstitial pneumonia or 

mycotic encephalitis. The 1987-1988 East Coast of USA Atlantic Bottlenose dolphin epizootic 

demonstrated this point, as relatively few individuals had the classic acute CeMV lesions (Lipscomb et 

al. 1994) and it was not until researchers in Belfast developed IHC during the phocine distemper 

epidemic in Europe in 1988 (Kennedy et al. 1991) that retrospective investigation on the USA dolphin 

deaths revealed CeMV to be the aetiologic agent, with RT-PCR subsequently confirming the diagnosis. 

A characteristic histopathologic finding in these more chronic presentations was generalised lymphoid 

depletion, leading to immunosuppression and hence opportunistic infections in those individuals 

surviving the acute phase of the disease (Lipscomb et al. 1994).  

Similar to these more chronic presentations described by Lipscomb et al. (1994), both Cases Two and 

Three exhibited pathological changes indicative of immunosuppression (a characteristic of chronic 

CeMV infection) including: secondary opportunistic infections by bacterial and/or fungal pathogens 
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and generalised lymphoid depletion in the spleen and multiple lymph nodes. Both dolphins had 

secondary mycotic infections associated with Aspergillus spp. In Case Two this had resulted in severe, 

acute, focally extensive, suppurative and necrotising meningoencephalitis with extensive cerebral 

vasculitis and malacia. In Case Three, infection had caused mycotic bronchopneumonia; secondary 

bacterial infection with two opportunistic species was also present. Mycotic meningoencephalitis is a 

common finding in dolphins with CeMV infection (Domingo et al. 1992; 1995; Schulman et al. 1997). 

Mycotic pneumonia was also reported more frequently in bottlenose dolphins with CeMV infection 

than in controls that died from other causes (Schulman et al. 1997). We hypothesise that the early, 

more subtle and transient morphological changes typically associated with CeMV infection, which 

were absent in the two CeMV IHC/RT-PCR positive animals, were present before the secondary 

bacterial and mycotic infections, and may have been responsible for the tissue damage that would have 

enabled (in conjunction with the immunosuppressive effects of the virus) the secondary infections to 

occur and led eventually to the deaths of both individuals. 

Skin Lesions 

Within the September-October cluster, two dolphins (Cases Four and Six) exhibited acute, severe skin 

lesions that were deeply ulcerated and infected with opportunistic microbial pathogens (mixed bacteria 

and fungi), causing terminal debilitation. The presence of intracytoplasmic viral inclusion bodies in 

numerous keratinocytes at the edges of these ulcers within the hyperplastic and spongiotic adjacent 

epidermis suggests that the initial skin damage may have been caused by poxvirus infection. 

Unfortunately, efforts to confirm the presence of poxvirus by PCR and EM were unsuccessful. PCR for 

differentials such as herpesvirus and parapoxvirus was also negative. 

Cetacean pox is generally a mild and self-limiting infection in juvenile dolphins that causes superficial 

tattoo-like lesions (Van Bressem et al. 2009b). Infection is rare in adults and usually does not result in 

epidermal ulceration as seen in the two adult cases reported here. In these dolphins the ulcers also 

contained bacterial colonies and various fungal elements that may have exacerbated the presumed viral 

lesions. One hypothesis to account for the atypical severity of the presumed poxvirus infection is that 

the dolphins may have been previously infected with morbillivirus or had an undetected infection 

which may have rendered them more susceptible to poxvirus infection and facilitated a more florid 

manifestation of disease. Another hypothesis is that this event may represent a novel pathogen which 

has yet to be identified. It should be noted that PCR using both generic and specific primers for dolphin 

poxvirus (i.e. orthopox virus) as well as PCR for differentials such as parapoxvirus and herpesvirus has 

been carried out; however, the specificity of these tests could potentially preclude diagnosis of viruses 

with significantly divergent gene sequences. A primary viral aetiology of unspecified identity continues 
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to be suspected as the underlying cause, as none of the bacterial/fungal organisms found associated 

with the skin lesions are primary pathogens in their own right, rather they are secondary opportunists.  

Temporal analysis of the deaths showed that they occurred during seasonal flushing of the estuary by 

winter rains and marked salinity declines. Seasonal changes in salinity of the Swan-Canning Estuary 

occur annually and lower salinity conditions in the late winter-early spring period sometimes persist for 

several months. Prolonged exposure to hypo-saline conditions for dolphins has been reported to cause 

both systemic physiological stress and osmotic damage to epidermal cells (Barry et al. 2008). The 

resident dolphins within the Swan-Canning Estuary move between the estuary and adjacent coastal 

waters on a daily or near daily basis spending several hours within the estuary at a time (H. Finn, 

Murdoch University, unpublished data). Low salinity conditions may have contributed to the acute 

progression and severity of the skin lesions observed in Cases Four and Six by causing osmotic damage 

to epidermal cells and perhaps decreased immune function. 

To date there has been very little reporting on the presence of persistent organic pollutants (POPs) in 

marine mammals from Australia (Kemper et al. 1994), and this is the first study to measure POPs 

(including dieldrin, DDT and its metabolites, and PCBs) in marine mammals from Western Australia. 

The dieldrin concentrations found in the four necropsied dolphins are high in comparison to other 

studies (Salata et al. 1994; Wells et al. 1994; Vetter et al. 2001; Law et al. 2006), which reflects a 

legacy of intensive use in WA (their use is now prohibited in the state). In contrast, the concentrations 

of ∑DDT and PCBs found were comparable to those reported in the literature in Tursiops spp. from 

other coastal regions with dense human populations and substantial industrial and agricultural activities 

(Tanabe et al. 1993; Salata et al. 1994; Parsons and Chan 2001; Law et al. 2006).  

There is increasing evidence in marine mammals that POPs are associated with endocrine disruption, 

suppression of immune function, reproductive impairment, and neoplasia (Fair et al. 2010). Some 

studies have suggested the potential for contaminants to compound the immunosuppression that CeMV 

induces, resulting in a higher mortality rate than would have otherwise occurred in animals with low 

contaminant burdens (Domingo et al. 1992). Jepson et al. (2005) compared PCB blubber 

concentrations in healthy harbor porpoises that died of acute trauma with concentrations in animals that 

died of infectious disease. The infectious disease group was found to have significantly greater PCB 

concentrations and the authors proposed a ∑PCB blubber threshold of 17µg/kg lipid as a bench mark 

for whether associations between disease and PCB exposure are biologically significant. Two dolphins 

(Cases Two and Three, the two CeMV positive animals) had PCB concentrations that exceeded this 

proposed threshold. If more congeners had been included in the suite of analytes examined, the total 

PCBs recorded would probably have been higher and more dolphins may have exceeded the threshold. 
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Although the contaminants measured in this study are unlikely to have been a direct cause of the 

mortalities, it is possible they may have acted indirectly by combining with other stressors (e.g. lower 

salinity conditions) to have an overall adverse effect, thereby influencing the occurrence and severity of 

infectious disease, both primary and secondary/opportunistic. 

In conclusion, a multi-factorial model provides the best explanation of the 2009 mortality event in the 

Swan Canning Riverpark. While we have identified some of the causal factors associated with the 

pathology observed we cannot determine exactly how these factors combined to result in the deaths of 

all of the dolphins involved. This conclusion is consistent with the findings of other studies of marine 

mammal mortalities (Duignan et al. 1992), and epitomises the difficulties associated with wildlife 

disease and mortality investigations, which often involve complex interactions between host, 

environment, and agent. CeMV has been definitively identified as the primary aetiologic agent 

ultimately responsible for the deaths of Cases Two and Three, compounded by significant and severe 

secondary opportunistic bacterial and fungal infections. The mixed age-class presentation of these two 

individuals and the epidemiologic stranding data documenting a 2009 mortality spike in cetaceans, 

including dolphins, on the WA coast (Groom et al. 2012) suggests that (a) the Swan Canning Riverpark 

dolphins were a previously naïve population, and (b) CeMV may have been a contributing factor in the 

2009 WA coast spike in mortalities and strandings. This constitutes the first report of CeMV-related 

dolphin mortality from the Indian Ocean. 
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Table 2.4: Morbillivirus IHC and RT-PCR results and synopsis of significant post-mortem and histopathology findings 

Dolphin 

Carcass 

decomposition 

state 

Post-mortem and histology findings Morbillivirus IHC results 

CeMV 

RT-PCR  

results 

Poxvirus, 

Parapoxvirus,

& Herpesvirus 

PCR results 

Case One:  

5 June 2009 

Male calf in good 

body condition.  

Moderate Too decomposed for post-mortem examination. Not tested (too decomposed) Not tested Not tested 

Case Two:  

8 June 2009 

Male juvenile in good 

body condition.  

Fresh to 

moderate 

 Severe, acute, focally extensive, suppurative and necrotising 

meningoencephalitis with intralesional fungal organisms (consistent 

with Aspergillus spp.) and multifocal thrombus formation. 

 Severe, acute, focally extensive, submucosal jejunal haemorrhage 

with multifocal thrombus formation. 

 Lymphoid depletion noted histologically. 

Positive widespread staining 

in a mesenteric lymph node. 

Positive for the 

presence of CeMV 

nucleoprotein (N) and 

phosphoprotein (P) 

genes 

Not tested (no 

indication to do 

so) 

Case Three:  

21 June 2009 

Female adult in good 

body condition.  

Fresh 

 Human induced injury: severe chronic fishing line entanglement of 

the right fluke. 

 Bronchopneumonia with intralesional fungi consistent with 

Aspergillus spp. (in addition to this, two types of opportunistic 

bacterial pathogens were found on lung culture). 

 Bilateral renal  infection (one type of opportunistic bacterial 

pathogen found on kidney culture —identical to one of the two 

identified on lung culture, indicative of  haematogenous spread). 

 Lymphoid depletion noted histologically. 

 Septicaemia likely as a terminal event. 

Positive widespread staining 

in a mesenteric lymph node.  

There was also weaker 

staining in blood vessel walls 

within the mesenteric lymph 

node. 

Widespread staining in the 

biliary epithelium within the 

liver.  

Positive for the 

presence of CeMV 

nucleoprotein (N) and 

phosphoprotein (P) 

genes 

Not tested (no 

indication to do 

so) 

Case Four:  

17 September 2009 

Adult female in 

reasonable condition. 

Fresh 

 Numerous, extensive, multifocal to coalescing ulcerative skin 

lesions with intralesional opportunistic bacterial and fungal 

organisms noted histologically (and confirmed by culture). 

 Intracytoplasmic viral inclusion bodies detected in numerous 

keratinocytes, suggestive of poxvirus infection 

Negative 
Not tested (no 

indication to do so) 
Negative 

Case Five:  

9 October 2009 

Adult male in good 

body condition. 

Advanced Too decomposed for post-mortem examination. Not tested (too decomposed) Not tested Not tested 
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Dolphin 

Carcass 

decomposition 

state 

Post-mortem and histology findings Morbillivirus IHC results 

CeMV 

RT-PCR  

results 

Poxvirus, 

Parapoxvirus, 

& Herpesvirus 

PCR results 

Case Six:  

25 October 2009 

Adult female in 

reasonable condition. 

 

Fresh 

 Numerous, extensive, multifocal to coalescing ulcerative skin 

lesions with intralesional opportunistic bacterial and fungal 

organisms noted histologically (and confirmed by culture). 

 Intracytoplasmic viral inclusion bodies detected in numerous 

keratinocytes, suggestive of poxvirus infection. 

 Evidence of acute human induced injury – fishhook lodged in 

oesophagus, minor entanglement with minimal acute tissue 

laceration of the right pectoral fin 

Negative Negative Negative 
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Table 2.5: Persistent organic pollutant concentrations measured in dolphin blubber (concentration per lipid 

weight are in parentheses). 

 Case Two Case Three Case Four Case Six 

Blubber lipid 

content % 
36.4 24.1 39.7 27.3 

Organochlorine pesticide(µg/g wet weight ) 

Dieldrin 7.5 (20.6) 9.4 (39.0) 4.0 (14.65) 3.4 (8.56) 

pp-DDE 10.0 (27.47) 20.0 (83.0) 4.1 (15.02) 8.1 (20.4) 

pp-DDD 1.1 (3.02) 1.6 (6.64) 0.57 (2.09) 0.69 (1.74) 

pp-DDT 0.77 (2.12) 1.10 (4.56) 0.27 (0.99) 0.38 (0.96) 

∑DDT 11.87 (32.61) 22.70 (94.19) 4.94 (18.10) 9.17 (23.10) 

PCB congeners(ng/g wet weight) 

8 <0.002 <0.002 <0.02 <0.02 

18 <0.002 <0.002 <0.02 <0.02 

28 0.03 (0.08) 0.02 (0.07) 0.04 (0.13) 0.02 (0.06) 

44 0.031 (0.09) 0.016 (0.07) <0.02 <0.02 

52 0.29 (0.80) 0.42 (1.74) 0.10 (0.37) 0.17 (0.43) 

66 <0.002 <0.002 0.07 (0.24) 0.05 (0.12) 

77 0.44 (1.21) 0.73 (3.03) <0.02 <0.02 

101 0.71 (1.95) 0.77 (3.20) 0.23 (0.84) 0.33 (0.83) 

105 0.41 (1.13) 0.50 (2.08) 0.14 (0.51) 0.21 (0.53) 

118 1.30 (3.57) 1.40 (5.81) 0.45 (1.65) 0.74 (1.86) 

126 <0.002 <0.002 <0.02 <0.02 

138 2.00 (5.50) 3.60 (14.94) 0.66 (2.42) 1.40 (3.53) 

153 2.20 (6.04) 3.90 (16.18) 0.68 (2.49) 1.70 (4.28) 

169 <0.002 <0.002 <0.02 <0.02 

170 <0.002 <0.002 0.06 (0.20) 0.12 (0.30) 

180 0.47 (1.29) 0.83 (3.44) 0.15 (0.55) 0.31 (0.78) 

187 <0.002 <0.002 0.09 (0.32) 0.20 (0.50) 

195 <0.002 <0.002 <0.02 <0.02 

206 0.03 (0.08) 0.06 (0.23) 0.04 (0.13) 0.02 (0.05) 

209 <0.002 <0.002 <0.02 <0.02 

∑20PCB 8.4 (23.08) 13 (53.94) 2.8 (10.26) 5.6 (14.12) 

 



Project Report: Dolphin Health & Ecology Investigations   
 

 
28 

III. Health Investigations: Epidermal Disease 

Introduction 

Skin lesions in bottlenose dolphins 

Bottlenose dolphins (Tursiops spp.) are susceptible to skin lesions. A skin lesion is defined as any 

abnormality in the skin (Woolf 1998). Skin lesions can have an infectious or traumatic aetiology, or 

may be caused by metabolic processes. Common traumatic lesions suffered by bottlenose dolphins 

include: entanglement wounds, propeller and boat strikes, rake marks from fighting, and shark bites 

(Lockyer 1985; Heithaus 2001; Van Waerebeek et al. 2007). Infectious skin lesions can be of viral, 

bacterial, fungal, or parasitic aetiology (Dierauf and Gulland 2001). 

Viral and fungal-associated lesions are the most common lesions having an infectious aetiology. Most 

lesions that test positive for bacteria are thought to have other primary aetiologies, with the bacteria 

representing a secondary (opportunistic) infection (Dierauf and Gulland 2001). This presentation can 

confound the classification of lesions because bacterial infection may increase the severity of other 

lesion types or alter their appearance. Infection by Erysipelothrix rhusiopathiae, known as ‗Diamond 

Skin Disease‘, is one of the few primary skin diseases of bacterial origin in cetaceans. 

Changes in salinity, temperature and contamination have been linked with increased epidermal disease 

in bottlenose dolphins. Low salinity and temperature are associated with increased lesion rates and 

severity (Wilson et al. 1999). It is difficult to separate the contribution of these factors because they 

often co-vary with each other and with latitude. While low salinity and temperature could cause stress, 

they also have physiological effects on the integument. Increased skin sloughing and changes in 

osmosis are possible mechanisms by which low salinity water could affect skin lesions (Colbert et al. 

1999; Bryan et al. 2010). Reduced blood flow and lower oxygen transport to the epidermis may be 

mechanisms by which low temperature has an effect on skin lesion rates (Scholander and Schevill 

1955; Mauck 2000). Contaminants including heavy metals and organochlorines are positively 

correlated with increased stress in dolphins, and are thought to cause an increase in lesion rates and 

severity (Colbert et al. 1999; Martineau, 2007). Contamination causing a stress induced decline in 

immune function was believed to be a factor in high rates of epidermal disease in Portugal (Harzen and 

Brunnick 1997). This indicates that stress could be an indirect mechanism by which changes in water 

conditions could influence lesion rates in bottlenose dolphin populations. 

In this section, we present a lesion classification system for the presentation of skin lesions observed on 

dolphins in the Swan Canning Riverpark and elsewhere in southwestern Australia. The classification 
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system is based on objective characteristics of lesions, including distribution, approximate size, shape, 

centre and rim colour, texture, profile, and demarcation extent.  

When applying a classification system of this kind, it is necessary to keep in mind that: (1) different 

pathogens may cause similar lesion presentations, making it difficult to attribute particular lesions to 

particular pathogenic agents and (2) lesion presentations may change over time as infections heal or 

regress. Similarly, shark attack, propeller/vessel strike, and entanglement may result in similar scars, 

making it difficult to infer the source of trauma for a scar (or amputation). 

We then assess the prevalence and incidence of skin lesions within dolphins in the Swan Canning 

Riverpark based on photo-identification images collected between June 2011 and July 2012. In 

epidemiology, ‗prevalence‘ refers to the proportion of individuals in a population who have a disease at 

a particular point in time (or within a specified period of time, e.g. a month, a year). In contrast, 

‗incidence‘ relates to the number of new cases of disease that appear in a population within a specified 

period of time. We were interested, in particular, in identifying what lesion types were present 

(particularly those indicating a potentially infectious aetiology), as well as any seasonal variation in the 

occurrence of epidermal disease. 

The information presented in this section is based on analyses conducted by Lisa-Marie Harrison as 

part of an Honours research project at Murdoch University.  

A. Classification of skin lesions – Swan Canning Riverpark 

Lesion prevalence and incidence was assessed using photographs from boat-based surveys conducted 

by Delphine Chabanne from July 2011 – June 2012. A total of 4547 photographs were analysed. All 

lesions seen were classified according to the categories described in Table 3.1. Example images are 

courtesy of Delphine Chabanne, Kate Sprogis, and James Raeside. 
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Table 3.1: Classification scheme for dolphin skin lesions in southwestern Australia 

Category Sub-category Description Example 

A. Hyper-pigmented 
 Darker than surrounding epidermis, no light border. 

 

B. Hypo-pigmented 
 Lighter than surrounding epidermis, no dark border. 

 

C. Targetoid 
Dark fringed Circular, ovoid or irregular with dark border. 
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C. Targetoid  

(continued) 
Light fringed Circular, ovoid or irregular with light border. 

 

D. Concentric rings 
 

Circular, serrated edge, concentric bands of hyper and 

hypo pigmentation, black punctiform centre, well 

demarcated. 

 

D. Tattoo-like 
 

Active 

 Dark grey, black or yellow 

 Irregular shape 

 Stippled 

Regressing 

 Light grey with dark border 

 Irregular shape 

Healed 

 Light grey without dark border 

 Rounded 
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E. Depressed/Sunken 

Ulcers & Erosions 

The skin surface is broken and depressed to variable 

depths. With ulceration (i.e. full-thickness epidermal 

loss including the basement membrane) the dermis is 

visible, often giving the affected area a 

pink/yellow/orange colour 

No image available 

Healed contracted scars 
Re-epithelialisation over scar tissue, which has then 

contracted, this may appear flat or depressed. 

 

F. Raised and/or 

Proliferative 
Nodular Circular or ovoid, multifocal or focal, rounded top 
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F. Raised and/or 

Proliferative 

(continued) 

Multi nodular Verrucous/vegetative  

 

Plaques Focal or multifocal, any shape, flat top No image available 

Vesicular 

Blister-like, rounded top, filled with fluid (may be 

hard to distinguish therefore from nodular lesions on 

the basis of photographs alone) 
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G. Abrasions/excoriations 
 

Scratches, grazes, rake wounds. Abrasions may be 

poorly demarcated and appear simply as a roughened 

patchy loss of the epidermis or even dermis; whereas 

excoriations are partial to full thickness linear to 

curvilinear marks in the epidermis which may also 

involve the dermis. 

 

H. Bite wounds 
 Shark and cookie cutter bites 
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I. Anthropogenic 

(entanglement, 

propeller/vessel strike, 

deliberate harm) 

Full/partial amputation  

 

Laceration/Incision  

 

Scar tissue  
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B. Lesion Prevalence 

Research Methods 

Lesion prevalence on dolphins in the Swan Canning Riverpark was assessed using images taken by 

Delphine Chabanne between June 2011 and July 2012. The presence or absence of lesions was only 

assessed in images where the identity of the dolphin was known. Images where the individual could not 

be identified were not used. 

The body was divided into 10 sections on each side. The location of each lesion seen was described 

according to these sections. The distribution, approximate size, shape, centre and rim colour, texture, 

profile and demarcation extent were described for each lesion.  

Lesions were classified as ‗first‘, ‗new‘ or ‗old‘ according to these criteria:  

a. ‘first’ – the lesion had not been seen before and the section of skin also had not been seen before; 

b. ‘new’ – the lesion had not been seen before and the section of skin with the lesion had previously 

been seen without the lesion; and 

c. ‘old’ – the lesion had been seen before and may or may not have changed in appearance. 

‗First‘ and ‗new‘ lesions were used for prevalence calculations. ‗Old‘ lesions were not used to avoid 

recounting lesions.  

Statistical Analysis 

Rather than reporting a prevalence rate (e.g. 6.1 lesions per 100 dolphins), we present the frequency of 

lesions as a percentage. A possible correlation between the number of photos of an individual and the 

number of lesions seen on that individual was assessed using a Pearson‘s product-moment correlation 

test with a significance level of 0.05. The test was restricted to individuals with a seasonal sighting rate 

of 0.75 or higher (n = 27 dolphins). Individuals with a sighting rate of less than 0.75 are not classified 

as ‗resident‘ within the Swan Canning Riverpark (see Sections IV and V – Ecology Investigations).  

The null and alternate hypotheses were: 

H0: There is no correlation between the number of photographs of an individual and the 

number of lesions seen on the individual 

H1: There is a correlation between the number of photographs of an individual and the number 

of lesions seen on the individual 

The Pearson‘s product-moment correlation test was carried out using the statistics package of R-2.15.1. 



Project Report: Dolphin Health & Ecology Investigations   
 

 
37 

Results & Discussion 

A total of 36 individuals were photographed in the Swan Canning Estuary from July 2011 to June 2012 

(Figure 3.1). The number of images for an individual ranged from less than 10 images to almost 300 

(Figure 3.2). 

All individuals had excoriations present (Figure 3.3). Excoriations include tooth rake marks and occur 

through social interactions such as playing, fighting, and mating. 

Hyperpigmented and hypopigmented lesions were present in more than 80% of individuals, while 

targetoid lesions were present in more than 50% of dolphins. These lesions may have a infectious 

aetiology, but could also be from scarring. In addition, different pathogens can have similar lesion 

presentations. Histopathological examination of microscopic tissue sections and molecular analyses of 

lesion biopsies are necessary to definitively determine the pathogen(s) present and therefore lesion 

aetiology. 

No ulcers, erosions, plaques, concentric rings, or abrasions were observed. No animals displayed 

multinodular lesions consistent with descriptions of lobomycosis in the literature. This disease has been 

observed in some Tursiops populations along the east coasts of the United States and in dolphin 

populations elsewhere. To date, concentric ring lesions have only been documented in the bottlenose 

dolphin population in Bunbury, Western Australia. The genital area and oral mucosa of dolphins were 

rarely visible, making it difficult to detect if herpesvirus-associated lesions were present. 

Tattoo-like lesions were present in five of 36 (13.9%) of individuals. Lesions in these individuals all 

regressed over the year (i.e. they diminished in size, number, and/or severity). Tattoo-like lesions may 

indicate poxvirus (Tattoo Skin Disease) infection. It is likely that cetacean poxvirus is endemic to 

coastal and estuarine dolphin populations in southwestern Australia. However, the low frequency of 

this lesion type, along with the generally small size of the lesions observed, suggests that cetacean 

poxvirus (if present) currently has a low prevalence within the population of dolphins in the Swan 

Canning Riverpark and that dolphins are typically able to control poxvirus infections. This is consistent 

with the hypothesis (described in Section II of this report) that dolphins may have been unable to 

control poxvirus infections when exposed to immunosuppressive stressors such as cetacean 

morbillivirus (CeMV) and high contaminant burdens. Osmotic stress caused by exposure to lower 

salinity water may also exacerbate tissue damage caused by worsening poxvirus lesions. This 

combination of factors may account for the severe ulcerative lesions observed in the two adult females 

that died in September and October 2009 (see Section II – Health Investigations). 
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One individual (Blackwall) had a probable shark scar, one (Print) had a propeller wound, one 

(Resource) had a laceration of unknown aetiology, and a calf (Gizmo) had partial amputation from an 

entanglement injury (see Figures 5.8, 5.9). Gizmo and Print‘s injuries (and possibly Resource‘s 

laceration) indicate that human-induced injuries continue to be an issue for this population.  

By inspection, the average number of lesions for females and males were broadly similar (Figure 3.4). 

The Pearson‘s product-moment correlation test indicates that there is no significant interaction between 

the number of photos of an individual and the number of lesions seen on the individual for animals 

considered to be residents of the estuary (t = 1.596, p = 0.123) (Figure 3.5).  
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Figure 3.1: Proportion of months (n = 12) and seasons (n = 4) that each individual was seen from June 2011 to May 2012 (m = male; f = female; u = unknown, a = 

adult; c = calf; j = juvenile). For example, a Seasonal Sighting Rate of 1.0 means that the individual was seen in all seasons. The number of sightings for each individual 

is shown above the columns. 
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Figure 3.2: Number of images analysed for dolphins observed within the Swan Canning Riverpark between July 2012 and June 2012. 
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Figure 3.3: Frequencies for the different lesion categories between July 2011 and June 2012. 

 

Figure 3.4: Average number of lesions of each type seen on male and female for dolphins 

observed within the Swan Canning Riverpark between July 2012 and June 2012. Standard 

deviations are shown. 
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Figure 3.5: Correlation between the number of photos of each individual and the number of 

lesions seen on each individual. Non-residents are shown for comparison. 

 

C. Lesion Incidence 

Research Methods 

The analysis of skin lesion incidence in the Swan Canning Estuary was carried out using the same 

photographs used to assess prevalence. Analysis was restricted to individuals with a seasonal sighting 

rate of 0.75 or higher (n = 27 dolphins) to remove animals that were not likely to be residents of the 

estuary.   

Only lesions designated ‗new‘ were used for incidence analysis. Lesions classified as ‗first‘ could not 

be confirmed as being new to the animal because the section of skin had not been seen without the 

lesion.  

Lesion distribution, shape, size, centre and rim colour, profile, texture and demarcation extent were 

described for each lesion seen.  

Analysis of Lesion Incidence 

A possible correlation between the number of photos of an individual and the number of new lesions 

seen on that individual was assessed using a Pearson‘s product-moment correlation test with 

significance level of 0.05. The test was restricted to individuals with a seasonal sighting rate of 0.75 or 
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higher because animals with a sighting rate of less than 0.75 were considered to be unlikely to be 

residents.  The null and alternate hypotheses were: 

H0: There is no correlation between the number of photographs of an individual and the 

number of new lesions seen on the individual 

H1: There is a correlation between the number of photographs of an individual and the number 

of new lesions seen on the individual 

The Pearson‘s product-moment correlation test was carried out using the statistics package of R-2.15.1. 

One-way analysis of variance (ANOVA) was used to assess whether incidence of lesions of possible 

infectious aetiology differed between seasons. Lesion categories other than Abrasions and 

Excoriations, Anthropogenic, and Bite Wounds were included in the analysis of lesions of possible 

infectious aetiology. It should be noted that the categories deemed to be of possible pathogenic 

aetiology may include lesions of traumatic origin, as it is not possible to be certain of the aetiology 

without histopathological examination of microscopic tissue sections and molecular analyses of lesion 

biopsies. Again, the data were weighted using the number of photos available of each animal. A 

significance level of 0.05 was used. All statistical analysis was carried out using the base package of R-

2.15.1. 

Results & Discussion 

By inspection, the average number of lesions for females and males were broadly similar, indicating 

similar lesion incidence between sexes (Figure 3.6).  

There was a significant correlation between the number of new lesions seen on an individual and the 

number of photos available for the individual (Pearson‘s product-moment correlation test: t = 2.349, p 

= 0.027) (Figure 3.7), indicating that more new lesions were observed on animals that had more images 

taken of them. This correlation suggests that sampling effort was important for identifying new lesions, 

i.e. that new lesions were more readily detected in dolphins that were photographed more often (and 

presumably also sighted in more months). This result emphasises the difference between prevalence 

and incidence. Measurements of lesion prevalence were based on the presence of a lesion at any time 

during the 12-month study period; in contrast, measurements of lesion incidence were based on 

documenting any new lesions that appeared each month. This suggests that sampling effort is much 

more important for the accurate estimation of incidence than for prevalence. The positive correlation 

between the number of images and number of new lesions detected suggests that the sampling effort in 

this study may have been inadequate to accurately assess lesion incidence and, in particular, that the 

study likely underestimated the number of new lesions in less frequently sighted individuals. 
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The number of new possibly pathogenically caused lesions did not differ across seasons (p = 0.059) 

(Table 3.2). However, the variation in the data may obscure any trends (Figure 3.8). Larger and longer-

term datasets may address this issue. The small positive correlation between the number of new lesions 

observed and the number of photos of an individual suggests that increasing image sample size may 

increase the likelihood of detecting new lesions. 

 

Figure 3.6: Average number of new lesions for males and females with standard deviations. 

0 

10 

20 

30 

40 

50 

60 

Male 

Female 



Project Report: Dolphin Health & Ecology Investigations   
 

 
45 

 

Figure 3.7: Correlation between the number of photos of an individual and the number of new 

lesions seen on an individual. 
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Table 3.2: Results of one-way ANOVA to assess whether incidence of lesions of possible pathogenic 

aetiology differed across seasons. 

 
df Sum Sq Mean Sq F value Pr (>F) 

Season 
3 17116 5705 2.563 0.0591 

Residuals 
98 218117 2226   

 

 

Figure 3.8: Weighted mean number of new possibly infectious lesions per season with standard 

deviations. 
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IV. Ecology Investigations: 2001-3 Research 

Introduction 

Holyoake et al. (2011) proposed that the resident community of bottlenose dolphins within the Swan 

Canning Riverpark should be recognised as the management unit for the Riverpark. The identification 

of appropriate units of management is essential for the conservation of marine wildlife, including 

dolphins. Appropriately defined management units allow wildlife managers to better determine: the 

conservation status of species and populations, the biological significance of human impacts, and the 

efficacy of management strategies (Currey et al. 2009a; Wallace et al. 2010; Berger-Tal et al. 2011). 

Barlow (2009) defines management units as a ―group of animals that is the target of some management 

action‖. While definitions for management units typically reflect statutory and policy considerations, 

the criteria underlying definitions generally draw on genetic, ecological, and geographic information 

(Moritz 1994; Wade and Angliss 1997; Taylor 2005; Wood and Gross 2008). In this chapter we use 

behavioural information to identify and characterise the community of bottlenose dolphins resident 

within the Swan-Canning Estuary between 2001-3. 

Bottlenose dolphins (Tursiops spp.) inhabit coastal and estuarine environments throughout the tropical 

and temperate latitudes of the Indo-Pacific region. At present, three species of bottlenose dolphins are 

recognised in Australian waters: the common bottlenose dolphin (Tursiops truncatus), the Indo-Pacific 

bottlenose dolphin (Tursiops aduncus) and the Burrunan dolphin (Tursiops australis). The latter was 

only recently identified and is restricted to southern Australian waters (Charlton-Robb et al. 2011). 

Both T. aduncus and T. truncatus exhibit a complex population structure within coastal and estuarine 

environments, such that the individuals observed in an area may be migratory, transient, seasonally-

resident, or resident year-round (Möller et al. 2002; Lusseau 2005; Urian et al. 2009; Waring et al. 

2011).  

Within coastal and estuarine systems, the population structure of bottlenose dolphins is often 

characterised by the presence of discrete ‗communities‘ of dolphins (Wells et al. 1987; Curry and 

Smith 1997). Members of resident communities typically have small and over-lapping home ranges; 

show long-term site fidelity (i.e. site philopatry) and year-round residency; and associate most 

frequently with other members of the community (Olin et al. 2011; Mazzoil et al. 2008; Urian et al. 

2009; Wells et al. 1987; Wilson et al. 1997; Zolman 2002). They may also exhibit distinct behavioural 

specializations (e.g. Krützen et al. 2005; Sargeant et al. 2005, 2007; Sargeant and Mann 2009) and 

genetic differentiation from dolphins in surrounding areas (Barros and Wells 1998; Duffield and Wells 
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2002; Hoelzel 1998; Möller et al. 2007; Möller and Harcourt 2008; Sellas et al. 2005; Tezanos-Pinto et 

al. 2009; Wisniewski et al. 2009). 

Tyson et al. (2011, p. 254), following the definition proposed by Wells et al. (1987), defined these 

communities as being comprised of ‗resident dolphins that regularly share large portions of their 

ranges, exhibit similar distinct genetic profiles, and interact with each other to a much greater extent 

than with dolphins in adjacent waters‘. This definition places great importance on behavioural 

information, particularly ranging and association data, gathered through long-term study of known 

individuals (e.g. Zolman 2002; Urian et al. 2009; Wiszniewski et al. 2009).  

Resident communities are often quite small. Gubbins (2002) and Zolman (2002), for example, reported 

20 and 21 resident dolphins in estuarine habitats in South Carolina, and Wiszniewski et al. (2009) 

reported two communities of 89 and 31 individuals within an embayment in eastern Australia. Small 

population sizes and low intrinsic rates of increase make resident communities highly vulnerable to 

extinction by natural and/or anthropogenic processes, particularly if communities are isolated and little 

immigration occurs (NOAA 1999; Sellas et al. 2005; Wilson et al. 1999). 

Techniques for identifying resident bottlenose dolphin communities are receiving increasing scientific 

attention (Lusseau and Newman 2004; Urian et al. 2009; Wiszniewski et al. 2009; Rosel et al. 2011). 

This interest reflects, in part, the recognition of resident communities as provisional management units 

for stock assessments of coastal T. truncatus under the U.S. Marine Mammal Protection Act 1972 

(Waring et al. 2011), as well as more general concerns about geographically isolated Tursiops 

populations (Currey et al. 2009b).The economic and cultural value of bottlenose dolphins has also 

supported efforts to identify and conserve resident communities in the southern Indo-Pacific region, 

with field studies in New Zealand (Lusseau et al. 2003), eastern Australia (Fury and Harrison 2008; 

Wiszniewski et al. 2009), and western Australia (Mann et al. 2000). In his review of the conservation 

status of Australian delphinids, Ross (2006) described the population structure of T. aduncus in 

Australian waters as consisting of a ‗series of small, self-contained entities along the coast‘ and 

identified the need for local-scale assessment of human impacts. 

Leaving genetic considerations aside, a broad range of behavioural parameters assist in identifying 

resident communities of bottlenose dolphins. Individual-based measures, such as sighting rates, home 

ranges, and residence times, can be used to assess occupancy patterns (i.e. whether an individual 

occupies an area on a transient, seasonal, or year-round basis) (Lusseau 2005; Urian et al. 2009; 

Wiszniewski et al. 2009). Ranging information can also be used to characterise usage of an area, such 

as whether individuals range throughout a study area extensively or have a more restricted distribution. 
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Sighting rates can be used to examine how frequently individuals occur in an area and to characterise 

temporal (e.g. seasonal) patterns in their occurrence, information that can support the classification of 

individuals as resident or not (Möller et al. 2002). Residence times can be calculated using the Lagged 

Identification Rate (LIR), a measure which estimates the amount of time individuals spend within and 

outside of a defined area (Whitehead 2001). LIR is useful for discriminating between individuals that 

inhabit an area continuously and those which are only occasionally present (Whitehead 2001). 

Behavioural parameters based on social behaviour are also important, as strong, stable, and long-lasting 

inter-individual associations are key features of Tursiops social structure (Lusseau et al. 2003). The 

definition proposed by Tyson et al. (2011) indicates that members of resident communities should 

associate preferentially with other members of the community, although other dolphins may be present 

(Urian et al. 2009; Elliser and Herzing 2011). Several measures can be used to quantify association 

patterns (Whitehead 1997; Gero et al. 2005; Urian et al. 2009). These include association indices (i.e. 

estimates of the proportion of time two individuals spend together), association analyses (e.g. test of 

social differentiation, permutation tests), and examinations of the persistence of association patterns 

(e.g. Lagged Association Rate (LAR)) (Smolker et al. 1992; Whitehead 1999; Lusseau et al. 2003). 

Management units are often defined in relation to geographic factors. For example, statutory objectives 

for marine reserves may aim to maintain representative populations of species within reserve 

boundaries (Hoyt 2005). The waterways of the Swan Canning Riverpark flow through a major 

metropolitan area of more than 1.4 million people. Like many urban estuaries, the Swan Canning 

Riverpark experiences a range of environmental stresses, including high nutrient inputs from catchment 

sources, occasional harmful algal blooms and fish die-offs, and deoxygenation of benthic waters 

(Radke et al. 2004; Robson et al. 2008). The deaths of six bottlenose dolphins (T. aduncus) within the 

Riverpark in 2009 raised concerns about the effects of environmental stressors on dolphins and the 

long-term persistence of dolphins within the estuary (Holyoake et al. 2010). 

We used behavioural data collected between October 2001 and June 2003 to determine whether a 

resident community of bottlenose dolphins occurred within the Riverpark. Our aim was to identify the 

individuals that might comprise a resident community based on evidence of year-round residency and 

strong and stable patterns of associations between individuals. To support this aim, we analysed data 

for five general behavioural parameters: (1) ranging patterns (occurrence within the estuary); (2) 

sighting frequency (monthly and seasonal sighting rates); (3) residence times (LIR); (4) association 

patterns (association indices, Pearson‘s correlation coefficient, social differentiation and permutation 

tests); and (5) persistence of associations (LAR). 
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Methods 

Study population 

Bottlenose dolphins (Tursiops spp.) occur throughout the metropolitan waters of Perth (Finn 2005). 

Though both T. aduncus and T. truncatus haplotypes have been documented in the Perth region, the 

inshore form is considered to be T. aduncus (Holyoake et al. 2011). Cheal and Gales (1992) reported 

that, for captive bottlenose dolphins that were captured in the Perth area, females reached sexual 

maturity at 11-13 years of age and at lengths between 227 and 238 cm, while males reached sexual 

maturity at lengths between 222 and 233 cm. 

Field studies from 1993-1997 and 2000-2003 investigated the ecology and conservation of dolphins in 

Cockburn Sound, a semi-enclosed embayment 10 kilometers south of the Swan Canning Riverpark 

(Finn 2005; Finn et al. 2008; Donaldson et al. 2010; Donaldson et al. 2012). Finn (2005) reported that 

79% (n = 57 of 72) of dolphins considered resident in Cockburn Sound during the 1993-1997 study 

were still present during the subsequent (2000-2003) study, indicating long-term site fidelity for 

dolphins in this area. Similarly, low-level photo-identification monitoring, coupled with identification 

of dolphin carcasses from 2008-2012 has accounted for most of the individuals consistently observed 

within the Riverpark from 2001-3, providing evidence for long-term site fidelity for dolphins using the 

estuary (Holyoake et al. 2010; H. Finn, Murdoch University, unpublished data). 

Study site 

The Swan Canning Riverpark is a micro-tidal estuary (O'Callaghan et al. 2007). The body of the 

estuary encompasses an area of about 55 km
2
 and comprises two river systems (the Swan and Canning 

rivers) that join near the City of Perth and reach the Indian Ocean through the Inner Harbour of the Port 

of Fremantle. In summer, the estuary experiences strong marine influence because of weak freshwater 

flows (Astill and Lavery 2004; Brearley 2005).  

The Swan Canning Riverpark was gazetted in 2006, three years after the conclusion of the original 

study in 2003. The waterways of the Riverpark include both the Swan and Canning river systems but 

do not include the Inner Harbour at the entrance to the estuary. The Inner Harbour is c. 2500 meters 

long and 450 meters wide and opens to the ocean at its southern end.  

The study area extended from the entrance to the estuary through the lower reaches and included 

several basins in the middle reaches (Figure 4.1). This study area therefore comprised: (1) the Inner 

Harbour and (2) the western-most portions of the Riverpark. We chose this for our study area because 

it was amenable to boat-based survey and because a three-month pilot study period (October-December 
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2001) suggested that dolphin activity was most intense within the Inner Harbour and the lower and 

middle reaches of the estuary.  

The study area represented only a portion of the probable home range for most dolphins observed in 

this study, as individuals were observed to range: (a) further upstream (e.g. in the Canning River and 

the upper reaches of the Swan River) and (b) in coastal areas outside the estuary (H. Finn, Murdoch 

University, unpublished data). We chose to only consider data from sightings of dolphins within the 

defined study area because: (1) our aim was to identify those dolphins most closely associated with the 

waterways of the Riverpark; (2) sightings of dolphins outside of the study area were not conducted 

along a systematic survey route; and (3) the inclusion of association data from sightings outside the 

study area would complicate analyses investigating social structure among dolphins observed within 

the Riverpark. 

 

Figure 4.1: Location of the systematic survey route within the Swan Canning Riverpark. The start 

locations for the survey route alternates between the Inner Harbour (‗Port‘) (‗A‘) and Point Resolution 

(‗B‘). The map also shows the location of the nine sub-sections along the survey route. 

B 

A 
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Data collection 

We conducted boat-based observations and photo-identification of dolphins within the Swan Canning 

Riverpark between October 2001 and June 2003 following a systematic survey route (Figure 4.1). We 

set the sampling period to one day (n = 222 sampling days). Thus, for dolphins identified more than 

once during a survey day, we used only their first sighting of the day for analyses. Standard photo-

identification techniques were used to identify individual dolphins based on nicks and marks on the 

dorsal fin and body surface (Würsig and Jefferson 1990). For each sighting, we recorded group size 

(i.e. individuals who were estimated to be within 10 m of any other individuals) (Smolker et al. 1992)), 

age-sex composition, and location (northing/easting using a hand-held GPS unit).  

Behavioural methods followed the sampling protocol and ethogram used by researchers at the long-

term dolphin study site in Shark Bay, Western Australia (Smolker et al. 1992; Mann 1999; Mann et al. 

2000) and in previous studies in the Perth area (Donaldson et al. 2012). Behavioural activities were 

defined as: Forage, Feeding, Socialise, Rest, Travel, Unknown, or as some combination of states (e.g. 

Forage/Travel). Foraging was defined as the ―regular, consistent, and more or less exclusive search for 

prey items‖ characterised by repeated dives in the same area, rapid surfaces while not interacting with 

other dolphins, and or fast swims after fish (Heithaus and Dill 2002, p. 484). 

We were able to definitively sex some dolphins based on direct observations of genital areas and (for 

females) consistent observations of individuals with a calf in ‗infant position‘ (i.e. travelling 

underneath and slightly behind the mother)(Smolker et al. 1992). Dolphins which were not definitively 

sexed were assigned a provisional sex based on behavioural observations including aggressive 

behaviour (frequent in males but rare between females (Scott et al. 2005)) and consortship-type 

behaviour in tightly-bonded groups of two or three dolphins (typical of adult males) (Connor et al. 

2000a; 2000b). 

Individuals were classified into three age-classes: adult, sub-adult, and calf (as a general descriptor for 

a calf of any age, including neonates) based on physical traits (e.g. body length) and behavioural 

attributes (e.g. for males, the lack of a consistent alliance associate) (Wells 1998; Kogi et al. 2001; 

Gibson and Mann 2008). The sub-adult age-class category was broad, and included smaller and 

obviously immature individuals (sometimes referred to as ‗juveniles‘, e.g. Smolker et al. 1992) and 

larger, yet still physically immature dolphins (Smolker et al. 1992).  
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Ranging patterns 

We used GPS coordinates of dolphin encounters to plot the distribution of sightings for each 

individual. As our aim was to determine if a resident community occurred within the Riverpark, we 

classified dolphins according to whether they were sighted within the boundaries of the Riverpark and 

the Inner Harbour (i.e. throughout the study area) or only within the Inner Harbour area at the mouth of 

estuary and never in the estuarine waters comprising the Riverpark.  

Sighting rates 

We calculated monthly and seasonal sighting rates to determine which individuals were observed 

consistently across the duration of the study and which were only infrequently observed. We excluded 

calves from these analyses because a calf‘s sighting pattern is not independent from its mother‘s and 

because some calves were born during the course of study, therefore precluding analysis across the 

duration of the study.  

For each individual observed, we calculated a monthly sighting rate (MSR) and a seasonal sighting rate 

(SSR). These rates reflect (respectively) the number of months or seasons that a dolphin was sighted at 

least once divided by the total number of months (n = 21) or seasons (n = 8) for the study. Seasons 

were defined according to the Australasian calendar: summer (December to February), autumn (March 

to May), winter (June to August), and spring (September to November).  

We categorised dolphins based on sighting rates and SSR using a modification of the criteria applied in 

Möller et al.(2002) and Fury and Harrison (2008). We classified dolphins using these categories and 

criteria: (1) ‗resident‘: medium-high sighting rates (sighted in >10% of surveys) and high SSR (> 0.75); 

(2) ‗occasional visitor‘: low sighting rates (<10% of the surveys) but medium SSR (0.125 - 0.75); or 

(3) ‗transient‘ dolphins with low sighting rates (<10% of the surveys) and low SSR (<0.125).  

Residence times 

To quantify the amount of time individuals occurred within the study area (i.e. their residence time), we 

sampled a systematic survey route between March 2002 and June 2003 (16 months) (Figure 4.1). The 

survey route provided a standardised measure of sampling effort within the study area. Using the 

software SOCPROG 2.4 (Whitehead 2009), we estimated the Lagged Identification Rate (LIR) for each 

individual, based on sighting data obtained during samples of the complete survey route. LIR is the 

probability that an individual will be resighted in an area after a certain time lag (td). As LIRs estimate 

the amount of time individuals reside within and outside the study area, they can be used to examine 

various demographic models for a population (Whitehead 2001). These models include: (1) emigration 

of individuals (i.e. the movement of individuals out of the study area); (2) immigration of individuals 
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(i.e. the movement of individuals into the study area); (3) mortality of individuals; and (4) 

combinations of these models (e.g. emigration of individuals combined with mortality of individuals) 

(Whitehead 2001). LIR modelling may be useful for estimating abundance and residence time if 

populations are open rather than closed demographic units. LIR analysis can also assist in interpreting 

association patterns at varying temporal scales (Whitehead 2008). 

We selected the best fitting models using the Quasi Akaike Information Criterion (QAIC) (Whitehead 

2007). Burnham and Anderson (2002) suggest that the difference between the QAIC of the selected 

model and all other models should be greater than 2 (i.e. ΔQAIC > 2) in order to rule out the validity of 

other models. 

Association patterns 

We considered dolphins as ‗associated‘ if they were photo-identified within the same group. We used 

association indices to identify which individuals (or groupings of individuals) were most closely linked 

by patterns of association among the dolphins sighted within the study area. We limited our analyses of 

association patterns to individuals observed at least five times to avoid potential biases associated with 

small sample sizes (Jennions and Moller 2003). We used the Simple Ratio Index (SRI) to quantify 

strengths of associations, as this index is the least biased measure among the suit of available 

association indices potentially applicable to our data (Ginsberg and Young 1992).  

An assumption for SRI is that all associations are measured accurately. In this study, we identified 87% 

of all dolphins that were encountered (i.e. we failed to identify 13% of dolphins sighted). Unidentified 

dolphins generally occurred in sightings in which we only observed dolphins once or twice and failed 

to identify any of the group members. Thus, in sightings used for association analyses, the identities of 

>90% of dolphins were known. We considered this identification rate adequate to meet the assumption 

that all associations were measured accurately. With the exception of calves, all individuals in the study 

had individually distinctive markings (i.e. there were no ‗unmarked‘ individuals). 

To examine the accuracy of the social representation (i.e. the power and precision of the association 

data), we calculated the Pearson‘s correlation coefficient (r) between the true association indexes and 

estimated association indexes (Whitehead 2008), and the social differentiation coefficient (S, 

coefficient of variation in the true association indices). Pearson‘s correlation coefficient provides a 

measure of the quality of the representation of the association pattern. Specifically, an r value near 1 

indicates that the representation is excellent, while r ~ 0.8 suggests a good representation and r ~ 0.4 

indicates a fair representation (Whitehead 2008). The social differentiation coefficient describes the 

variability of the associations. Whitehead (2008) suggests that S values should be interpreted in this 
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manner: (1) <0.3 - society is homogeneous; (2) 0.5 to 2 - society shows some strong associations 

between individuals; and (3) >2 - society has generally weak associations between individuals.  

Next, we carried out an average linkage hierarchical cluster analysis (HCA). The HCA produced a 

dendrogram showing the degree of association between resident individuals and calculated the 

cophenetic correlation coefficient (CCC). Bridge (1993) suggested that a CCC greater than 0.8 

indicates a good match between the dendrogram and the association matrix. We also used SOCPROG 

2.4 to quantify possible structure within the social affiliations among the putative community. 

Specifically, we used eigenvector modularity network algorithms to identify meaningful cut-off limits 

to identify possible subdivision, i.e. groupings imbedded within the overall social structure of a 

community (Newman 2004, 2006). Modularities greater than 0.3 are considered to represent 

meaningful community divisions (Newman 2004; Whitehead 2009).  

A test for preferred or avoided associations was then used to test the null hypothesis that individuals 

associate randomly with all other individuals (Bejder et al. 1998; Whitehead et al. 2005; Whitehead 

2008). Associations were permuted 1000 times within the one-day sampling period for the complete 

dataset and for each combination: adult females, adult males and sub-adults (with suspected females 

and suspected males grouped into the same combination because of uncertainty about their sex). We 

rejected the null hypothesis if the standard deviation (SD) of the real association index was 

significantly higher than the randomly permutated data. A Mantel test, using 1000 permutations, was 

carried out to examine whether differences in associations occur between age-sex classes (Schnell et al. 

1985). This general method of matrix comparison evaluates the correlation coefficient between two 

matrices (e.g. sex classes and age classes) and tests its statistical significance. Results are discussed 

according to a two-tailed 0.05 p-value. For example, the null hypothesis indicating no correlation 

between two matrices is rejected if p < 0.025 or p > 0.975.  

Persistence of associations 

To examine the persistence of dolphin association patterns (and therefore the temporal stability of 

associations between individuals present in the estuary), we calculated the Lagged Association Rate 

(LAR), which estimates the probability that two individuals sighted together at a given time will still be 

associated at some time lag later. LAR estimates are therefore measures of the persistence of 

associations over time (Whitehead 1995). We tested models characterising the social organisation of a 

society for three types of association pattern: (1) constant companions (i.e. stable associations over 

time and changed only by birth or death); (2) casual acquaintances (i.e. non-permanent relationships 

decaying over various time lags); (3) and rapid disassociations (i.e. associations lasting only for brief 

periods) (Whitehead 1995). The fit of the models was assessed using maximum likelihood and 
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binomial loss techniques (Whitehead 2008). The best-fitting model was chosen based on minimising 

the Quasi Akaike Information Criterion (QAIC) (Whitehead 2007). The jackknife method was used to 

obtain estimates of precision of the LAR (Efron and Stein 1981). This analysis was carried out for 

adults only; we did not extend the analysis to sub-adults because of uncertainty regarding the sex of 

dolphins within this sub-adult age-class. 

Results 

Individual identification 

We conducted 222 days of field observation within the study areabetween October 2001 and June 2003 

(n = 21 months), at an interval rate of three days (SD = 2.9 days) between surveys. We encountered a 

total of 1306 dolphins (including recounts; excluding calves) during 454 dolphin group sightings. We 

identified all individuals present in 87.7% (n = 372) of sightings; one or more dolphins were not 

identified in 52 sightings (12.3%). We identified 55 individuals overall, of which 43 (78.2%) were 

adults or sub-adults and 12 (21.8%) were calves (Table 4.1).  
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Table 4.1: Age, sex and area observed of identified bottlenose dolphins in the Swan-Canning 

Estuary. Age categories are: A = adult, S = sub-adult and C = calf. Sex categories are ‗M‘ = male; 

‗M?‘ = suspected male; ‗F‘ = female; ‗F?‖ = suspected female; and U = unidentified. Areas observed 

were Estuary (i.e. sighted anywhere in the Swan Canning Riverpark) or Port (i.e. sighted only in Inner 

Harbour of the Port of Fremantle). 

 

Dolphins id# Age Sex Area observed

HIG A F Estuary
HIGCALF C U Estuary
HOO A M Estuary
SOC A F Estuary
MOO C U Estuary
BOT S F? Estuary
KEY S M? Estuary
WIN A F Estuary
HII A M Estuary
REA A M Estuary
MID A M Estuary
CLE A M Estuary
BLA S M? Estuary
TAB A M Estuary
TWO A F Estuary
TUP A F Estuary
PAP S M? Estuary
TOP S M? Estuary
LEE A F Estuary
TWOCALF C U Estuary
RUK S M? Estuary
REI A F Estuary
FIN A M Port only
RIP A M Port only
BEE A M Port only
COF S/A U Estuary
LEECALF C U Estuary
SUG S F? Estuary
FFI A U Port only
WINCALF C U Estuary
TUPCALF C U Estuary
BAC A M Port only
MILCALF C U Estuary
BEN A M Port only
CAP A F Port only
CSX A F Estuary
CSXCALF C U Estuary
CSY A F Estuary
CSYCALF C U Estuary
BAT A M Estuary
MOT A M Estuary
HAT A F Estuary
HIGINFANT C U Estuary
HAR A F Estuary
HARCALF C U Estuary
KRA A M Estuary
SAP A F Estuary
SKA A M Port only
A51 C U Estuary
A52 S U Estuary
UNK14 A M Port only
VAM A M Port only
NOO A F Port only
BON A F Estuary
UNK57 A U Port only
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Activity 

Foraging was most common predominant activity (n = 212 of 370 sightings, 57.3%), followed by 

Travelling (n  = 110 sightings, 29.7%). Socialising (n  = 26 sightings, 7.0%) and Resting (n  = 22 

sightings, 5.9%) occurred infrequently. The predominant activity of dolphins was not determined in 26 

of 396 (6.6%) sightings. 

Group Size 

Mean group size was 2.8 + 0.1SE (n  = 396, range: 1-12). The predominant activity Forage had the 

smallest mean group size of 2.3 + 0.1 (n = 212 sightings; range = 1-9), with larger group sizes observed 

for Travel (3.2 + 0.2 dolphins; n = 110 sightings; range: 1-11), Rest (3.7 + 0.4 dolphins; n = 22 

sightings; range: 1-8), and Socialise (5.9 + 0.6 dolphins; n = 26 sightings; range: 3-12). Group size 

differed across activities [one-way ANOVA (α = 0.05), F = 31.694, p < 0.001)]. 

Ranging patterns 

Analysis of sighting distributions determined that twelve (20.9%) of the 43 adults and sub-adults were 

only sighted within the Inner Harbour at the entrance to the estuary and were never sighted in the 

waters comprising the Riverpark (Table 4.1). The remaining 31 individuals (79.1% of adults and sub-

adults) were sighted at least occasionally within the Riverpark. 

Sighting rates 

The mean monthly sighting rate per individual (MSR) was 0.41 (SD = 0.06) sightings per month. The 

mean seasonal sighting rate per individual (SSR) was 0.51 (SD = 0.06) sightings per season. 

Of the 43 adults and sub-adults identified, 19 (44.2%) dolphins were classified as ‗transient‘ because 

they were sighted in less than 10% of surveys and had SSR < 0.125 (Figure 4.2a). Six (13.9%) were 

classified as ‗occasional visitor‘ because they had SSR between 0.125 and 0.75 but were sighted in less 

than 10% of surveys. Eighteen (41.9%) dolphins were classified as ‗resident‘ because they were 

sighted more than 30 times (> 10% of all surveys) in multiple seasons (SSR > 0.75) and were observed 

within the lower and middle reaches of estuary (i.e. upstream of the harbour area). If the adult CLE 

(who was not observed after mid-2002) is excluded from analyses, monthly sighting rates for the 

remaining 17 dolphins were above 0.88 (SD = 0.09) sightings per month, indicating that these dolphins 

were observed consistently across months (Figure 4.2b). These 17 dolphins were also seen in at least 

six seasons of eight possible (SSR ≥ 0.75). 
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Figure 4.2: Sightings of bottlenose dolphins (non-calves) identified in the Swan Canning 

Riverpark between October 2001 and June 2003. Figure 2(a) shows the total of number of sightings 

of identified individuals and Figure 2(b) shows number of months and seasons in which specific 

adult/sub-adult individuals were sighted at least once as the proportion of the total of months and 

seasons surveyed. Seasons were defined according to the Australasian calendar: summer (December to 

February); autumn (March to May); winter (June to August); and spring (September to November). 

Residence times 

We conducted 132 replicates of the complete survey route between March 2002 and June 2003 (n = 16 

months; n = 6 seasons), during which we encountered 211 dolphin groups. Of the four demographic 

models applied to the Lagged Identification Rate (LIR) data, a combined model of emigration and 
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mortality had the lowest QAIC value (QAIC = 57129.2, Table 4.2), indicating that this model best 

represents the demographic processes for dolphins in the study area. 

The emigration and mortality model estimated that the mean community size was 18 individuals (± 2 

individuals) (Table 4.2). Mean residence time (‗B‘ in the models in Table 4.2) of dolphins in the study 

area was approximately nine years (B = 3277 days; SE = 7 × 10
12 

days). 

There was also support for a combined emigration and reimmigration model (ΔQAIC = 0.4). The 

emigration and reimmigration model estimated a similar community size (17 individuals ± 2 

individuals), and a residence time of 843 days (± 717 days) in the estuary and 127 days (± 6 × 10
11 

days) out of the estuary.  
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Table 4.2: Fitting models to lagged identification rates (LIR) of bottlenose dolphins in the Swan Canning Riverpark using maximum likehood. The LIR was 

calculated throughout the 16-month period where the sampling effort was standardised using a systematic survey route (Time lag td, in days). The smaller the QAIC is, the 

better the model fits. ΔQAIC indicates how well the data support the less favoured model. 

 

 

(e (- (1 D)/A) ((1/C)+(1/B) e (- (1/C + 1/B)  td ))/(1/C+1/B)

QAIC ΔQAIC

Closed

A = community size
57139.0 9.8

Emigration + mortality

A = community size

B = mean residence time

57129.2

Emigration + reimmigration

A = community size

B = mean time in study area

C = mean time out of study area

57129.6 0.4

Emigration + reimmigration + mortality

57132.5 3.3

Model g(td) Model explanation

A = community size

B = mean time in study area

C = mean time out of study area

D = mortality rate

1/A

(1/A) e (-td / B)

(1/A) ((1/C)+(1/B) e (- (1/C + 1/B)  td ))/(1/C+1/B)
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Association indices 

Association patterns were analysed for 24 individuals that were observed at least five times over the all 

study period (October 2001 to June 2003). The correlation coefficient between the true and estimated 

association indices indicated a good representation of the association patterns (r = 0.73 ± 0.02), and the 

value of social differentiation (S = 1.135 ± 0.022) indicated a well-differentiated society with some 

individuals forming strong associations.  

The dendogram (Figure 4.3) displayed a good representation of the matrix of association indices (CCC 

= 0.98). The mean SRI was 0.09 (SE = 0.06). Following the protocol of Newman (2004), the maximum 

modularity (as identified at the mean SRI), indicated a meaningful community division with four 

groupings (max M = 0.30). Two of the groupings were dyads of adult males (CLE with TAB and MID 

with REA). An adult female (SOC) was also slightly associated to MID and REA. The two other 

groupings involved a grouping of sub-adults of both sexes together with one adult male (BLA, PAP, 

TOP, KEY, RUK, HII, SUG, and BOT), and a grouping of adult females (HIG, TUP, WIN, LEE, and 

TWO). Six other individuals were individually separated or briefly associated to others (SAP, HAR, 

CSX, MIL, FFI, and HOO).  

Tests of preferred/avoided associations (Table 4.3) among the dolphins sighted at least five times 

indicate that the standard deviation of the mean SIR for observed data was significantly higher than for 

random data (SDobs = 0.14072 and SDrd = 0.11689, P < 0.001). This indicates that individuals 

associated preferentially with certain other individuals and that the null hypothesis of individuals 

associating randomly with all other individuals can be rejected. Permutation tests also indicated that 

adult females, adult males, and sub-adults associated preferentially within their own age-sex category 

(P = 0.008; P < 0.001; and P < 0.001, respectively). Mantel test revealed a significance difference 

between age-sex classes (P< 0.001).    
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Figure 4.3: Dendrogram showing average linkage cluster analysis of bottlenose dolphins sighting 

at least five times in the Swan Canning Riverpark (n = 24, calves not included). Individual dolphins 

are represented by a three-letter code on the right of the figure with ages (‗A‘ = adult; ‗S‘ = sub-adult) 

and sex (‗M‘ = male; ‗M?‘ = suspected male; ‗F‘ = female; ‗F?‖ = suspected female; and U = 

unidentified). The average SIR (0.09) indicated the best cutoff value for forming four groupings: (1) a 

dyad of strongly associated adult males loosely associated with an adult female; (2) a group of adult 

females; (3) a group of mixed sex sub-adults; and (4) a dyad of adult males. 

 

 

Table 4.3. Observed and random mean Simple Ratio Index (SRI) of bottlenose dolphins in the 

Swan Canning Riverpark (tests performed with 1000 permutations). * The Overall category (n = 

24 individuals) included one adult whose sex was undetermined.  
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Persistence of associations 

The LAR (g(τ)) for each category (adult males and adult females) were higher than their null LAR, 

indicating that associations between individuals of same category were stable over the study period (21 

months expressed in lag of τ time units; Figure 4.4). The LAR between adult males was higher than 

between adult females, indicating stronger associations between adult males over time than between 

females for the duration of the study.  

 

Figure 4.4: The lagged association rates (LARs) for adult female (grey) and adult male (black) 

bottlenose dolphins. Null LAR (NAR), fitted models (FM) and jackknife error bars are shown. A 

moving average of 3000 was used. 

Two LAR models provided equal support for adult female associations: (1) constant companions with 

casual acquaintances and (2) a rapid disassociation with constant companions and casual acquaintances 

(ΔQAIC < 2, Table 4.4). For these models, 49% and 65% of the adult females, respectively, were 

casually associated (for less than one day: 0.87 day and 0.72 day, respectively). However, three other 

adult females were identified through the constant companion rate (ct = 0.35%). 

Three LAR models provided equal support for adult male associations: (1) constant companions with 

casual acquaintances; (2) two levels of casual acquaintances; and (3) rapid disassociation with casual 

acquaintances (ΔQAIC < 2, Table 4.4). Four of the adult males (62% and 77% of males, respectively) 

were mainly associated with the same companion for a period of 4 years and 5.6 years, respectively. In 

addition, one of the adult males (ct = 15%) constantly associated with the same companion. 
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Table 4.4:Fitting models to LaggedAssociation Rates (LAR) of bottlenose dolphins in the Swan Canning Riverpark using maximum likelihood. 
Models describe temporal association patterns within adult females and adult males according to three levels of associations: constant companions (ct); casual acquaintance 

(cas); and rapid disassociation (rd). Models with a ΔQAIC < 2 also support the LAR. 

 

ΔQAIC
Values of 

components 

Lenght of casual 

acquaintances 

(days)

ΔQAIC
Values of 

components 

Lenght of casual 

acquaintances 

(days)

ct

Rapid disassociation 

+ constant 

companions

3.76
rd = 0.65

ct =0.35 (0.03)
127.62

rd = 0.30

ct = 0.70 (0.06)

e
(-d/τ cas) Casual acquaintances 7742.6 cas = 1 τ cas = 200 (4347) 101695.5 cas = 1 τ cas = -20

p cas e
(-d/τ cas) Rapid disassociation 

+ casual acquaintances
5.28

rd = 0.65

cas = 0.35 (0.03)
τ cas = -19555 0

rd = 0.23

cas = 0.77 (0.04)
τ cas = 2022 (4155)

 p ct + p case
(-d/τ cas)

Rapid disassociation 

+ constant 

companions + casual 

acquaintances

1.98

rd =  0.16

ct = 0.35

cas = 0.49 (858.86)

τ cas = 0.87 (0.09) 1.99

rd = 0.23

ct = 0.15 (20.25)

cas = 0.62

τ cas = 1584

ct + pcas e
(-d/τ cas) Constant companions 

+ casual acquaintances
0

ct = 0.35 (0.03)

cas = 0.65 
τ cas = 0.72 (1.58) 129.62

ct = 0.69 (0.05)

cas = 0.31
τ cas = 0.03 (0.01)

p cas e
(-d/τ cas)

+p perm e
(-d/τ perm)

Rapid disassociation 

+  two levels of casual 

acquaintances

3.43

rd = 0.38

cas = 0.35 (0.02)

perm = 0.27

τ cas = -13152 (4764)

τ perm = 1.52(0.40)

p  case
(-d/τ cas) 

+ p  perme
(-d/τ perm) Two levels of casual 

acquaintances
12.31

cas = 0.66 (0.02)

perm = 0.34

τ cas = 1.53 (0.92)

τ perm = -8547 (4445)
2

cas = 0.23 (0.04)

perm =0.77

τ cas = 0.03 (0.01)

τ perm = 2022 (4127)

Model g(τ) 
Model 

explanation

Adult female associations Adult male associations

undeterminated because not enough data to 

run the model
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Discussion 

Evidence of a resident community 

The findings indicate that a resident dolphin community occurred within the Swan Canning Riverpark 

given that certain individuals: (a) ranged within the waters comprising the Riverpark; (b) exhibited 

year-round residency within the Riverpark; (c) associated preferentially with other individuals within 

the Riverpark; and (d) exhibited temporally stable patterns of association with other dolphins within the 

Riverpark. Independent measures, i.e. sighting rates, LIR models and analyses of association patterns, 

all support a resident community size of 17 or 18 individuals (excluding calves). 

Some dolphins were only sighted within the Inner Harbour, i.e. at the entrance to the Riverpark, and 

never within the estuarine waters comprising the Riverpark. These dolphins are likely to inhabit coastal 

areas adjacent to the Swan Canning Riverpark and to range at least occasionally within the Inner 

Harbour. In contrast, other dolphins were sighted in the Inner Harbour and within the Riverpark. Many 

of these dolphins were also sighted within coastal waters adjacent to the estuary (H. Finn, Murdoch 

University, unpublished data), indicating that these dolphins range between the estuary and coastal 

areas. Similar ranging patterns were described in the Clarence River and Richmond River in northern 

New South Wales, Australia, where dolphins classified as ‗resident‘ ranged further up-river (i.e. inland) 

than dolphins classified as ‗transient‘ which only occurred at the mouth of these estuaries (Fury and 

Harrison 2008). Möller et al. (2002) also reported that dolphins classified as ‗resident‘ in estuarine 

study areas were suspected to move between estuaries and adjacent coastal habitats. 

Sighting rates also supported a distinction between dolphins which were regularly observed within the 

study area and dolphins which were infrequently observed. Monthly and seasonal sighting rates both 

indicated two main sighting categories, one comprising individuals which were rarely observed (< five 

sightings) and the other consisting of individuals which were sighted consistently throughout the study 

(along with a few individuals which were observed at more intermediate frequencies). The eighteen 

dolphins (including CLE) categorised as ‗resident‘ were sighted in more than 10% of all surveys, 

across multiple seasons, and within the Riverpark.  

The two demographic models that best fitted the LIR (emigration and mortality; emigration and 

reimmigration) also estimated a community size of 17 or 18 dolphins. The long residence times 

estimated by these models support long-term occupancy of the estuary (i.e. continuous, or near-

continuous, presence within the study area for a period of months to years). Observations of dolphins 

transiting between the Riverpark and coastal areas, together with encounters of dolphins in coastal 

areas and in the Riverpark on consecutive days, indicate that some or all of the dolphins in the resident 



Project Report: Dolphin Health & Ecology Investigations   
 

 
67 

community moved between the estuary and the coast on a daily or near-daily basis (H. Finn, Murdoch 

University, unpublished data). Thus, the LIR is best understood as representing a period of continuous 

occupancy of the Riverpark by most individuals (though dolphins also ranged within coastal habitats) 

and a period of more variable (i.e. intermittent or discontinuous) use of the estuary by a few individuals 

(because of emigration, reimmigration, mortality, or some other process).  

Association analyses identified a group of 17 individuals comprising an organised social structure 

characterised by strong same-sex bonds (high SRI) between adults that were stable over time (stable 

LAR and long-lasting associations between individuals). The dendogram and association analyses 

identified certain individuals as only weakly associating with other dolphins, supporting their 

exclusion, in conjunction with other parameters, from classification as Riverpark residents. Association 

analyses suggested the presence of a well-differentiated society with some individuals forming strong 

and persistent associations. Like other bottlenose dolphin societies, dolphins in the Riverpark exhibited 

preferential patterns of association in which individuals associated more frequently with members of 

their own sex and age-class category (i.e. adult females, adult males, and sub-adults) (Connor et al. 

1992; Smolker et al. 1992). Adult males, in particular, sustained strong bonds with other adult males. 

The higher LAR among adult males than adult females also suggests that, for adults, male-male bonds 

were stronger over time than female-female bonds. 

The association analyses provided some support for sub-adults preferentially associating with other 

sub-adults, but did not indicate preferential associations between members of the same sex (as 

characterises adults). Though we suggest caution with these findings, given the sample sizes and the 

difficulties in sex determination for this age-class. Other studies of bottlenose dolphins have also 

reported sub-adults occurring in mixed-sex groups (Owen et al. 2002; Rogers et al. 2004; Gero et al. 

2005). The occurrence of mixed-sex sub-adult groups may relate to: immature males and females using 

the same natal range (Connor and Smolker 1985; Scott et al. 1990); the absence of strong affinity 

between same-sex sub-adults; preferences for associating with individuals who share the same foraging 

or social priorities (Gero et al. 2005); or greater emphasis on social activity and interaction among sub-

adults. 

Non-random associations between individuals, coupled with the persistence of these associations, 

indicate the presence of strong, stable and long-term social relationships among dolphins in the 

Riverpark. This suggests that a social system model of constant companions or long-lasting 

associations (i.e. longer than the study period: 21 months) best describes the association patterns of 

adult males and adult females in the Riverpark, with the social structure of adult males reflecting 

persistent associations among male dyads. It should be emphasised that the two adult males, CLE and 
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TAB, were rarely seen apart from each other until CLE disappeared from the study area (either by 

emigrating or, more likely, by dying) in mid-2002, after which the association patterns of TAB 

changed markedly. In contrast, the association between two other adult males, MID and REA, 

remained strong across the duration of the study.  

Some adult females in the Riverpark were consistently observed together, while other females can best 

be characterised as having a network of casual acquaintances (Möller et al. 2006). The reproductive 

status of female (i.e. cycling, gestating, or lactating) is likely to affect her choice of associates (Wells et 

al. 1987; Hawkins and Gartside 2008; Möller and Harcourt 2008) as well as the strength of her 

associations with other individuals (Mann et al. 2000; Barrett and Henzi 2002). The reproductive status 

of most adult females changed during this course of the study, with all adult females having a 

dependent calf present at some stage; there were also three calf deaths (i.e. calves died or disappeared 

and were presumed dead) and five births (H. Finn, Murdoch University, unpublished data). 

Associations with other females may provide benefits such as defense against males and avoidance of 

predators (Connor et al. 2000b). 

Management implications 

Having demonstrated, using behavioural information, that a resident community occurs within the 

waters comprising the Riverpark, we now consider whether this finding is, by itself, a sufficient basis 

for recognising the community as a management unit or, alternatively, what further information might 

be required to properly assess the suitability of the Riverpark community as a unit of management. We 

address three key issues: (1) what the relevant management objectives are: (2) whether the community 

represents a discrete demographic entity; and (3) how intrinsically vulnerable the community is.  

(1) Management Objectives - The appropriateness of any putative management unit ultimately reflects 

the management aim guiding the protection of the areas and species in question. Although individual 

dolphins are protected, Indo-Pacific bottlenose dolphins are not listed as threatened species under state 

or federal legislation in Australia and there are no statutory provisions mandating stock assessments for 

marine mammals. Thus, decisions about conserving particular populations and/or communities become 

questions of policy and politics. If the management aim is to maintain dolphins as component of the 

Riverpark, the dolphins identified as part of the resident community have an obviously critical role to 

play. These ‗resident‘ dolphins accounted for nearly all of the dolphin observations within the 

Riverpark, and therefore are largely responsible for performing the ecological function of dolphins and 

for supporting key social and economic uses (e.g. providing river-users and tourist vessels with 

opportunities to observe dolphin). While information from this study can contribute to public debate, 
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broader societal values will ultimately determine whether conservation efforts ought to be focused on 

the resident community (Taylor 2005).  

(2) Demographic Isolation - Bottlenose dolphin populations in embayments and estuaries may 

experience social and demographic isolation if physical or geographical features limit interactions with 

dolphins in adjacent areas (Quintana-Rizzo and Wells 2001; Lusseau et al. 2003; Sellas et al. 2005) or 

in response to human interactions (Ansmann et al. 2012). Changes in social structure have been 

observed in terrestrial species subjected to geographic isolation arising from habitat fragmentation 

(Banks et al. 2005; Walker et al. 2008; Lane et al. 2011). Stronger inter-individual associations could 

develop in populations experiencing social isolation, emphasising the adaptive advantage of long-term 

associations for individuals within small, resident communities (Wells et al. 1987; Chilvers and 

Corkeron 2002; Lusseau et al. 2003; Karczmarski et al. 2005).  

It is unclear, based on current information, whether the resident community in the Riverpark represents 

a discrete demographic unit (i.e. a population with little or no demographic connectivity with 

populations in adjacent coastal areas) (Holyoake et al. 2011). This study does, however, present some 

insights as to the demographic processes likely to be affecting the community. The two best-fitting 

demographic models for LIR identified emigration, immigration, and mortality as potentially relevant 

processes. This, along with observations indicating resident dolphins also range within coastal areas, 

suggests some connectivity between the estuarine community and coastal areas and coastal populations 

(or communities) which may support gene flow (Karczmarski et al. 2005; Möller et al. 2007; Holyoake 

et al. 2011) and allow for expanded social networks (Lusseau and Newman 2004).  

Further research, including behavioural and genetic study, is required to determine the demographic 

influence of non-resident dolphins through immigration (i.e. the dispersal of dolphins from coastal 

areas into the resident community). Information on dispersal rates will help to assess the demographic 

closure of the resident community and, thus, the risk of local extinction for dolphins within the 

Riverpark (Sellas et al. 2005). Non-resident dolphins sighted infrequently within the estuary may be: 

(1) associates of resident individuals travelling in a mixed-group of residents and non-residents (Sellas 

et al. 2005); (2) adult females being ‗herded‘ by resident males (Connor et al. 1992; Connor et al. 1996; 

Connor et al. 2000a); (3) adult males searching for females in areas outside their normal range (Connor 

et al. 2000a; Sellas et al. 2005); (4) dolphins that had learned to accept food from recreational fishers 

(Finn et al. 2008; Donaldson et al. 2012); or (5) juveniles investigating areas away from their natal 

habitat (Möller and Beheregaray 2004). Dolphins in some of these categories (e.g. associates of 

resident and curious juveniles) offer potential candidates for immigration into the resident community. 
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Resolving questions of demographic connectivity requires long-term study over an area that is large 

enough to properly assess fine-scale population structure (Urian et al. 2009; Speakman et al. 2010).  

(3) Intrinsic Vulnerability - The small size of the resident community makes it inherently vulnerable to 

human impacts. The small size of the resident community is similar to that reported in the eastern 

United States (e.g. Waring et al. 2011). For example, Zolman (2002) reported 21 resident dolphins in 

estuarine in the Stono River Estuary, Charleston County, in South Carolina, and Urian et al.(2009) 

reported distinct communities of 5 to 43 individuals within the Tampa Bay, Florida. Australian patterns 

are also similar. In southeastern Australia, Wiszniewski et al. (2009) reported two communities of 89 

and 31 individuals within the bay of Port Stephens, and Fury and Harrison (2008) reported 71 and 34 

dolphins within the Clarence River and Richmond River Estuaries, respectively. The deaths of six 

dolphins within the Riverpark in 2009 emphasises the inherent vulnerability of the Riverpark 

community (Holyoake et al. 2010). 

Until uncertainty about population structure and demographic isolation can be resolved, a 

precautionary approach in defining management units is appropriate. On this basis, we suggest that the 

resident community represents a suitable interim management unit. This has two implications: (1) 

management efforts should focus on maintaining or enhancing protections for members of the resident 

community, e.g. by removing marine debris to reduce entanglement rates, a known source of mortality 

for calves in this region (Finn 2005, Finn et al. 2008) and (2) the resident community should be treated 

as the appropriate biological context for assessing environmental impacts as human impacts in the 

Riverpark are likely to exert a cumulative and/or synergistic effect. 

Further research is needed to improve the scientific basis for decision-making about management units 

for bottlenose dolphins in the Perth metropolitan area. Research efforts should cover a larger 

geographical area (i.e. the Swan Canning Riverpark and adjacent coastal waters) and assess the 

population structure and genetic and demographic connectivity of dolphins across the Perth region. 
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V. Ecology Investigations: 2011-2 Research 

Introduction 

The investigation into the deaths of six bottlenose dolphins within the Swan Canning Riverpark in 2009 

emphasised the need for a new assessment of the resident bottlenose dolphin community within the 

Riverpark (Beazley 2010; Holyoake et al. 2010). Using similar methodologies to the 2001-3 study (see 

Section IV of this report), we assessed the size and composition of the resident community over a one-

year period (June 2011 – July 2012).  

Methods 

Data collection 

We used a systematic survey route to conduct boat-based observations and photo-identification of 

dolphins within the Swan Canning Riverpark from June 2011 and July 2012 (Figure 4.1). The survey 

route was the same as the route used during the 2001-3 research. To alternate the direction of survey, 

the start location for the survey route alternated between the entrance of the Fremantle Port (‗A‘ in 

Figure 4.1) and Point Resolution (‗B‘ in Figure 4.1). The two larger areas of the estuary, Melville 

Waters and Matilda Bay, were surveyed from the north to the south or vice versa.  

We set the sampling period to one day (n = 45 sampling days). For dolphins identified more than once 

during a survey day, we used only their first sighting of the day for analyses. Standard photo-

identification techniques were used to identify individual dolphins based on nicks and marks on the 

dorsal fin and body surface (Würsig and Jefferson 1990).  

For each sighting, we recorded group size (i.e. individuals who were estimated within a 10 m chain rule 

of any other individuals and engaged in the same behaviour (Smolker et al. 1992)), age-sex 

composition, and location (northing/easting using a hand-held GPS unit). Behavioural methods 

followed the sampling protocol and ethogram used by researchers at the long-term dolphin study site in 

Shark Bay, Western Australia (Smolker et al. 1992; Mann 1999; Mann et al. 2000) and in previous 

studies in the Perth area (Donaldson et al. 2012). 

We were able to definitively sex some dolphins based on direct observations of genital areas and (for 

females) consistent observations of individuals with a calf in ‗infant position‘ (i.e. travelling 

underneath and slightly behind the mother) (Smolker et al. 1992). Dolphins which were not definitively 

sexed were assigned a provisional sex based on behavioural observations including aggressive 

behaviour (frequent in males but rare between females (Scott et al. 2005)) and consortship-type 
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behaviour in tightly-bonded groups of two or three dolphins (typical of adult males) (Connor et al. 

2000a; 2000b). 

Individuals were classified into three age-classes: adult, sub-adult, and calf (as a general descriptor for 

a calf of any age, including neonates) based on physical traits (e.g. body length) and behavioural 

attributes (e.g. for males, the lack of a consistent alliance associate) (Wells 1998; Kogi et al. 2001; 

Gibson and Mann 2008). The sub-adult age-class category was broad, and included smaller and 

obviously immature individuals (sometimes referred to as ‗juveniles‘, e.g. Smolker et al. 1992) and 

larger, yet still physically immature dolphins (Smolker et al. 1992).  

Ranging patterns 

We used GPS coordinates of dolphin encounters to plot the distribution of sightings for: (1) each 

individual and (2) specific locations within the study area (e.g. Freshwater Bay, Melville Waters). 

Sighting rates 

We calculated seasonal sighting rates to determine which individuals were observed consistently across 

the duration of the study and which were only infrequently observed. We excluded calves from these 

analyses because a calf‘s sighting pattern is not independent from its mother‘s and because some calves 

were born during the course of study, therefore precluding analysis across the duration of the study.  

For each individual observed, we calculated a seasonal sighting rate (SSR). These rates reflect 

(respectively) the number of seasons that a dolphin was sighted at least once divided by the total 

number of seasons (n = 4) for the study. Seasons were defined according to the Australasian calendar: 

summer (December to February), autumn (March to May), winter (June to August), and spring 

(September to November).  

We categorised dolphins based on sighting rates and SSR using a modification of the criteria applied in 

Möller et al. (2002) and Fury and Harrison (2008), and with regard to the brief study duration (i.e. n = 

1 year). We classified dolphins using these categories and criteria: (1) ‗resident‘: medium-high sighting 

rates (sighted in >10% of surveys) and high SSR (>0.75); (2) ‗occasional visitor‘: low sighting rates 

(<10% of the surveys) but medium SSR (0.250 - 0.75); or (3) ‗transient‘ dolphins with low sighting 

rates (<10% of the surveys) and low SSR (<0.250). 

Residence times 

To quantify the amount of time individuals occurred within the study area (i.e. their residence time), we 

sampled the systematic survey route between June 2011 and July 2012 (Figure 4.1). The survey route 
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provided a standardised measure of sampling effort within the study area. Using the software 

SOCPROG 2.4 (Whitehead 2009), we estimated the Lagged Identification Rate (LIR) for each 

individual, based on sighting data obtained during samples of the complete survey route. LIR is the 

probability that an individual will be resighted in an area after a certain time lag (td). As LIRs estimate 

the amount of time individuals reside within and outside the study area, they can be used to examine 

various demographic models for a population (Whitehead 2001).  

These demographic models include: (1) emigration of individuals (i.e. the movement of individuals out 

of the study area); (2) immigration of individuals (i.e. the movement of individuals into the study area); 

(3) mortality of individuals; and (4) combinations of these models (e.g. emigration of individuals 

combined with mortality of individuals) (Whitehead 2001). LIR modelling may be useful for 

estimating abundance and residence time if populations are open rather than closed demographic units. 

LIR analysis can also assist in interpreting association patterns at varying temporal scales (Whitehead 

2008). 

We selected the best fitting models using the Quasi Akaike Information Criterion (QAIC) (Whitehead 

2007). Burnham and Anderson (2002) suggest that the difference between the QAIC of the selected 

model and all other models should be greater than 2 (i.e. ΔQAIC > 2) in order to rule out the validity of 

other models. 

Association patterns 

We considered dolphins as ‗associated‘ if they were photo-identified within the same group. We used 

association indices to identify which individuals (or groupings of individuals) were most closely linked 

by patterns of association among the dolphins sighted within the study area. We limited our analyses of 

association patterns to individuals observed at least five times to avoid potential biases associated with 

small sample sizes (Jennions and Moller 2003). We used the Simple Ratio Index (SRI) to quantify 

strengths of associations, as this index is the least biased measure among the suit of available 

association indices potentially applicable to our data (Ginsberg and Young 1992).  

An assumption for SRI is that all associations are measured accurately. Similar to the 2001-3 study, 

more than 90% of dolphins observed were identified. We considered this identification rate adequate to 

meet the assumption that all associations were measured accurately. With the exception of calves, all 

individuals in the study had individually distinctive markings (i.e. there were no ‗unmarked‘ 

individuals). 

To examine the accuracy of the social representation (i.e. the power and precision of the association 

data), we calculated the Pearson‘s correlation coefficient (r) between the true association indexes and 
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estimated association indexes (Whitehead 2008), and the social differentiation coefficient (S, 

coefficient of variation in the true association indices). Pearson‘s correlation coefficient provides a 

measure of the quality of the representation of the association pattern. Specifically, an r value near 1 

indicates that the representation is excellent, while r ~ 0.8 suggests a good representation and r ~ 0.4 

indicates a fair representation (Whitehead 2008). The social differentiation coefficient describes the 

variability of the associations. Whitehead (2008) suggests that S values should be interpreted in this 

manner: (1) <0.5 - society is homogeneous; (2) 0.5 to 2 - society shows some strong associations 

between individuals; and (3) >2 - society has generally weak associations between individuals.  

Next, we carried out an average linkage hierarchical cluster analysis (HCA). The HCA produced a 

dendrogram showing the degree of association between resident individuals and calculated the 

cophenetic correlation coefficient (CCC). Bridge (1993) suggested that a CCC greater than 0.8 

indicates a good match between the dendrogram and the association matrix. We also used SOCPROG 

2.4 to quantify possible structure within the social affiliations among the putative community. 

Specifically, we used eigenvector modularity network algorithms to identify meaningful cut-off limits 

to identify possible subdivision, i.e. groupings imbedded within the overall social structure of a 

community (Newman 2004, 2006). Modularities greater than 0.3 are considered to represent 

meaningful community divisions (Newman 2004; Whitehead 2009).  

A test for preferred or avoided associations was then used to test the null hypothesis that individuals 

associate randomly with all other individuals (Bejder et al. 1998; Whitehead et al. 2005; Whitehead 

2008). Associations were permuted 1000 times within the one-day sampling period for the complete 

dataset and for each combination: adult females, adult males and sub-adults (with suspected females 

and suspected males grouped into the same combination because of uncertainty about their sex). We 

rejected the null hypothesis if the standard deviation (SD) of the real association index was 

significantly higher than the randomly permutated data.  

A Mantel test, using 1000 permutations, was carried out to examine whether differences in associations 

occur between age-sex classes (Schnell et al. 1985). This general method of matrix comparison 

evaluates the correlation coefficient between two matrices (e.g. sex classes and age classes) and tests its 

statistical significance. Results are discussed according to a two-tailed 0.05 p-value. For example, the 

null hypothesis indicating no correlation between two matrices is rejected if p < 0.025 or p > 0.975.  

Persistence of associations 

To examine the persistence of dolphin association patterns (and therefore the temporal stability of 

associations between individuals present in the estuary), we calculated the Lagged Association Rate 
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(LAR), which estimates the probability that two individuals sighted together at a given time will still be 

associated at some time lag later. LAR estimates are therefore measures of the persistence of 

associations over time (Whitehead 1995). We tested models characterising the social organisation of a 

society for three types of association pattern: (1) constant companions (i.e. stable associations over 

time and changed only by birth or death); (2) casual acquaintances (i.e. non-permanent relationships 

decaying over various time lags); (3) and rapid disassociations (i.e. associations lasting only for brief 

periods) (Whitehead 1995). The fit of the models was assessed using maximum likelihood and 

binomial loss techniques (Whitehead 2008). The best-fitting model was chosen based on minimising 

the Quasi Akaike Information Criterion (QAIC) (Whitehead 2007). The jackknife method was used to 

obtain estimates of precision of the LAR (Efron and and Stein 1981). This analysis was carried out for 

adults only; we did not extend the analysis to sub-adults because of uncertainty regarding the sex of 

dolphins within this sub-adult age-class. 

Results 

Sampling Effort 

From June 2011 to July 2012 (as of 26 July 2012), we completed 45 surveys of the complete survey 

route, with a total of 284.14 hours of sampling effort (2.2 ± 0.5 hours per sample of survey route, 

excluding time spent observing and taking photo-identification of each group of dolphins (n = 49.2 

hours) (Table 5.1).  

Table 5.1: Interval times between two surveys. Mean, maximum, minimum and standard error are seasonally 

calculated (in days). 

 
Winter 

2011 

Spring 

2011 

Summer 

2011-2012 

Autumn 

2012 

Winter  

2012 

Number of surveys 7 9 19 9 9 

Mean interval time (days) between 

two surveys 
10.2 8.0 3.7 9.6 3.4 

Maximum interval time (days) 

between two surveys 
33 13 20 45 6 

Minimum interval time (days) 

between two surveys 
1 3 0 1 0 

Standard error interval time (days) 

between two surveys 
12.1 3.2 4.8 14.5 1.8 

 

Photo-identification 

We sighted 36 dolphins within the Swan Canning Riverpark (n  = 27 adults/sub-adults, n = 9 calves) 

between June 2011 and July 2012 (n = 109 dolphin sightings) (Figures 5.1, 5.2). Twenty (74.1%) of the 
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27 adult and sub-adult individuals were previously identified, either during intensive research from 

2001-2003 or during low-level monitoring from 2008-2011.  

Of the nine mother-calf pairs observed, four were known from the 2001-3 research (Highnitch, 

Tworakes, Moon, Tupac). Tworakes, Moon, Tupac had calves Zari, Night and Gizmo, respectively, 

that were 3-4 years old (based on observations of body size). Eden (UNK29), a female identified in 

2009, also had a calf of a similar age (Garden). Three females had calves born since May 2011: Pirulli 

and her calf Soul (birth estimate: just before June 2011); Highnitch and her calf Highhope (birth 

estimate: early August 2011); and Resource and her calf Product (birth estimate: September 2011). 

Dates of birth are estimates based on the presence of fetal bands on the body and the dorsal fin still 

being bent (i.e. not fully straight).  

Sighting Frequency 

We classified 16 adult/sub-adult dolphins as ‗residents‘ within the Swan Canning Riverpark; these 

dolphins had SSRs > 0.75 and were sighted in >10% of surveys between June 2011 and May 2012 

(Figure 5.2). Four (25%) of the ‗resident‘ dolphins were females with dependent calves. Thus, if calves 

are included, the total population size of resident dolphins in the Swan Riverpark is 20 dolphins. This is 

similar to estimated population size of resident dolphins in 2001-3 (20-25 dolphins, including calves). 

The range in 2001-3 population size reflects changes in the number of calves and adult/sub-adult 

dolphins present because of (e.g.) births or deaths. 

Five adult/sub-adult dolphins were classified as ‗transients‘ because they were sighted only once or 

twice within one month in the Swan Canning Riverpark and were mostly observed in adjacent coastal 

areas (Cockburn Sound, Owen Anchorage, and Gage Roads). Two (40%) of them were adult females 

with calves (Farm and Cuddles); they were both observed in the middle portions of the Swan Canning 

Riverpark (between Freshwater Bay and Matilda Bay) with ‗resident‘ males, indicating a probable 

consortship. Similar associations with resident males occurred with another transient adult female 

(Lucky) observed twice within the Swan Canning Riverpark.  

The six other adult/sub-adult dolphins sighted the Swan Canning Riverpark were classified as 

‗occasional visitors‘, although caution is warranted because of small sample sizes of sightings and 

seasons. Dolphins classified as occasional visitors included three mother-calf pairs, a solitary male 

(Neck), and a male alliance (Backpack and Fingers) from Cockburn Sound. Backpack and Fingers 

were first observed as an alliance in 1993 and were occasionally observed within the Swan-Canning 

Estuary during the 2001-3 research. These two males were observed exhibiting ‗begging‘ behaviours 

(i.e. approaching vessels and remaining nearby) within the Swan Canning Riverpark (D. Chabanne, 
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Murdoch University, personal observation). One of the mothers (Pirulli) classified as an ‗occasional 

visitor‘ was sighted across the whole study period (i.e. SSR = 100%) but at lower frequency than 

resident dolphins. This suggests the importance of documenting residency patterns over a longer period 

(e.g. to describe changes that relate to a female‘s reproductive status and calf age). 
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                                                                  Dolphin ID 

Figure 5.1: Sighting frequencies of individual dolphin (excluding calves) within the Swan 

Canning Riverpark from June 2011 to July 2012 (n = 109 sightings). 
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Figure 5.2: Proportion of months (n = 12) and seasons (n = 4) that each individual was seen from June 2011 to May 2012 (m = male; f = female; u=unknown, a=adult; c=calf; j = 

juvenile). The number of sightings for each individual is shown above the columns. 
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Sighting Location 

Dolphin sightings were recorded in all sections of the survey route. Dolphins were also observed within 

Perth Waters and the Canning River in one opportunistic survey up the Swan River and Canning River 

(Figure 5.3). Most sightings occurred within the Port (20.2%) and the upper reaches of the Riverpark, 

i.e. Melville Waters (22%) and Matilda Bay (14.7%) (Figure 5.4). 

 

Figure 5.3: Location of the encountered dolphins within the Swan Canning Riverpark from June 

2011 to July 2012. 
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                                                               Location 

Figure 5.4: Location of the encountered dolphins within the Swan Canning Riverpark from June 

2011 to July 2012 (as of 26 July 2012). Survey in Central Business District (CBD) area and the 

Canning River was conducted only one day. 
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Movement between Swan Canning Riverpark & Adjacent Waters 

Twelve (44.4%) adults and sub-adults/juveniles were observed within the Swan Canning Riverpark and 

in adjacent waters. Most were observed in Owen Anchorage, including Tworakes and Moon. Only two 

dolphins (Panuni and Resource) were observed in the southern portion of Gage Roads, few kilometers 

from the entrance of the Inner Harbour. Some dolphins showed a wider range, with Lucky, Cuddles, 

Fingers, and Backpack mainly observed in Cockburn Sound, but occasionally occurring in Owen 

Anchorage and the Inner Harbour. 

The best-fitted model for Lagged Identification rates (LIRs) suggest that movement patterns of 

individual dolphins occurring in the estuary are best described by (but are not limited to) emigration 

and reimmigration (Figure 5.5). This emigration and reimmigration model estimated that the 

population size was 17 individuals and that dolphins were spending an average of 142 days in the Swan 

Canning Riverpark and 28 days in the adjacent waters.  
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Figure 5.5: Lagged Identification rates for adults and sub-adults dolphins observed within the 

Swan Canning Riverpark during 14 months (June 2011 – July 2012). The plot of the best-fitting 

model (Emigration and Reimmigration) is shown. 
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meaning that some specific associations between individuals are very strong. The hierarchical cluster 

shows how individual dolphins associated with others (Figure 5.6). Males and females do not associate 

randomly within and/or between same sexes (permutation tests, p ≤ 0.001). Four groupings are 

apparent in the hierarchical cluster: (1); a group of adult males (Extreme EXT, Print PRI, and Pebbles 

PEB; (2) a group of adult females and not yet sexed adults and subadults; (3) four males (Arrow ARR, 

Hii HII, Bottomslice BOT, and Blackwall BLA) sometimes seen with two females (Tworakes TWO 

and Lucky LUC); and (4) Fingers and Backpack (FIN, BAC), a male alliance from Cockburn Sound.  

In term of persistence in their associations, adult males and females have stable associations (i.e. 

comparison between the Lagged Association Rates (LAR) of each sex-class to their respective Null 

Association Rate) (Figure 5.7). Also, male associations are stronger than female associations (i.e. LAR 

males > LAR females). A model of constant companions explains the adult male associations, while a 

model of casual acquaintance explains female associations (i.e. individuals associate and disassociate 

after a certain time).  
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Figure 5.6: Hierarchical cluster (dendrogram) showing average linkage cluster analysis of 

individual dolphins in the Swan Canning Riverpark (n = 27, excluding calves). Individuals with a 

star indicate that their sex is suspected and not confirmed. (M = male; F = female; U = unknown; A = 

adult; and S = sub-adult). The average half weight index (0.10) indicated the best cut-off value for 

forming fourgroupings: (1 - blue) a group of three closely-associated adult males loosely associated 

with another adult of unknown sex; (2 - green) a large grouping of adult females and adults and sub-

adults of unknown sex; (3 - red) a group of four closely-associated adults males loosely associated with 

two adult females; and (4 - purple) a dyad of two adult males. 
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Figure 5.7: Lagged Association Rates (LAR) for adult males and adult females. Null LAR and 

best-fitted model for each category are shown. 

Injuries 

Resource: dorsal fin injury and lump formation (Figure 5.8) 

Resource was seen with a large injury on her fin last February 2012. This female (and mother) was first 

seen offshore (Gage Roads) and was regularly seen in the Fremantle Port. Since the last month, 

Resource and Product were seen several times in the upper reaches (Melville waters and Matilda Bay) 

of the Swan Canning Riverpark with other resident mother and calf pairs. 

 

Figure 5.8: Image of Resource on 30 June 2012, four months after her dorsal fin injury was first 

observed. The sub-dermal swelling is still evident (red arrow). 
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Gizmo: entanglement (Figure 5.9) 

On the 27 April 2012, Gizmo was sighted for the first time with a fishing line around its dorsal fin. 

Process to disentangle him was successful on the 22 June 2012. The fishing line damaged his fin; the 

fin is now partially severed at the base and is bent over to the right hand side. Since his 

disentanglement, Gizmo has been seen four times in seven complete surveys of the Riverpark. His 

movement, in particular his swimming and diving, has improved since disentanglement and appears 

normal. On his last observation (13 July 2012, Matilda Bay), Gizmo was observed foraging for fish and 

was seen swimming very fast to catch a fish. Dolphin Watch volunteers have also observed Gizmo on 

several occasions since disentanglement. 

 

    (a) pre-entanglement (b) during entanglement  (c) post-entanglement 

Figure 5.9: Image of the calf Gizmo: (a) before entanglement (March 2012); (b) with the 

fishing line entanglement (May 2012); and after the entanglement was removed (30 June 

2012). 

 

Discussion 

This study confirms that a resident dolphin community still occurs within the Swan Canning Riverpark. 

Using the same methodologies as the 2001-03 study, research from June 2011 to July 2012 identified a 

population of dolphins that: (a) ranged within the waters comprising the Riverpark throughout the year 

(i.e. across all seasons); (b) associated preferentially with other individuals within the Riverpark; and 

(c) exhibited temporally stable patterns of association with other dolphins within the Riverpark. 

Analyses of sighting data indicated a resident community consisted of 16-17 individuals (not including 

calves).  

The size of the current resident community is similar to the size of the 2001-03 resident community (n 

= 17 or 18 adult/sub-adult dolphins, not including calves). Seven individuals remain from the 2001-03 

resident community (n = 3 adult males: Hii, Bottomslice, and Blackwall and n = 4 adult females: 

Highnitch, Moon, Tupac, and Tworakes). These three males were close associates in both the 2001-03 

and 2011-2 studies. It is worth emphasising that all four of the resident adult females were also resident 

in 2001-3. In the 2001-3 study, Moon was a dependent calf (her mother, Socket, was a resident 

D. Chabanne ©MUCRU
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female), while Highnitch, Tupac and Tworakes were adults and had dependent calves during the study. 

Five other resident dolphins identified as ‗residents‘ in 2011-2 study were first identified during low-

level monitoring of the population in 2008-9 (Arrow, Print, Extreme, Claw, and Dunedoo). 

We observed nine calves within the Swan Canning Riverpark during the 2011-2 study: (a) four calves 

of ‗resident‘ females (Highnitch with her calf Highhope, Moon with her calf Night, Tupac with her calf 

Gizmo and Tworakes with her calf Zari); (b) three calves of females classified as ‗occasional visitors‘ 

(Pirulli with her calf Soul, Resource with her calf Product, and Eden with her calf Garden); and (c) two 

calves of females classified as ‗transients‘. Both of the transient females were observed in consortship-

type association with ‗resident‘ males. Males may bring non-resident females into the estuary during 

consortships to keep them away from other males; this was also observed during the 2001-3 study (H. 

Finn, Murdoch University, unpublished data). Some of the adult females classified as ‗occasional 

visitors‘ changed their visitation and ranging patterns over time, e.g. Resource was observed in the 

middle reaches of the estuary following her injury. This suggests that some dolphins may have more 

flexible residency patterns and may, for example, use the estuary consistently during certain periods 

(e.g. when calves are a certain age or during particular seasons) but occur only infrequently at other 

times. 

Management Implications 

The composition of the resident community has changed substantially since 2003. In particular, only 

three of the adult females resident in 2001-3 remain. The maturation of Moon indicates that recruitment 

of juvenile females does occur, and it is likely that some or all of the current cohort of adult females in 

the Riverpark are offspring of other estuary ‗residents‘. Further genetics study is needed to confirm the 

genealogy of the current population of resident dolphins and to determine the provenance of those 

dolphins that were not present in 2001-3 (e.g. are they the offspring of Riverpark residents or 

immigrants from adjacent areas?). Ideally this research would sample all resident dolphins, as well as 

those individuals classified as occasional visitors. This genetics information could be used to assess 

fine-scale population structure in the Perth area (Holyoake et al. 2011). However, genetic information 

alone cannot determine whether the community is demographically isolated – long-term study will be 

needed to determine whether the individuals from adjacent coastal areas occasionally immigrate and 

become part of the resident community (Sellas et al. 2009). If no migration occurs, then the persistence 

of the resident community would depend entirely upon the reproductive success of resident females. 

While the size of the resident community appears similar to the resident community identified in 2001-

3, the community is still extremely small and therefore highly vulnerable to human and natural 

pressures. It is worthwhile noting that three of the six dolphins that died in 2009 were adult females. If 
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a future mortality event resulted in a similar rate of adult female mortality, this would remove three of 

the four females currently classified as residents. Three other factors also highlight the precarious 

situation of the resident community: 

(1) periodic morbillivirus-related mortality events are likely to occur in the future 

(though it is difficult to predict how frequently) and to cause mortality rates well 

above background levels; 

(2) deaths associated with severe extensive ulcerative dermatitis occasionally occur and 

may be associated with sustained exposure to lower salinity conditions, in 

conjunction with other stressors; and 

(3) deaths and injuries related to human interactions, particularly entanglement in 

discarded fishing line, continue to be a source of injury and mortality.  

For these reasons, conservation efforts must be on-going and focus upon protecting individual 

dolphins. There is a clear need to reduce the stress these animals experience and to mitigate human 

pressures. Efforts to minimise vessel disturbance, protect prey stocks, and reduce the prevalence of 

harmful algal blooms would benefit dolphin health and, ultimately, the long-term survival of dolphins 

within the Riverpark. In many cases, regulations and policies exist to manage these human pressures 

but the resources to enforce these measures are not always available.  

In our opinion, the implementation of a dolphin sanctuary, similar to the Adelaide Dolphin Sanctuary 

in South Australia, would help integrate management efforts across stakeholder groups and focus 

community support on protecting dolphins and dolphin habitat. The River Protection Strategy for the 

Swan Canning Riverpark (currently in draft stage) would – if fully implemented – go a long way 

towards the aim of establishing a comprehensive catchment and estuary management system. As we 

have stated previously (Holyoake et al. 2010, 2011), the best long-term conservation strategy for the 

dolphins inhabiting the Swan Canning Riverpark is a healthy estuary ecosystem. 

Finally, we emphasise that a one-year study only provides a ‗snap-shot‘ of the current dolphin 

population. On-going study is needed to better characterise the resident community and to confirm the 

residency patterns observed to date. This research also has a valuable role to play in the long-term 

monitoring of the population, in close association with the Dolphin Watch community monitoring 

program. 
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