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ABSTRACT 

Irrawaddy dolphins, Orcaella brevirostris, and Indo-Pacific humpback 

dolphins (hereafter humpback dolphins), Sousa chinensis, are two of the least known 

species of coastal dolphins found in the Indian and West Pacific Ocean region. Both 

species occur in sympatry throughout most of their range in Australian waters, where 

they have been little studied. As a result, the conservation status of Australian 

populations of Irrawaddy and humpback dolphins is unknown and conservation and 

management actions have been hampered by this lack of knowledge.  

To overcome this lack of knowledge and improve the capacity to effectively 

conserve and manage Australian populations of Irrawaddy and humpback dolphins, 

this study aimed to contribute information on different aspects of their behavioural 

ecology. As both species co-occur throughout most of their range in Australian 

waters, an additional aim of this study was to analyse the degree of ecological 

separation between them. This comparative approach served two purposes: 1) to 

provide species-specific information on different aspects of the behavioural ecology 

(e.g., habitat use, social structure) of these species, and 2) to provide insights into the 

mechanisms promoting their coexistence.  

Boat-based surveys were carried out in different areas along the east coast of 

Queensland between 1999-2002, focusing mainly in one area, Cleveland Bay Dugong 

Protected Area (hereafter referred as Cleveland Bay), where populations of both 

species are known to co-occur and where weather and logistical considerations 

allowed for almost year-round boat-based observations. 

Analysis of data on the spatial distribution of Irrawaddy and humpback 

dolphin schools along different areas along the east coast of Queensland indicated that 

the distribution of Irrawaddy and humpback dolphins was strongly influenced by 

proximity to the coast, with both species occurring closer to land than would be 

expected under a random scenario. When comparing between species, Irrawaddy 

dolphins occurred closer to river mouths than humpback dolphins, but this 

interspecific difference was not constant across study areas. Based on the spatial 

distribution of both species in the areas surveyed, I found that the existing protected 

areas may not include the most critical habitats for Irrawaddy and humpback dolphins. 

In Cleveland Bay, I found that Irrawaddy and humpback dolphins were 

present year round between 1999 and 2002. There was no evidence of variation in 

their occurrence with year or season. Irrawaddy and humpback dolphins used coastal 
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waters of Cleveland Bay mainly for foraging activities indicating this area represents 

an important feeding area within their home range.  

I also found that Irrawaddy and humpback dolphins exhibit significantly 

different school dynamics, with Irrawaddy dolphins forming larger schools (mean ± 

SE = 5.3 ± 0.35) than humpback dolphins (mean ± SE = 3.5 ± 0.19). School of both 

species were mainly composed of adult individuals and, in proportion to the total 

number of animals within a school, Irrawaddy dolphins had a greater number of adults 

than humpback dolphin schools. Differences in school size and composition may be 

attributed to socioecological and phylogenetic factors. There is evidence from my 

studies that social as well as behavioural constraints may be responsible for these 

differences in school sizes.  

Analysis of the relative use of space by both species using kernel methods 

showed that Irrawaddy and humpback dolphins do not use Cleveland Bay uniformly. 

The representative ranges (95% kernel range) of Irrawaddy and humpback dolphins 

were similar in size and location covering mainly the area between the Port of 

Townsville and the mouth of the Black River. The area around the Port of Townsville 

was used heavily by both species and represented a core area of use (50% kernel 

range) for both Irrawaddy and humpback dolphins. Irrawaddy dolphins had another 

core area between the mouths of the Bohle and Black Rivers. The behaviour of 

Irrawaddy and humpback dolphins within and outside their core areas was dominated 

by foraging and travelling activities. The 95% representative ranges of Irrawaddy and 

humpback dolphins showed considerable spatial overlap (81%). Additionally, the 

Utilization Distibutions (UDs) of both species showed strong correlation (rs = 0.55, P 

< 0.05), indicating strong concordance in the utilization patterns of shared areas by 

both species.  

Despite considerable overlap and concordance in space use patterns, 

Irrawaddy and humpback dolphins showed different habitat preferences. Within their 

representative range Irrawaddy dolphins preferred shallow (0-2 m) waters with 

seagrass meadows, and occurred closer to river mouths than humpback dolphins. 

Humpback dolphins showed preference for deeper waters (2-5 m deep), followed by 

waters close to the coast, shallow waters (1-2 m deep) with no seagrass, and dredge 

channels (5-15 m deep). I propose that these differences in habitat preference are 

important factors promoting the coexistence of Irrawaddy and humpback dolphins. 
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I photo-identified 63 Irrawaddy dolphins and 54 humpback dolphins in 

Cleveland Bay. Analysis of monthly and annual sighting rates of identified animals 

indicated most individuals were not permanent residents in the bay, but most used the 

area from year to year. Irrawaddy and humpback dolphins identified in more than one 

year were mainly identified and re-identified during the dry season between May and 

September when greater survey effort was carried out. The low standard distance 

deviations of Irrawaddy and humpback dolphins sighted on eight or more occasions 

indicated that individuals of both species tended to come back to specific areas within 

Cleveland Bay. The observed sighting patterns of individual Irrawaddy and 

humpback dolphins fitted exponential models of emigration + reimmigration, 

indicating that some animals are permanent residents while others reimmigrate into 

the study area after certain periods of time. I suggest site fidelity patterns may reflect 

fluctuations in prey resource availability and levels of predation risk within Cleveland 

Bay. 

The ranges of individual animals of both species sighted on eight or more 

occasions were similar in size; length and location. Individual ranges of both species 

extended over similar areas, covering mainly the stretch of coastline southeast and 

northwest of the Port of Townsville. This pattern of interspecific overlap in range 

patterns indicated a lack of species-specific territories.  

Analysis of association patterns among identified individuals indicated that 

Irrawaddy and humpback dolphins were more frequently seen with a particular 

companion than would be expected by chance. Cluster analysis showed that 

individual Irrawaddy dolphins may form strong associations with more than one 

individual. Strong associations between humpback dolphins appeared to be limited to 

pairs of animals. The social model that best described this relationship suggested that 

at any one time an individual Irrawaddy dolphin had two types of associates: 

“constant companions” and “casual acquaintances”. The mean number of associates 

(constant companions + casual acquaintances) suggested by the model was 

approximately eight, of which four were constant companions. The fit of all social 

models to the data from humpback dolphins suggested a complex pattern of 

associations between individual humpback dolphins that may involve various 

associates with different levels of temporal stability. Differences in the social systems 

of both species could be explained by their different phylogenetic relationships among 

the Delphinidae and/or exposure to different levels of predation risk. 
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Photo-identification data collected between 1999-2002 and open mark-

recapture models provided abundance estimates of Irrawaddy and humpback dolphins 

inhabiting the coastal waters of Cleveland Bay. Based on the open population model 

that best fitted the data, I estimated that less than a hundred individuals of each 

dolphin species used Cleveland Bay between 1999 and 2002. Based on historical data, 

it is certain that both species have been subject to anthropogenic mortality in the past 

due to entanglement in shark nets set for bather protection, and in commercial gillnets. 

A power analysis of the abundance estimates of both species and their associated 

variation indicated that, even with relatively unbiased and precise abundance 

estimates (CV = 0.08), population trends will be extremely difficult to detect within 

the space of a few years unless decreases in population size are worryingly high (> 

20% p.a.). Because of their small population sizes, Irrawaddy and humpback dolphins 

are particularly vulnerable to local extinction. Detection of population trends should 

not be a necessary criterion for enacting conservation measures of both species.  

My observations on the interspecific interactions among individuals of both 

species showed that encounters between Irrawaddy and humpback dolphins are 

common and predominantly of an aggressive/sexual nature in Cleveland Bay. The 

individuals involved in aggressive/sexual interactions appear to be mainly adult-male 

humpback dolphins and adult-female Irrawaddy dolphins with calves. During these 

encounters, humpback dolphins were dominant in initiating chasing, and seeking 

physical contact with Irrawaddy dolphins, while the latter tried to swim away or 

showed resistance to the interaction. I suggest the predominant aggressive/sexual 

interactions observed may reflect: 1) a physical training or skill development function 

that would have beneficial effects for future interactions between male humpback 

dolphins and their female conspecifics; 2) a mechanistic basis for some competitive 

interactions and patterns of resource partitioning between these two species of coastal 

dolphins; and 3) a relative scarcity of female humpback dolphins. 

This study is the first comprehensive investigation of Irrawaddy and 

humpback dolphins in the Australian/Papua New Guinean region. The information 

collected provides a preliminary scientific basis for their future conservation and 

management. Given the certainty that the continuing loss of global biodiversity will 

be particularly severe in coastal ecosystems, the conservation and management of 

Irrawaddy and humpback dolphins will need to be intensive and adaptive. The 

potential for the conservation and management of Irrawaddy and humpback dolphin 
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populations along the Queensland coast is relatively good. However, in view of the 

concerns raised in this study about the long-term survival of these two species, and 

evidence that Australian populations of Irrawaddy and humpback dolphins represent 

different species/subspecies from populations elsewhere, future research directed at 

enhancing our ecological knowledge throughout Queensland and other areas of their 

range in Australia will be essential to inform their conservation.  



 xvi

Table of Contents 

CHAPTER 1. THE IMPORTANCE OF COMPARATIVE BEHAVIOURAL 
ECOLOGY STUDIES IN THE CONSERVATION OF COASTAL DOLPHIN 
COMMUNITIES .........................................................................................................2 

1.1 BEHAVIOURAL ECOLOGY STUDIES: A CRITICAL RESOURCE FOR DOLPHIN 
CONSERVATION ...........................................................................................................2 
1.2 COMPARATIVE STUDIES: IDENTIFYING SPECIES SPECIFIC REQUIREMENTS .......5 
1.3 INTERSPECIFIC COMPARISONS: UNDERSTANDING COEXISTENCE......................6 
1.4 IRRAWADDY AND INDO-PACIFIC HUMPBACK DOLPHINS: THE RESEARCH 
SUBJECTS ....................................................................................................................8 
1.5 RESEARCH AIMS AND THESIS STRUCTURE .....................................................12 

CHAPTER 2. IRRAWADDY AND INDO-PACIFIC HUMPBACK DOLPHINS 
IN AUSTRALIAN WATERS: A REVIEW OF CURRENT KNOWLEDGE.....18 

2.1 INTRODUCTION .............................................................................................18 
2.2 REVIEW OF CURRENT KNOWLEDGE ...............................................................20 

2.2.1 Taxonomy.................................................................................................20 
2.2.2 Distribution..............................................................................................22 
2.2.3 Habitat .....................................................................................................23 
2.2.4 Abundance ...............................................................................................25 
2.2.5 Social Organization .................................................................................26 
2.2.6 Movements ...............................................................................................27 
2.2.7 Feeding habits..........................................................................................28 
2.2.8 Life history ...............................................................................................30 

2.3 CONSERVATION THREATS .............................................................................30 
2.3.1 Habitat degradation and loss ..................................................................30 
2.3.2 Overfishing...............................................................................................31 
2.3.3 Directed takes ..........................................................................................32 
2.3.4 Incidental takes ........................................................................................32 
2.3.5 Pollution...................................................................................................33 
2.3.6 Vessel traffic ............................................................................................34 
2.3.7 Wildlife tourism........................................................................................34 
2.3.8 Conservation Status .................................................................................36 

2.4 CHAPTER SUMMARY .....................................................................................37 

CHAPTER 3. SPATIAL DISTRIBUTION OF IRRAWADDY AND INDO-
PACIFIC HUMPBACK DOLPHINS IN NORTHEAST QUEENSLAND, 
AUSTRALIA: IMPLICATIONS FOR THEIR CONSERVATION ....................40 

3.1 INTRODUCTION .............................................................................................40 
3.2 METHODOLOGY ............................................................................................42 

3.2.1 Study areas...............................................................................................42 
3.2.2 Fieldwork .................................................................................................42 
3.2.3 Spatial analysis ........................................................................................45 
3.2.4 Randomization tests .................................................................................46 
3.2.5 Mantel Tests.............................................................................................47 

3.3 RESULTS .......................................................................................................50 
3.3.1 Overall distribution..................................................................................50 
3.3.2 Randomization tests: dolphins’ distribution in relation to study area (Ho: 
µi - µr � 0, µh - µr � 0) ...........................................................................................53 



 xvii

3.3.3 Randomization tests: dolphins’ distribution in relation to each other (Ho: 
µi - µh = 0) ............................................................................................................53 
3.3.4 Mantel tests: correlation between dolphin distribution and environmental 
variables (Ho: rM ≤ 0) ..........................................................................................54 
3.3.5 Mantel tests: correlation between dolphin species’ composition and 
environmental variables (Ho: rM ≤ 0) ..................................................................55 

3.4 DISCUSSION ..................................................................................................56 
3.4.1 Spatial distribution ..................................................................................56 
3.4.2 Implications for conservation ..................................................................58 

3.5 CHAPTER SUMMARY .....................................................................................61 

CHAPTER 4. OCCURRENCE PATTERNS AND SCHOOL DYNAMICS OF 
SYMPATRIC IRRAWADDY AND INDO-PACIFIC HUMPBACK DOLPHINS 
IN NORTHEAST QUEENSLAND, AUSTRALIA.................................................72 

4.1 INTRODUCTION .............................................................................................72 
4.2 METHODS .....................................................................................................73 

4.2.1 Study Area................................................................................................73 
4.2.2 Survey procedures....................................................................................75 
4.2.3 Data Analysis...........................................................................................78 

4.3 RESULTS .......................................................................................................81 
4.3.1 Survey effort and sea state .......................................................................81 
4.3.2 Effect of sea state on number of dolphin schools sighted and group size81 
4.3.3 Interannual and seasonal sighting rates..................................................84 
4.3.4 Behaviour Patterns ..................................................................................87 
4.3.5 School sizes ..............................................................................................87 
4.3.6 School age composition ...........................................................................91 

4.4 DISCUSSION ..................................................................................................93 
4.4.1 Effect of sea state on sightability of Irrawaddy and humpback dolphins 93 
4.4.2 Occurrence patterns ................................................................................94 
4.4.3 School size and age composition .............................................................96 

4.5 CHAPTER SUMMARY ...................................................................................106 

CHAPTER 5. SPACE USE AND HABITAT PREFERENCES OF SYMPATRIC 
IRRAWADDY AND INDO-PACIFIC HUMPBACK DOLPHINS....................115 

5.1 INTRODUCTION ...........................................................................................115 
5.2 METHODS ...................................................................................................118 

5.2.1 Study Area..............................................................................................118 
5.2.2 Data collection.......................................................................................118 
5.2.3 Data analysis .........................................................................................120 

5.3 RESULTS .....................................................................................................125 
5.3.1 Survey effort ...........................................................................................125 
5.3.2 Space use patterns and behaviour .........................................................125 
5.3.3 Spatial overlap and concordance in space use patterns........................129 
5.3.4 Habitat preferences................................................................................129 

5.4 DISCUSSION ................................................................................................131 
5.4.1 Limitations .............................................................................................131 
5.4.2 Space use, spatial overlap and concordance in space use patterns ......132 
5.4.3 Habitat preferences and resource partitioning .....................................135 

5.5 CHAPTER SUMMARY ...................................................................................139 



 xviii 

CHAPTER 6. SITE FIDELITY AND RANGING PATTERNS OF 
IRRAWADDY AND INDO-PACIFIC HUMPBACK DOLPHINS....................149 

6.1 INTRODUCTION ...........................................................................................149 
6.2 METHODS ...................................................................................................151 

6.2.1 Photo-identification surveys ..................................................................151 
6.2.2 Data analysis .........................................................................................152 
6.2.3 Residence times......................................................................................154 
6.2.4 Ranging patterns....................................................................................155 
6.2.5 Potential biases......................................................................................156 

6.3 RESULTS .....................................................................................................160 
6.3.1 Survey effort and identified animals ......................................................160 
6.3.2 Site fidelity .............................................................................................161 
6.3.3 Residence times......................................................................................165 
6.3.4 Ranging patterns....................................................................................168 

6.4 DISCUSSION ................................................................................................172 
6.4.1 Site fidelity and residence times.............................................................172 
6.4.2 Ranging patterns....................................................................................176 

6.5 CHAPTER SUMMARY ...................................................................................177 

CHAPTER 7. SOCIAL STRUCTURE OF IRRAWADDY AND INDO-PACIFIC 
HUMPBACK DOLPHINS......................................................................................182 

7.1 INTRODUCTION ...........................................................................................182 
7.2 METHODS ...................................................................................................184 

7.2.1 Photo-identification surveys ..................................................................184 
7.2.2 Data analysis .........................................................................................184 

7.3 RESULTS .....................................................................................................189 
7.3.1 Schools sizes and association patterns ..................................................189 
7.3.2 Temporal patterns of association ..........................................................194 

7.4 DISCUSSION ................................................................................................197 
7.4.1 Irrawaddy and humpback dolphins in Cleveland Bay...........................197 
7.4.2 Factors influencing the structure of dolphin societies...........................198 

7.5 CHAPTER SUMMARY ...................................................................................202 

CHAPTER 8. ABUNDANCE ESTIMATES OF IRRAWADDY AND INDO-
PACIFIC HUMPBACK DOLPHINS IN CLEVELAND BAY, NORTHEAST 
QUEENSLAND, AUSTRALIA ..............................................................................209 

8.1 INTRODUCTION ...........................................................................................209 
8.2 METHODS ...................................................................................................211 

8.2.1 Data Collection......................................................................................211 
8.2.2 Data selection ........................................................................................211 
8.2.3 Estimating population size.....................................................................213 
8.2.4 Total population size..............................................................................213 
8.2.5 Validation of model assumptions...........................................................215 
8.2.6 Analysing the power to detect populations trends .................................219 

8.3 RESULTS .....................................................................................................219 
8.3.1 Photo-identification and proportion of animals identifiable.................219 
8.3.2 Population size of marked animals and model selection.......................220 
8.3.3 Total Population size .............................................................................221 
8.3.4 Power to detect population trends .........................................................221 
8.3.5 Discussion..............................................................................................223 



 xix

8.4 CHAPTER SUMMARY ...................................................................................228 

CHAPTER 9. BEHAVIOURAL INTERACTIONS BETWEEN IRRAWADDY 
AND INDO-PACIFIC HUMPBACK DOLPHINS...............................................235 

9.1 INTRODUCTION ...........................................................................................235 
9.2 METHODS ...................................................................................................237 

9.2.1 Data Collection......................................................................................237 
9.2.2 Interspecific interactions .......................................................................237 

9.3 RESULTS .....................................................................................................239 
9.3.1 School size and age composition ...........................................................239 
9.3.2 Type of interspecific interactions...........................................................242 
9.3.3 Description of interspecific interactions................................................245 

9.4 DISCUSSION ................................................................................................248 
9.5 CHAPTER SUMMARY ...................................................................................253 

CHAPTER 10. GENERAL DISCUSSION AND SYNTHESIS .........................257 

10.1 INTRODUCTION ...........................................................................................257 
10.2 MAJOR RESULTS OF THIS STUDY .................................................................258 

10.2.1 Objective 1. Review the current state of knowledge of Irrawaddy and 
humpback dolphins in Australian waters (Chapter 2).......................................258 
10.2.2 Objective 2. Investigate the spatial distribution patterns of Irrawaddy 
and humpback dolphins in northeast Queensland (Chapter 3) .........................259 
10.2.3 Objective 3. Investigate the occurrence patterns and school dynamics 
of Irrawaddy and humpback dolphins in Cleveland Bay (Chapter 4)...............260 
10.2.4 Objective 4. Determine the space use patterns and habitat preferences 
of Irrawaddy and humpback dolphins in Cleveland Bay (Chapter 5). ..............261 
10.2.5 Objective 5. Assess the site fidelity and ranging patterns of Irrawaddy 
and humpback dolphins in Cleveland Bay (Chapter 6). ....................................262 
10.2.6 Objective 6. Investigate the social structure of Irrawaddy and 
humpback dolphins (Chapter 7) ........................................................................263 
10.2.7 Objective 7. Estimate the population size of Irrawaddy and humpback 
dolphins inhabiting Cleveland Bay (Chapter 8) ................................................265 
10.2.8 Objective 8. Describe behavioural interspecific interactions that may 
occur between Irrawaddy and humpback dolphins (Chapter 9) .......................265 

10.3 IMPLICATIONS FOR THE CONSERVATION OF IRRAWADDY AND HUMPBACK 
DOLPHINS ................................................................................................................266 

10.3.1 Conservation of coastal-estuarine ecosystems and the need for 
behavioural ecology studies...............................................................................267 
10.3.2 Problems faced by Irrawaddy and humpback dolphins along the urban 
coast of Queensland...........................................................................................273 

10.4 HABITAT SELECTION AS A PRINCIPAL MECHANISM EXPLAINING THE 
COEXISTENCE BETWEEN SYMPATRIC IRRAWADDY AND HUMPBACK DOLPHINS: ......277 

10.4.1 What underlies the interspecific differences in habitat selection 
between Irrawaddy and humpback dolphins? ...................................................279 

10.5 FUTURE RESEARCH DIRECTIONS..................................................................281 
10.5.1 Research essential for conservation and management of Irrawaddy 
and humpback dolphins .....................................................................................282 
10.5.2 Research useful for conservation and management of Irrawaddy and 
humpback dolphins ............................................................................................285 
10.5.3 Anthropogenic influences ..................................................................287 



 xx

10.5.4 The importance of reporting and recovering stranded animals ........289 
10.5.5 Research desirable for conservation and management of Irrawaddy 
and humpback dolphins .....................................................................................290 

10.6 FINAL REMARKS..........................................................................................291 

REFERENCES.........................................................................................................293 

 
Appendix 1 List of Irrawaddy dolphin strandings and museum specimen records in 

Australia. The date given refers to the known date of the stranding, the date the 
carcass was found and reported, or the date the specimen was registered in a 
particular database. ............................................................................................337 

Appendix 2 List of vessel-sighting records of Irrawaddy dolphins in Australian 
waters. ................................................................................................................343 

Appendix 3 List of aerial survey sighting records of Irrawaddy dolphins classified as 
"certain" in Australian waters. ...........................................................................344 

Appendix 4 List of Indo-Pacific humpback dolphin strandings and museum specimen 
records in Australia. The date given refers to the known date of the stranding, the 
date the carcass was found and reported, or the date the specimen was registered 
in a particular database. .....................................................................................345 

Appendix 5 Habitat preferences, school sizes, and abundance estimates of Irrawaddy 
dolphins throughout their geographic distribution.............................................350 

Appendix 6 Habitat preferences, school sizes, and abundance estimates of Indo-
Pacific humpback dolphins throughout their geographic distribution...............352 

Appendix 7 Summary of prey items found in the stomachs of Irrawaddy dolphins 
(modified from Heinsohn 1979, Marsh et al. 1989). .........................................354 

Appendix 8 Summary of prey items found in the stomachs of Indo-Pacific humpback 
dolphins..............................................................................................................356 

 
 
 



 xxi

List of Tables 

Table 3.1 Survey effort and number of sightings of Irrawaddy and humpback 
dolphins in the Far Northern Section (FNS) and Central Section (CS) study 
areas. ....................................................................................................................63 

Table 3.2 Mean, median, and ranges of distance to land, distance to river and water 
depth for the study areas, and sightings of Irrawaddy, and humpback dolphins in 
the Far Northern Section (FNS) and Central Section (CS) study areas...............64 

Table 3.3 Effect sizes (i.e., difference between the means at locations where dolphins 
were sighted and random locations), confidence intervals and P-values from the 
one-tailed randomization test to determine if Irrawaddy and humpback dolphins 
occurred closer to land, rivers and in shallower waters than would be expected 
under a random scenario in the Far Northern Section (FNS) and Central Section 
(CS) study areas. A negative effect size (µ - µr) indicates Irrawaddy (µi) or 
humpback (µh) dolphins were observed closer to land, rivers or in shallower 
water than would be expected if animals were occurring at random. Significant 
differences are indicated in bold italics. ..............................................................65 

Table 3.4 Effect sizes, confidence intervals, and P-values from two-sample 
randomization tests to determine differences between the spatial distribution of 
Irrawaddy and humpback dolphins in the Far Northern Section (FNS) and 
Central Section (CS) study areas. A negative effect size (µi - µh) indicates 
Irrawaddy dolphins occurred closer to land, rivers or in shallower water than 
humpback dolphins. Significant differences are indicated in bold italics. ..........66 

Table 3.5 Simple and partial Mantel coefficients (rM), confidence intervals, and P-
values for the correlation between dolphin occurrence (Dolphin occ., i.e., 
presence/absence of dolphins of either species), environmental variables, and 
geographic distance (Space) in the Far Northern Section (FNS) and Central 
Section (CS) study areas. Elements in the upper triangle of the matrix are simple 
correlations, while the lower triangle holds partial correlations. Significant 
differences are indicated in bold italics. ..............................................................67 

Table 3.6 Simple and partial Mantel coefficients, confidence intervals, and P-values 
for the correlation between dolphin occurrence (Dolphin occ., i.e., 
presence/absence of dolphins of either species), individual environmental 
variables, and geographic distance in the Far Northern Section (FNS) and Central 
Section (CS) study areas. Significant differences are indicated in bold italics. ..68 

Table 3.7 Simple and partial Mantel coefficients, confidence intervals, and P-values 
for the correlation between dolphin species’ composition (Dolphin species 
comp., i.e., presence/absence of Irrawaddy and/or humpback dolphins), 
environmental variables, and geographic distance in the Far Northern Section 
(FNS) and Central Section (CS) study areas. Elements in the upper triangle of the 
matrix are simple correlations, while the lower triangle holds partial correlations. 
Significant differences are indicated in bold italics.............................................69 

Table 3.8 Simple and partial Mantel coefficients, confidence intervals, and P-values 
for the correlation between dolphin species’ composition (Dolphin species 
comp., i.e., presence/absence of Irrawaddy and/or humpback dolphins), 
individual environmental variables, and geographic distance. Significant 
differences are indicated in bold italics. ..............................................................70 

Table 4.1 Survey effort and number of Irrawaddy, and humpback dolphin schools 
sighted in Cleveland Bay between 1999 and 2002. ...........................................108 



 xxii

Table 4.2 Yearly sighting rates (i.e., number of dolphins sighted per hour of survey) 
school size, and school composition of Irrawaddy and humpback dolphins in 
Cleveland Bay Dugong Protected Area. Significant interannual differences (P < 
0.05) are in italics...............................................................................................109 

Table 4.3 General and seasonal differences in number of dolphins sighted per hour of 
survey (i.e., sighting rates), school size, and school age composition of 
Irrawaddy and humpback dolphins in Cleveland Bay over all years of study 
(1999-2002). ......................................................................................................110 

Table 4.4 General and seasonal interspecific and intraspecific differences in sighting 
rates, school size, and school age composition of Irrawaddy and humpback 
dolphins in Cleveland Bay over all years of study (1999-2002). Significant 
differences are in bold italics. ............................................................................111 

Table 4.5 Spearman correlations (rS) of Irrawaddy and humpback dolphins sighting 
rates, school sizes, and school age composition with sea surface temperature and 
rainfall in Cleveland Bay over all years of study (1999-2002). Significant 
correlations are in bold italics. P-values for multiple pairwise comparisons have 
been adjusted with the False Discovery Rate (FDR) correction method 
(Benjamini and Hochberg 1995)........................................................................112 

Table 4.6 General and seasonal interspecific and intraspecific differences in the 
number of dolphin school sighted per hour in each of the behavioural categories 
most frequently observed in Cleveland Bay over all years of study (1999-2002). 
Significant correlations are in bold italics. P-values for multiple pairwise 
comparisons have been adjusted with the False Discovery Rate (FDR) correction 
method (Benjamini and Hochberg 1995)...........................................................113 

Table 5.1 Descriptions of the different habitat types and abbreviations used in figures 
and tables. ..........................................................................................................143 

Table 5.2 Mean ratios (�) of the distance between dolphin school locations and 
habitat types to the distance between random locations and habitat types after 
2000 randomizations. Associated P-values of randomization test are shown in 
parenthesis. Values for � < 1 indicate that animal locations where closer to 
habitat than expected by chance. Significant values are indicated in bold italics. 
P-values for multiple pairwise comparisons have been adjusted with the False 
Discovery Rate (FDR) correction method (Benjamini and Hochberg 1995). See 
Table 5.1 for description of habitat types and abbreviations. ............................144 

Table 5.3 Ranking matrix of the habitat preferences of Irrawaddy dolphins (most 
preferred {Ranking =1} to least preferred {Ranking = 9}. Numbers indicate 
differences associated with pairwise comparison of mean ratios (�) to habitat 
types. Negative differences indicate preference of habitat above over habitat to 
the left, positive differences indicate underutilization of habitat above over 
habitat to the left. Significant differences (Pairwise t-test, P < 0.05) are indicated 
in bold italics. Habitats with the same ranking did not differ significantly in 
relative preference. P-values for multiple pairwise comparisons have been 
adjusted with the False Discovery Rate (FDR) correction method (Benjamini and 
Hochberg 1995). See Table 5.1 for description of habitat types and abbreviations.
...........................................................................................................................145 

Table 5.4 Ranking matrix of the habitat preferences of humpback dolphins (most 
preferred {Ranking =1} to least preferred {Ranking = 14}. Numbers indicate 
differences associated with pairwise comparison of mean ratios (�) to habitat 
types. Negative differences indicate preference of habitat above over habitat to 
the left, positive differences indicate underutilization of habitat above over 



 xxiii 

habitat to the left. Significant differences (Pairwise t-test, P < 0.05) are indicated 
in bold italics. Habitats with the same ranking did not differ significantly in 
relative preference. P-values for multiple pairwise comparisons have been 
adjusted with the False Discovery Rate (FDR) correction method (Benjamini and 
Hochberg 1995). See Table 5.1 for description of habitat types and abbreviations.
...........................................................................................................................146 

Table 5.5 Differences in mean distance to habitat types between Irrawaddy and 
humpback dolphins. A negative difference indicates Irrawaddy dolphins occurred 
closer to this habitat that humpback dolphins, a positive difference indicates 
humpback dolphins occurred closer to this habitat than Irrawaddy dolphins. 
Significant differences in mean distances are indicated in bold italics. See Table 
5.1 for description of habitat types and abbreviations. ......................................147 

Table 6.1 Survey effort in Cleveland Bay showing number of hours on the water 
searching for Irrawaddy and Indo-Pacific humpback dolphins between 1999 and 
2002. ..................................................................................................................179 

Table 6.2 Known range sizes and range lengths of Irrawaddy and Indo-Pacific 
humpback dolphins identified on ≥ eight occasions or more in Cleveland Bay 
between 1999-2002. MCP = Minimum Convex Polygon. ................................180 

Table 7.1 Mean and maximum half-weight association indices (HWI) of Irrawaddy 
and humpback dolphins. Observed and random mean HWI ± SD and P-values 
are indicated for the random association test. The test statistic was the SD. P-
values > 0.95 indicate SD of observed data was significantly higher than that of 
random data........................................................................................................206 

Table 7.2 Mathematical models fitted to the standard lagged association rates (g(d)), 
describing the temporal association patterns of Irrawaddy and humpback 
dolphins as a function of time lag (td). Jackknife procedures were used to 
estimate standard errors of parameters. (Burnham and Anderson 1998). The 
model minimizing the adjusted Akaike Information Criterion for small-sample 
bias (AICc) was chosen as the best fit model for Irrawaddy dolphins (indicated in 
bold italics). There was not best model for humpback dolphins. The models are 
of the exponential form proposed by Whitehead (1995). ..................................207 

Table 8.1 (opposite page) Abundance estimates of (a) Irrawaddy and (b) humpback 
dolphins in Cleveland Bay between January 1999-October 2002. Model notation 
follows Lebreton et al. 1992: � = survival probability; p = capture probability; t 
= time dependent effect; and � = constant effect. Other notations: n = number of 
animals captured; p = capture probability; N = estimate of number of marked 
animals; SE = standard error; CV = coefficient of variation; CI = confidence 
interval; Proportion ID = proportion of identifiable animals; Ntotal = estimate of 
total population size after correcting for proportion of identifiable individuals; np 
= number of estimable parameters in model; ∆AICc = difference between AICc 
and minimum AICc obtained; and na = not available. The model that best fitted 
the data of both species according to the Akaike Information Criterion corrected 
for small sample sizes (AICc) was model (��, pt). Models (�t, pt) and (��, p�) 
also provided good fit to the data (i.e. ∆AICc scores within 2 units of best model) 
of both species. Following the parsimony principle model (��, p�) was selected 
as the most appropriate because has less number of parameter.........................230 

Table 8.2 Effect of different annual rates of population change on the number of years 
required to detect population trends of Irrawaddy and humpback dolphins with 
yearly survey intervals (t =1). Data variability is specified at CV = 0.08 for 
Irrawaddy dolphins and 0.14 for humpback dolphins. These CVs correspond to 



 xxiv

the highest level of precision obtained for the abundance estimates of Irrawaddy 
and humpback dolphins (see Table 8.1). The probability of Type I (α) and II (β) 
errors was set at the 0.05 level. ..........................................................................233 

Table 9.1 Differences in size and age composition of schools of Irrawaddy and 
humpback dolphins when they were first sighted interacting (i.e., member(s) of 
each species within 100 meters). Significant P-values are indicated in bold 
italics. .................................................................................................................255 

 



 xxv

List of Figures 
Figure 1.1 Irrawaddy dolphin (a) and Indo-Pacific humpback (b) dolphins from 

Cleveland Bay, Queensland, Australia. ...............................................................10 
Figure 1.2 Approximate geographic distribution of Irrawaddy and Indo-Pacific 

humpback dolphins based on Jefferson and Karczmarski (2001); Stacey and 
Leatherwood (1997); Stacey and Arnold (1999). (?) indicate areas of probable, 
but unconfirmed distribution of Indo-Pacific humpback dolphins; and (?) 
indicate areas of probable but unconfirmed distribution of both species. ...........11 

Figure 1.3 Diagram of thesis structure........................................................................16 
Figure 2.1 Distribution of Irrawaddy and humpback dolphins in Australian waters. 

The known distribution of both species is based on information reviewed in Parra 
(Parra et al. 2002, see Appendixes 1 to 4, 2004). Question marks indicate areas 
of probable, but unconfirmed, distribution. Stranding data were obtained from 
museum and wildlife agencies (see Appendixes 1 and 4). ..................................23 

Figure 3.1 Map indicating dolphin sighting locations: (a) Far Northern Section study 
area (Irrawaddy dolphin sightings = 17, humpback dolphin sightings = 7); (b) 
Central Section (Irrawaddy dolphin sightings = 5, humpback dolphin sightings = 
7). Transect lines are indicated by solid lines and isobaths by broken line. ........44 

Figure 3.2 Boxplots of the distance to land (a), distance to river (b), and water depth 
(c) associated with each dolphin species (Irrawaddy dolphins = Ob, humpback 
dolphins = Sc) sighting location and study area (FNS =Far Northern Section, 
CS= Central Section). The midline represents the median; the box represents the 
interquartile range which contains 50% of values.Vertical lines indicate the data 
range.....................................................................................................................52 

Figure 4.1 Map of Cleveland Bay indicating boat survey route (�), weather stations 
(å), limits of the Dugong Protected Area (—), and principal places mentioned in 
the text..................................................................................................................74 

Figure 4.2 a) Distribution of survey effort by Beaufort sea state, b) Number of 
Irrawaddy and humpback dolphin schools sighted per sea state in Cleveland Bay.
.............................................................................................................................83 

Figure 4.3 Boxplots indicating yearly variations in Irrawaddy (Ob) and humpback 
dolphins (Sc) sighting rates, school size and school composition: (a) sighting 
rates, (b) school size, and (c) number of adults, (d) juveniles and (e) calves 
observed per school. The box represents the interquartile range which contains 
the 50% of values. The solid line across the boxes represents the median, and the 
dotted line represents the mean. Vertical lines represent the data range excluding 
outliers (solid circles)...........................................................................................85 

Figure 4.4 Seasonal variation in sighting rates, school size, and school composition of 
Irrawaddy and humpback dolphins across study period: a) mean sea surface 
temperature (SST) and rainfall, b) monthly number of dolphins school sighted 
per hour of survey, c) mean ± SE school size, d) mean ± SE number of adults per 
school, e) mean ± SE number of juveniles per school, and f) mean ± SE number 
of calves per school. There was only one sighting of humpback dolphins during 
the month of February, therefore school size and school age composition for this 
month does not represent the mean, but the value observed. ..............................86 

Figure 4.5 General and seasonal variation in the behaviour (F= Foraging, FBT = 
Foraging Behind Trawler, M= Milling, S = Socializing, T = Travelling) of 
Irrawaddy and humpback dolphins in Cleveland Bay: a) percentage of schools of 
each species observed in each behavioural category; b) seasonal variation in the 



 xxvi

sighting rates of the predominant behaviours observed for Irrawaddy dolphins; 
and c) seasonal variation in the sighting rates of the predominant behaviours 
observed for humpback dolphins. ........................................................................89 

Figure 4.6 Frequency distribution of school size and school age composition of 
Irrawaddy and humpback dolphins in Cleveland Bay: a) school size and (b) 
number of adults, (c) juveniles and (d) calves observed per school. ...................90 

Figure 4.7 Variation in the mean school size of Irrawaddy and humpback dolphins 
engaged in different behavioural activities (F = Foraging, FBT = Foraging 
Behind Trawler, M = Milling, S = Socializing, T= Travelling). .........................91 

Figure 5.1 Study area: a) Map of the Cleveland Bay indicating survey route (�), 
limits of Dugong Protected Area (—), and principal locations named in text, b) 
ArcView GIS coverage of the different habitat types found in the Cleveland Bay 
region. See Table 5.1 for description of habitat types and abbreviations used in 
figures and tables. ..............................................................................................119 

Figure 5.2 Core areas (50% kernel range) and representative ranges (95% kernel 
range) of Irrawaddy and humpback dolphins in Cleveland Bay. ......................126 

Figure 5.3 Differences in the frequency of various behavioural states observed within 
and outside core areas (50% kernel range) of (a) Irrawaddy and (b) humpback 
dolphins. Values inside columns indicate corresponding sample size of each 
behaviour by time of day. ..................................................................................128 

Figure 5.4 Relative proportion of various habitat types within the representative range 
(95% kernel range) of Irrawaddy and humpback dolphins in Cleveland Bay. See 
Table 5.1 for descriptions of habitat types and abbreviations.. .........................130 

Figure 6.1 Sightings of 63 and 54 Irrawaddy and humpback dolphins identified in 
Cleveland Bay between 1999-2001: a) total number of sightings of all identified 
individuals; b) number of months and years in which each individual dolphin 
was sighted; c) number of months and years a dolphin was identified as the 
proportion of the total number of months and years surveyed. .........................163 

Figure 6.2 Number of times dolphins identified in more than one calendar year were 
reidentified in the particular month they were first identified per hour of survey 
for that month (i.e., Monthly resighting rates)...................................................164 

Figure 6.3 Frequency distribution of the standard deviation of the distance of each 
individual dolphin location from their mean center (i.e., standard distance 
deviation) for all Irrawaddy dolphins (n = 15) and humpback dolphins (n = 9) 
identified ≥ 8times in Cleveland Bay between 1999-2002................................165 

Figure 6.4 Lagged identification rates (�) for (a) adult Irrawaddy dolphins and (b) 
humpback dolphins in coastal waters of Cleveland Bay, together with the 
expected lagged identification rates and estimated standard errors (bars) from 
emigration and reimmimigration models fitted to the data using maximum 
likelihood. ..........................................................................................................167 

Figure 6.5 Minimun Convex Poygons (MCP) of individual Irrawady (a) and 
humpback (b) dolphins sighted on ≥ eight occasions. Code in top left corner 
indicates the dolphin identification number. TP = Townsville’s Port. ..............169 

Figure 6.6 Area observation curves of Minimum Convex Poplygons (MCP) with 
increasing numbers of sightings for individual Irrawaddy dolphins (a) and 
humpback (b) dolphins sighted on ≥ eight occasions. Code in top left corner 
indicates the dolphin identification number. The * indicates that at least 90% of 
the estimated range size was reached for that individual...................................170 



 xxvii

Figure 7.1 Relationship between the school size estimates of (a) Irrawaddy and (b) 
humpback dolphins and the number of animals photographically-identified 
within each school. ............................................................................................186 

Figure 7.2 Estimated school sizes of Irrawaddy and humpback dolphins found in (a) 
schools involving only one single species and (b)schools involving at some point 
of the encounter (i.e., start, during, end) individuals of both species. ...............190 

Figure 7.3 Distribution of maximum Half-Weight Association Indexes of Irrawaddy 
and humpback dolphins, using only individuals sighted ≥ four days and in 
schools with ≥ 50% of animals identified. The distribution suggest most animals 
formed strong associations with a particular companion...................................192 

Figure 7.4 Average-linkage cluster analysis for associations between (a) Irrawaddy, 
and (b) humpback dolphins using only individuals sighted ≥ four days and in 
schools with ≥ 50% of animals identified. Associations higher than expected by 
chance are indicated in bold branches. ..............................................................193 

Figure 7.5 Standardized-lagged association rates for (a) Irrawaddy dolphins and (b) 
humpback dolphins, using only individuals sighted ≥ four days and in schools 
with ≥ 50% of animals identified. Standard error bars were estimated using 
jackknife procedures. The null association rate is the lagged association rate 
expected if individuals were associating at random. The model that best 
explained the observed temporal association rates of Irrawaddy dolphins 
(constant companions + casual acquaintances) is shown in a. All models in Table 
7.2 fitted the temporal association rates of humpback dolphins. This result 
suggests a complex pattern of associations between individual humpback 
dolphins that may involve various associates with different levels of temporal 
stability...............................................................................................................196 

Figure 8.1 Discovery curves of the cumulative number of Irrawaddy and humpback 
dolphins identified between January 1999 and October 2002 in Cleveland Bay. 
The bars represent the number of survey hours spent in the field during each 
month of study. ..................................................................................................212 

Figure 8.2 Relationships between different rates of population change, time until 
trend detection, and coefficient of variation (CV) for annual population 
estimates. The CVs used to present data variability are the values obtained for 
population estimates of Irrawaddy and humpback dolphins. The probability of 
type I (α) and Type II (β) errors was set at 0.05................................................222 

Figure 9.1 The study area with locations of the interspecific interactions observed 
between Irrawaddy and humpback dolphins («) during 1999-2002. Solid line (—
) indicates limits of the Dugong Protected Area (DPA). ...................................237 

Figure 9.2 Encounter rates (No. encounters/hours of survey effort) of interactions 
between Irrawaddy and humpback dolphins in Cleveland Bay between 1999-
2002. ..................................................................................................................241 

Figure 9.3 Relative frequency (%) of interactions observed between Irrawaddy and 
humpback dolphins ............................................................................................242 

Figure 9.4 Frequency distribution of the number of Irrawaddy and humpback 
dolphins seen during a) aggressive-sexual, b) affiliative and c) foraging 
interactions.........................................................................................................243 

Figure 9.5 Frequency distribution of the number of adults, juveniles and calves of 
Irrawaddy and humpback dolphins seen during a) aggressive-sexual, b) 
affiliative, and c) foraging interactions..............................................................244 

Figure 9.6 Photographs of aggressive-sexual interaction observed on 23rd of May 
2001: a) Adult and calf Irrawaddy dolphin swimming in a tight formation with 



 xxviii 

adult humpback dolphins b) Irrawaddy dolphin calf lifted partly out of the water 
by one of the humpback dolphins, while another humpback dolphin circles it; c) 
adult and calf Irrawaddy dolphin at surface with a humpback dolphin swimming 
underwater belly to belly with adult Irrawaddy dolphin....................................247 

Figure 10.1 Map of the Great Barrier Reef Marine Park (GBRMP, 344,400 km2) 
zoning plan as of July 2004. ..............................................................................268 

Figure 10.2 Level of protection offered to areas of potential habitat of Irrawaddy and 
humpback dolphins within the Great Barrier Reef Marine Park. Areas of 
potential habitat were defined as coastal waters within 10 km from the nearest 
coastline. I considered areas of high level of protection those where: 1) boating 
activity was of low risk; 2) catchments had a low risk of discharging poor quality 
water 3) netting was not permitted or strongly restricted (up and including level 2 
restrictions); and 4) trawling was prohibited. ....................................................272 

 
 


	TITLE PAGE
	STATEMENT OF ACCESS
	STATEMENT OF SOURCES DECLARATION
	ELECTRONIC COPY STATEMENT
	STATEMENT ON THE CONTRIBUTION OF OTHERS
	ACKNOWLEDGEMENTS
	PUBLICATIONS ASSOCIATED WITH THIS THESIS
	ABSTRACT
	Table of Contents
	List of Tables
	List of Figures

