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PREFACE
This report contains background information on the dolphin tourism industry, the impacts of vessel-based
encounters on the behaviour and acoustics of wild dolphins, and the management of dolphin-human encounters.
The report outlines the methods and results of a study investigating the influence of different types of vessels
(motor vessel, yacht and kayak) on the behaviour and acoustics of dolphins in a region with relatively low levels
of human activities. The results of this study may be used as a baseline for further research in this field where
dolphins have had long-term or more intensive exposure to vessels and other human activities. A discussion
comparing the findings of this research to other studies is provided, together with recommendations for
improvement of current dolphin-watching guidelines and management regulations in Australia.
This project was undertaken as part of research towards Elizabeth Hawkins’ PhD at Southern Cross
University.
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SUMMARY
Bottlenose dolphins (Tursiops sp.) are one of the most frequently observed species of dolphins inhabiting the
tropical and temperate regions of the world. However, little is currently known about their abundance,
behavioural ecology, social structure or movement patterns in the Australian region. Bottlenose dolphins
inhabiting the coastal regions also face increasing threats from human activities that are concentrated in these
regions. The impact of vessel encounters on resident bottlenose dolphins is of particular concern. Existing
studies have provided insight into the influence of vessels in regions where high levels of vessel usage are
present. Few studies have assessed the potential influence of human encounters on dolphins and their habitat,
where there are relatively low levels of vessel usage. This study assesses the influence of vessels in a region of
relatively low vessel usage on the behaviour and acoustics of wild inshore bottlenose dolphins (Tursiops
aduncus).

Objectives of Study
The primary aim of this study is to examine and assess the influence of human encounters on the group cohesion
and communication of wild populations of inshore bottlenose dolphins (Tursiops sp.) exposed to low levels of
human activities.
Focusing on a population of inshore bottlenose dolphins in the Byron Bay area, northern New South Wales,
the aims of this study are to:
• Assess localised human usage patterns in the marine environment and determine the occurrence of humandolphin encounters;
• Compare attributes of the acoustic emissions and behaviours of a population of inshore bottlenose dolphins
exposed to relatively low levels of dolphin tourism activities from motorised vessels with those of others
reported from Australia and worldwide; and
• Evaluate the adequacy of existing regional, state and federal management regimes in Australia for dolphinhuman encounters from vessels.
The results of the present study may be applied to other studies on dolphin acoustics and behaviour to
estimate any likely consequences of intensive human activities, such as dolphin tourism, on the social structure
and survival mechanisms of dolphins.

Methodology
Observations of dolphins were made from land- and vessel-based platforms between 2003 and 2006 in the Byron
Bay region, northern New South Wales (Brunswick Heads to Ballina to 5nm seaward). Three types of vessels
were used, including a 6m aluminium hull vessel with twin 250hp outboards, a 12m yacht with inboard diesel
engine and an ocean kayak. The behaviour of dolphins, their location and pod composition were recorded during
both land- and vessel-based surveys. Types of vessels (including the research vessels), their behaviour, locations
and proximity to dolphins were also recorded during land- and vessel-based surveys. Photographs of individual
dolphin dorsal fins were taken during vessel-based surveys and used for identification and estimation of the
population abundance. Acoustic recordings were also made during vessel-based surveys.

Key Findings
The dolphins of the Byron Bay area display each of the four behaviour states (travelling, milling, socialising and
feeding) for similar proportions of time to many other populations reported in the literature. There were some
exceptions, particularly with the occurrence of travelling and milling behaviours in areas with higher numbers of
vessel encounters. However, there was no consistent pattern found of differences of behaviours between areas
with high vessel and human activities and that of Byron Bay, an area with relatively low levels of vessel and
human activities.
Short-term adaptive changes in the behaviour and acoustics of dolphins in response to the presence of
different types of vessels, the behaviour of the vessels and their proximity, are evident in the Byron Bay
population. The changes in the behaviours of dolphins caused by vessels identified were similar to those
identified by previous research areas with different levels of vessel activities. These behaviours were referred to
as ‘symptomatic disturbance behaviours’ of dolphins. They included alterations to the group cohesion of the
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dolphins. Some changes in the acoustic emissions were similar to those reported from other studies, e.g. changes
in the repetition rate of whistles during a vessel encounter. This study also found that the whistle repetition rate
and the acoustic parameters of whistles were influenced by both the type and behaviour of vessels in close
proximity to the dolphins.

Future Action
Recommendations for improvement of regional and federal dolphin-watching guidelines are outlined.
Recommendations included total time vessels are permitted within 100m of dolphins and provisional distances
for pods with young calves. The introduction of a permit and levy system for commercial vessel-based dolphin
watching operators is recommended. Practices for multiple vessel approaches to dolphins are outlined. Localised
improvement of guidelines included vessel-free zones for motorised vessels and no-approach times in core
habitat areas for resident social groups of dolphins.
Based on this comprehensive study of populations of wild dolphins, concerns are beginning to emerge about
the developing impacts of wildlife tourism and general human impacts involving use of the marine environment
on the social and especially communicative behaviour of the dolphins. It is clear that dolphins are responding to
humans with changes in their behaviour (as reported in other studies). The long-term consequences of these
changes on survival of this population of dolphins are not yet clear.
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Chapter 1

DOLPHIN-BASED TOURISM
Wildlife tourism in natural environments is based on encounters with non-domesticated animals through tours,
site attractions, unguided encounters and in conjunction with tourist accommodation (Higginbottom 2004). The
basic theme underpinning wildlife tourism ventures is conservation of the wildlife and its environment
(Valentine & Birtles 2004). Commercial whale and dolphin watching operations have become a substantial part
of the wildlife tourism industry. Dolphin-based tourism may be land- or vessel-based and involve dolphinwatching, wild-feeding, swim-programs and captive programs. Changes to local economies and environmental
initiatives may be instigated as a result of the development and growth of wildlife tourism industries
(International Fund for Animal Welfare (IFAW) 1997).

Captive Dolphin Industry
Attempts to capture cetacea for display and entertainment in aquarium facilities were first made in the mid
1800s. London’s Westminster Aquarium was the first to exhibit cetacean species in captivity. The Aquarial
Gardens in New York was the first aquarium to exhibit bottlenose dolphins (Tursiops sp.) in 1863 (Senate Select
Committee on Animal Welfare (SSCAW) 1985). Wild dolphins were then captured over succeeding decades and
held in facilities around the world. Many of the dolphins died during capture and whilst en route or shortly after
arriving at the aquaria. The high mortality of dolphins was due to poor conditions of the aquaria and lack of
knowledge about the animals ( SSCAW 1985; Samuels & Tyack 2000).
The first dolphinarium (an aquarium based on the display of dolphins) was Marineland, Florida, which was
established in 1938 and was built by filmmakers who wanted to film actors swimming underwater with ocean
wildlife. Considerable public interest was generated by the wildlife and, in particular, the dolphins. The creators
soon realised there was substantial financial benefit in opening the exhibit to the public and charging entry fees.
Subsequent dolphinaria were soon opened throughout the United States and Canada ( SSCAW 1985; Reeves &
Mead 1999; Samuels & Tyack 2000). Bottlenose dolphins have been the most frequently used species of
cetacean kept in captivity (Reeves & Mead 1999).
Keeping dolphins in captivity has allowed researchers to observe them closely (Samuels & Tyack 2000).
These early dolphinaria pioneered techniques of capture, husbandry, training and medicine, subsequently
improving the survival of the dolphins in captivity (Samuels & Tyack 2000). Researchers began to study the
various aspects of the biology and ecology of dolphins during the late 1940s. The first formal knowledge of
dolphin behaviour, social structure, communication, physiology and cognition was achieved through the study of
captive dolphins ( McBride & Hebb 1948; Wood 1953; Brown & Norris 1956; Tavolga & Essapian 1957; Lilly
& Miller 1961; Samuels & Tyack 2000).
Australia’s first dolphinarium was established in the early 1950s at Tweed Heads, New South Wales. When a
fisherman accidentally caught a bottlenose dolphin in his net in the Tweed River, the dolphin was put into a
nearby public swimming pool. The pool operator realised that the dolphin had considerable commercial value
when crowds of people came to observe the captive animal. This led to the establishment of the the Tweed
Heads Porpoise Pool. Another seven dolphinaria were established in Australia between 1969 and 1981. These
were Marineland of South Australia, Adelaide, South Australia (est. 1969); Pet Porpoise Pool, Coffs Harbour,
New South Wales (NSW) (Est. 1970); Sea World, Surfers Paradise, Queensland (Est. 1971); African Lion
Safari, Warragamba, NSW (Est. 1973); King Neptune’s Park, Port Macquarie, NSW (est. 1973); Atlantic Marine
Park, Yanchep, Western Australia (est. 1981); and Hamilton Island, Queensland (Est. 1984). The majority of the
cetacean species exhibited in these facilities were bottlenose dolphins (Tursiops sp.). Sea World at Surfers
Paradise, Queensland, also featured an Indo-Pacific Humpbacked dolphin (Sousa chinensis) and two false killer
whales (Pseudorca crassidens). In total, 46 bottlenose dolphins were captured from the wild and kept in
Australian dolphinaria (SSCAW 1985). At present only two of these facilities are currently still working; Sea
World and the Pet Porpoise Pool.
Dolphins are now held in captive facilities throughout the world in dolphinaria, resort hotels, and enclosed
lagoons or sea pens (Reeves & Mead 1999). A reduction in the number of dolphins caught from wild populations
has occurred in recent years with the improvement of husbandry techniques. Most dolphinaria can now sustain
stocks through captive breeding programs (Reeves & Mead 1999).
Several arguments have arisen over keeping dolphins in captivity and the subject has become highly
controversial. Possibly the strongest argument in favour of keeping dolphins in captivity is that they provide
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education and raise public awareness of dolphin conservation. In this role, the captive dolphins have been
described as ‘ambassadors’ for their species. In addition, captive dolphin aquaria provide a venue to assist and
rehabilitate sick, injured or stranded animals (May 1990; Reeves & Mead 1999). The strongest argument against
keeping dolphins in captivity is that it is a form of abuse to hold these animals in such facilities as all animals
have the right to remain free and live in the wild (May 1990; Reeves & Mead 1999). There also is a
counterargument that captive dolphin facilities have enabled significant and efficient research progress to be
made, particularly on aspects of behaviour, biology and physiology that are difficult to study in wild dolphins
(Reeves & Mead 1999). Others argue that taking dolphins from wild populations to be put in captive facilities
creates a stress that may contribute to the decline of a population (Reeves & Mead 1999).
Notwithstanding these arguments, captive dolphins remain a subject of public curiosity and fascination and
millions of people visit dolphinaria each year. This has been accompanied over two decades by a substantial
increase in public interest in observing dolphins in their natural environment. This new curiosity has expanded
the scope of dolphin tourism (SSCAW 1985).

Provisioned and Habituated Wild Dolphins
Predictability of the location of wildlife is important for wildlife tourism. Hand-feeding or food provisioning
animals is one method of creating predictable animal behaviour (Green & Giese 2004). Food provisioning
animals also gives tourists an opportunity to engage in a close encounter with wild animals (Green & Giese
2004). Feeding wild dolphins has been one method of creating predictable behaviour whilst allowing tourists to
observe and interact with the animals at close proximity. Samuels, Bejder, Constantine and Heinrich (2003)
defined ‘food provisioning’ dolphins as individuals that have become ‘habituated to in-water interactions
through regular provisioning of food by humans’. They also defined ‘habituated’ as ‘groups of cetaceans in
which many individuals have repeated and sustained interactions with humans on a regular basis without pursuit
by humans, without signs of disturbance in response to human actions, and without the incentive of food
provisioning’.
A large variation in the ranging patterns and behaviours were found between habituated and non-habituated
bottlenose dolphins near Panama City, Florida. Researchers noted that for the duration of the observations, one
juvenile dolphin was fed by humans at least once every hour and had potentially dangerous encounters with
vessels approximately every 12 minutes. This dolphin was observed to interact with humans for 74% of the
observation time (Samuels & Bejder 1998). Although no specific type of human interaction was attributed to the
habituation of these dolphins, it is evident that these encounters, including provisioning, have an effect on the
social behaviour of dolphins in the wild (Bryant 1994; Samuels & Bejder 1998; Samuels et al. 2003).
Solitary dolphins have been known to become habituated to in-water encounters with humans in the absence
of other dolphins. In some cases, interaction with humans appears to replace interactions with other dolphins
(Samuels et al. 2003). Human interactions with solitary dolphins can have a number of consequences.
Aggressive behaviour of the dolphin involved may increase and be directed towards humans which can cause
severe injuries. The risk of injury from human intervention towards the dolphin may also occur (Lockyer 1990;
Dudzinski, Frohoff & Crane 1995).
In Australia, four government-licensed wild dolphin provisioning programs have been established. Since the
1960s, food was given to a small number of bottlenose dolphins (Tursiops sp.) from Bunbury, Western Australia.
Management of the feeding was not established until the late 1980s by government and non-government
agencies (Samuels et al. 2003). In the early 1960s at Monkey Mia, Western Australia, a small group of
bottlenose dolphins began to be hand-fed (Connor & Smolker 1985). Strict government controls on the feeding
were introduced in the early 1990s (Samuels et al. 2003). A provisioning program was established at
Tangalooma, Moreton Island, Queensland, during the early 1990s with a small group of bottlenose dolphins.
This provisioning program was purposefully developed and controlled by the operators from the commencement
of the regular dolphin hand-feeding sessions (Green & Corkeron 1991). Finally, a small group of Indo-Pacific
Humpback dolphins (Sousa chinensis) have also been provisioned at Tin Can Bay, Queensland, since the early
1970s (Garbett & Garbett 1997). At the time of writing, all of these provisioning programs were still operating.
Provisioning wild dolphins can have adverse consequences on the health of the animals involved, particularly
if the feeding is not controlled and managed appropriately. These effects may include nutritional deficiencies and
habituation, leading to dependency on the human-provided food sources (Green & Giese 2004). Provisioning
wild dolphins can also cause changes to their natural behaviour, cause a loss of wariness towards humans,
increase the risk of disease and illness from human pathogens, increase exposure to pollution, increase the risk of
shark predation and increase aggression towards humans which may consequently result in injuries (Bryant
1994; Wilson 1994).
Wilson (1994) reported that the calf mortality rate of provisioned dolphins was significantly higher than for
non-provisioned dolphins at Monkey Mia, Western Australia. The estimated survival rate of provisioned calves
in 1986 was less than 20% (mortality rate of >80%). Comparatively, the survival rate for non-provisioned calves
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was estimated to have been 67% in the first year of life. The high mortality rate for provisioned female calves
was partially attributed to the provisioned mothers becoming malnourished as they became reliant on
nutritionally deficient human food hand-outs. This consequently reduced the quality of the mothers’ milk
causing malnourishment of their offspring (Wilson 1994). Provisioned mothers of Monkey Mia were also
observed to spend approximately 50% of their time associating with people or boats, usually displaying
‘begging’ behaviours (Mann & Smuts 1999). It has also been suggested that the high calf mortality experienced
at Monkey Mia may be due to the inability of calves to establish normal social associations with non-provisioned
dolphins due to the mothers’ behaviour adopted from provisioning (Wilson 1994).
Provisioning dolphins can also have a significant affect on mother-calf proximity and this consequently
affects maternal care of young calves (Wilson 1994; Mann & Smuts 1999; Mann & Kemps 2003). When
mothers and calves were present in the provisioning area at Monkey Mia, no nursing bouts were observed.
During provisioning, the mothers remained in shallow water close to people where it was less likely that calves
would occupy the infant position adjacent to the mother. During this provisioning, calves spent the majority of
the time in deeper water away from people (Mann & Smuts 1999; Mann & Kemps 2003). This apparent lack of
maternal care can expose the calves to predation by sharks. A four-month-old calf was observed to be attacked
and killed by a tiger shark (Galeocerdo cuvier) while the mother was being provisioned (Mann & Barnett 1999).
The risks of provisioning may be reduced by the development and enforcement of strict management
controls. These may include controlling the amount of food fed to the dolphins. At Tangalooma, Moreton Island,
Queensland, a limited volume, 10% or less of daily food requirements of fish, is supplied to the provisioned
dolphins. This reduces the risk of the dolphins becoming reliant on this fish as a food source, and the consequent
health risks involved, such as decreased nutrient intake (Orams 1995; Orams 1996). Keeping the duration of
provisioning sessions to a minimum may also reduce the risk of significant behavioural alterations of the
dolphins as well as reducing aggressive or ‘pushy’ behaviours (Neil & Brieze 1998; Orams, Hill & Baglioni
1996).
The greatest benefit from animal provisioning programs is the education of the people who attend and
observe the animals in their natural environment (Bryant 1994). A study of the effectiveness of the dolphin
education program at Tangalooma, Moreton Island, Queensland, indicated that tourists who interacted with the
provisioned dolphins showed increased motivation to alter their own behaviour and become more
environmentally conscious. Without a structured education program, alterations in the attitudes of tourists to
become more environmentally ‘friendly’ would not occur to the same degree (Orams 2001; Orams 1997). In
Australia, many tourists visit and take part in dolphin feeding programs. Between 1987 and 1994, 80,000114,000 people visited Monkey Mia, Western Australia, to observe the provisioned dolphins. At least 36,500
people annually are estimated to attend and observe the dolphin provisioning at Tangalooma, Queensland. At
Bunbury, Western Australia, around 70,000 people visit the Tourist Information Centre each year, with a
substantial proportion of these people observing the dolphin feeding (Samuels et al. 2003). These numbers
demonstrate that this industry is substantial. However, close monitoring and strict management of these
programs is essential to ensure the protection of the dolphins involved.

Land-Based Dolphin-Watching
A great deal of dolphin-watching also occurs from land-based sites. In some regions, tourism promotions
advertise where to watch dolphins from local headlands. Land-based dolphin-watching in this case refers to all
people observing dolphins from land who are not involved in attending provisioning programs or visiting captive
facilities. The impacts of land-based dolphin-watching have not been assessed at this time. Future investigation
of the effectiveness and impact of educational and interpretive materials on people supplied at popular dolphinwatching sites is needed. Popular areas for dolphin-watching from land include Cape Byron in New South Wales
and Point Lookout on North Stradbroke Island in Queensland.

Vessel-Based Dolphin-Watching
Vessels are the platforms used for most dolphin-watching. In some cases, vessels used in dolphin-watching are
thought to cause disturbance to dolphins and threaten welfare and conservation of dolphins (Goodwin & Cotton
2004). In Australia, vessel-based dolphin-watching is concentrated in a number of areas. In New South Wales,
the adjacent towns of Nelson Bay and Port Stephens have the largest commercial vessel-based dolphin-watching
fleet, consisting of at least eight operators. Some operators in this area offer three tours a day to observe a small
population of around 150 resident bottlenose dolphins (Allen & Moller 1999). Other dolphin-watching tours in
New South Wales operate from Jervis Bay and Byron Bay. In some areas, such as Sydney and Coffs Harbour,
dolphin-watching may be opportunistic or offered in conjunction with whale-watching. Other areas in Australia
where there are commercial vessel-based dolphin-watching activities are Adelaide (South Australia), Hervey
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Bay (Queensland) and Bunbury (Western Australia). Vessel-based dolphin-watching ventures that offer swimwith-dolphin tours occur at two locations in Australia: Port Phillip Bay in Victoria and Bunbury in Western
Australia.
Dolphin-watching from vessels can have considerable costs to the environment and to the dolphins
themselves. Dolphins may react to a vessel’s presence and noise in a variety of subtle, immediate or obvious
ways (IFAW 1997; Wursig 1996). Immediate or short-term behavioural or physiological responses of the
dolphins to a vessel may, over time, accumulate and develop into long term responses. Short term responses may
occur on an individual or group level. Long term responses may occur on a population level. Little is known
about the consequences of short and long term impacts of vessels interacting with dolphins in the wild. The
influence of vessel noise, vessel behaviour, number of vessels in the proximity of dolphins, in-water encounters
through swim programs, short and prolonged disturbance along with the reactions of varying ages, sex,
individuals and seasonal changes, are not understood (Constantine 1998; Samuels et al. 2003). Dolphin-based
tourism from vessels often results in repeated prolonged and close encounters with dolphin communities that are
usually locally resident (Bejder & Samuels 2003). Physical injury from boat strikes, habitat displacement,
disruption of key behaviours such as feeding, and noise trauma are all potential threats from vessel-based
dolphin-watching activities (Marsh, Arnold, Freeman, Haynes, Kasuya, Laist, Read & Reynolds 1992). Changes
in behaviour and habitat use of bottlenose dolphins frequently exposed to a rapidly growing tourism industry
must be understood to identify any long-term impacts and effects on the viability of the population being
targeted (Constantine, Brunton & Dennis 2004).
There are a number of positive aspects of vessel-based tourism. Economic advantages to local communities
operating the tours can be considerable. Most commercial vessel-based dolphin-watching operators also offer
education programs to participants. Educating participants can increase appreciation of the need for conservation
and protection of dolphins and their habitats (Orams 2001). Collaborative relationships between researchers and
commercial operators can also increase the efficiency of educational and interpretive materials offered to
tourists.

Community Benefits and Growth of Dolphin-Based Tourism in Australia
Human communities hosting dolphin and whale tourism are often changed over time as a result with
improvements and modernisation in infrastructure and an increase in tourist numbers (IFAW 1997). The tourism
industry can present positive conservation initiatives through education of participants, by providing an
economic incentive to conserve the environment, and through monitoring of the environment (Constantine &
Baker 1997). Socioeconomic trends that are detrimental to host communities may also occur as a result of the
tourism industry. There may be uneven distribution of funds and revenue and price inflation in local
communities through an increased demand from tourists (IFAW 1997; Orams 2001). Establishing a business and
industry based on often unpredictable wildlife such as dolphins can be commercially risky. The presence of the
animals may be variable and seasonally dependent, e.g. during El Nino events the food supply of dolphins is
affected and consequently the movement of the animals may be altered (IFAW 1997).
Few economic studies have evaluated the value of dolphin-based tourism alone; most studies include whalebased tourism as presumably most whale-watching operators would opportunistically observe dolphins as well.
In most economic studies of the cetacean tourism industry, commercial whale-watch operators have been defined
as ventures that specifically target whales and/or dolphins (IFAW 2004). Most studies do not include revenues
from captive dolphin tourism. The revenue created from wild provisioning programs or land-based dolphinwatching also has not been reported separately from the vessel-based operations.
Worldwide, approximately 90 countries have commercial whale and dolphin watching operations (Hoyt
2001). In 1998, the worldwide total direct and indirect expenditure on dolphin and whale watching was
estimated at over one billion dollars (Hoyt 2001). In 2000, it was estimated that the dolphin and whale watching
industry in New Zealand alone accounted for more than $NZ50 million through direct and indirect expenditure
(Constantine 1998). Australia’s dolphin-based tourism industry primarily involves bottlenose dolphins. The
growth of the dolphin watching industry in Australia has been substantial since its development during the 1960s
when a small dolphin provisioning program began at Monkey Mia, Western Australia (Gill & Burke 2004).
Visitor expenditure in 2004 at Monkey Mia, Shark Bay alone generated an estimated $AUS4.2million from
approximately 100,000 visitors, which was directly attributed to the dolphin tourism industry in the area
(Stoeckl, Smith, Newsome & Lee 2005). Between 1998 and 2004, the whale and dolphin watching industry’s
average annual growth rate was 15%, with a total national direct and indirect expenditure of over $AUS2billion
(IFAW 2004). New South Wales has experienced the highest growth rate in the number of dolphin and whale
watching operators over the past few years compared to other Australian states, with a 37% average annual
growth rate between 1998 and 2003 (IFAW 2004).
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Chapter 2

ACOUSTICAL AND BEHAVIOURAL RESPONSES OF DOLPHINS
TO RECREATIONAL AND COMMERCIAL DOLPHINWATCHING VESSELS
Two general categories of vessels are outlined in the following sections; commercial and recreational. A
commercial vessel refers to dolphin-watching tour-based ventures with business-related or commercial goals.
These commercial entities may be dedicated to dolphin-watching on a daily basis or they may incidentally target
dolphins when whales or other activities are the primary goals of the tour. A recreational vessel refers to vessels
used for leisure activities that have no commercial goals. Most recreational vessels incidentally watch dolphins
when dolphins are in the vicinity.

Behavioural Responses of Dolphins to Vessels
Little is understood about the short and long term impacts of vessels and other human activities on the behaviour
and acoustics of wild dolphin populations (Constantine 1998). Cumulative impacts of dolphin-watching vessel
disturbance on localised populations of wild dolphins consistently exposed to high levels of vessel activities is of
particular concern (Bejder & Samuels 2003). Disturbance from vessels may be caused by vessel handling,
proximity, positioning, model and engine type. The number of vessels and time that vessels spend in close
proximity to the animals are also factors of disturbance (Acevedo 1991; Constantine 1998). A comprehensive
summary of research on dolphin-vessel encounters is presented in Appendix A. The relationships between shortterm behaviour impacts and long-term impacts are also not understood. Researchers have suggested that
interpretation of short term responses should be made carefully when considering the consequently long-term
impacts of a disturbance (Bejder, Samuels, Whitehead & Gales 2006).
Most research studies have focused on the short-term responses of dolphins to human activities. Short-term
or immediate responses of dolphins to vessels can include (Acevedo 1991; Matsouka, Fujise & Pastene 1996):
•
•
•
•

No response
Deep diving prior to resuming previous activity
Alterations in behaviour activities
Displacement and avoidance of the immediate area moving into another before resuming the previous
activity
• Increased swim speed
• Changes in swim direction
• Changes in breathing patterns
• Changes in synchronous behaviours
• A behavioural change occurs and continues after the vessel approach
• Alterations in emissions and masking of acoustic signals
• Reduction in surface intervals
In order to comprehensively assess the ‘disturbed’ behaviour, detailed knowledge of ‘normal’ behaviour is
required. Knowledge of ‘normal’ behaviour is lacking for almost all cetacean species (Bejder & Samuels 2003).
Energetic costs from disturbance are often assessed by monitoring changes in frequency of behaviour states or
daily activity patterns. Alterations in key behaviours may have considerable consequences for the animal’s
welfare. Changes to inter-breath intervals, dive behaviour and inter-animal distances are often used as indicators
of disturbance and the level of group cohesion (Bejder & Samuels 2003). In situations of threat, alert or danger,
dolphins may reduce inter-animal distance and bunch together in order to maintain group cohesion (Bejder &
Samuels 2003). Levels of disturbance may also be assessed by changes and frequency of surface activity
(Frohoff 2000). Variation in responses to vessels is dependent on the species, the sex and age class of
individuals, and the group behaviour prior to vessel exposure (Gordon, Leaper, Hartley & Chappell 1992). A
comprehensive summary of key research conducted on dolphin-vessel interactions and management
recommendations is outlined in Appendix A. The information provided in Appendix A focuses on research
conducted on bottlenose dolphins (Tursiops sp.). Other dolphin species are included for comparative purposes.
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Although immediate or obvious behavioural responses may not occur, an animal could experience
physiological stress such as increases in endocrine responses, heart rate and body temperature, from a source of
disturbance such as the approach of a vessel (Green & Giese 2004). The biological response to stress occurs if an
animal’s homeostatis is altered or threatened by a perceived threat. Reduction in the health of individuals and
populations may occur through diminished physical fitness, reproductive disorders, the occurrence of disease and
mortality as a result of chronic stress (Bejder & Samuels 2003; Green & Giese 2004). Measures of physiological
stress and health were correlated with alterations in social dynamics and associations (e.g. proximity of
individuals, physical contact, and synchrony of movement) in a group of captive bottlenose dolphins. Changes in
social stability through alteration of the hierarchical organisation or threats from an animal in the group
increased stress of individuals and was found to contribute to illness and mortality (Waples & Gales 2002).
Variations in the severity of the impact can occur with the animals’ age, sex, physiological condition,
reproductive status, habitat type, social status of individuals and previous exposure to human activities ( IFAW
1996; Green & Giese 2004). In addition, severity of the impact may be affected by the type, intensity and
frequency of the vessel-based dolphin watching activity (Green & Giese 2004).
Research conducted in the Bay of Islands in New Zealand examined behavioural responses of bottlenose
dolphins (Tursiops sp.) and common dolphins (Delphinus delphis) to vessel approaches. This study found that on
32% of vessel approaches bottlenose dolphins changed their behaviour state (Constantine 1998). Common
dolphins altered their behaviour state on 52% of vessel approaches (Constantine 1998). In the presence of
vessels, bottlenose dolphins were least likely to alter their behaviour state if they were feeding whereas social
behaviours were more likely to be altered (Constantine & Baker 1997; Constantine, Brunton & Dennis 2004).
Similarly, social behaviours in common dolphins were most likely to be altered, however, resting was least likely
to be changed as a result of vessels being present. Resting behaviours in bottlenose dolphins were not observed
frequently when three or more vessels were present. Small resting groups of dolphins were more likely to
decrease resting behaviours in the presence of boats than large groups (Constantine, Brunton & Dennis 2004).
Bow-riding was instigated on 50% of approaches by vessels to socialising bottlenose dolphin groups
(Constantine & Baker 1997). On 4% of vessel approaches, dolphins displayed avoidance behaviours such as
diving and surfacing away from the vessel. Common dolphins bow-rode vessels on 43% of approaches. No
avoidance behaviours were noted for common dolphins on the initial approach of a vessel (Constantine & Baker
1997).
The type of vessel and its behaviour may also cause alterations to the behaviour of bottlenose dolphins.
Erratic behaviour by vessels, such as sudden acceleration, stops and rapid changes in direction may be perceived
by dolphins as threatening or aggressive (Wursig 1996). At Hilton Island, South Carolina, dolphins altered their
behaviour during 20% of dolphin-watching vessel approaches primarily by altering their direction of travel. In
55% of observations, a change in behaviour and travel direction was noted when dolphins were in proximity to a
motor vessel (Mattson, Thomas & St Aubin 2005). The dolphins in Jervis Bay, New South Wales, were found to
change their surface behaviour and direction of travel on the approach of motor vessels (Lemon, Lynch, Cato &
Harcourt 2005). In Ensenada De la Paz, Mexico, bottlenose dolphins were observed to modify their behaviour if
a vessel followed them (Acevedo 1991). The frequency of surface behaviours from bottlenose dolphins in
Doubtful Sound, New Zealand, were found to be significantly altered in the presence of vessels, particularly
those that violated recommended dolphin watching guidelines. ‘Side flops’ (defined as when a dolphin jumps out
of the water and lands on its side) for example, were found to increase in occurrence when vessels passed within
50m at high speed or erratically circled the dolphins (Lusseau 2006).
In Port Phillip Bay, Victoria, researchers identified several different types of vessel approaches: ‘direct’
(vessel approaches from directly in front of the dolphins), ‘intercept’ (vessel sits in the path of the dolphins),
‘parallel’ (vessel approaches parallel and to the rear of the dolphins) and ‘neutral’ (vessel remains at a distance,
usually 100m or more, from the dolphins and does not actively pursue them). Researchers found that the ‘direct’
approach type resulted in the highest percentage of both avoidance behaviours (47%) and ‘active’ interactions
(13%) (i.e. dolphins sustain interactions with the vessel or swimmers) from bottlenose dolphins (Tursiops sp.).
‘Intercept’ vessel approach types resulted in 64% ‘neutral’ responses (i.e. no apparent change in the dolphin’s
behaviour) and 32% avoidance responses from the dolphins. Avoidance behaviours from dolphins were recorded
on more occasions during ‘parallel’ (26%) vessel approaches than ‘neutral’ (7%) (Dolphin Research Institute
(DRI) 1997).
In Port Stephens, New South Wales, researchers noted that for every dolphin-vessel encounter, bottlenose
dolphins primarily interacted with one or two vessels for less than 30 minutes at a time. Commercial vessels
predominantly approached the dolphins at a slow speed from the rear and followed the dolphins. On 44% of
these approaches dolphins showed a visible behavioural response to the vessel, e.g. approaches or avoidance,
however, on 56% of approaches no behavioural response was visible. Approaches from recreational vessels were
primarily from the front and the vessels often drove through the dolphin group (Allen & Moller 1999).
Goodwin and Cotton (2004) noted that behavioural reactions of bottlenose dolphins varied significantly
between the types of vessels moving in close proximity. Dolphins appeared to show aversive behaviours to fast
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moving vessels such as speedboats and jet skis in the vicinity (Goodwin & Cotton 2004). Jet skis were found to
elicit the most emphatic responses from bottlenose dolphins at Hilton Head Island, North Carolina. The dolphins
were observed to change their behaviour or travel direction in 56% of observations (Mattson, Thomas & St
Aubin 2005). In Cardigan Bay, Wales, bottlenose dolphins were found to exhibit ‘startle’ responses more often
to quiet fast vessels than to slow large vessels (Evans, Canwell & Lewis 1992). However, ships were found to
have the least influence on dolphin behaviour with alterations noted for 11% of observations at Hilton Head
Island, North Carolina (Mattson, Thomas & St Aubin 2005). In Cardigan Bay, Wales, bottlenose dolphins were
also found to avoid kayaks but were attracted to dolphin-watching vessels (Gregory & Rowden 2001).
Vessel proximity or distance can also influence the behaviour of the dolphins. Evans, Canwell and Lewis
(1992) reported that bottlenose dolphins may respond to vessels that were at distances of 150-300m by changing
dive times and avoiding an approaching vessel. In Ensenada De La Paz, Mexico, bottlenose dolphins were
observed to dive and then resume their previous behaviour if vessels travelled past the dolphins between 5-25m
(Acevedo 1991). Bottlenose dolphins in Sarasota Bay, Florida, increased inter-breath intervals when vessels
approached within 100m and also altered travel direction, reduced inter-animal distance and increased swim
speed. Alterations in the dolphins’ response to vessels was also more likely to occur in shallow water (Nowacek,
Wells & Solow 2001). This finding demonstrates that the response of dolphins may also be influenced by the
habitat.
The level of daily exposure to vessels can have energetic costs to dolphins and also alter behavioural patterns.
Dusky dolphins (Lagenorhynchus obscurus) in Kaikoura, New Zealand, were found to be exposed to vessels in
close proximity for 72% of daylight hours (Barr & Slooten 1995). Dusky dolphins were also exposed to more
than three vessels in close proximity for 8.2% of daylight hours. Researchers suggested that in the afternoon,
dusky dolphins were more sensitive to disturbance because dolphins were found to significantly increase slaps,
leaps and directional changes when in the presence of vessels (both commercial and recreational) in mid to late
afternoon (Barr & Slooten 1995). Hector’s dolphins (Cephalorhynchus hectori) in Porpoise Bay, New Zealand,
were found to approach vessels in the initial stages of a vessel’s approach, however, as the encounter progressed,
the dolphins seemed to become less interested. Dolphins began avoiding vessels after 70 minutes of the
encounter. Researchers commented the Hector’s dolphins appeared to spend large amounts of energy trying to
avoid vessels (Bejder, Dawson & Harraway 1999).
The bottlenose dolphins of Milford Sound and Doubtful Sound, New Zealand, each exposed to varying levels
of tourism activities, were investigated to assess the impacts of vessel interactions on their behavioural budget
(Lusseau 2004). It was reported that the dolphins were most vulnerable or sensitive during resting behaviours
and least during socialising at both sites. It was also found that behaviours including travelling and diving
increased when vessels were present. Dolphins generally avoided areas with high vessel activity. However, they
appeared to maintain interactions with vessels at a certain level. It was recommended that an allocated recovery
time should be allowed between vessel interactions for dolphins. This would reduce stress levels that may result
from the interaction and allow time for the dolphins to resume their previous behaviour. Researchers commented
that longer-term responses such as avoiding the area of disturbance may become prevalent if there was less than
68 minutes between successive vessel interactions. If the necessary recovery time between vessel interactions is
not provided, the energetic cost of interactions will accumulate. If the level of interactions becomes biologically
significant, dolphins are thought to alter their movement and behaviour patterns to avoid or maximise intervals
between vessels (Moberg 2000; Lusseau 2004).
The presence of swimmers from vessels appears to have a significant influence on the behaviour of dolphins.
Dolphin-swim tours operating from commercial vessels are offered in many areas around the world. In addition
to vessel behaviour and approach type, the presence and placement of swimmers from a vessel often has an
effect on the behaviour of the dolphins being viewed. In the Bay of Islands, New Zealand, common dolphins
were observed to sustain interactions with swimmers during 24% of observations and bottlenose dolphins during
25%. Responses of bottlenose dolphins to swimmers were neutral for 30% of swims and involved avoidance for
22% of observations. During sustained interactions, common dolphins spent an average of 5.3 minutes with
swimmers compared to 4.2 minutes for bottlenose dolphins (Constantine & Baker 1997). When swimmers were
placed in the water to the side of the dolphins’ travel path (‘line abreast’), dolphins’ displayed the lowest
avoidance reactions and the most ‘sustained’ interactions (Constantine 1998; Constantine 2001). In contrast,
swimmers placed in the path of the dolphins elicited the highest avoidance responses from the dolphins. It was
also found that juvenile dolphins were more likely to approach and interact with swimmers than adult dolphins
(Constantine 2001). It has been noted that, between 1996 and 1997, bottlenose dolphins in Port Phillip Bay,
Victoria, showed a 15% increase in the frequency of neutral responses to swimmers. This observation coincided
with a 13% decrease in the avoidance responses in the same time frame (DRI 1997).
Dolphins repeatedly targeted by tourism activities can display long-term behavioural changes such as
habituation (Constantine 2001). Dolphins habituated to these human activities may display reduced wariness and
consequently become more vulnerable to vessel strikes, vandalism and entanglement (Bejder & Samuels 2003).
Juvenile dolphins may be particularly vulnerable to disturbance from human activities. Development of
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behaviours and skills essential to their maturity may be distorted if behavioural development is disrupted by
consistent human interactions. These disruptions may result in altered social behaviours and a reduction in
cautious behaviours around human activities, increasing the risk of injury and death (Samuels et al. 2003).
Dolphins appear also to develop behavioural strategies to avoid or distract tourism ventures. In Port Phillip
Bay, Victoria, researchers have described a ‘decoy’ behaviour by bottlenose dolphins in response to a dolphinwatching vessel. The ‘decoy’ behaviour consisted of a number of individuals from a group approaching the
dolphin-watching vessel while the remaining pod members continued travelling out of the vicinity (Dunn &
Goldsworthy 2000). Researchers have not quantified this behaviour or investigated the occurrence in detail to
confirm that a ‘decoy’ strategy has been developed by the dolphins. An alternative explanation is one portion of
a pod being interested in a vessel or swimmers and approaching, while the remaining pod members were not
interested and did not alter their behaviour.
Recent research assessed the long term impact of vessel-based tourism on the bottlenose dolphins of Shark
Bay, Western Australia, using data collected over 20 years (Bejder 2005). At the start of the research in 1984, no
commercial vessel-based dolphin-watching operators were present. During the succeeding years, two operators
commenced, offering between four and eight tours a day, and research vessels were also frequently present. The
average duration of dolphin encounters with the commercial dolphin-watching vessels was around 10 minutes.
Following the introduction of the two operators, the number of dolphins/km² was found to significantly decline
by 15% (approximately one in seven individuals) in areas where tours were conducted, compared to periods of
no tourism. In the area where tour operators did not venture, the number of dolphins/km² concurrently increased
(not significantly) by around 9%, suggesting displacement of dolphins from the tour vessel area to areas where
little disruption from tour operators occurred (Bejder, Samuels, Whitehead, Gales, Mann, Connor, Heithaus,
Watson-Capps, Flaherty & Krutzen 2006). A significant decline in female reproductive success from individuals
in the area targeted by tour operators was also detected (Bejder 2005). This research emphasises the need to
monitor resident populations of dolphins exposed to dolphin-watching operations to improve management and
conservation these populations. These findings also demonstrate the potential vulnerability of wild bottlenose
dolphin populations to human disturbance, raising questions about the long-term sustainability of the industry.

Acoustic Responses of Dolphins to Vessels
Noise from vessels has been proven to affect the acoustic communication and behaviour of dolphins. Sound
source levels are highly varied between vessel type, size, engine and speed. Vessel sounds can be both tonal and
broadband depending on the engine type. The primary sound from vessels is from propeller cavitation,
propulsion, propeller ‘singing’ and other machinery in the engine. A ‘singing’ propeller creates tonal frequencies
between 100 and 1000Hz. If a propeller is damaged and cavitating or if two propellers are operating
asynchronously, ‘singing’ ceases as bubbles created through cavitation absorb vibrational energy and the sound
levels rise. Machinery noise originating in the engine due to the rotation of shafts, gear transmissions and
mechanical friction, is transmitted through the vessel’s hull. Vessel sounds may also be produced from pumps,
generators, ventilators and other auxiliary machinery and equipment (Richardson, Green, Malme & Thomson
1995). Table 6 outlines several vessel types, their sound source levels and peak frequencies.
The response level from an animal to a noise source will depend on the animal’s sensitivity to sounds at the
noise frequency (Moore & Clarke 2002). The hearing mechanisms of dolphins are specialised in receiving high
frequency sounds, making dolphins more sensitive to noise in the high frequency range than at lower frequencies
(Gordon & Moscrop 1996). Therefore, the higher frequency noise produced from small vessels is more likely to
affect dolphins, including bottlenose dolphins, than noises from larger boats (Gordon & Moscrop 1996). There is
some evidence, however, that bottlenose dolphins may be sensitive to low frequency industrial noise (Turl
1993).
Impaired ability to detect sound signals is referred to as ‘masking’. Masking of pure tone signals will occur
only if the noise source frequencies are similar to those produced by the dolphins. Sounds generated from vessels
have the potential to mask acoustic communication signals of dolphins (Richardson et al. 1995). The radius of
masking around a sound source is difficult to predict as it is affected by the sound structure, timing, background
noise, as well as the level and location of the sound source (Bain & Dahlheim 1994; Richardson & Wursig
1997). As the perceived noise level is altered by the animal’s orientation due to their directional hearing, the
direction of the sound source has an effect on the level of masking experienced (Bain & Dahlheim 1994). When
assessing the potential impact of a noise the source level of the noise (intensity), local propagation and the
duration of the noise must be taken into account (Whitehead, Reeves & Tyack 2000; Heathershaw, Ward &
David 2001; Parsons, Swift & Dolman 2003). The effect of noise pollution on dolphins may result in permanent
or temporary reduction in hearing, physical damage to organs, sound induced stress and, when there is prolonged
exposure, even mortality (Gordon & Moscrop 1996; Whitehead, Reeves & Tyack 2000).
In a study in Jervis Bay, New South Wales, noise from a vessel was around 7dB higher than ambient noise
with levels of 53 re 1µPa²/Hz. Masking thresholds for dolphin whistles were calculated to be 78dB re 1 µPa for
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vessels. It was found that a whistle produced 100m from the recording device at 134dB re 1µPa @ 1m (derived
from Janik 2000) would be 16dB above the masking threshold. Therefore power vessels did not mask dolphin
communication signals in this environment (Lemon et al. 2005).
In response to an ambient noise source, dolphins have been observed to compensate by altering the amplitude
and frequency of their acoustic emissions and therefore to adapt their acoustic signals to the noisy environments
(Au 1993). Belugas (Delphinapterus leucas) were found to alter the peak frequencies of their echolocative
signals in response to changes in ambient noise conditions. The belugas were recorded to increase their signals
by an octave between a captive facility in San Diego Bay which was typically 12-17dB lower than the Kaneohe
Bay facility the animals were transported to. This suggests that the toothed whales may can alter their acoustic
emissions in order to compensate for high levels of ambient noise (Au, Carder, Penner & Scronce 1985). It was
postulated that bottlenose dolphins may also have the ability to alter their acoustics in response to high ambient
noise levels (Au et al. 1985). In Japan, acoustic emissions of three populations of wild bottlenose dolphins were
recorded from areas with varying ambient noise. Most of the ambient noises were attributed to vessels. It was
reported that each population had variable ranges of whistle amplitudes. Dolphins in areas with lower ambient
noise produced whistles with greater frequency modulation and higher frequencies. Dolphins exposed to higher
ambient noise levels produced whistles with lower frequency modulation and lower frequency range. It was
concluded that frequencies of communication signals used by the dolphins were altered to avoid the ambient
noise frequencies in the environment (Morisaka, Shinohara, Nakahara & Akamatsu 2005).
Acoustic responses of dolphins to vessels vary between species. Acoustic responses from dolphins included
increasing duration, changes in frequency, changes in the repetition rate of whistles and types of acoustic signals.
Buckstaff (2004) found that the signature whistles of bottlenose dolphins (Tursiops sp.) in Sarasota Bay, Florida,
did not alter on the approach of vessels, although the whistles increased in repetition on the initial approach of
the vessel compared to during and after the vessel approach. It was suggested that the alterations in whistle
production served to maintain contact and group cohesion in a noisy environment (Buckstaff 2004). In Jervis
Bay, New South Wales, bottlenose dolphin surface behaviours were found to be affected by vessel approaches;
however, whistle and click production were not significantly altered (Lemon et al. 2005).
Indo-Pacific Humpback dolphins (Sousa chinensis) were found to increase their whistle repetition rate
following the approach of vessels within 1.5km of their vicinity, although click trains and burst-pulse
transmissions were not affected. Mother-calf groups were found to increase their whistle repetition rate whereas
non-mother-calf groups produced fewer whistles. Researchers suggested that mother-calf group cohesion is
significantly affected by vessel traffic, with an increase in whistles indicating that the groups needed to reestablish acoustic contact after the disturbance (Van Parjis & Corkeron 2001).
Whistle production of bottlenose dolphins in the presence of swim-with-dolphin tour vessels in Port Phillip
Bay, Victoria were also found to be significantly altered. Dolphins produced a higher repetition rate of whistles
when travelling, feeding or socialising in the presence of tour vessels. It is suggested that in order to understand
the impacts of tourism activities, a fundamental component that must be monitored is the acoustic responses of
the species concerned (Scarpaci, Bigger, William, Corkeron, James & Nugegoda 2000).
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Chapter 3

MANAGEMENT OF VESSEL-BASED DOLPHIN TOURISM
VENTURES AND HUMAN-DOLPHIN INTERACTIONS
The complex and highly variable behaviour and acoustic responses of dolphins to vessels presents a challenge to
environmental managers and government agencies to create effective conservation initiatives to protect them
from potentially harmful human activities. In most cases, regulatory management strategies are applied in which
visitor actions, access, numbers and times are restricted by rules and regulations enforced by government
agencies and other management authorities. Regulations may also involve equipment restrictions, speed limits,
permits and codes of conduct and spatial and temporal zoning. The ultimate goal of management strategies for
dolphin viewing and interactions is to optimise the protection of the animals and their environment whilst
simultaneously maintaining economic viability of operations (Orams 2001; Lusseau 2003a). Effective
management strategies require the participation of all stakeholders and government agencies (Valentine &
Birtles 2004). Regulations and guidelines concerning human-dolphin interactions from vessels presently appear
to be based on anecdotal evidence with little scientific data and no valid information (Bejder & Samuels 2003).
The precautionary approach, however, should be applied until such time as biologically valid data are available
and guidelines can be based on scientific evidence (Lusseau & Higham 2004).
Commercial and recreational vessel activities are controlled in most countries by limiting proximity to
dolphins. With dolphin-watching activities increasing in popularity, there is an immediate need to develop and
implement effective management strategies in order to minimise the risk of disturbance to the animals involved
(Constantine & Baker 1997). Minimising the exposure time of operations involving dolphins is achieved by
reduction in voyage/trip duration, limiting the number and distance of vessels permitted to approach dolphins
and reducing speed limits of vessels in habitats of significance (Marsh et al. 1992; DRI 1998; Dolman 2003;
Constantine, Brunton & Dennis 2004). Reducing speeds of vessels around dolphins has three advantages: i) it
enables dolphins to detect and avoid the vessels; ii) it minimises severity of injury if a strike does occur; and iii)
it allows vessel operators to detect and avoid the path of the dolphins (Marsh et al. 1992). By identifying areas of
key habitat for dolphins using scientific means, management of these areas can be more effective: vessels and
other activities may be restricted or prohibited in these areas (Marsh et al. 1992; Dolman 2003; Lusseau 2003a;
Lusseau & Higham 2004).
Another valuable scientific approach is assessing genetic relatedness between neighbouring populations to
provide better understanding of movement patterns and relationships between populations of the dolphins
(Parsons, Noble, Reid & Thompson 2002). Management strategies also pay special attention to individuals that
are vulnerable to disturbance, such as nursing mothers and calves. Recognition of vulnerable individuals by
vessel operators and the provision of stricter guidelines for interacting with these animals reduces the risk of
their harm or habituation (IFAW 1996). Enforcement of regulations by management agencies ensures that vessel
operators comply with the regulations. Implementation of regulations also ensures minimum harassment to
cetaceans targeted by vessel operators (Simmonds 2000).
In order to effectively manage the effects of human-generated noise on dolphins, the properties of the sound
source propagation, the received sound source levels and the sound threshold impacts need to be understood
(Erbe & Farmer 2000). Modelling tools can be useful for estimating sound propagation and zones of audibility
(Erbe & Farmer 2000). Vessels used for dolphin-watching purposes can emit high levels of noise. The impact on
the dolphins depends on the vessel’s speed, distance, and type (Dolman 2003). The majority of vessel operators
in the marine environment are unaware to the disturbance caused by the noise they emit (Gordon & Moscrop
1996; Dolman 2003). The vessel noise pollution needs to be addressed in legislation in order for enforcement
and compliance to be controlled efficiently (Dolman 2003). Constantly high levels of noise pollution can cause
dolphins to be displaced from areas of key habitat and can cause changes in key behaviours, energy budgets and
communication (Simmonds 2000). Reducing the level of engine noise through regular maintenance and more
efficient technological designs are two means by which the level of noise pollution can be reduced (Marsh et al.
1992).
It is important to understand both the nature of the people who participate in wildlife tourism as well as the
nature of the animals themselves in order to manage the sustainability of the interaction (Amante-Helweg 1996;
Valentine & Birtles 2004). Because it is people and their activities that must be managed to achieve
sustainability, it is important for managers to be aware of the motivations, attitudes and experiences of the people
participating in the activity. Recent views are that the most effective management of people is achieved through
the development and delivery of education material by operators and agencies (Amante-Helweg 1996;
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Higginbottom & Tribe 2004; Valentine & Birtles 2004). The delivery of accurate information through education
programs can promote more environmentally friendly behaviour, support research and conservation initiatives,
increase political pressure to improve legislation, increase knowledge, encourage enjoyment, respect and
satisfaction and provide another means of effective management (Higginbottom & Tribe 2004; Moscardo,
Woods & Saltzer 2004).

Management of Dolphin-Human Interactions in Australia
Within Australian waters, dolphin-watching activities are managed by local, state and federal authorities. In
some areas such as Port Stephens and Nelson Bay in New South Wales and Hervey Bay in Queensland,
voluntary codes of practice have been adopted by stakeholders, such as commercial watching vessel operators, to
manage localised industries. Permitting and licensing is managed by both state and federal agencies for some
human activities such as tour operating and seismic surveys.
The intent of federal guidelines and regulations is to allow ‘people to observe whales and dolphins in a way
that does not cause harm to the animals’ (Department of Environment & Heritage (DEH) 2005). In order for the
relevant government agencies to improve legislation and policies, guidelines were developed and have recently
been reviewed in 2005 by state, territory and federal governments. Key elements of these guidelines are (DEH
2005):
• Recommended approach distances and operating procedures for vessels in the vicinity of whales and
dolphins. These include the provision of ‘caution zones’ where vessels travel at no-wake speed whilst
operators assess the behaviour of the animals; ‘no approach zones’ to the rear and in the path of the animals;
and cessation of approach if the animal is evidently distressed or disturbed. Only three vessels are permitted
in the caution zone at any one time. Vessels should not deliberately encourage bow-riding by dolphins. In the
case of a bow-riding animal, operators should maintain the vessel’s speed and course with no sudden changes
(Figure 1).
• Vessels should not drift into a ‘no approach’ zone.
• Vessels should move at a slow speed and avoid sudden or repeated alterations in course direction.
• Restricting the animals’ course and movement is not permitted.
• Avoid approaching mother and calves.
• Limit the duration that vessels spend in the vicinity of the animal.
• Limit cumulative time vessels spend with a population/group per day.
• Specify the duration of time between vessel approaches.
• Allocation of ‘no approach’ times when the animals are engaged in key behaviours such as feeding and
resting.
• Provision for temporal or spatial exclusion zones.
• Provisions for aircraft restrictions and approaches.
• Swimmers and divers should not deliberately enter the water in close proximity to a whale or dolphin.
• Only permitted or licensed operators may conduct swim operations in the vicinity of whales or dolphins. The
number of licences issued is limited, the length of time spent in proximity, including no-approach times,
defining the distance swimmers are permitted to go, and specifying the manner of use of boom nets and
mermaid lines by commercial operations.
• Prohibition on feeding wild cetaceans. The current feeding programs licensed by government agencies must
be accompanied by stringent research programs and management.
• It is recommended that vessels be maintained in order to reduce the level of noise created.
• Intentional and sudden noises, particularly with a purpose to attract the animals, are strictly prohibited.
Current management guidelines do not specify the duration or number of vessels that are permitted in close
proximity of a pod. Federal guidelines do recommend that these elements be taken into consideration along with
daily no approach times, exclusion zones, and intermediate times between successive vessel approaches, when
developing additional management measures (whether regional or state). In addition, current guidelines do not
provide additional protective measures for mother-calf pods, particularly where there are newborn calves in the
pod which may be highly vulnerable to disturbance from vessel encounters. Management guidelines do not
address the different behaviour states of dolphins, particularly behaviours where disturbance from vessels is
more likely to occur. Guidelines also neglect to address specific recommended practice for different types of
vessels, as certain vessels may cause more negative responses from dolphins than others.
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Figure 1: Approach distances of vessels for dolphins in New South Wales and federal water
SOURCE: Department of Environment and Climate Change 2008
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Chapter 4

METHODS
Survey Area
Byron Bay is located on the north coast of New South Wales, Australia (Figure 2). The survey area covered
226km² and extended 53km of coastline, from waters adjacent to the New Brighton township (28º27’60”) in the
north to the Southern Breakwater Wall at Ballina (28º55’50”) in the south, and approximately 5 nautical miles or
to the 22 fathom depth contour in the east.
The tropical Eastern Australian Current and a complex system of localised eddies keep water temperatures
warm during the Summer months. During Winter the Eastern Australian current moves further east and the
Tasman current moves north from the southern seas, reducing the water temperatures. These environmental
conditions have resulted in a high biodiversity of life within the region and created a convergence zone of
tropical and temperate species. Fine sandy surf beaches, intertidal rocky shores, and sub tidal inshore and
offshore reefs typify the habitats within the survey area (Cooperative Research Centre for Coastal Zone, Estuary
and Waterway Management (CRCCZEWM) 2004). There are two large estuaries, the Richmond and Brunswick,
are also included within the survey area. The Richmond River estuary is larger than the Brunswick and both are
characterised by often treacherous bars and man-made seawalls. Each estuary contains seagrass beds, salt
marshes and mangrove systems (CRCCZEWM 2004).

Figure 2: Location of the study area around Byron Bay
SOURCE: Maps courtesy of Greg Luker, Southern Cross University 2006

Commercial vessel-based dolphin-watching in the Byron Bay region
At the time of this study, a number of commercial vessel-based dolphin-watching tours were operating within the
survey area. A kayak tour company established in the mid-1990s was the first vessel-based dolphin-watching
tour company to operate in the Byron Bay region. A second kayak tour company with an emphasis on dolphinwatching was established during the late 1990s. Both of these companies were still operating at the time of this
study. These kayaking companies offered between one and three tours per day within a limited area around Cape
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Byron. Two additional companies also offered vessel-based dolphin-watching tours (through advertisements)
from Ballina and Byron Bay using motorised vessels. Both of these companies offered at least one to two tours
per day. However, neither of these companies regularly conducted dolphin-watching tours due to limitations
created by weather and tidal conditions. A further three companies (consisting of six motorised vessels)
conducted opportunistic dolphin-watching; however, the main objective of these companies was diving, fishing
or seasonal whale watching, and dolphin-watching tours were not advertised.

Survey Methods
Data were collected from both land- and vessel-based surveys. Land-based surveys were conducted from
elevated vantage points within the survey area and allowed for baseline or ‘control’ observations of dolphins to
be made in the absence of human presence at sea. Experimental or ‘treatment’ surveys were made from three
different vessel types; a motor vessel with outboard engines, a yacht with an inboard diesel engine and kayaks.
Where possible, land observations were conducted concurrently with vessel surveys, however, weather
conditions and positioning of dolphins restricted the number of times concurrent observations were made.
The survey area was divided into four sections; Byron Bay, Broken Head, Lennox Head and Ballina. Only
one section was surveyed in a day. The survey protocol was changed over the course of the study. During the
first year in which surveys were conducted (2003), they were carried out in intensive four-week blocks, with one
block in each season (Autumn, Winter, Spring and Summer). Land and vessel surveys were generally undertaken
on alternate days rather than concurrently. During the following year (2004), surveys were conducted in twoweek intensive blocks each season. These field study blocks were reduced as land- and vessel-based surveys
were conducted concurrently rather than on alternate days, making data collection more efficient. Each season, a
minimum of three surveys from each vessel was undertaken. During the final year of data collection (2005/06),
the primary focus was to collect acoustic recordings using a hydrophone array and therefore the survey days
chosen were based on weather conditions rather than season. All data from field studies were entered into an
Access 2000 database on a Notino High Grade 3600s laptop computer. Volunteer observers were recruited and
trained to assist with observations and data recordings. The training included a section on consistency of data
recording. Surveys were restricted by weather conditions. Surveys were not conducted when the wind speed
exceeded 20kn, the seas exceeded 1.5m and the Beaufort (sea state) was greater than three (out of 12).
Data collection was carried out during different seasons for several reasons: to obtain data on the seasonal
abundance and distribution of dolphins within the survey area, to ensure the dolphins did not become
accustomed or habituated to the research vessels, and to examine seasonal changes in behaviour and habitat
usage patterns.

Land-based surveys
Land-based surveys were conducted from five elevated sites located along the coastline adjacent to the survey
area. These were Ballina’s northern breakwater wall and Lighthouse Beach Lookout (Ballina), Moreton Lookout
at Lennox Head, Broken Head headland and the Cape Byron Lighthouse. Each land-based observation session
was conducted continuously for five hours (weather permitting). During 2003, land-based observation sessions
were conducted both morning (7am to 12pm) and afternoon (12pm to 5pm). In the latter two years, land-based
surveys were only conducted during the morning because it was found that after midday weather and lighting
conditions deteriorated, reducing the accuracy of sightings and increasing potential error in the data set. When
land- and vessel-based surveys were conducted concurrently, land and vessel observation teams maintained
contact using 27MHz radios or mobile phones.
During land-based surveys, observers recorded both dolphin and vessel behaviours. Observers recorded the
24hr time, location, pod number, pod composition, behaviour states and events of dolphins and the location of
vessels, vessel type and vessel behaviour within the survey area.
Each vessel class and vessel behaviour type was defined prior to surveys and presented in an ethogram
(Appendix C). Time or scan sampling techniques (Altmann 1974; Martin & Bateson 1993), were used to record
vessel types and behaviours within the land-based survey area. Each vessel in the survey area other than kayaks
and surfers was identified for survey purposes with an individual letter. Vessels moving through the survey area
during sampling were also noted. If a vessel was within 200m of dolphins, continuous sampling of both the
vessel and dolphin behaviour were recorded (this included the research vessels). Distances between vessels and
dolphins were estimated by observers. Distance estimates between dolphins and vessels were based on the
known or estimated lengths of vessels, e.g. if a kayak was 3m long and there were approximately four kayak
lengths to the dolphins, a distance of 12m was noted. These estimates were standardised as much as possible
between observers during intensive training sessions. All new observers spent at least two land-based surveys
with an experienced observer and by the end of the second survey it was ensured that the new observer was
estimating the same distances as the experienced observer in the recordings. Consistency of observations was
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checked by new observers switching roles with the experienced observer who was recording and observing. If a
discrepancy in the new observer’s labelling occurred, the experienced observer then explained the mistake and
corrected the methods used by the new observer. At times new observers were required to attend more than two
surveys with an experienced observer to ensure consistency of observations. This process of observer
standardisation was also used to ensure dolphin behaviours and pod compositions were consistently identified by
all observers.

Vessel-based surveys
Vessels used in surveying were a 6m aluminium outboard motor powered vessel ‘R.V. Seahorse’ (Figure 3), a
12m Caribbean van der stat yacht ‘S.V. Ironbark’, which had an auxiliary inboard diesel motor (Figure 4) and
single or double kayaks (Figure 5). Transect and random point sampling methods were used during vessel-based
surveys. The type of sampling method used depended on the vessel being used and the daily weather conditions.
For each pod of dolphins encountered, a one hour ‘group or pod focal follow’ was undertaken (Mann 2000). If
the dolphins displayed avoidance or disturbance behaviours as a result of the presence of the research vessel, the
focal follow was reduced to 30 minutes.
During vessel surveys the following observations were noted on data sheets (Appendix B): 24hr time, GPS
location, pod composition, behaviour of dolphins and of the research vessel, distance between vessel and the
closest dolphin and bearing of the vessel to the closest dolphins. Behaviour, distance and bearing of any other
vessels within 200m of the focal group were also noted. During group follows, photographs of individual dorsal
fins were taken for identification of dolphins within the focal pods. The corresponding photograph frame
numbers for each pod were noted. Where possible, acoustic recordings during motor vessel and yacht-based
surveys of pods were also made. Data from both the land- and vessel-based surveys were matched by the 24hr
time noted from synchronised watches. A minimum of four people was required during vessel-based surveys on
‘Seahorse’ and ‘Ironbark’: one to drive the vessel, one to observe, another to write a record of behaviours (the
note-taker), and one to operate the acoustic recording equipment. The observer would dictate observations on the
behaviour of the focal pod to the note-taker.
The behaviour of the survey vessel was classified using definitions contained in an ethogram (Appendix C).
Each approach made by the survey vessel towards dolphins was defined as ‘passive’ or ‘direct’. When a survey
vessel travelled and approached a pod of dolphins from parallel and behind the dolphins’ path of travel, this was
referred to as a ‘passive’ approach. When a vessel approached a pod from directly behind or in front of the
dolphins’ travel path this was referred to as a ‘direct’ approach. During a focal follow several approaches would
be made by the survey vessel, each approach being noted on the data sheet.
A transect survey method was used during motor-vessel and yacht surveys. Transect points were defined by
land topographic features and water depth. When a pod of dolphins was sighted, the vessel would turn from the
transect line towards the dolphins and conduct a ‘focal follow’.

Motor vessel surveys
Surveys using the motor vessel ‘Seahorse’ (Figure 3) were usually conducted for six to eight hours between 7am
and 1pm or 3pm. Variations to these times were made when required by weather, tidal or bar conditions. For the
first year of surveys (Autumn 2003 to Summer 2003/4), ‘Seahorse’ was equipped with two outboard 70hp, 2stroke Yamaha motors. During the following years the motors were two 115hp 4-stroke Yamaha motors.

Figure 3: Research Vessel ‘Seahorse’ with humpback whale (Megaptera novaeangliae) fluke
SOURCE: Photo by Liz Hawkins 2005
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Yacht surveys
The sailing vessel ‘Ironbark’ is a commercially operated tour vessel (Figure 4). Surveys using ‘Ironbark’ were
conducted for three to five hour periods. In addition, two surveys were made over a 24 hour period. Ballina and
Lennox Head were the most frequent areas surveyed using ‘Ironbark’ because they were closest to its mooring in
the Richmond River. On the two 24 hour expeditions, Broken Head and Byron Bay survey areas were also
covered. The starting times for surveys using ‘Ironbark’ were dependent on tidal conditions, because the river
bar could not be crossed on most low or outgoing tides and in certain swell conditions. ‘Ironbark’ was equipped
with a 4-cylinder, 50hp (33kW) inboard diesel engine as its auxiliary power.

Figure 4: ‘Ironbark’ research vessel
SOURCE: Photo by Max Egan 2004

Kayak surveys
Surveys using kayaks were only conducted in Byron Bay and these were the most sheltered waters. A twoperson kayak or a single-person kayak was used to conduct these surveys (Figure 5). Kayak surveys were
conducted in three hour periods, usually from 9am to 12pm, although this did vary slightly according to the
season and the kayak being used. Each kayak survey began at Clarkes Beach, with the observer paddling inshore
to ‘The Pass’, ‘Wategoes’ and ‘Little Wategoes’. Surveys were not conducted along the exposed ocean side of
Cape Byron because sea conditions were frequently dangerous. Where possible, ‘focal follows’ of dolphins
using continuous behavioural recordings were made from the kayaks. Photographs for individual identification
of dolphins were also taken during these ‘focal follows’ using Fuji underwater disposable cameras (200iso film)
and a Canon PowerShot A20 digital camera with underwater housing.

Figure 5: Kayak research vessel off Wategoes Beach, with Cape Byron Lighthouse in the background
SOURCE: Photo by Liz Hawkins 2005

16

DOLPHIN TOURISM

Pod composition
Pod definition and labelling
A ‘focal group’ or pod was defined as ‘any group of dolphins (of the same species) observed in association,
moving in the same direction and usually engaged in the same activity’ (Shane 1990). This definition was
extended to encompass all dolphins within a 100m radius which included all dolphins that may have been
engaged in different behaviours but were in the same pod. For example, a group of juveniles may have been
socialising and the rest of the group may have been feeding within a 20m radius. If Shane’s (1990) definition
was used without this modification, the socialising group would not have been included in the same pod as the
feeding group. By using the distance rule, these two groups were included as a single pod (Mann 2000). Each
pod was allocated an individual tracking letter e.g. ‘A’, ‘B’, ‘C’ etc. If two or more pods joined or mixed
together (affiliated), they were labelled by their combined pod letters, e.g. ‘A/B’. If a pod separated into smaller
groups that met the distance criterion (disaffiliated), a number was added after the pod’s tracking letter, e.g. A1
and A2.

Pod composition
Individuals of each pod were identified as adults, sub-adults, calves and unknowns. Where possible, the sex of
dolphins in the pod was also noted. Approximate sex and age classes were determined by parameters outlined in
the following sections.

Sex of pod members
Determining the sex of dolphins in the wild can be a difficult task. Sexes were determined wherever possible by
observation of the genital slit and the anus during bow-riding episodes or social displays. Smolker, Richards,
Connor and Pepper (1992) noted that females could generally be identified by the presence of a calf travelling
consistently in either ‘echelon’ (calf swims parallel with the mother or just above its mothers midline) or ‘infant’
(calves usually over two months old will often swim parallel to the mothers midline behind the dorsal fin
allowing easy access to the mammary slits) positions (Connor, Wells, Mann & Read 2000). These researchers
also noted that direct observation of an erect penis was the only reliable way to confirm that an individual was a
male.

Estimation of age
The definitions used to determine age classes are presented in Table 1. Estimated ages of calves were noted
where possible. Further insight into the age and sexual maturity of Tursiops aduncus may be gained from both
body size and the degree of ventral speckling. Speckles initially appear around the genitals, lower belly and
under the pectoral fins of bottlenose dolphins (Ross & Cockcroft 1990; Smolker et al. 1992).
Table 1: Age classes and descriptions used to estimate ages of dolphins
Age Class

Description

Calf (general definition)

Small in body size, consistently associated with their mothers, and
regularly travelling in ‘echelon’ or ‘infant’ position.

Calf <6mths

Calves with foetal folds and travelling in the ‘echelon’ position are
considered to be newborns less than 3 months of age.

Calf >6mths

Calves travelling predominately in ‘echelon’ position are considered to
be less than 8 months of age.

Calf >8mths

Calves travelling predominately in ‘infant’ position are considered to be
older than 8 months.

Sub-Adult

Sub-adult animals range in size from large calves to small adults and do
not consistently travel in infant position with an adult female. All of
these individuals have either no or very few ventral speckles.

Adults

Adults are full-sized individuals (2-4m) with moderate to heavy ventral
speckling. Females with calves travelling in echelon or infant positions
with them are considered adults, even if their ventral speckling has not
been assessed.

SOURCE: derived from Smolker et al. 1992
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Behaviour
Behaviour ‘states’ and ‘events’ were recorded for each pod of dolphins sighted during land- and vessel-based
surveys. ‘States’ refer to behaviours that are prolonged over considerable durations (several minutes or hours),
while ‘events’ occur instantaneously and are often short in duration (usually a few seconds) (Altmann 1974).
Four behaviour states were identified: milling, travelling, feeding, and socialising. Definitions of each
behavioural state and event are presented in Appendix C. Behaviour states were often identified by the
combination of behavioural events being observed. For example, feeding typically involved deep diving, long
submergence, porpoising and frequent changes in travel direction. Travelling behavioural state included a
defined travel direction, short submergence, porpoising and a bunched group formation. Continuous recording of
observed behaviours was made on data sheets, with each state and event noted as it was observed. If no changes
in behaviour were observed within two minutes, this was noted. Behaviour within each pod was therefore
recorded at two minute intervals, or less if behaviour was changing. Each type of behaviour was allocated a code
to make recordings on the data sheets fast and efficient. All behaviour and other observations recorded on data
sheets were entered into the Access 2000 database form (Figure 6).

Figure 6: Pod observation Access 2000 database form

Acoustic recording and analysis
Acoustic recording in the field
Two different hydrophone systems were used to record dolphin acoustics during pod ‘focal follows’ from
research vessels ‘Seahorse’ and ‘Ironbark’. A CR-100-27 single hydrophone (frequency range 7Hz to 100kHz;
sensitivity -179dB ± 5dB re 1V/µPa) with a HP-A1 amplifier (volume gain set between 7-10dB; direct out 7Hz
to 100kHz ± 3dB) (Burns Electronics Pty Ltd) was used, powered by a 12V DC battery. Signals were recorded
using a Sony DAT machine (sample rate 44kHz). This hydrophone system was practical and portable and
allowed rapid deployment and recording from survey vessels (Figure 7).
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Figure 7: Single hydrophone (top), DAT machine and amp (left), and the hydrophone setup (right)
During ‘focal follows’, the survey vessel travelled parallel to the dolphins with the engine on to obtain
behavioural and photographic data before being positioned parallel with and in front of the dolphins and within
50m of the dolphins, the engines turned off and the single hydrophone deployed. If clear dolphin acoustics were
detected from the hydrophone through headphones, recordings were then commenced. The 24hr and DAT
machine start and end recording times were noted on the acoustic datasheet (Appendix B). Recordings were
made for as long as the dolphins were within acoustic range of the hydrophone. The vessel was then repositioned
within acoustic range so recordings could continue. The number of recordings varied per pod due to the
behaviour of the dolphins, weather conditions and the time limit of ‘focal follows’.
The second hydrophone system used during this study was a two channel towed hydrophone array (Burns
Electronics Pty Ltd) with 100m of 14mm cable, 10m of sealed streamer tubing containing two hydrophones with
pre-amplifiers, and a 15m tail made of woven rope. The hydrophone was connected to a CR-MAX (Multiplexed
Active Filter) amplifier (volume gain 0-40dB; frequency response 7Hz to 450kHz ± 3dB; high pass gain rumble
filter 80Hz 6dB/octave within input range) (Burns Electronics Pty Ltd) powered by a 12V battery. The
hydrophone array system was attached to a connector block and DAQ (Data Acquisition) card (National
Instruments) and Notino High Grade 3600s computer with Sonamon software v.1.0 for recording (Madry
Technologies 2004) (Figure 8). Buoys were attached to the hydrophone streamer and cables at 10m intervals to
keep the hydrophone at a consistent depth of 2.5m or 5m depending on the length of the attaching lines.
Hydrophone depth was adjusted in this manner according to water depth. The buoys also showed the
hydrophone’s position.
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Figure 8: Diagram of the hydrophone array (top), the hydrophone array and hydrophone (left), MAX
amp (right)
SOURCE: Photos by Liz Hawkins 2006

The hydrophone array was deployed by two people from the stern of the survey vessel during focal pod
follows. A third person kept track of the pod of dolphins and continued to record behaviour. Using the
hydrophone array, the vessel’s engines could remain on while the hydrophones were deployed. If the vessel was
travelling during recording, the speed was kept to less than 5kts. The start and end 24hr times of each recording
onto the computer was noted on the acoustic data sheet with the sample rate, filtering used, bearing of vocalising
dolphins from the vessel and, where possible, dolphin identification.
The MAX amplifier system had a high (100Hz, 220Hz, 500Hz and 1kHz) and a low pass (50kHz, 25kHz,
15kHz, and 10kHz) filter system for each channel. These filters were used to reduce the sound of the survey
vessel’s engines and other ambient noises (such as whale song). When there was no vessel engine or high
ambient noise, the filter remained off.
Acoustic signals were recorded directly into Sonamon software on a Notino High Grade 3600s laptop
computer through the National Instruments connector block and DAQ Card. This recording system had the
capability of recording sample rates between 44kHz and 90kHz. Time series (time vs. amplitude) graphs and
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sonograms/spectrograms (time vs. frequency) graphs were displayed during recording, facilitating monitoring of
recording levels of hydrophone channels. Using the two-channel hydrophone array system, the approximate
bearing of acoustic sources from the vessel could be estimated by the Sonamon software. This enabled
identification of the dolphin groups emitting the sounds and occasionally individual dolphins. This was useful to
confirm that acoustic signals being recorded were being produced by the focal group.
Recordings made using the hydrophone array system were limited for several reasons. Acoustic signals
produced during particular behaviours, such as travelling, were not sampled due to limited manoeuvrability of
the vessel towing the array. Therefore acoustic signals emitted during behaviours such as feeding and milling
were recorded more frequently than signals during other behaviours because dolphins generally remained in a
particular area so that the vessel remained within acoustic range for longer periods of time.

Acoustic analysis
All acoustic recordings were downloaded onto a Notino 3600s laptop computer and analysed using CoolEdit
2000 (Syntrillium Software). Sonograms/spectragrams (time vs. frequency graphs) (Blackmann-Harris window;
256-512 Band resolution; 2048 FFT size) of sounds were visually inspected. Each type of dolphin acoustic
emission on the sonogram was investigated. Dolphin sounds were identified as ‘whistles’, ‘burst pulse’
emissions, ‘click’ trains or ‘other’. Sonograms of sound types are presented in Appendix D. The record time
from the computer program CoolEdit 2000 of each identified sound was noted on an acoustic analysis data sheet
(Appendix B). These data were then entered onto the Access 2000 database acoustic analysis form (Figure 9).
The corresponding 24hr time of each sound recorded was listed next to the track time on the database form. Each
sound with a clear signal was defined and catalogued. If the signal was not clear but could be confirmed as a
dolphin acoustic emission and divided into a whistle, click or burst pulse emission, the signal was recorded as a
‘poor resolution’ signal type.

Figure 9: Example of the acoustic analysis form in the Access 2000 database

Whistle analysis and categorisation
Each whistle with a high signal to noise ratio (SNR) i.e. whistles recorded with high amplitudes relative to
background noise and distance, were identified and classified. Each whistle was classified into one of five
whistle classes based on the major tonal shape; sine (A), flat (B), down-sweep/fall (C), concave (D) and
rise/upsweep (E) (Figure 10). Each individual whistle was given an identification number (e.g. 1A (sine tonal
class whistle type 1)) and entered onto the Access 2000 database acoustic catalogue. Individual whistle start
time, start frequency, end frequency, lowest and highest frequency were recorded, together with the number of
loops, breaks and harmonics.
The acoustic parameters and ‘jpg’ image of the sonogram and a sound sample of each individual sound type
were entered onto the acoustic catalogue. This allowed for consistency of sound type labelling. An example of a
catalogued whistle is presented in Figure 11. If the recorded amplitude level of the whistle was low and the
individual whistle type could not be confirmed (i.e. sounds with low SNR), the whistle was noted as a ‘poor
resolution’ (PR) whistle. If more than one whistle was emitted by more than one dolphin at the same time, hence
creating an overlaid signal, these sounds were noted as ‘WHOV’ (whistles overlaid). Only the duration of
overlaid whistle combinations were recorded. This allowed the repetition rate of whistles to be calculated for
analysis purposes.
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Figure 10: Diagrammatic representation of sonogram tracings of major tonal shapes of dolphin whistles
and their classification

Figure 11: Example of a whistle defined in the Access 2000 database acoustic catalogue

Analysis and cataloguing of click trains
Click trains were categorised based on the duration of inter-click intervals (click repetition rates) and the
frequency concentration. Classes of click trains were defined as CS1 (~16cl/sec), CS2 (~28cl/sec), CS3
(~8cl/sec), CS4 (>64cl/sec), CS5 (low frequency concentrated click trains) and ‘ultclick’ (high frequency,
ultrasonic click trains). Where clear samples of click trains were recorded (with high SNR) from one animal in
close proximity to the hydrophone (within 30m), the start time (24hr and record track time from sonograms) and
duration of each click train type were recorded onto the acoustic analysis data sheets and transferred to the
Access 2000 acoustic analysis form (Figure 9).

Analysis and cataloguing of burst pulse and ‘other’ emissions
Burst pulse sounds were also classified according to the repetition rate of clicks and the concentration of
frequencies. Burst pulse sounds were defined as a series of sounds where the click repetition rate was extremely
high, often resembling ‘creaking door’ or ‘mewing’ sound types (Caldwell & Caldwell 1967). ‘Squawks’ were
defined as series of burst pulse clicks with durations of less than 0.5 seconds. Burst pulse sounds were sampled
when a clear signal was received from one animal or there was no overlay of the same burst pulse emission type.
The duration of each burst pulse emission was noted and recorded into the acoustic analysis sheet and transferred
into the Access 2000 database acoustic analysis form.
Emissions such as ‘yelps’, ‘squeaks’, ‘chirps’, ‘pops’, were included in the ‘other’ category. Vessel engines
and sounds that were unidentified were also entered into the acoustic catalogue. Each of these sounds was
defined by its acoustic properties and sonogram image. ‘Yelps’ were dolphin emissions with a low frequency
modulated component and short in duration. ‘Squeaks’ were similar to ‘squawks’, however, they included a
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frequency modulated component in the low to mid frequency range. ‘Chirps’ were emissions with low frequency
modulated components with short durations (<0.3sec), similar to the low frequency narrow-band modulated
sounds described by (Schultz, Cato, Corkeron & Bryden 1995). ‘Pops’ were defined as broadband emissions
with low frequency concentrations and duration of less than 1 second (Connor & Smolker 1996). Sonograms of
these sound types are presented in Appendix D.
Vessel engines were divided into the different survey vessel engines i.e. ‘Seahorse’ or ‘Ironbark’, in addition
to ships and other motor vessels. The duration of time these vessel engines were heard on the recording were
noted in the Access 2000 acoustic analysis form, along with the maximum received amplitude level and major
tones and harmonics of each engine.

Statistical Analysis
Behaviour budget and home range estimation
‘Capture’ histories of individuals from photo-identification data collected during vessel-based surveys between
Autumn 2003 and Summer 2004/5 were used to estimate the home ranges of several individual dolphins. Data
from 2005/6 were not included in this analysis due to the inconsistency of seasonal data collection. Dolphins
‘captured’ (photographed) on five or more occasions were labelled ‘residents’ within the survey area and were
the only individuals included in the analysis. Sighting locations of ‘resident’ individuals were considered
representative of social groups or communities whose home ranges were mostly encompassed by the survey area
boundary. The home ranges of these ‘residents’ were estimated using Kernel Analysis in Home Range Tools for
ArcGIS 9.0 (Rodgers & Carr 1998). Kernel Analysis determines the centre of activity based on the density of
sightings, using nonparametric statistical methods. The resulting kernel density estimator values were
represented graphically using isopleths (contour lines) on a map of the survey area. The home range area of
residents groups was then estimated.
The percentage time dolphins were engaged in the four behaviour states—feeding, milling, socialising and
travelling—on a daily basis were estimated using land-based survey data collected between Autumn 2003 and
Summer 2005. Data were extrapolated from the Access 2000 database and entered into an Excel XP spreadsheet.
The mean duration of time per survey each behaviour was observed was calculated and expressed as a
percentage.

Influence of vessel activities on the behaviour and acoustics of dolphins
Human activities and usage patterns
Records of vessel activity from land-based observations were extracted from the Access 2000 database and
entered into an Excel XP spreadsheet. The total numbers of each vessel type recorded were then tallied. Seasonal
observations from land-based surveys conducted between Autumn 2003 and Summer 2004/5 were used for
comparative purposes. The mean numbers of vessels sighted per day were calculated for each season. ChiSquare tests were used to determine if variation in the number of vessels observed per day was significant
between seasons.
The numbers of vessels (with the exception of surf boards) were tallied for each land-based survey grid
location to determine areas of high and low vessel usage. The total percentage of vessels observed within each
land-based survey grid location was calculated for each land site. Percentage of vessel use within each survey
grid location for each land site were divided into classes; 0-5%, 6-10%, 11-15%, 16-20%, and >20%. To
determine if the highest vessel densities from each land site were within areas of high use by dolphins, locations
of pods sighted during vessel-based surveys were overlaid with percentages of vessel densities within grid
locations from each land-based site on a map.

Dolphin-human encounters
Land-based survey vessel and dolphin observations were extrapolated and entered into an Excel XP spreadsheet.
These data were used to calculate the duration that vessels were within 100m of dolphins. To avoid bias,
research vessels were not included in this analysis. An ‘encounter’ was defined as any occasion where a vessel
was within 100m of dolphins, whether the vessel was actively watching or pursuing the dolphins or travelling in
their vicinity. Distances were divided into classes of four to nine metre increments (0-5m, 6-10m, 11-20m, 2130m etc.) from zero to 100 metres. Each observation of dolphins and vessels within a 100m distance class was
scored together with the approximate duration the vessel remained within that distance class. Using the total
land-based survey time, the percentage of time vessels spent within 100m of dolphins was calculated. The
frequency of occurrence of behaviour states the dolphins were engaged in during vessel encounters was also
calculated. Research vessel encounters with dolphins were assessed separately.
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Influence of vessel behaviour on dolphins
Alterations in dolphin behaviour in the presence and absence of the three types of research vessels (motor vessel,
yacht and kayak) were assessed using land-based data. Observations of dolphins recorded during land-based
surveys which had no vessels within a 200m radius for the duration the pod was observed were used as ‘control’
data. Observations of the research vessels encountering dolphins (within 100m radius) were used as ‘treatments’.
Within each dolphin behaviour state, eight behaviour events were tested. Changes in the frequency of eight
behaviour events that occurred when dolphins were engaged in each of the four behaviour states were examined.
These eight behaviour events were chosen on the basis of previous research, which indicated that certain
behaviour events were disturbed during vessel encounters (refer to Table 4). Events included tail slapping,
changes in travel direction, long submergence, leaping, resting, surface activity, deep diving, and changes in
behaviour states. Pods that were not observed to display one of the eight behavioural events were eliminated
from the analysis.
‘Control’ and ‘treatment’ data were extracted from the Access 2000 database and entered into Excel XP
spreadsheets. Observations from each research vessel type were treated independently in order to make
comparisons between ‘treatments’. The frequency of each type of behaviour event for each pod was calculated
using SPSS v.11.0. The total duration each pod was observed was calculated. Occurrences of behaviour events
were standardised by calculating the number of event x per minute per pod. Overdispersed Poisson Models in
MLwiN v.2.01 (Centre for Multilevel Modelling, University of Bristol 2006) were used to calculate the natural
log of the number of events/minute/pod in the presence or absence of vessel types. This calculation allowed
standardised comparisons to be made between ‘control’ and ‘treatment’ observations and the occurrence of
selected behavioural events.
Chi-Square tests in SPSS v.11.0 were used to investigate if there was a significant variation in the occurrence
of dolphin behaviour events between the behaviours of each vessel type, the distance class and the bearing.
Similar tests were also used to investigate the influence of the status of the yacht’s motor (i.e. if it was on or off)
on the behaviour events of the dolphins. Six types of vessel behaviours were identified. These were travel, idle,
passive travel, direct approach, passive approach and circling. Definitions of each vessel behaviour type are
presented in Appendix C. Using data collected from vessel-based surveys, the frequency of each vessel
behaviour type which occurred during pod focal follows were tallied by extracting relevant data from the Access
2000 database and transferring it into Excel XP and SPSS v.11.0 spreadsheets.
The percentage time that research vessels spent within distance classes 1-5m, 6-10m, 11-20m, 21-30m, 3150m, 51-70m and 71-100m during pod focal follows was tallied. Distance classes for kayaks were treated
separately from other vessel types. The following distance classes were used for kayak proximity data; 1-10m,
11-20m, 21-30m, and 31-50m. Development of the distance classes was based on the ability of observers to
estimate distance, i.e. it was assumed that the further the distance between the vessel and dolphins, the less
accurate the estimate was. The influence of kayak behaviour on dolphins was also examined using data where a
single kayak or only one kayak company was in close proximity to a pod. Data where two kayak companies
and/or multiple private kayaks were in proximity to a group of dolphins at the same time were excluded from
this analysis.
The occurrences of displacement or avoidance and ‘interactive’ dolphin behaviours as a result of research
vessel encounters were assessed by using SPSS v.11.0. ‘Interactive’ behaviours were defined as when one or
more dolphin approached actively and associated with the research vessel by bow-riding, wake-riding or
‘sustaining’ an approach. The total occurrence of displacement/avoidance and interactive behaviours was
calculated from vessel-based data sets. Comparisons of the occurrences of these behaviours between vessel
classes and the vessel behaviour were made.
The times between the initial contact between vessels and pods and the occurrence of
displacement/avoidance behaviours were calculated in Excel XP. The number and type of vessel approaches
from pod contact to the occurrence of displacement/avoidance behaviours were also calculated in Excel XP. The
percentage of displacement/avoidance observed during each dolphin behaviour state and the vessel approach
types were also calculated. Chi-Square tests were made in SPSS v.11.0 and used to examine if mother-calf pods
were more likely to be displaced or avoid vessels than adult only pods.
The duration of interactions with research vessels was calculated using Excel XP. Comparisons in the
occurrence of interactive behaviours were made between the yacht and the motor vessel and the vessels’
behaviours using T-tests and Single Factor ANOVA tests. Regression analysis was used to test if there was a
relationship between the duration of interactive behaviours and pod sizes. The influences of the yacht’s engine
status (i.e. on or off) on the occurrence of interactive behaviours were also made using T-tests and Chi-Square
tests. The occurrences of behaviour states of interactive pods before, during and after an interaction were also
assessed. Univariate General Linear Models in SPSS v.11.5 were used to test if the behaviour of research vessels
had a significant influence on the occurrence of interactive behaviours.
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Influence of vessel encounters on the acoustic emissions of dolphins
The following data were used to test the influence of vessel type and behaviour on the acoustic emissions of
dolphins; acoustic records of whistle production, duration of each acoustic recording, the pod composition (calf v
no-calf pods), the type and behaviour of the vessel from which acoustic recordings were made. All data were
transferred from the Access 2000 database into Excel XP and SPSS v.11.5. Due to different methods used to
sample click trains and burst pulse emissions, whistles were the only type of acoustic emission used in this
analysis.
Whistles emitted during interactive behaviours were also assessed. The occurrence of individual whistles and
whistle classes during each type of interactive behaviour was assessed and compared using Excel XP. The
repetition rate of whistles during interactions was also assessed.
Differences in the whistle repetition rate of dolphins between vessel type and behaviour were examined using
T-tests. The whistle repetition rates (i.e. #whistles/minute/dolphin) were calculated by summing the total number
of whistles recorded (including ‘PR’ whistles) for each pod and dividing this value by the duration (minutes) for
which recordings of acoustics were made and the number of individuals within the pod. Changes to the whistle
repetition rate between vessel behaviours (using both combined and separated motor vessel and yacht data) were
compared using Univariate General Linear Models in SPSS v.11.5. These models were also used to assess the
affects of vessel type and behaviour on mother-calf pods and non-calf pods. Regression analysis was used in
Excel XP to test if the whistle repetition rate was significantly altered when the vessel was closer or further from
the dolphins.
In order to determine if vessel type and behaviour had an influence on the dolphin acoustics, whistle classes
(i.e. sine, flat, down, concave and rise) and the acoustic parameters (i.e. start frequency, end frequency, low
frequency, high frequency and duration) of these whistles were examined. The natural logs of whistle durations
were calculated to compensate for the non-normal distribution of data. All other data were assumed to have a
normal distribution. Likelihood ratio tests in program MLwin v.2.5 were employed to assess the variation of
whistle class acoustic parameters between the types of vessels and vessel behaviours. These tests were chosen so
that the variation of whistle emissions within pods could be taken into account. The influence of whistle
emissions from pods with calves and the impact of vessel type and behaviour on these pods were also
investigated using likelihood ratio tests. Systematic comparisons of Likelihood Ratio Tests were then conducted
to assess the significance, effects and interactions between the whistle parameters, vessel behaviour and the pod
composition.
From recordings made with the single hydrophone system, acoustic characteristics of the research vessels
(motor vessel and yacht) and the spectra of ambient noise were estimated using amplitude and frequency
spectrums (sample rate: 44.1kHz; FFT: 4096; Window: Blackman) in Spectra Lab v.2.2 (Pioneer Hill Software).
Estimated amplitude and frequency levels of ambient noise were made using relative received levels from six
randomly selected acoustic recordings made in Byron Bay in waters between 15m and 30m in depth. These
samples did not have any ship or whale sounds, which are often sources of increased ambient noise within the
survey area.
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Chapter 5

RESULTS
Survey Effort
Between April and May (Autumn) 2003 and January and February (Summer) 2006, 1008 hours 19 minutes of
vessel- and land-based surveys were undertaken. A table of dates and locations of surveys is presented in
Appendix E. Seven-hundred-and-seventy-nine pods and 9,975 individual dolphins were observed. Table 2 shows
the survey effort for each field season. The highest field effort was made during Summer 2003/04 and Summer
2004/5. The highest numbers of dolphins and pods were also counted during the summer field seasons. Total
survey effort refers to the time spent with dolphins and looking for dolphins.
Table 2: Survey effort for both land- and vessel-based surveys from Autumn 2003 to Summer 2006
NOTE: Durations include hours spent observing dolphins and time spent looking for dolphins

Survey Dates

Total #
Days

Autumn 2003

10/04/2003 - 31/05/2003

14

54:36

34

253

Winter 2003

2/06/2003 - 8/08/2003

22

90:22

45

665

Spring 2003

5/10/2003 - 2/11/2003

16

107:2

61

795

Summer 2003/04

9/01/2004 - 22/2/2004

32

249:05

216

2139

Autumn 2004

3/04/2004 - 18/4/2004

15

103:32

79

993

Winter 2004

1/08/2004 - 22/08/2004

14

103:32

87

865

Spring 2004

9/10/2004 - 13/11/2004

16

74:45

56

966

Summer 2004/05

1/12/2004 - 26/2/2005

19

101

2335

Autumn 2005

12/04/2005

1

2

55

Winter 2005

7/06/2005 & 9/06/2005

2

12:3

13

118

Spring 2005

13-14/09/2005 &
12/11/2005

3

24:13

27

207

16/01/2006 - 5/02/2006

15

73:18

56

529

148

1008:19

779

9975

Season

Summer 2005/06
Total

Total # Survey
# Pod
Hrs:Mins
Sightings

108:1
4:06

# Individual
Sightings

A total of 507 hours 23 minutes of land-based observations was conducted. This includes the time spent with
dolphins and searching for dolphins. Land-based surveys were not equal at all sites (Table 3). The highest
number of hours of observations was made at the Cape Byron Lighthouse as this site had excellent visibility
during most weather conditions due to its high elevation, allowing for the most efficient data collection. This site
also had a number of commercial tour operators and was where kayak surveys were conducted.

26

DOLPHIN TOURISM

Table 3: Total number and duration of surveys conducted at land sites
Observation Platform

# Surveys

Duration (hrs:mins)

Northern Break Wall, Ballina

18

59:36

Lighthouse Beach Lookout, Ballina

19

59:36

South Lennox Head

17

29:10

North Lennox Head

21

49:41

Broken Head

19

65:30

Cape Byron Lighthouse

68

269:20

162

507:23

Total

NOTE: Durations include hours spent observing dolphins and time spent looking for dolphins)

Vessel-based surveys on the yacht ‘Ironbark’ comprised 151 hours 13 minutes of the survey effort and
surveys from the motor vessel ‘Seahorse’ were conducted for a total of 162 hours 43 minutes. Overall, 47% of
the total vessel survey time was spent observing dolphins. The majority of dolphin sightings occurred within 3
nautical miles of the coastline. Sixty percent of the survey time on the motor vessel was spent observing
dolphins. In comparison, only 26% of the yacht’s survey time was spent observing dolphins. The reduction in
time spent with dolphins on the yacht was due to restrictions in its manoeuvrability and draught (7m keel).
Therefore the yacht needed to remain at a substantial distance from the surf zone and shallow banks. The yacht
also had a reduced mean focal pod follow time (mean = 23mins; S.E. = 7.3) when compared to the motor vessel
(mean = 42mins; S.E. = 0.63). Variation in the duration of focal follows was also due to the restricted
manoeuvrability of the yacht. In addition, there were reductions in the duration of focal pod follows from the
yacht on a number of occasions due to the tidal and sea conditions on the river bar. Locations of all sightings of
dolphins within the survey area from vessel observations are shown in Appendix F.

Behaviour Budget and Home Ranges of Dolphins
Land-based observation data collected between Autumn 2003 and Summer 2004/5 from all observation sites
were used to determine the daily occurrence of behaviour states of dolphins. During the morning surveys
between 7am and 1pm, travelling (38%) and milling (31%) were the most commonly observed behaviour states
followed by feeding (19%) and socialising (12%). Ten land-based surveys were conducted in the afternoon
between 12pm and 6pm during 2003. During these afternoon surveys, 25 pods were observed. Feeding was
observed most frequently (37%) during afternoon surveys, followed by travelling (31%), milling (25%) and
socialising (7%). Observations conducted during the afternoon were made difficult by increased wind and poor
lighting conditions creating reduced accuracy of dolphin sightings. As a result of this, no further land
observations were made during the afternoon (refer to Hawkins 2007) for detailed analysis).
Mark-recapture techniques based on photographic identification were used to identify several ‘resident’
dolphins (those ‘captured’ on ≥5 occasions). Using the locations where the ‘resident’ dolphins were observed,
their home ranges and areas of core usage were then estimated. Nineteen individual dolphins were photographed
on five or more occasions between Autumn 2003 and Summer 2004/5. All of these were adults and were
assumed to be females because they were observed in the company of calves on one or more occasions.
Locations of each dolphin’s sighting were plotted on a map and the home range estimated. Two distinct ranges
of two adjacent ‘resident’ groups were identified around Cape Byron and Ballina (Figure 12). Dark toning within
the contours of the estimated home range indicated ‘core’ areas of usage which was determined by the area
where the highest number of sightings were made. Six individuals were identified as Ballina ‘residents’ and 13
as Cape Byron ‘residents’. There appears to be an overlap in the ranges of the two resident groups south of
Lennox Head.
The home range area of Ballina residents is estimated to be 177km² while the Cape Byron residents’ home
range is around 320km², so it appears that the home range of Cape Byron’s resident dolphins’ is much larger
than Ballina. This may be due to the arbitrary boundaries of the survey area (it is probable that the Ballina
residents are travelling further south of the survey area boundary) and the low number of dolphins ‘captured’
five or more times in Ballina. The total number of recaptures of individuals in this data set is also relatively low
and so these home range calculations can only provide estimates of the true ranging area of these individuals.
Because of these methodological restrictions, home ranges are likely to be larger than those estimated here.
Three individuals were sighted at both Ballina and Cape Byron. These individuals were eliminated from this
section of the analysis because they could not be assigned to one or other groups. One individual was ‘captured’
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on four occasions in Byron Bay and once in the Ballina area. Another individual was ‘captured’ on four
occasions in Ballina and once in Byron Bay. This suggests that there is likely to be some intermixing by a few
individuals between the Cape Byron and Ballina ‘resident’ groups.

Figure 12: Map of Cape Byron and Ballina residents estimated home ranges
NOTE: Ballina residents are represented by the yellow colour scheme and Byron Bay residents by the green colour scheme. The dots represent locations where
resident individuals were sighted during vessel surveys.
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Human-Dolphin Encounters
Human activities and usage patterns
Including the three research vessels, a total of 21 different vessel types were identified in the study area (see
Appendix C for descriptions). During land-based surveys, 8099 vessels were counted over the course of the
study. Table 4 shows the most common vessels observed from land-based surveys. Surfboards were the most
abundant vessel type observed, followed by recreational vessels, commercial kayaks and dive charters. The
overall mean number of vessels sighted per day was around 48 (S.D. = 9.4). Excluding surfboards, kayaks and
aircraft, the mean number of vessels sighted per day was approximately seven (S.D. = 1.2).
Table 4: Occurrence of vessel types observed during land surveys at all locations
Vessel description
Coast Guard Vessel

Total #
Mean # per
counted (i.e.
day observed
observed)

S.D.

Range/day

6

1.2

0.4

1-2

Surf Lifesaving Row Boat

11

1.1

0.3

1-2

Surf Lifesaving Runabout
Vessel

19

1.1

0.3

1-2

Jet Ski

20

1.3

0.7

1-3

Commercial Charter

25

1.2

0.4

1-2

Ship

40

1.1

0.4

1-2

Aircraft

102

1.7

1.1

1-6

Sail Vessel

107

2.1

3.5

1-26

Fishing Charter

156

1.9

1.4

1-7

Kayak

339

5.2

5.3

1-25

Dive Charter

349

4.7

2.4

1-9

Dolphin Kayak Company

380

7.9

3.4

1-13

Byron Kayak Company

407

7.7

2.8

1-13

Recreational Charter

450

3.3

3.2

1-22

5688

38.2

41.9

1-200

Surfboard

NOTE: S.D. = Standard Deviation

Seasonal data collected between Autumn 2003 and Summer 2004/5 were used to test if there was variation in
the number of vessels observed in the survey area between seasons. The highest mean number of vessels
observed per day was during Spring (63 vessels/day; S.D = 14) and Summer (62 vessels/day; S.D. = 13) seasons.
During Autumn a mean of approximately 47 vessels (S.D = 11) was observed per day and during Winter a mean
of 26 vessels was recorded per day (S.D = 5). Chi-Square tests indicated that the number of vessels observed per
day between seasons was not significantly different (p > 0.99).
Vessel usage in waters adjacent to each land site was compared to locations of dolphin sightings made from
vessel-based surveys. The map presented in Figure 13 shows the vessel densities in grid locations from
observations made at Cape Byron. In Byron Bay, the highest vessel densities were in grid locations ‘5B’ between
The Pass and Julian Rocks (N = 533) and ‘4A’ adjacent to Wategoes Beach. Commercial dive charters were the
most frequently observed vessel type in ‘5B’ (N = 373) and commercial kayak tours were the most common in
‘4A’ (N = 216). The majority of dolphins sighted from vessel-based surveys were around the Cape Byron
headland in ‘4A’, ‘3A’, and ‘1A’. The number of sightings at these locations may be under-represented on
Figure 13 as some sightings were in the same locations. According to Figure 13 it appears that the highest vessel
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activities are overlaid with at least part of the area where dolphins are sighted most regularly. In addition, areas
where dense vessel usage occurs partially overlap core usage areas of ‘resident’ dolphin groups around Cape
Byron.

Figure 13: Percentage of vessel usage within Byron Bay with grid locations used during land surveys and
locations of pod sightings from research vessel surveys
The levels of vessel usage observed at Broken Head are shown in Figure 14. At Broken Head, the majority
of vessels were observed within locations ‘1C’ and ‘2C’ (N = 45 and N = 33 respectively). Although the number
of pod sightings appears to be small around Broken Head, several pods were sighted in the same locations.
Vessel usage data show that the highest vessel densities were within areas where the highest numbers of dolphins
were sighted (Figure 14). Recreational vessels and yachts under sail (N = 10 and N = 9 respectively) were the
most frequently recorded vessel types in the area. The majority of sightings of these vessel types were further out
to sea than the majority of the dolphins sighted, which is not clearly represented on the map due to the grid
location methods used.

Figure 14: Percentage of vessel usage within the Broken Head study area with grid locations used during
land surveys and locations of pod sightings from research vessel surveys
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At Lennox Head, recreational vessels were the most frequently observed vessel type (N = 97) followed by
commercial fishing vessels (N = 18). Based on the land-based survey locations, Lennox Head was divided into
north and south areas. In the northern area, locations ‘1C’ (N = 12) and ‘1B’ (N = 12) had the highest vessel
usage (Figure 15). In the southern area, ‘1C’ (N = 29) and ‘3A’ (N = 16) had the highest vessel usage. Compared
to Byron Bay and Ballina, Lennox Head had a relatively low number of vessels. Locations of pods observed
were widely spread throughout the southern Lennox Head area and it appears that the areas of high vessel usage
do not coincide with the areas most frequently used by dolphins. In the northern Lennox Head area, several
locations of dolphins (areas ‘1A’ and ‘2A’) had multiple sightings. Areas of high vessel usage appear to overlap
with areas where dolphins were observed most often at northern Lennox Head.

Figure 15: Percentage of vessel usage within the Lennox Head study area with grid locations used during
land surveys and locations of pod sightings from research vessel surveys
NOTE: The map includes both North Lennox Head and South Lennox Head survey areas. The thick black line defines the boundaries of the two areas

Areas of dense vessel usage at Ballina are shown in Figure 16. Recreational vessels (N = 217) and
commercial fishing vessels were the most commonly observed vessel types around Ballina. The highest numbers
of vessels at Ballina were observed in and around the Richmond River, represented by grid locations ‘1A’ and
‘1B’ (N = 82 and N = 52 respectively) (Figure 16). The numbers of pods observed in the vicinity of the
Richmond River bar (river mouth) and in the river are likely to be underestimated because focal follows of pods
in the bar area were often not able to be made due to the sea conditions. Although dolphin numbers were lower
in the river mouth than further out to sea, the area is frequently used by dolphins and coincides with the highest
usage of vessels. Areas of high vessel usage at Ballina also coincide with areas of core usage of ‘resident’
Ballina dolphins, based on estimates made in on home ranges (refer to previous sections of this chapter).
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Figure 16: Percentage of vessel usage within the Ballina study area with grid locations used during land
surveys and locations of pod sightings from research vessel surveys

Occurrence of dolphin-vessel encounters
Dolphin encounters with vessels (i.e. when a vessel was within 100m of dolphins), were observed to occur for
559minutes of the survey time over the course of the study (excluding research vessel encounters). Of the total
time during which land-based surveys were conducted (N = 507hrs), dolphins were within 100m of vessels for
approximately 2% of the observation time. For 93% of these vessel encounters, vessels were within 50m of the
dolphins. This was considered to be an underestimate of the vessel encounter time because the exact durations of
some vessel encounters were not accurately measured due to observer error. On these occasions, estimates of
durations were made. Further potential errors in estimation of vessel encounter time may be due to poor visibility
from land sites where not all dolphin vessel encounters could be seen. The mean number of vessels (including
surfers and kayakers) within 100m of dolphins during encounters was estimated to be three (Range 1 – 12; S.D.
= 3).
Some vessel classes were observed within 100m of dolphins more often than other vessel classes. Surfers
(boardriders) and commercial kayaks were the most common vessel classes observed within 100m of dolphins
(34% and 32% respectively of all encounters observed excluding research vessels). Private kayaks comprised
19% of all vessel encounters, 6% were recreational vessels, 3% dive charters, 2% jet skis, 2% commercial
charter vessels, 1% Surf Life Saving vessels and 1% fishing charters. During an encounter, vessels spent the
highest single percentage of time within five metres of the dolphins (Figure 17). The most frequently observed
vessel types and the percentage duration each vessel type spent within distance classes during all encounters with
dolphins are presented in Figure 18. All vessel types spent >50% of time during dolphin encounters within 20m
of the nearest dolphin. Dolphins were engaged in milling behaviours during 57% of vessel encounters, 23%
travelling, 12% feeding and 9% socialising. This may also be an underestimate as in many cases the numbers of
surfers within 100m of the dolphins were not tallied, instead only surfers at the closest distance were noted.
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Figure 18: Percentage duration of time each vessel type was observed at each distance class during
encounters with dolphins

Influence of vessel presence on the behaviour of dolphins
Control and treatment analysis from land- and vessel-based surveys using Overdispersed Poisson Models
indicated that certain behaviour events (of the eight tested) were altered when dolphins were engaged in the
different behaviour states when vessels were either absent (‘control’) or present (‘treatment’). In this analysis,
land-based observations where no vessels were within 200m of dolphins were used as ‘control’ data.
‘Treatments’ were observations made from the three research vessels (motor vessel, yacht and kayak). The
occurrence of the eight selected behaviour events (tail slapping, long submergence, leaping, change travel
direction, resting, surface activity, deep diving and changes in behaviour) were tested independently within each
behaviour state. Table 5 summarises the major findings from comparisons between land observations of dolphin
behaviour events in the absence of vessels, and observations of dolphin behaviour made from research vessels in
proximity to dolphins.

33

Impact of Vessels on the Behaviour and Acoustics of Inshore Bottlenose Dolphins (Tursiops aduncus)

Table 5: Summary of results from Overdispersed Poisson Models comparing land data on dolphin
behaviour in the absence of vessels (control observations) and the behaviour during the presence of each
vessel type
Behaviour State

Behaviour Event

Motor

Yacht

Kayak

Milling

Leaping

Decrease

N/C

N/C

Socialising

Long Submergence

N/C

N/C

Increase

Feeding

Change Travel Direction

Increase

Decrease

Increase

Travelling

Tail Slapping

N/C

N/C

Decrease

Increase

N/C

Increase

Change Travel Direction

NOTE: N/C = no change

During milling there was a significant difference in the frequency of occurrence of leaping in the presence of
vessels compared with when vessels were absent (f = 2.23; p < 0.05). There was a reduction in the number of
leaps/pod/minute in the presence of the motor vessel (mean = 2.26E-06 leaps/pod/min; 95% C.I. (Confidence
Interval) ± 0.001-0.05) compared to vessel-absent observations (mean = 0.005 leaps/pod/min; 95% C.I. ± 0.050.15). No other significant differences were found in the occurrence of behaviour events between the control and
treatments during milling.
During socialising there was a significant difference in the occurrence of long submergence between vesselabsent observations and observations from kayaks (f = 3.07; p < 0.05). There was an increase in the number of
long submergence events/pod/minute in the presence of the kayak (mean = 7.74E-05 long submergence/pod/min;
95% C.I. ± 0.002-0.10) when compared to observations where no vessels were present (mean = 6.54E-08 long
submergence/pod/min; 95% C.I. ± 1.21e-4-0.01). No other significant changes in behaviour events during
socialising were found between the control and treatments.
During feeding, there was a significant difference in the frequency of changes in travel direction between
vessel-absent and kayak observations (f = -1.41; p < 0.05). In addition, differences in behaviour were also
observed between the motor vessel and kayaks (f = -1.55; p < 0.05) and vessel-absent and yacht observations (f
= -1.41; p < 0.05). These differences were an increase in the occurrence of changes in travel direction/pod/
minute from vessel-absent (mean = 0.003 change travel direction/pod/min; 95% C.I. ± 0.06-0.10) to kayak
observations (mean = 0.07 change travel direction/pod/min; 95% C.I. ± 0.13-0.75). An increase also occurred
between the motor vessel (mean = 0.002 change travel direction/pod/min; 95% C.I. ± 0.04-0.104) and kayaks
(mean = 0.07 change travel direction/pod/min; 95% C.I. ± 0.13-0.75). A similar pattern occurred between the
yacht (mean = 0.003 change travel direction/pod/min; 95% C.I. ± 0.001-0.11) and kayaks (mean = 0.07 change
travel direction/pod/min; 95% C.I. ± 0.13-0.75). The highest frequency of changes in travel direction occurred
during kayak observations and the least during motor vessel observations. A significant decrease (f = 0.783; p <
0.05) in the occurrence of long submergence events also occurred during feeding between vessel-absent (0.006
long submergence/pod/min; 95% C.I. ± 0.08-0.15) and the yacht observations (mean = 9.14E-4 long
submergence/pod/min; 95% C.I. ± 0.02-0.1).
During travelling a significant change in the occurrence of tail-slapping/pod/minute occurred between vesselabsent and kayak observations (f = -1.656; p < 0.05). An increase in the number of tail-slaps/pod/minute was
observed during vessel-absent observations (mean = 1.32E-05 tail-slaps/pod/min; 95% C.I. ± 0.004-0.01)
compared with kayak observations (mean = 5.97E-4 tail-slaps/pod/min; 95% C.I. ± 0.01-0.14). A significant
difference in the occurrence of changes in travel direction were found between vessel-absent and motor vessel
observations (f = -1.004; p < 0.05), vessel-absent and kayaks (f = -1.594; p < 0.l) and between the yacht and
kayak observations (f = -1.088; p < 0.05). There was an increase in travel direction changes between vesselabsent observations (mean = 0.0002 change travel direction/pod/min; 95% C.I. ± 0.02-0.04) and the motor vessel
(mean = 0.0023 change travel direction/pod/min; 95% C.I. ± 0.05-0.1) and also for kayak observations (mean =
0.009 change travel direction/pod/min; 95% C.I. ± 0.07-0.26). An increase in travel direction changes also
occurred between the yacht (mean = 7.36E-4 change travel direction/pod/min; 95% C.I. ± 0.02-0.06) and kayaks
(mean = 0.009 change travel direction/pod/min; 95% C.I. ± 0.07-0.26). There were no other significant changes
in occurrence of events during travelling.
This analysis of ‘control’ and ‘treatment’ observations shows that some dolphin behaviours are altered when
vessels are present: leaping, long submergence, changes in travel direction and tail slapping. The behaviour state
the dolphins are engaged in and the type of vessel present may also have in influence on how sensitive the
dolphins are to disturbance from vessels. No significant changes were detected in this analysis for resting,
surface activity, deep diving or changes in behaviour of dolphins.
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Influence of vessel behaviour on dolphin behaviour

Percentage (%)

The behaviour and distance of the three research vessel classes (motor, yacht and kayak) appear to have a
significant influence on the occurrence of some dolphin behaviours. Vessel behaviours that were tested in this
analysis included travel, idle, passive travel, direct approach, passive approach and circling.
The frequency of vessel behaviour types varied between vessel classes during dolphin focal follows (Figure
19). All of the research vessels spent most time travelling (yacht N = 230; motor N = 224; kayak N = 161),
passive travelling (yacht N = 195; motor N = 236; kayak N = 61) and idling (yacht N = 178; motor N = 442;
kayak N = 290). Circling was the least common behaviour and only carried out by the yacht and motor vessel in
the surf zones (yacht N = 9; motor N = 98). Passive approaches were the most common type of vessel approach
made by all research vessels (yacht N = 279; motor N = 517; kayak N = 78). Direct approaches were not
commonly undertaken by any vessel type (yacht N = 50; motor N = 98; kayak N = 19). The percentage time
research vessels spent within 100m of the dolphins during focal follows is shown in Figure 20. All research
vessels spent the most time within 20m of the dolphins during focal follows.
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Figure 19: Percent occurrence of research vessel behaviours during focal follows of dolphins
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Figure 20: Percentage occurrence of distances research vessels were to dolphins during focal follows
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Behaviour of the yacht
Results from General Linear Model analysis indicated that the behaviour of the yacht significantly altered the
occurrence of six behaviour events of dolphins. Table 6 summarises the dolphin behaviour events significantly
altered by the behaviour of all vessel types. The occurrence of tail slaps, changes in direction, deep dives,
interactive behaviours and slow travelling were all significantly affected by the behaviour of the yacht. Tail slaps
were observed most often when the vessel was directly approaching the dolphins and least often when the yacht
was passively travelling. A significant change in the frequency of tail slapping was found between the yacht’s
passive approaches and direct approaches (p < 0.040) and passive approaches and passive travelling (p < 0.003).
The highest occurrence of directional changes by dolphins was observed when the yacht was approaching
(passively or directly) and the lowest when the yacht was idle. A significant difference in the occurrence of
changes in travel direction of dolphins was found between passive approaches and travelling behaviours of the
yacht (p < 0.017). One-way ANOVA tests were conducted to test the influence of vessel behaviours within
behaviour states. The frequency of directional changes of dolphins was significantly affected by the behaviour of
the yacht during milling (p < 0.0001). Tukey Post-hoc tests indicated that there was a significant difference in
dolphin direction changes between the following behaviours of the yacht: travel and passive approach (p <
0.025), passive approach and passive travel (p < 0.0001), passive travel and direct approach (p < 0.005) and
passive travel and direct approach (p < 0.015). The highest frequency of directional changes by dolphins
occurred when the yacht was directly or passively approaching a pod that was milling; and the lowest when the
yacht was passively travelling (Figure 21).
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Figure 21: Mean incidence of changes in travel direction of dolphins during milling between vessel
behaviours with standard error bars
During passive approaches and idling behaviours of the yacht, the highest frequency of deep dives from
dolphins was observed. A significant difference in deep dives was noted between both passive approaches and
idling and travelling by the vessel (p < 0.025 and p < 0.014 respectively).
The most frequent occurrence of interactive behaviours of dolphins occurred when the vessel was travelling.
There were significant differences in dolphin interactive behaviours between the vessel’s travelling and passive
approaching behaviours and idling and passive travelling approaches (p < 0.001 and p < 0.020 respectively).
Future sections of this chapter examine interactive behaviours in detail.
Slow travelling of dolphins was most common when the yacht was idling. There was a significant difference
in the occurrence of slow travelling of dolphins between the yacht idling, travelling and passive travelling (p <
0.048 and p < 0.023). One-way ANOVA tests indicated that when the dolphins were travelling, there was
significant difference in the occurrence of slow travelling of dolphins between vessel behaviours. The following
vessel behaviours significantly affected the occurrence of slow travelling behaviour of dolphins: travelling and
idling (p < 0.001), passive approaching and passive travelling (p < 0.014) and idling and passive travelling (p <
0.001). The highest occurrence of slow travelling of dolphins was observed when the yacht was passively
approaching or idling. The lowest occurrence was observed during travelling and passive travelling vessel
behaviours (Figure 22).

36

DOLPHIN TOURISM

Mean Incidence of Dolphin Behaviour

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
travel

passive
approach

idle

passive travel

direct
approach

Ve ssel Behaviour

Figure 22: Mean occurrence of slow travelling of travelling pods between different vessel behaviours with
standard error bars
The following dolphin behaviours are significantly changed by the proximity of the yacht; approach, interact,
bunched, change in travel direction, deep diving and spreading (Figure 23). Interactive behaviours and sustained
approaches of dolphins occurred most frequently within 10m of the vessel (77% and 98%; p < 0.0001 and p <
0.0001 respectively). Dolphins were observed to be bunched at greater distances from the vessels, with 56% of
observations occurring at over 50m, 22% between 21-50m, 12% between 11-20m and 10% between 1-10m (p <
0.0001). The frequency of occurrence of dolphin travel direction changes was also highest at greater distances
from the vessel, with 40% of observations occurring over 50m from the vessel, 34% between 21-50m and 13%
occurring within 20m (p < 0.0001). Observations of dolphin deep diving and spreading were most frequent when
the vessel was between 21-50m from the dolphins (50% and 40%; p < 0.0001 and p < 0.0001 respectively).
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Figure 23: Percentage occurrence of dolphin behaviour events changed by the proximity of the yacht
NOTE: Abbreviations for dolphin behaviour events: APP = Sustained approach; INT = Interactive behaviours; BU = Bunched; CTD = Change in Travel
Direction; DD = Deep Dive; SP = Spread.
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The influence of the engine status (on/off) of the yacht was also tested using Chi-Square and Monte-Carlo
tests. Results indicated that overall, the engine of the yacht had mixed effects on the behaviour events displayed
by the dolphins. Only four behaviour events were found to be significantly effected by the engine status, two of
which were not highly significant. Sustained approaches and other interactive behaviours both occurred more
frequently with the engine on than off (p < 0.007 and p < 0.0001 respectively). Tail slapping was found to occur
significantly more often when the vessel’s engine was off than on (p < 0.049). Leaping was found to occur more
often when the engine was on than off (p < 0.049).

Behaviour of the motor vessel

Mean Incidence of Dolphin Behaviour

The behaviour of the motor vessel was found to have a significant influence on the occurrence of four behaviour
events following analysis using Univariate General Linear Models. A summary of behaviour events affected by
the behaviour of the motor vessel is presented in Table 6. Interactive behaviours, tail slaps, leaping and
spreading of pods were all significantly affected by the behaviour of the motor vessel.
Interactive behaviour events occurred significantly more often when the motor vessel was passively
approaching or passively travelling than when idling (passive approach – idle p < 0.0001; passive travel – idle p
< 0.037).
When the motor vessel was passively travelling or directly approaching dolphins, the occurrence of tail slaps
were found to increase when compared to other vessel behaviours. Differences between passive travelling and
passive approach as well as idling were found to be significant (p < 0.0042 and p < 0.041 respectively). There
was a significant difference in the occurrence of tail slaps between vessel behaviours when the dolphins were
milling (p < 0.004). The occurrence of tail slaps was significantly different between the vessel behaviours of
idling and passive travelling (p < 0.043). The highest occurrence of tail slaps from milling pods was observed
when the vessel was directly approaching the dolphins (Figure 24).
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Figure 24: Mean occurrence of tail slaps from milling pods during each behaviour of the motor vessel with
standard error bars
The occurrence of leaping was also found to be significantly affected by the behaviour of the motor vessel.
Leaping was observed most frequently when the vessel was passively travelling and least when passively
approaching. There was a significant difference in the occurrence of leaping of dolphins between passive
approach and passive travelling vessel behaviours (p < 0.007). There also was a significant difference in leaping
behaviour of the dolphins when they were socialising and the vessel was passively travelling and passively
approaching the dolphin (p < 0.019). The most frequent occurrence of leaping behaviour was by socialising pods
when the vessel was idle or passively travelling (Figure 25).
Dolphin pod formations were more spread (increased inter-animal distance) when the motor vessel was idle
and least spread during direct vessel approaches. A significant difference between idling and passive travelling
vessel behaviours and the occurrence of spread pod formations were also detected (p < 0.0001). One-way
ANOVA tests indicated that the occurrence of pod spreading was significantly altered by the behaviour of the
motor vessel when the dolphins were feeding (p < 0.046). Spreading was more frequently observed from pods
that were feeding when the vessel was idle (Figure 26).
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Figure 25: Mean incidence of leaping when dolphins were socialising between vessel behaviours with
standard error bars
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Figure 26: Mean incidence of spread pod formation when dolphins were feeding between motor vessel
behaviours with standard error bars
Proximity of the motor vessel appears to have the greatest influence on the dolphins’ behaviour compared to
all other vessel types (Figure 27). Similar to the responses to the yacht, interactive behaviours and sustained
approaches were significantly influenced by vessel proximity, with 82% of approaches and 86% of interactions
occurring within 10m of the vessel (p < 0.0001 and p < 0.0001). Surface activity was observed most frequently
when the vessel was between 11-20m (34%) and 21-50m (29%). The occurrence of surface activity was also
found to be significantly different with vessel proximity (p < 0.009). Surface activity was most frequently
observed within 1-10m (18%) and over 51m (20%). Bunched behaviours were most frequently observed within
21-50m (37%), over 50m (23%) and 11-20m (20%) followed by 1-10m (19%). These differences in bunching
behaviour between vessel proximity classes were also found to be significantly variable (p < 0.001). The highest
frequencies of changes in behaviour of dolphins were observed within 10m proximity (57%). Twenty-three
percent were observed between 11-20m, followed by 14% over 50m and 6% between 21-50m (p < 0.018). The
frequencies of leaps were generally reduced the closer the vessel was to the dolphins, with 33% of leaps
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occurring between 21-50m, 29% between 11-20m and 23% within 10m (p < 0.044). Dolphins were observed to
significantly alter dive times between classes of vessel proximity (p < 0.0001). Dolphins prolonged dives (long
submergence) at distances between 21-50m (41%), followed by over 50m (24%), within 10m (20%) and finally
between 11-20m (16%). Increased inter-animal distance or spreading of groups was most frequently observed at
distances of more than 50m (30%), 27% were between 21 and 50m, 25% within 10m and 16% between 11 and
20m. The differences in the occurrence of increased inter-animal distance and vessel proximity were found to be
significant (p < 0.0001). The occurrence of slow travelling and resting behaviours were both found to be
significantly variable between the classes of vessel proximity (p < 0.047; p < 0.0001 respectively). Slow
travelling was most frequently observed within 10m (33%) and between 11 and 50m (11-20m 30%; 21-50m
30%). Resting was most frequently observed between 11 and 20m (58%), followed by over 50m (21%) and
within 10m (16%).
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Figure 27: Frequency of occurrence of behaviour events significantly variable between the classes of the
motor vessel proximity
NOTE: Top and bottom graphs represent half of the behaviour events affected. Dolphin behaviour event abbreviations: APP = Sustained Approach; SA =
Surface Activity; INT = Interactive behaviours; BU = Bunched; CIB = Change in Behaviour; LE = Leaping; LS = Long Submergence; SP = Spread; ST = slow
travelling; RE = Resting.
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Behaviour of the kayak

Percent (%)

The behaviours of kayaks were found to significantly affect only one behaviour event; long submergence (p <
0.001) (Table 6). There was a significant difference in the occurrence of the long submergence of dolphins when
the kayak was passively approaching and travelling (p < 0.003), passively approaching and idling (p < 0.001),
passively approaching and passively travelling and passively approaching and directly approaching (p < 0.029).
Long submergence of dolphins was most frequently observed when the kayak was passively approaching and
least when the kayak was travelling.
The number of kayaks in close proximity to dolphins also had an influence on the frequency of occurrence of
particular dolphin behaviours. The quantity of kayaks was divided into three classes; 1 kayak, 2-5 kayaks and 610 kayaks. Interactive behaviours were significantly more frequent in the presence of 6-10 kayaks (67%)
compared to one kayak (33%) (p < 0.038). The occurrence of changes in travel direction of dolphins was also
more frequent in the presence of 6-10 kayaks (46%) than one kayak (42%) or 2-5 kayaks (13%) (p < 0.001).
Great inter-animal distance (spreading) was observed significantly more often in the presence of one kayak than
with numerous kayaks (p < 0.041). Tail slapping was only observed when a single kayak was present.
Sustained approaches of dolphins towards kayaks were significantly influenced by the proximity of kayaks,
with all sustained approaches of dolphins occurring within 10m (p < 0.033) (Figure 28). Long submergence was
also influenced by vessel proximity, with 67% of recordings made when the vessel was between 21-50m in
proximity (p < 0.039). The frequency of tail slaps was highest when a kayak was between 21-30m in proximity
to the dolphins (p < 0.003).
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Figure 28: Frequency of occurrence of behaviour events significantly different between the classes of
kayak proximity
NOTE: Dolphin behaviour event abbreviations: APP = Sustained Approach; TSL = Tail Slap; LS = Long submergence.

In summary, these results indicate that dolphin responses towards vessels appear to be influenced by the type
of vessel, the vessel’s behaviour and the vessel’s proximity. In some cases, the behaviour state the dolphins are
engaged in also influences the response of dolphins towards vessels. There appears to be a number of behaviour
events that may be significantly altered when dolphins are disturbed by vessels; tail slapping, changes in travel
direction, deep diving, interactive behaviours, slow travelling, leaping, spreading and long submergence. The
least disturbance of dolphins from vessels appears to occur when vessels are passively travelling or idling. When
vessels are approaching (either directly or passively), the highest levels of disturbance occur.
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Table 6: Summary of pair-wise comparisons dolphin behaviour events significantly altered by vessel
behaviours
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Dolphin displacement and avoidance in response to vessels
Occurrence of displacement and avoidance of dolphins to vessels
Displacement or avoidance behaviours were recorded from 26 pods (approximately 8% of all pods observed
from land- and vessel-based surveys) a total of 64 times. The highest percentage of displacement/avoidance
behaviours was recorded from the motor vessel (67%), followed by the yacht (27%), and kayaks (6%).
Differences in the occurrence of displacement/avoidance behaviours between vessel types were not found to be
significant (p > 0.854).
The time between the initial contact between vessels and dolphins and the occurrence of
displacement/avoidance behaviours ranged between 1 and 89 minute,s with a mean of approximately 17 minutes
(S.D. = 22 minutes). Forty-one percent of all displacement/avoidance behaviours were observed within the first
five minutes of an encounter with a vessel (Figure 29).
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Figure 29: Percentage duration dolphins were in the presence of a vessel before displacement/avoidance
took place
The number of vessel approaches before displacement/avoidance behaviours occurred ranged between one
and eight (mean = 3; S.D. = 1.8). Fifty percent (N = 21) of displacement/avoidance observations occurred
following a direct vessel approach. Within the first two vessel approaches, 62% of displacement/avoidance
behaviours occurred.

Composition of displacement/avoidance pods
Mother-calf pods were found to be more frequently displaced or avoid the motor vessel (65%) when compared to
non-calf pods (33%), although this difference was not significant (p > 0.113). Mother-calf pods were also more
likely to be displaced or avoid the yacht (82%) compared to non calf pods (18%), however, this difference was
also not found to be significant (p > 0.099). In addition, mother-calf pods (67%) were more likely to avoid
surfers than non-calf pods (33%) although this difference was not found to be significant (p > 0.904). Mothercalf pods were not observed to be displaced or avoid kayaks, although the two non-calf pods were displaced or
avoided the kayaks.

Behaviour states of pods displaying displacement/avoidance
Dolphins were engaged most frequently in milling behaviours (49%; N = 19) when occurrences of
displacement/avoidance were observed, followed by travelling (31%; N = 12), and feeding (21%; N = 8).
The occurrence of avoidance/displacement varied between behavioural states and types of vessel approaches.
During feeding, 75% of avoidance/displacement behaviours observed were not preceded by a direct vessel
approach (N = 8). The majority of avoidance/displacement occurrences during feeding were preceded by three or
less vessel approaches (75%). Thirty-eight percent of avoidance/displacement behaviours observed during
feeding occurred within 10 minutes of the first vessel approach.
During milling, 74% of avoidance/displacement behaviours were preceded by a direct vessel approach (N =
19). Of these, 90% occurred within the first four vessel approaches and 53% occurred within the first 10 minutes
of vessel pod contact. Fifty-eight percent of avoidance/displacement recordings during milling occurred in the
presence of kayaks.
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During travelling, 42% of avoidance/displacement behaviours were preceded by a direct vessel approach (N
= 12). Eighty-three percent occurred within the first two vessel approaches and 67% occurred within the first six
minutes of the vessel being present. Sixty-seven percent of avoidance/displacement recordings took placed in the
presence of the motor vessel. No avoidance/displacement observations were made when the dolphins were
socialising.
As a result of these data, it appears that the motor vessel causes the highest levels of disturbance that result in
displacement or avoidance of dolphins. Mother and calf pods are more likely to be displaced or avoid vessels.
Regardless of the behaviour state the dolphins are engaged in, the majority of displacement or avoidance
occurrences take place within the first five minutes of a vessel encounter. Dolphins appear to be more
susceptible to disturbance from vessels when they are travelling or milling.

Dolphin interactive behaviours with vessels
Occurrence and duration of dolphin interactions with vessels
Interactive behaviours occurred when one or more dolphins actively associated with the research vessel. Three
behaviour events were considered interactive behaviours: bow-riding, wake-riding, and ‘sustained’ approaches.
A sustained approach occurred when one or more dolphins swam within 15m of the vessel and maintained their
close proximity by repeatedly approaching the vessel. Data collected between Autumn 2003 and Summer 2004/5
from vessel-based surveys were used to conduct this analysis. Dolphin interactive behaviours were recorded
during approximately 1% (4 hours) of the total research vessel survey time. Forty-four pods interacted with the
research vessels (22% of the total pods observed) resulting in a total of 86 interactive occasions (yacht = 34;
motor vessel = 52). The majority of the interactions (N = 82) occurred with bottlenose dolphins, while on four
occasions the research vessels (yacht = 2, motor vessel = 2) were approached by common dolphins (Delphinus
delphis). Data from common dolphin observations were not included in this analysis.
The motor vessel showed a slightly higher rate of interactions per hour (0.32 interactions/hour) compared to
the yacht (0.26 interactions/hour). The overall duration of a single interaction varied from brief encounters of
less than one minute to 24 minutes, with 68% of all interactions being less than two minutes in duration and 14%
between 5-7 minutes (Figure 30). The overall mean duration of interactions was approximately one and a half
minutes (Range: 1-24 minutes). The number of repeated interactions with the vessels varied between pods,
however, the mean number of repeated interactions per pod was around two (S.D. = 1.8).
Dolphin interactions with the motor vessel were generally shorter in duration (mean = 3 minutes) when
compared to the yacht (4 minutes), but this difference was not significant as indicated by T-test analysis (p >
0.162). However, when the durations of interactions from the motor vessel (N = 68), and the yacht with no motor
(N = 23) and the yacht with the motor on (N = 11), were tested using Single Factor ANOVA, a significant
difference between the vessels and the duration of interactions was apparent (p < 0.021). Sixty-eight percent of
yacht interactions (N = 23) occurred when the engine was off with sail only and 32% (N = 11) occurred when
the engine was on. The mean duration of interactions was longer when the yacht was under sail with no engine
(5 minutes; N = 25) than when the engine was on (1 minute; N = 11). T-test analysis indicated that this
difference was significant (p < 0.02).
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Figure 30: Duration of interactive behaviours with the motor vessel and yacht
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Composition and behaviour of interactive pods
The mean sizes of interactive pods were similar to overall mean pod sizes of approximately 13 individuals (S.D.
= 12). Fifty-nine percent of interactive dolphins were from pods containing mothers and calves. The mean size
of interactive mother-calf pods were also similar to overall averages of around 22 individuals (S.D. = 15).
Correlation tests showed there were no significant differences in the duration of interactions with pods of
different sizes (R < 0.002). The number of individual dolphins that interacted with the vessels at any one time
varied between one and 10 individuals (mean = 3.1; S.D. = 2.3).
The behaviour state the dolphins were engaged in appeared to have an influence on the occurrence of
interactive behaviours. Travelling was the most common pod behaviour state prior to an interaction (13%).
Milling was the most frequent behaviour state during (15%) and after the interaction (12%). Social behaviours
were more frequently observed during interactions with the vessel (10%) (Figure 31). In this case, ‘before’ refers
to dolphin behaviours prior to an interactive behaviour with the vessel. ‘During’ refers to when the dolphins are
interacting with the vessel (the behaviours specified refer to those dolphins not interacting with the vessel).
‘After’ refers to behaviour states that occurred following an interaction with the vessel.
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Figure 31: Occurrence of dolphin behaviour states before, during and after interactions (bow-riding,
wake-riding and ‘sustained approaches’) with vessels
NOTE: Before = When a vessel is approaching a pod prior to a dolphin displaying interactive behaviours with the vessel; During = When dolphins display
interactive behaviours with the vessel; After = when the dolphins ceased the interaction with the vessel and resumed a behaviour state.

Further analysis of interactive behaviours was conducted between the yacht and motor vessel. Kayak data
were excluded from the following analyses. ‘Sustained approaches’ from dolphins were the most common
interactive behaviour (N = 84; 52%), followed by bow-riding (N = 123; 39%) and wake-riding (N = 36; 9%).
Bow-riding and wake-riding occurred more frequently with the yacht than the motor vessel; however, sustained
approaches occurred more frequently with the motor vessel (Figure 32). Chi-Square tests showed highly
significant heterogeneity between the occurrence of interactive behaviours and the vessel type (p < 1.18E-06).
Using Univariate General Linear models, the occurrence of dolphin interactive behaviours were significantly
affected by the behaviour of the motor vessel. Dolphins were found to sustain approaches to the motor vessel
more frequently when the vessel was passively approaching the dolphins (Figure 33). There was a significant
difference in the occurrence of sustained approaches of the dolphins between the motor vessel’s behaviour when
the dolphins were socialising. The following vessel behaviours had a significant influence on the occurrence of
sustained approaches of dolphins when socialising: passive approach and idle (p < 0.005) and passive approach
and passive travel (p < 0.012).
The occurrences of interactive behaviours were examined with the yacht under sail (motor off) and with the
motor on. Both bow-riding and wake-riding occurred more frequently with the motor off, however, sustained
approaches occurred more frequently with the yacht’s motor on (Figure 34). Chi-Squared tests indicated that this
difference was not significant (p > 0.08).
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Figure 32: Frequency of occurrence (percentages) of interactive behaviours between the two research
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Figure 33: Mean occurrence of sustained approaches of dolphins during socialising between motor vessel
behaviours with standard error bars
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Figure 34: Comparison of interactive behaviours between the yacht under sail with the motor off and with
the motor on
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These analyses suggests that a relatively small proportion of dolphins approaches and interacts with vessels.
The behaviour state of the pod has an influence on the occurrence of interactive behaviours, with interactive
behaviours more likely to occur if the dolphins are engaged in travelling or milling behaviours and less likely if
they are feeding. There were interesting differences observed in dolphin behaviour towards the motor vessel and
the yacht under sail/engine off. Dolphins were more likely to sustain approaches with the motor vessel and the
yacht with the motor on, however, bow-riding and wake-riding occurred more with the yacht under sail with the
motor off. The duration of interactions was also longer with the yacht under sail than with the motor vessel.

Acoustic emissions of dolphins during interactive behaviours
Eight acoustic recordings (total duration 82 minutes) were made during 13 interactions with the research vessels.
Two recordings were made from the motor vessel and six were made from the yacht of different pods. All
recorded pods contained at least one calf. The research vessels’ engines were off during all recordings. Sixhundred-and-ninety-nine whistles were recorded, of which 481 could be classified as 47 individual whistle types
and 212 whistles were classified as ‘PR’ (poor resolution). Rise (45%) and sine (44%) whistles were the most
common tonal shapes recorded, followed by flat (9%) and down-sweep (1%). No concave type whistles were
recorded during interactive behaviours (Figure 35). The number of whistle types varied from two to 39 (mean =
15.8; S.D. = 14.3) and the repetition rate of whistles varied from 0.2 whistles/minute/dolphin to 25.8 whistles/
minute/dolphin during interactive behaviours (mean = 12.1; S.D. = 8.89). The mean number of whistles emitted
per minute increased with the number of dolphins in the pod. Correlation testing suggests that this trend was not
significant (R < 0.7). Only two of the 47 individual whistle types identified in this study were recorded on more
than one occasion from different pods.
These data suggest that acoustic whistle emissions produced during interactive behaviours were highly
diverse. The whistle repetition rate and diversity appear to vary between the pods observed.

Frequency of Occurrence (%)

50
45
40
35
30
25
20
15
10
5
0
SINE

FLAT

DOWNSWEEP

CONCAVE

RISE

Tonal Class

Figure 35: Frequency of the five tonal classes of whistles recorded during interactions of pods with
research vessels

Influence of vessel behaviour on the acoustic emissions of dolphins
Whistle emissions of dolphins during different vessel behaviours were analysed and compared using Chi-Square
tests. The mean whistle repetition rate was found to be higher when the motor vessel was present (0.42 whistles/
minute/dolphin; S.D. = 5.49; N = 33) than when the yacht was present (0.22 whistles/minute/dolphin; S.D. =
0.26; N = 35). However, this difference in whistle repetition rate between vessel types was not significant (p >
0.75). When data from the motor vessel and the yacht were combined, the lowest mean repetition rate of whistles
was recorded when the vessels were ‘idle’ (0.41 whistles/minute/dolphin), and highest during ‘passive approach’
(1.21 whistles/minute/dolphin) and ‘passive travelling’ of vessels (1.22 whistles/minute/dolphin). Vessel
behaviours ‘direct approach’ and ‘travelling’ were not included in this analysis due to insufficient data. The
difference in whistle repetition rate from these combined data between the three vessel behaviours tested
(passive approach, idle, passive travel) was not found to be significant (p > 0.41).
When the vessel types were tested separately, the difference in the whistle repetition rate was also not
significant (motor vessel p > 0.09; yacht p > 0.06). For the motor vessel, the lowest mean whistle repetition rate
recorded was when the vessel was idling (0.51 whistles/minute/dolphin) and highest when the vessel was
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passively approaching (2.08 whistles/minute/dolphin). When the yacht was in the vicinity of the dolphins, the
highest whistle repetition rate was when the vessel was passively travelling (1.38 whistles/minute/dolphin) and
lowest when the vessel was passively approaching (0.14 whistles/minute/dolphin). The mean whistle repetition
rate recorded when the yacht was idling was 0.26 whistles/minute/dolphin. Figure 36 shows the mean whistle
repetition rate recorded from both vessel types during the three vessel behaviours tested in this analysis. The
results suggest that the motor vessel may have more influence on the whistle repetition rate when it is idle or
passively approaching the dolphins than the yacht. The yacht appears to have more of an influence on the
repetition rate of whistles when passively travelling than the motor vessel.
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Figure 36: Mean whistle repetition rate recorded from the motor vessel and the yacht with standard error
bars
The repetition rate of whistles was different between mother-calf pods and non-calf pods during vessel
encounters. The mean whistle repetition rate of mother-calf pods was higher when the motor vessel was present
(1.18 whistles/minute/dolphin), than when the yacht was present (0.36 whistles/minute/dolphin). Pods with no
calves were found to have a higher mean whistle repetition rate when the yacht was present (1.30 whistles/
minute/dolphin; S.D. = 2.25) than when the motor vessel was present (0.62 whistles/minute/dolphin). However,
the overall difference in repetition rate between mother-calf pods, non-calf pods and vessel types was not
significant when tested with General Linear Models (p > 0.229).
Comparisons between the whistle repetition rate of mother-calf pods and non-calf pods were made between
vessel type and vessel behaviour (Figure 37). Results indicated that the whistle repetition rate did not vary
significantly between the pod composition and the behaviour of the motor vessel (p > 0.480). However, based on
one sample, non-calf pods had a low repetition rate when the motor vessel was passively approaching (0.03
whistles/minute/dolphin). Mother-calf pods had a higher repetition rate of whistles when the motor vessel was
passively approaching (2.33 whistles/minute/dolphin) than when the vessel was idle (0.13 whistles/minute/
dolphin). Non-calf pods were found to have a comparatively higher repetition rate when the motor vessel was
idle (0.70 whistles/minute/dolphin).
When the yacht was present, the whistle repetition rate of non-calf pods was higher when the vessel was
passively travelling (3.11 whistles/minute/dolphin; S.D. = 3.16) compared to that of mother-calf pods (0.71
whistles/minute/dolphin; S.D. = 1.56). There was little difference between the two groups when the vessel was
idle (non-calf 0.32 whistles/minute/dolphin; mother-calf 0.27 whistles/minute/dolphin) and passive approaching
(non-calf mean = 0.23; mother-calf mean = 0.61) (Figure 37). These results suggest that different vessel types
and their behaviour have an influence on the whistle repetition rate of both calf and non-calf pods. The influence
of the vessel behaviours and types appears to be different between calf and non-calf pods.
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Figure 37: Mean whistle repetition rate of whistles from calf and non-calf pods during each of the vessel
behaviours tested for both the motor vessel and the yacht with standard error bars
The difference in the whistle repetition rate and the proximity of the research vessel to dolphins was tested
using regression analysis. Data from the motor vessel and the yacht were combined to assess the overall effect of
the distance between the vessels and the dolphins. The proximity of vessels was divided into distance classes and
the mean repetition rate of whistles was calculated for each class. The mean whistle repetition rate was found to
decrease when the vessel was further away from the dolphins, although this association appears to be weak
(Figure 38). Therefore, the results suggested that there was little association between the whistle repetition rates
when the vessel was close (within 10m) or further away (100m) from the dolphins (R < 0.18). The influences of
both vessel types were then investigated separately. Results suggested that neither the proximity of the motor
vessel or the yacht had a significant influence on the whistle repetition rate of dolphins (motor vessel R < 0.25;
Yacht R < 0.05). Mother-calf pods were then tested separately and results indicated that the influence of the
vessel’s distance did not significantly alter the repetition rate of whistles (motor vessel R < 0.37; Df = 16; yacht
< 0.23; Df = 24). However, the repetition rate of whistles for both mother-calf pods and non-calf pods were
highest when either the yacht or the motor vessel was in close proximity (<20m) rather than at greater distances
(>20m).
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Figure 38: Mean repetition rate of whistles for each proximity class of vessels with standard error bars
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The influences of the vessel type and vessel behaviour on the acoustic parameters of whistle classes were
tested using Likelihood Ratio Tests. Results of all tests and pair-wise comparisons between models are presented
in Appendix G. Figure 39 shows the mean values of each acoustic parameter from each whistle class tested
against the vessel type and vessel behaviour. Sine whistle class was the only type tested for the motor vessel due
to insufficient data for other whistle classes and the behaviour of the vessel. Only two vessel behaviour
categories of the motor vessel were tested; passive approaching and idling. No significant differences in the
acoustic parameters of sine whistles were found between passive approach and idle behaviours of the motor
vessel (Figure 39).
Differences in acoustic parameters of whistle classes between passive approaches, idle and passive travel
behaviours of the yacht were tested using Likelihood Ratio Tests. All whistle classes, with the exception of
down-sweep whistles (due to lack of data), were included in this analysis. The behaviour of the yacht was found
to have a significant influence on the acoustic parameters of flat whistles. The start frequency (p < 0.005) was
found to be significantly different between vessel behaviours, in addition to end frequency (p < 0.011) and high
frequency (p < 0.0009). All parameters of flat whistles were found to be higher when the vessel was idle and
lower when the vessel was passively approaching (Figure 39). All other whistle class acoustic parameters were
not significantly different between the behaviours of the yacht.
The influences of vessels on the whistles emitted by mother-calf pods and the affect of the presence of calves
on the acoustic parameters of whistle classes were also examined. It was found that the duration of concave
whistles in pods with calves had a significantly lower mean duration (0.548secs; S.D. = 0.253; p < 0.011) than
pods with no calves (0.916secs; S.D. = 0.028). In addition, pods with calves were also found to have
significantly lower mean start frequencies of concave whistles (9087.76Hz; S.D. = 1084.10; p < 0.016) than pods
with no calves (10 300.00Hz; S.D. = 1009.95). The mean low frequencies of concave whistles emitted by pods
with no calves (4100.00Hz; S.D. = 141.42) were significantly lower than those for pods with calves (7040.82Hz;
S.D. = 548.07; p < 0.0001).
Concave whistle parameters end frequency (p < 0.0007) and high frequency (p < 0.0001) were significantly
different between the passive travelling and idling behaviours of the yacht when calves were present. Generally,
the end frequencies and high frequencies of concave whistles from pods with calves are higher when the vessel
is idle (end frequency: idle – mean 9723.26Hz; S.D. = 931.41; passive travel – mean 9366.67Hz; S.D. = 981.16;
high frequency: idle – mean 10 053.49; S.D. = 947.52; passive travel – mean 9366.67Hz; S.D. = 981.16). In
addition, sine whistle parameters end frequency (p < 0.003) and low frequency (p < 0.03) were also significantly
different when calves were present compared to when they were absent between the yachts passive travelling
and idling behaviours. It was found that the end frequency and low frequency of sine whistles from pods with
calves were higher in frequency when the yacht was passive travelling (end frequency – mean 7167.29Hz; S.D.
= 3041.09; low frequency – mean 4246.79Hz; S.D. = 2481.77) compared to when the vessel was idle (end
frequency – mean 3866.67; S.D. = 136.63; low frequency – mean 3400.00Hz; S.D. = 236.64).
Further examination of the whistle parameter data using Likelihood Ratio Tests indicated that the behaviour
of the yacht (p < 0.01) and the presence of calves (p < 0.0001) both have significant effects on the end
frequencies of sine whistles. It was also found that the behaviour of the yacht had significantly more effects on
the acoustic parameters of concave whistle start frequencies (p < 0.02) and duration (p < 0.01) than the presence
of a calf. Therefore changes in these parameters are more likely due to the vessel behaviour than the presence of
a calf. Conversely, the presence of a calf is more likely to have an effect on the acoustic parameters of sine
whistle low frequencies (p < 0.007) and the end frequencies (p < 0.007) and high frequencies (p < 0.0001) of
concave whistles, than the behaviour of the vessel.
Results of these tests suggest that the type of vessel and its behaviour have an influence on the acoustic
parameters of whistle classes and the repetition rate of whistles. The presence of calves in pods also has an
influence on the acoustic parameters emitted compared to pods in which no calves are present. Each type of
vessel behaviour also appears to have a different influence on the types of whistle class parameters.
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Figure 39: The mean acoustic parameter values of each whistle class emitted recorded from the yacht and
the motor vessel during each vessel behaviour type
NOTE: The duration is plotted separately from the other acoustic parameters in figures on the right. sf = start frequency; ef = end frequency; lf = low frequency;
hf = high frequency. Pa app = passive approach; id = idle; pa tr = passive travel.
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Research Vessel and Ambient Noise Acoustic Spectra
Ambient noise spectra in Byron Bay are presented in Figure 40. The major frequencies of ambient noise in the
Byron Bay area appear to be in the low frequency realm below 150Hz.
When travelling at around 2 knots, with the inboard diesel engine on, the yacht ‘Ironbark’ had a slightly
lower peak frequency of around 3926Hz (Figure 41). Ironbark’s engine had frequency components of around 43;
4177; 7019; 10200 and 12310Hz. The sound produced by ‘Seahorse’ when travelling at around 15 knots with
two 115hp 4-stroke engines had a peak frequency of 4698Hz (Figure 42). Additional frequency components
from the engine noise were detected at 1378, 3402, 4565, 6029, 9302, 11880, 17350 and 19930Hz. These results
suggest that the sound produced by the two research vessels covered wide frequency spectra that partially
overlapped with some frequencies used by dolphins when producing whistles, clicks and burst-pulse emissions.

Figure 40: Ambient noise spectra for shallow water environment in Byron Bay
NOTE: ~15m depth in wind conditions of 5-10 knots

Figure 41: Research vessel ‘Ironbark’ with inboard diesel engine received relative amplitude spectra
NOTE: When travelling at ~2 knots in ~ 20m depth of water and winds of ~5-10 knots
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Figure 42: Research vessel ‘Seahorse’ with twin 115hp outboard engines received relative amplitude levels
NOTE: When travelling at ~15 knots in ~8m depth of water and winds of ~5-10 knots
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Chapter 6

DISCUSSION
Influence of Encounters with Vessels on Dolphins
Human usage patterns—a comparative perspective
The Byron Bay region is one of the most popular tourist destinations in Australia. It has been estimated that
between 1.2million and 1.75million tourists visit Byron Bay each year. This is an estimated 233% increase from
tourist numbers estimated in 1999. Tourists are estimated to contribute around $306million each year to the local
economy (Tonge, Fletcher & Consultants 2002). The numbers of commercial dolphin-watching operators in the
Byron Bay region have also risen in recent years. In 2000, two commercial kayaking companies were the only
vessel-based cetacean watching operations existing in Byron Bay (Gibbs 2000). Since the study of Gibbs (2000),
at least five more companies have been established that offer vessel-based dolphin-watching, although on an
irregular basis. Vessel-based dolphin-watching in the Byron Bay areas is limited by environmental conditions
because access to the open ocean from the sheltered estuaries is only possible by passing through two
treacherous river bars or at ‘The Pass’; the only beach launching access for vessels which strictly limits the
number of vessels using it. These factors make daily dolphin-watching tours from motorised vessels unfeasible
in this region. The most regular dolphin-watching tours currently conducted in Byron Bay are from the two
kayaking companies. However, it is predicted that the number of commercial operators offering vessel-based
dolphin-watching will rise as the regional tourism industry continues to grow. In addition, land-based dolphin
watching is very popular with both tourists and residents. The area is advertised in tourism brochures and other
promotional material as an exceptional site to observe dolphins and this is one of many features that attracts
visitors to the region.
In contrast, the sites of most other studies of dolphins have regular commercial motorised vessels providing
dolphin watching tours. In Port Stephens, New South Wales, seven commercial vessel-based dolphin-watching
vessels operate one to three tours per day within an area of around 140km² to observe a population of around 100
dolphins (Allen & Moller 1999). In Port Phillip Bay, Victoria, three swim-with-dolphin operators offer between
two and three tours per day to observe a population of around 100 dolphins during the peak Summer season
within an area of just over 16km² (DRI 1997). Six commercial vessel-based dolphin-watching tours operate in
Doubtful Sound, New Zealand, within an area of around 88km²; however, only one of these operates throughout
the year. The Doubtful Sound bottlenose dolphin population consists of 60-65 bottlenose dolphins (Lusseau
2003a). Three commercial dolphin-swim-tour vessels operate in the Bay of Islands, New Zealand, each offering
two tours per day (Constantine 2001). In comparison to these other regions, the number of vessel-based dolphinwatching tours that occur in the Byron Bay region is very low. The vessel-based dolphin-watching industry at
the majority of the above sites was established during the boom in cetacean watching during the 1990s. Dolphinwatching tours from kayaks were also established in Byron Bay during this time; however, the first motorised
vessel-based tour was only established less than ten years ago. Prior to this, dolphins in the Byron Bay region
were exposed to brief incidental encounters with mostly surfers and kayakers as well as recreational and
commercial fishing vessels. It is thought that the general behaviour of motorised dolphin-watching vessels may
cause the greatest disturbance to dolphins because they typically manoeuvre to remain in close proximity to
dolphins for longer than most other vessels.
In Byron Bay, an average of seven vessels (excluding kayaks and surfers) and 48 (including kayaks and
surfers) were observed per day over the course of the present study. In the Bay of Islands, New Zealand, it was
noted that during the peak seasons of Autumn and Summer, 800 to 1000 vessels may be operating on any give
day (Constantine & Baker 1997). In Teignmouth Bay, United Kingdom, within an area of around 2.5km²,
between 25 and 34 vessels were observed for each survey watch (8am-11am, 1.30pm-4pm and 5.30pm-9pm).
The majority of these vessels were identified as ‘displacement vessels’ (ships, tankers, fishing vessels and other
large motor vessels) and ‘planing-hulled vessels’ (sailing yachts, canoes and wind surfers) (Goodwin & Cotton
2004). When compared to other regions, there is a low density of vessels observed in the Byron Bay area.
In Doubtful Sound, New Zealand, dolphins were observed to be within 400m of fishing charters or private
vessels for 5% and8 % respectively of the total observation time. The number of vessels within 400m of dolphins
was found to increase during Summer when the peak number of vessels and tours were present within Doubtful
Sound. Peaks in daily vessel encounters were observed to correspond with peaks in commercial dolphinwatching tours during the Summer (Lusseau 2003a). In the Bay of Islands, New Zealand, dolphins were
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observed to spend the majority of time with commercial dolphin-watching operators (Constantine & Baker
1997). Dolphins in Sarasota Bay, Florida, were observed to encounter vessels an average of every six minutes
during daylight hours (Nowacek, Wells & Solow 2001). In the Byron Bay area, the level of vessel usage varied,
with peak numbers of vessels observed during Spring and Summer and the least during Winter. Dolphins were
estimated to be within 100m of vessels for 2% of the total observation time. During vessel encounters (i.e. when
vessels were within 100m of a pod) in the Byron Bay area, the majority of vessels spent most their time within
50m of the dolphins. Most of these close encounters were made by surfers, commercial kayak companies and
private kayakers. Commercial and recreational kayakers were found to spend the majority of time during
encounters within five metres of the dolphins. Dive charters and other commercial vessels, such as fishing
vessels, were found to spend the majority of time during encounters within 10m of the dolphins.

Influence of vessel presence and behaviour on dolphins
In theory, if a population experiences high levels of disturbance, an increase in travelling and feeding along with
a reduction in milling and resting behaviours may occur, as the dolphins may spend more time avoiding the
disturbance and searching for prey to compensate for the loss of energy caused by the disturbance. Lusseau
(2004) examined two different locations in Milford Sound, New Zealand; one with high vessel numbers, the
other with low vessel numbers. Differing behavioural budgets of dolphins were found between the two sites. It
was suggested that dolphins inhabiting the area with high vessel numbers may have been altering their
behavioural budget and habitat use in order to keep encounters with vessels to a minimum or sustainable level
(Lusseau 2003a; Lusseau & Higham 2004). Similar observations were made in Sarasota Bay, Florida (Wells
1993).
Comparisons in the behaviour budgets of the bottlenose dolphins at Port Phillip Bay, Victoria (Scarpaci,
Bigger, Saville & Nugegoda 2000), an area with relatively high levels of vessel activity, and the dolphins at
Byron Bay where low levels of vessel activities occur, showed that the Port Phillip Bay dolphins were observed
to travel for 33% more than those of Byron Bay. The Port Phillip Bay dolphins were not observed to display
milling or resting behaviours compared to those of Byron Bay that were observed milling for 31% of the time.
Dolphins at Port Phillip Bay and Byron Bay were observed feeding and socialising for very similar amounts of
time. Dolphins of Doubtful Sound (Lusseau 2003a) were also noted as being exposed to high levels of vessel
activity and were observed to display milling behaviour for 20% less time than dolphins at Byron Bay. When the
behaviour budget of dolphins at Byron Bay were also compared to those of Sarasota Bay, Florida (Jones &
Sayigh 2002), another area with high levels of vessel-dolphin encounters, there was little difference in the
proportion of time dolphins spend engaged in the different behaviour states between these two sites. Therefore, it
appears that the percentage time dolphins spend travelling and milling may be affected by high levels of
disturbance caused by vessels, however, this pattern does not appear to be consistent between all geographic
areas exposed to high levels of disturbance from vessels. It is possible that differences in the behaviour budgets
between geographic regions may also influenced by other environmental aspects such as prey availability, which
may explain the differences between the behaviour budgets of dolphins at sites exposed to low and high levels of
vessel activities.
It was found that the dolphins in the Byron Bay region utilised different areas within the study area for
different activities (for detailed analysis refer to Hawkins 2007). Lusseau (2004) defined a ‘critical region’ as a
‘location that is predominantly used for socialising or resting’. ‘Critical regions’ utilised by ‘resident’ female
groups in the Byron Bay region were identified in this study through behavioural observations and by assessment
of core usage areas of the resident social groups of dolphins. The area adjacent to Cape Byron was primarily
used by dolphins for milling, socialising and travelling. This area was also found to be an area of core usage for
resident female groups. Therefore, this area satisfies the criteria for designation as a ‘critical region’ to dolphins.
The core usage area of the Ballina resident female group located around the Richmond River entrance may also
be labelled a ‘critical region’ due to the high levels of milling and socialising behaviours observed. Bottlenose
dolphins of Doubtful Sound, New Zealand have been found to prefer particular areas within the Sound for
milling and socialising activities throughout the year (Lusseau & Higham 2004). No assessment of seasonal
usage patterns of core areas or critical regions was made in the present study.
Long term disruption to ‘critical regions’ for resident dolphins is thought to have cumulative impacts. In
Shark Bay, Western Australia, following daily disruption from two dolphin-watching tour vessels, one in seven
resident dolphins were found to have moved out of the area where tours took place. Dolphins exposed to
dolphin-watching tours in Shark Bay were also found to have reduced reproduction success (Bejder 2005;
Bejder, Samuels, Whitehead, Gales, Mann et al. 2006). Around both Ballina and Cape Byron, the highest vessel
densities were found to be overlaid with critical regions used by resident female bottlenose dolphin groups. Daily
commercial kayak tours were operated within the critical region of the Cape Byron resident dolphins. This area
also encompassed very popular surf beaches where the densest numbers of surfboards were observed. In
addition, two dive companies also each operate at least three dives per day from four vessels close to the critical
region of the Cape Byron resident dolphins. At Ballina, the critical region of the resident female dolphin group
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includes the Richmond River bar and entrance. The vessel usage in the area is relatively dense as it is the only
entrance to the river and sheltered waterways. However, when motorised vessels enter this area, their travel
speed is often fast and erratic in order to deal with the surf zone on the bar. The majority of vessels which use
this area are commercial fishing vessels, recreational vessels, tour operators and surfboards. Access for vessels to
the critical regions of Cape Byron and Ballina resident dolphins is very limited by surf and weather conditions.
While Byron Bay may have comparatively lower vessel numbers compared to other areas reported in the
literature, the resident female groups of dolphins are frequently encountering vessels, particularly when weather
conditions are favourable for boaters and are therefore vulnerable to long term disturbance as a direct result of
vessel encounters.
Bottlenose dolphins have been found to alter their behaviour in response to the presence of different vessel
types and the behaviour of the vessel. In the Bay of Islands, New Zealand, dolphins were found to decrease
resting behaviours when vessels were present (Constantine, Brunton & Dennis 2004). Dolphins of Bunbury,
Western Australia, were observed to decrease the amount of feeding and resting and increase travelling
behaviours in response to vessel encounters (Crosti & Arcangeli 2001). Lusseau (2006) observed significant
changes in the occurrence of four behaviour events in response to vessel type and behaviour in bottlenose
dolphins of Doubtful Sound, New Zealand. At Hilton Island, South Carolina, bottlenose dolphins were found to
alter their behaviours more in response to motor vessels and jet skis than dolphin-watching vessels (Mattson,
Thomas & St Aubin 2005). Goodwin and Cotton (2004) found a significant difference in the behavioural
response of dolphins between the types of vessels travelling in the near vicinity. These researchers commented
that dolphins showed more negative behaviours (i.e. move away, change travel direction and increase dive times)
in response to travelling ‘planing-hulled’ vessels (i.e. small motor vessels, speed boats, pleasure craft and jet
skis). Evans, Cranwell and Lewis (1992) found that bottlenose dolphins orientated away from approaching
vessels between 140-300m away on 80% of the observations made. These researchers commented that dolphins
typically responded to vessels by diving and surfacing some distance away before swimming rapidly away from
the vessel. Dolphins in Cardigan Bay, Wales were also observed to have variable responses to different types of
vessels. These dolphins were found to display more ‘negative’ responses towards kayaks and generally showed
‘neutral’ responses (i.e. no apparent change in behaviour) towards motor vessels. These dolphins were also
observed to have more ‘positive’ behaviours (i.e. approach and interact with vessel) in response to dolphinwatching tour operators (Gregory & Rowden 2001).
Bottlenose dolphins in Port Phillip Bay, Victoria, were found to respond differently to various types of
dolphin-swim-tour vessel behaviours. Researchers observed more cases of avoidance from dolphins when
vessels approached ‘parallel’ (i.e. vessel approaches parallel and to the rear of the dolphins) and least when
vessels were ‘neutrally’ approaching (i.e. vessel remains at a distance, usually 100m, from the dolphins and does
not actively pursue them) (DRI 1997). Bottlenose dolphins in Ensenada De La Paz, Mexico were observed to
modify their behaviour when vessels were following them when compared to vessels that passed in close
proximity, but did not stop to observe or follow the dolphins (Acevedo 1991).
The present study also found that the behavioural responses of dolphins differed between vessel types,
behaviour and proximity. In addition, the responses of dolphins towards vessels appeared to be dependent on the
behaviour state the dolphins were engaged in. For example, when the yacht or the motor vessel was approaching
a socialising pod, the frequency of leaps was found to decrease when the vessel was approaching and increase
when the vessel was passively travelling beside a pod. The frequency of leaps was also found to significantly
increase when the engine of the yacht was on during an encounter. The occurrence of leaps was also found to
change with the proximity of the motor vessel with the highest observed when the vessel was within 50m of the
dolphins. The occurrence of tail slaps was also found to increase when the motor vessel or the yacht was
approaching a pod, particularly if the approach was direct and the dolphins were milling. An increase in tail slaps
also occurred if the yacht’s engine was off during an encounter. It was found that when dolphins were socialising
and at least one kayak was present, the dolphins responded by increasing their dive times (long submergence)
and the number of tail slaps. Decreased inter-animal distance was observed when the motor vessel or the yacht
was approaching and in close proximity. Alterations in inter-animal distance were particularly evident in feeding
pods. These observations suggest that the group cohesion between pod members is affected during vessel
encounters. The disruption to feeding pods may also indicate that the prey species being pursued by the dolphins
is also affected by the presence of a vessel.
The number of vessels in close proximity to dolphins can also influence the behavioural response of
dolphins. At Hilton Island, South Carolina, multiple vessels in close proximity to bottlenose dolphins were found
to cause more changes in behavioural responses than a single vessel. Motor vessels, shrimp boats, and jet-skis
were also found to affect the group size and behaviour of the dolphins (Mattson, Thomas & St Aubin 2005). In
Byron Bay, dolphins were found to display different behavioural responses between one kayak and multiple
kayaks. The frequency of directional changes of dolphins when multiple kayaks approached the dolphins was
found to increase. An increase in the inter-animal distance of dolphins was observed when one kayak was
present, indicating that a single kayak is unlikely to cause disturbance to the group cohesion of the dolphins. It is
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possible that the formation of multiple kayaks when approaching a pod of dolphins may also affect the
behavioural response. If a group of kayaks, for example, are spread out and approaching dolphins from various
angles, a higher level of disturbance may be caused.
Consistent with previous studies, alterations in the following behaviour events have also been detected in this
study in response to vessel encounters as a result of the vessel type, behaviour and its proximity; tail slaps (Dunn
& Goldsworthy 2000), changes in travel direction (Dunn & Goldsworthy 2000; Goodwin & Cotton 2004), deep
dives (Acevedo 1991; Janik & Thompson 1996; Dunn & Goldsworthy 2000; Lusseau 2006), changes in interanimal distance (Allen & Moller 1999; Dunn & Goldsworthy 2000; Nowacek, Wells & Solow 2001; Lusseau
2006), changes in travel speed (Janik and Thompson 1996; Dunn & Goldsworthy 2000), changes in inter-breath
intervals (Acevedo 1991; Janik and Thompson 1996; Allen & Moller 1999; Gregory & Rowden 2001; Nowacek,
Wells & Solow 2001; Goodwin & Cotton 2004) and leaps. Changes in the frequency of these behaviours during
an encounter with a vessel, whether it is approaching, following or passing a pod of dolphins, are indicative of
disturbance to dolphins from the presence of the vessel. Therefore, it is likely these behaviours may be used as
short-term symptomatic disturbance behaviours of dolphins in response to vessels, regardless of the geographic
location, vessel type or the vessel’s behaviour.
It has been suggested that non-lethal human activities, such as vessel usage, may be perceived by animals as
threatening stimuli and cause anti-predator behavioural responses (Frid & Dill 2002). It is possible that during
the initial stages of a vessel encounter, the vessel may be perceived by dolphins as a threatening stimulus,
particularly if the vessel is approaching at a fast speed and into the path of the dolphins. This may in turn cause
antipredator responses from dolphins to avoid the potential threat. Changes in the occurrence of tail slaps, travel
direction, leaps, swim speed, inter-animal distance and deep dives were all noted on the approach of the motor
vessel or the yacht in the present study. These apparent antipredator responses of dolphins may be related to
maintaining group cohesion. Increasing the frequency of behaviours such as tail slaps, which are thought to have
communicative purposes through the sound and frequency of their production, may assist in maintaining group
cohesion. Decreasing the number of leaps when a vessel is approaching may decrease the risk of detection by the
potential threat. Changes in travel direction may allow the dolphins to orientate themselves away from the sound
source and avoid the vessel by swimming away or creating unpredictable movement patterns to avoid being
pursued by the vessel. In Doubtful Sound, New Zealand, dolphins were also observed to increase the frequency
of directional changes when a vessel was approaching (Lusseau 2006). Swim speeds may be reduced during the
initial stages of detection of the threat to allow dolphins to locate the stimuli, in this case a vessel, and determine
the direction, distance and behaviour of the approaching vessel. Reductions in inter-animal distance may
increase the group cohesion and communication, particularly to overcome masking of communicative signals
caused by the vessel’s engine. Increasing the number of deep dives when a potential threat such as a vessel is
approaching may reduce the risk of being injured and may also indicate fleeing of the animals from the
immediate area of the vessel in order to avoid the threat. Lusseau (2006) also observed an increase in deep dives
(‘tail-out dives’) when vessels were approaching a resting pod of bottlenose dolphins in Doubtful Sound, New
Zealand.
Dolphins have a well-known reputation for interacting with vessels. However, few studies have provided
detailed observations of how often interactive behaviours occur with vessels. No studies, with the exception of
the present, have specifically reported on how often interactive behaviours occur in a wild population of dolphins
exposed to low levels of vessel encounters. This information may be used to provide insight into the level of
vessel interactions that dolphins sustain and tolerate. The occurrence of interactive behaviours (i.e. bow-riding,
wake-riding and sustained approaches) differed between the yacht and motor vessel. Dolphins in Byron Bay
were observed to approach and interact with vessels for typically less than two minutes. Around 22% of pods
observed during vessel surveys showed interactive behaviours. There were interesting differences observed in
the behaviour of interactive dolphins between the motor vessel and the yacht under sail with no engine and with
engine assistance. Dolphins were more likely to sustain approaches with the motor vessel and the yacht with its
engine on. However, bow-riding and wake-riding occurred more with the yacht under sail with the engine off.
The duration of interactions was also longer with the yacht under sail than with the motor vessel. Crosti and
Arcangeli (2001) found that dolphins displayed interactive behaviours on 18% of vessel encounters. Bottlenose
dolphins in the Bay of Islands, New Zealand were found to interact more with dolphin-swim-tour vessels if they
were idle (Constantine & Baker 1997).
The behaviour state of pods in Byron Bay was found to have an influence on the occurrence of interactive
behaviours. Interactions were more likely to occur if the dolphins were engaged in travelling or milling
behaviours and less likely if the dolphins were feeding. Constantine and Baker (1997) noted that on approach of
a vessel, dolphins were more likely to change their behaviour to bow-riding when feeding or socialising.
The occurrence of interactive behaviours was also found to be influenced by the behaviour of the vessels in
this study. It was evident that dolphins interacted more with the yacht and motor vessel when they were
passively approaching, passively travelling or travelling. It is also evident that dolphins are more likely to
interact with a vessel that has predictable behaviour and a consistent direction of travel.
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It has been noted that not all dolphins approach and interact with vessels. Dolphins that interact with vessels
the least appear to remain at a distance from the vessel whilst other individuals from the pod interact
(Constantine 1998). The present study also noted that a relatively small proportion of dolphins approach and
interact with vessels. The proportion of each pod that approached and interacted with vessels was not quantified
here. Nor were the individuals that approached always successfully identified to determine if the same
individuals had a tendency to consistently approach and interact with vessels.
It is likely that the activity the different vessels are engaged in may also have an influence on the interactive
behaviours of dolphins. Previous research has found that a portion of the Byron Bay bottlenose dolphin
population frequently feeds on by-catch thrown from trawlers (Lewis 2004). Anecdotal evidence suggests that
dolphins in the region also frequently approach other commercial game and line fishing vessels. It has been
reported that these dolphins appear to be seeking fish hand-outs (Byron Bay Fishing Charters, pers. Comm.,
2005). The dolphins involved in interactions with fishing vessels are more likely to be the offshore Tursiops
ecotype rather than the coastal ecotype, as these vessels operate in deep waters several miles out to sea. It is
possible that a certain degree of sustained approaches to the research vessels from dolphins may have been
influenced by the unusual behaviour of the research vessels. The motor vessel and the yacht were the only two
vessels that consistently approached and followed the dolphins for any length of time in the Byron Bay area. In
addition, the deployment of the hydrophones may have resembled fishing lines to the dolphins and may have
been a contributing factor which attracted them to the research vessel. The unusual behaviour of the vessel may
therefore have influenced the number of interactions that took place.
The occurrence of displacement and avoidance behaviours of dolphins in response to vessels may also differ
between vessel types, vessel behaviour and the level of exposure to vessels. In the Bay of Islands, New Zealand,
bottlenose dolphins were observed to avoid vessels on 4% of vessel approaches (i.e. dolphins dive and surface
away from the vessel) (Constantine & Baker 1997). In Bunbury, Western Australia, dolphins were observed to
display ‘negative’ responses (i.e. avoidance behaviour) towards vessels on 26% of vessel encounters (Crosti &
Arcangeli 2001). The unusual behaviour of the research vessel may have also had an influence on the levels of
displacement and avoidance observed. It now seems that vessels following dolphins are more likely to cause
negative responses (Acevedo 1991). Displacement or avoidance behaviours were observed from around 8% of
all pods observed from vessel surveys conducted in the Byron Bay area. In addition to the behaviour state of
dolphins, the type and number of approaches vessels made towards pods appeared to influence the occurrence of
avoidance. The highest occurrence of displacement or avoidance occurred following direct vessel approaches.
Dolphins were also more likely avoid the motor vessel than the yacht, kayak or surfboards. The majority of
avoidance or displacement behaviours occurred within the first five minutes of a vessel encounter, although the
overall mean was around 17 minutes. The majority of avoidance/displacement behaviours were observed
followed the first two attempts of the vessel to approach the dolphins. When dolphins were travelling or milling,
they were more likely to display avoidance behaviours or be displaced by the vessel. Dolphins were least likely
to be displaced or avoid the vessel if they were engaged in social behaviours prior to the vessel’s approach.
Mother-calf pods were more likely to display avoidance behaviours or be displaced by the presence of a vessel
than non-calf pods. These observations suggest that dolphins, particularly mothers and calves, are more sensitive
to an approach by a vessel when they are travelling or milling. It also suggests that dolphins are more often
disturbed within the initial stages of a vessel encounter.

Influence of vessel behaviour on the acoustic emissions of dolphins
The type of vessel, its behaviour and proximity not only have an impact on the behaviour of dolphins, but also
on their acoustic emissions. Bottlenose dolphins in Port Phillip Bay, Victoria, were found to increase the
repetition rate of whistles in the presence of commercial swim-with-dolphin tour vessels. It was suggested that
the presence of tour vessels disrupted the group cohesion of the dolphins or the vessel may have caused physical
separation of the group (Scarpaci et al. 2000). Indo-Pacific Humpback dolphins (Sousa chinensis) were found to
increase the repetition rate of whistles immediately after a vessel passed within 1.5km (Van Parjis & Corkeron
2001). Bottlenose dolphins (Tursiops sp.) of Sarasota Bay, Florida, increased the repetition rate of whistles
during the initial stages of an approaching vessel. Whistle production was then found to decline as the vessel
passed and travelled away from the pod. It was noted that the repetition rate of whistles decreased when multiple
vessels approached a pod, regardless of the vessel proximity or speed (Buckstaff 2004).
In the present study, dolphins were found to increase the whistle repetition rate when vessels were in close
proximity. These observations were not found to be statistically significant due to the variability of whistle
production between pods and to the low number of samples in some proximity classes. However, the general
pattern is evident, that dolphins are more likely to increase whistle production as vessels move closer to the pod.
This study supports suggestions made by previous research that dolphin group cohesion may be disrupted by the
presence of the vessels. This disruption may not only be caused by the increased ambient noise created by
motorised vessels, but also the behaviour and proximity of the vessel. This is also supported by behavioural
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observations in this study and others (Nowacek, Wells & Solow 2001) which found that group formation was
affected by the presence and behaviour of vessels.
This study also found that when the motor vessel was approaching or travelling beside a pod, the dolphins
increased the repetition rate of whistles. When the motor vessel was idle, the repetition rate of whistles
decreased. Variation between these repetition rates was not statistically significant; however, the observation is
noteworthy because the mean repetition rate of whistles emitted when the vessel was approaching or travelling
beside the pod was four times more than the mean repetition rate when the vessel was idle. The repetition rate of
whistles was also found to be higher when the motor vessel was present compared to the yacht. The pattern of
whistle repetition rates in the presence of the yacht was slightly different from that recorded in the presence of
the motor vessel. Dolphins were found to increase their whistle repetition rate when the yacht was travelling
beside them and decrease their whistling rates when the vessel was approaching. It is possible that the variation
in whistle response from dolphins towards the two different types of vessels may be due to the varying levels of
ambient noise generated by the two vessels.
The rate of whistle production was found to be particularly high during dolphin interactive behaviours such
as bow-riding. The mean repetition rate of whistles from interactive pods (12.1 whistles/minute/dolphin) was 12
times that of socialising pods (1.3 whistles/minute/dolphin) (refer to Hawkins 2007 for detailed analysis). As not
all individuals within pods approached vessels to interact, pods were usually divided during this occurrence. The
high level of whistle production from individuals interacting with the vessel may serve two purposes: to convey
to the other members of the pod the location and identity of the dolphins involved, and passively, it may reflect
the high arousal or activity levels of individuals involved. Caldwell and Caldwell (1967) noted that when
dolphins experienced high levels of arousal or activity, an increase in whistle production occurred.
Whistles produced during interactive behaviours were highly diverse. The large number of sine and rise
whistles produced during interactions may have been contact whistles or ‘signature’ whistles of individuals. The
diversity of whistles may also be directly related to the number of different individuals recorded during
interactions. One whistle (‘2b’) was, however, recorded on numerous occasions and was found to be highly
associated with bow-riding and interactive behaviours. It is unlikely this whistle was produced by the same
individual on all occasions recorded. Discriminatory and navigational click trains and ‘squawks’, ‘chirps’ and a
burst pulse click series were found to be associated with interactive behaviours.
Lemon et al. (2005) found that the peak received levels of sound produced by vessels travelling in close
proximity to dolphins did not mask whistle frequencies. In contrast, Buckstaff (2004) reported that the sound
levels received from ‘planing’ (vessel travelling at high speed with bow out of the water), ‘plowing’ (vessel
travelling at moderate speed with large wake) or idling vessels were highest at the closest approach to dolphins
(between 10-50m). These researchers noted that the sound produced by ‘planing’ vessels was around 10dB
higher than ambient noise levels. They suggested that as several frequency bands of vessels were shared with
dolphin acoustic bands, masking of signals, particularly with closely approaching vessels, was likely. Similarly,
the received levels of the research vessels used in the Byron Bay study when ‘planing’ were much higher than
those of ambient noise levels. Some frequency components of sound generated from the vessels’ engines were
overlaid with frequencies of the dolphin acoustic emissions, particularly burst pulse, ‘squeaks’, ‘chirps’ and
some click emissions, with the peak energies from both the motor vessel and the yacht below 5000Hz. It is
therefore possible that a degree of masking of clicks and other acoustic emissions such as ‘chirps’ and ‘pops’
may occur from vessel generated noise. Major frequency components of some click trains and other sounds such
as ‘chirps’ and ‘pops’ are often in the low frequency range below 5000Hz. Further investigation is required to
assess the influence of vessel generated noise on these types of dolphin acoustic emissions.
The mean start, end, low and high frequencies of all whistle classes were found to be higher than the peak
frequencies of produced sound by the research vessels. It is possible that on a close approach by the vessel, some
signal masking of the dolphins may occur from a small number of higher frequency components produced by the
vessel above 5000Hz. It does not appear that the major peak frequencies produced by the vessels when travelling
mask whistle emissions of dolphins.
The group cohesion of mother-calf groups appears to be more affected by the vessel approaches and
encounters than non-calf groups. Indo-Pacific Humpback dolphins (Sousa chinensis) mother-calf pods were
observed to increase whistle production in response to passing vessels. The whistle repetition rate of non-calf
pods was found to be significantly lower than mother-calf pods (Van Parjis & Corkeron 2001). Similarly, the
whistle repetition rate of mother-calf pods in Byron Bay when a vessel approached was found to be higher than
non-calf pods. However, when the vessels were idle, non-calf pods were found to have higher whistle repetition
rates than that of mother-calf pods. This suggests that mother-calf pods may be maintaining group cohesion prior
to and during a vessel approach whilst non-calf pods are regaining group cohesion following a vessel’s approach
when the vessel has either passed or has stopped moving. Non-calf pods may also increase whistle production in
the presence of a vessel due to increased levels of arousal with the presence of the vessel increasing the
motivation for the pod to remain together.
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Acoustic parameters of some whistle classes appeared to be altered in response to the presence and behaviour
of the vessels. This was particularly evident for flat whistles that were found to be higher in frequency when the
vessel was idle and lower when the vessel was approaching the dolphins. The presence of calves in pods
encountering vessels was found to have an influence on the variations of acoustic parameters of some whistle
classes. However, the vessels were found to have more of an influence on acoustic changes than the presence of
calves in other cases. Buckstaff (2004) found that only minimum frequencies of ‘signature’ whistles were altered
when in the presence of a vessel. In the present study, parameters of whistle classes were generally found to be
higher when the vessels were idle and lower when the vessels were travelling or approaching pods. This may be
another indication that dolphins are responding to and compensating for higher levels of ambient noise produced
by the vessels. Morisaka et al. (2005) found that dolphins in environments with higher levels of ambient noise
produced whistles with lower frequencies and fewer frequency modulations compared to dolphins in
environments with less ambient noise, which produced whistles with varying frequencies with more frequency
modulations. Buckstaff (2004) also commented that variation in acoustic parameters of ‘signature’ whistles were
affected by the habitat dolphins were in. In deep water habitats, the frequency range was increased when
compared to shallow water habitats. The present study did not take into account habitat type. It is therefore
possible that some variations in acoustic parameters were caused by the noise produced by vessels and others by
the habitat the dolphins were in.
Surveys conducted during the present study did not allow recordings of pre and post- exposure to be made.
All recordings were made during vessel encounters. It is possible that changes in both acoustic emissions and
behaviour occurred well before the dolphins were within acoustic or visual range of the research vessel. Previous
research has found that dolphins may show behavioural responses to vessels at distances of 400m (Lusseau
2006). Acoustic responses may also begin from the time the vessel is within acoustic range of the dolphins. It has
been estimated that Orcas (Orcinus orca) can detect a fast moving vessel between 14-16km away. Masking of
communication signals of Orcas and behavioural changes in response to vessels occurred at distances beyond
200m (Erbe 2002).
The evident flexibility of acoustic communication signals of dolphins may allow adaptive changes to be
made in order to compensate for the increased ambient noise generated by vessel usage. However, whether these
adaptive changes, which may involve a shift in relative frequency use in order to avoid masking frequency bands
of vessel noise, would cause reductions in the efficiency of acoustic communication is not known. It is also not
known if such changes in the acoustic communication systems of dolphins would in turn result in changes in the
social organisation and behavioural mechanisms of dolphins in order to overcome detrimental trade-offs which
may threaten the survival of the population.

Long-term consequences of dolphin-vessel encounters
This study has found that short-term responses of dolphins to vessel encounters, in the form of alterations to
surface behaviours and acoustic emissions, are evident in a population exposed to relatively low levels of human
activity. It was also apparent that the group cohesion of dolphins was altered during these vessel encounters.
Because some of these short-term reactions dolphins displayed towards vessels were related to apparent antipredator responses, dolphins may perceive vessels as a potential threat (Frid & Dill 2002). The threat created by
vessels is different to any natural threat that a dolphin may have been confronted with in the pre-human past.
It has been suggested that animals may exhibit exaggerated anti-predator responses to a threat if it is
infrequent and brief. If high-risk situations or the presence of the threat is frequent, anti-predator responses have
a tendency to decrease (Lima & Bednekoff 1999). The short-term behavioural responses of dolphins towards
vessels may therefore not be as apparent in populations with high levels of disturbance compared to those of
dolphins in areas of low exposure. It is possible that short-term responses may decrease before long-term
consequences become evident. If this is the case, it may cause problems in early detection of long-term impacts
caused by vessel encounters, particularly if the ‘natural’ behaviours of dolphin populations were not investigated
prior to the introduction of regular commercial motorised vessel-based dolphin-watching.
Recent publications have questioned the relationship between short and long-term responses of dolphins to a
source of disturbance (Gill, Norris & Sutherland 2001; Bejder 2005). It is possible that studying only the shortterm responses of an animal to a potential threat may be misleading if the relationship of these responses to longterm consequences is not understood. If this relationship is not understood, the impact of a threat may be
misjudged and conservation measures may be based on misleading interpretations (Gill, Norris & Sutherland
2001). It is difficult to determine if the apparent short-term responses may lead to long-term consequences.
However, it is reasonable to speculate that where short-term responses indicate that disruption to group cohesion
is occurring as a direct result of the threat, it is likely to lead to long-term changes in the organisation of
communication systems and behaviour patterns of dolphins. This is more likely to occur if the presence of the
threat is frequent because dolphins may have to adjust and adapt to the changes in the environment caused by the
threat’s presence in order to maintain social cohesiveness and reduce the level of behavioural trade-offs.
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Similarities and differences between the short-term behavioural and acoustical responses of dolphins towards
vessels in regions with high and low vessel activities have been found. However, at what stage the level of vessel
exposure becomes unsustainable and causes long-term consequences is not understood. Variability in responses
may occur between individuals, groups, populations and the nature of the vessel encounters being experienced.
Signs of long-term responses from unsustainable levels of vessel encounters may include occurrences of
habituation, sensitisation, avoidance or displacement from core usage areas (or ‘critical regions’), changes in
behavioural budgets, alterations in acoustic communication and ultimately reductions in reproductive success
(Lusseau & Higham 2004; Bejder 2005; Bejder, Samuels, Whitehead, Gales, Mann, Connor, Heithaus, WatsonCapps & Flaherty 2005; Morisaka et al. 2005; Bejder, Samuels, Whitehead, Gales, Mann et al. 2006). Learning
may be one plausible explanatory mechanism that may cause the variable responses between dolphins. This may
also reflect cultural transmission in response to potential threats. Long-term changes in aspects of dolphin
responses may also be caused by physiology, natural selection and ecology. These additional explanatory
mechanisms must also be considered when evaluating the long-term effects of a potential threat. Vulnerability of
individuals and groups of dolphins may also be variable due to differences in learning capacity, physiology,
natural selection and ecology (Bejder 2005). In Shark Bay, Western Australia, for example, some groups of
dolphins have been found to permanently avoid the use of areas where dolphin-watching vessels operated daily
tours, while other groups remained in the high-use area (Bejder et al. 2005). In Sarasota Bay, Florida, dolphins
have been found to avoid areas of high vessel usage more on weekends when the number of vessels was highest
(Nowacek, Wells & Solow 2001). In New Zealand, dolphins were found to avoid some vessel encounters
thereby reducing encounters to a presumably tolerable level (Lusseau & Higham 2004).
Behavioural trade-offs may occur as a result of exposure to a potential threat. Trade-offs may include
changes in foraging techniques and locations, to minimise the exposure to the potential threat. In adopting such
trade-offs, a decline in the animal’s condition may occur and result in reduced fecundity (Hik 1995). Cumulative
exposure to the presence of a potential threat may also cause reproductive trade-offs (Candolin 1998).
Reductions in the reproductive success of dolphins exposed to dolphin-watching vessels in Shark Bay, Western
Australia, have recently been reported (Bejder, Samuels, Whitehead, Gales, Mann et al. 2006). Alterations in
reproductive success caused by exposure to human activities and threats may be corrected if the disturbance is
removed or reduced to a tolerable level (Shively, Aldredge & Phillips 2005). Other behavioural trade-offs in
response to vessel encounters may be evident through alterations in the behavioural budget of dolphin
populations. It is therefore important that long-term monitoring be conducted in regions with vessel-based
dolphin-watching. It is potentially valuable to assess behavioural budgets of populations with low levels of
vessel encounters to set a baseline for comparisons with other populations where high levels of vessel encounters
have been experienced for some time prior to assessment. Long-term studies and accurate comparisons between
geographic regions are the only ways to properly determine which mechanisms are the cause of responses made
by dolphins and if the responses are due to human intervention (Bejder 2005).
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Chapter 7

RECOMMENDED IMPROVEMENTS TO STATE AND FEDERAL
DOLPHIN-WATCHING GUIDELINES
Most research to date has focused on only one aspect of vessel-dolphin interactions (Lusseau & Higham 2004).
The holistic approach taken in the current study has enabled a number of variables to be assessed in dolphinvessel encounters; specifically, both behaviour and acoustics. From the results presented in this study,
recommendations to improve management initiatives concerning dolphin-vessel encounters are outlined in the
following sections. The recommendations have been outlined for New South Wales and Australian guidelines.
They may also be applied to other Australian states and international dolphin-watching guidelines as the issues
raised concern all populations of coastal cetacean species.
Interactions with wildlife have been directly managed by government agencies, non-government
organisations and agencies as well as the tourism operators themselves (Higginbottom & Tribe 2004). Australian
state and federal whale and dolphin watching guidelines have been developed to provide a national standard for
the acceptable behaviour of people when encountering and interacting with cetaceans. The following
recommendations have been outlined for the improvement of state and federal regulations concerning vessel
encounters with dolphins.
This research found that 47% of all occurrences of displacement and avoidance occurred within the first five
minutes of a vessel encounter (mean = 17 minutes; S.D. = 22 minutes), although only 8% of all pods displayed
avoidance or were displaced by vessels. Additional provisions in the state and federal guidelines should specify
the duration vessels are permitted within the caution zone. It is suggested that vessels should not spend more
than 20 minutes within 150m of a pod. This time limit is an arbitrary value based on findings from this study and
others (DRI 1997; DRI 1998; Scarpaci 2003). In this case, the precautionary principle should be in place to
protect potentially vulnerable groups of dolphins.
Approach distances of the ‘caution’ (150m) and the ‘no approach’ (50m and directly in front or behind)
zones outlined in the state and federal dolphin watching guidelines (see DEH 2005) are generally considered
appropriate measures to reduce the level of disturbance on dolphins from vessels. Through this research, it is
evident that pods with calves are particularly vulnerable to disturbance caused by vessel encounters as they
displayed the most avoidance and displacement behaviours; calves also influence the acoustic response to
vessels and female pods are highly resident and site specific. It is further recommended that a provision be made
in the guidelines for pods with young calves. The no approach zone for pods with foetal fold calves or calves in
‘echelon position’ should be extended to at least 100m. Vessels within 50m of dolphins were also found to cause
an increase in the number of whistles emitted, indicating that group cohesion is affected more when vessels
approach within this distance.
The guidelines state that no more than three vessels are permitted within the 150m caution zone from
dolphins. This does not provide for commercial kayak operations that often have more than ten kayaks in a
group. This study has found that the number of kayaks and kayak behaviour influences the group cohesion of
dolphins. This is of particular concern with resident dolphin groups that are most frequently the target of
commercial kayak operations. It is recommended that the following additional provisions in the regulations be
made specifically for kayaks:
• Kayaks should remain as close together as possible when approaching dolphins and all kayaks should
approach from the same direction (preferably from behind and parallel to the dolphins’ travel path);
• When observing dolphins, it is recommended that kayaks remain idle and ‘raft’ (i.e. hold kayaks together) to
avoid kayaks drifting and spreading in close proximity (50m) to dolphins; and
• No more than twelve kayaks should be within the 150m caution zone.
This study and others (e.g. Constantine & Baker 1997; Crosti & Arcangeli 2001; Lemon et al. 2005) have
found that the behaviour the dolphins are engaged in prior to an encounter with a vessel has an influence on their
behavioural response towards a vessel. This study found that milling and travelling behaviours are most likely to
be affected by a vessel encounter. The behaviour of the dolphins must therefore be considered before a vessel
approaches with the 150m caution zone. The regulations do not currently address the behaviour dolphins are
engaged in when a vessel approaches. It is recommended that provisions be made in the guidelines to address
this issue. Considering other researchers have also found that the behaviour that dolphins are engaged in prior to
an interaction influences their response, suggests that dolphins exposed to varying levels of vessel encounters are
affected by the presence and behaviour of a vessel and this provision is relevant in all geographic locations.
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Education materials promoting the dolphin-watching guidelines should also address the different types of
behaviours dolphins display and those that may be more vulnerable to disturbance, e.g. milling and resting.
Some considerations for this provision are outlined in Appendix H.
Many vessel operators are unaware of the potential impact of noise produced by their vessels on the marine
environment and have often give little attention to alleviating unnecessary noise (Gordon & Moscrop 1996). It is
evident that vessels produce high levels of noise when in close proximity of dolphins (Dolman 2003). The
distance between a vessel and whale or dolphin, vessel speed and vessel type are the major factors affecting the
levels of noise produced by vessels when in close proximity to whales or dolphins (McCauley & Cato 2003).
The Australian whale and dolphin watching guidelines briefly mention the issue of noise when in close
proximity to a whale or dolphin. The impact of noise pollution from boats needs to be more publicised to
increase awareness of vessel users. This study has found that the type of vessel has an influence on both the
behaviour and acoustic response of dolphins towards vessels. As many dolphin-watching operations focus on
resident populations in coastal regions, it is imperative that the type of vessel and its condition be considered by
government agencies when allocating certification and permits for commercial operations.
It is strongly recommended that a permit system be in place for all vessels operating vessel-based dolphinwatching on a commercial level throughout state and federal waters. Through allocating permits to commercial
operators, government authorities can monitor the number of vessels operating on a regional level and assess the
sustainability of vessel numbers. It is recommended that the number of permits issued be limited on a regional
basis to ensure sustainable practices. Permits should therefore be regionally specific, such that an operator cannot
conduct commercial dolphin-watching between regions identified by authorities. In addition, it is recommended
that the number of tours permitted within particular areas of critical habitat or areas of core usage. Introduction
of a permit system is particularly relevant in regional areas such as Byron Bay where the number of dolphinwatching operations is likely to rise and create increased pressure on the resident dolphins.
Permits may also include a levy system, where a certain percentage of registration fees are put aside for
continuing dolphin research and conservation initiatives. Conditions of permits should also incorporate
mandatory education and interpretative programs to be included in all commercial tours. Provisions should also
be made in permits for the type of engines recommended for dolphin-watching operations. Engines with peak
frequencies below the average frequencies of dolphin whistle emissions are advised as these acoustic emissions
appear to be important communicative signals. Permit systems have been in place in a number of countries,
including New Zealand. A levy system is also in place in some areas of New Zealand to support research into the
dolphin and whale watching industry (Orams 2004).
Government agencies should consider a compulsory certification system for commercial dolphin-watching
operators. This certification system may include an education program for operators. Such a program would
provide accurate information on the biology, ecology and conservation of dolphin species and the appropriate
methods of approaching and operating vessels when in proximity to dolphins. A recent study investigating the
compliance of commercial dolphin-watching operators in Clearwater, Florida, found that operators conducted
the correct operational procedures according to the relevant U.S. guidelines during only 60% of encounters with
dolphins (Whitt & Read 2006). These researchers also commented that operators frequently approached dolphins
within the 50 yard limit and manoeuvred their vessels inappropriately when in close proximity to dolphins
(Whitt & Read 2006). Similar research conducted in Port Phillip Bay, Victoria, also found very low levels of
compliance to dolphin-watching regulations by commercial operators (Scarpaci 2003). Providing education to
operators through a certification system may improve operator compliance during dolphin encounters. The
education program may also be included in the permit protocol for dolphin-watching operators. It is in the best
interest of operators to demonstrate they are protecting the very wildlife that their business is dependent on
(Green & Giese 2004). Education can provide communication between operators and their customers whilst
promoting conservation of the wildlife and their environment.
A cooperative monitoring program between researchers, government agencies and operators would provide a
platform for long-term monitoring of dolphin populations exposed to commercial dolphin-watching ventures and
an effective program to improve management initiatives. Such a program may also increase the compliance of
dolphin-watching operators with state and federal guidelines and also the cooperation of operators with
government agencies, in addition to the active participation of stakeholders whilst providing baseline
information on coastal populations of cetaceans.
It is evident from past research that the levels of vessel encounters particularly from dolphin-watching
vessels can have long-term effects at a population level (Bejder et al. 2005; Bejder, Samuels, Whitehead, Gales,
Mann et al. 2006; Lusseau, Slooten & Currey 2006). Areas where these commercial dolphin-watching operations
take place should be closely monitored and management plans made flexible in order to meet recommendations
made from research to maintain vessel-encounters at a sustainable level. Regional management initiatives need
to address critical habitat and core areas used by resident pods. In areas where dense vessel activities occur, it is
essential that provisions are in place to protect these areas in order to protect resident dolphin populations. It is
difficult to police and regulate the number of encounters dolphins have per day from both commercial and
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recreational vessels. Provisioning for no vessel zones and no approach times is the most efficient management
approach to address the issue of regulating the number of both commercial and recreational vessel encounters
resident dolphins’ experience in order to reduce the cumulative impacts and long-term affects caused by human
interference.

Implications for Regional Management: Byron Bay Case Study
While comparatively low levels of vessel-based dolphin-watching currently occur in the Byron Bay area, there
has been a continual rise in the local human population and tourist numbers, and with this, increasing tourism
activities (Tonge, Fletcher & Consultants 2002). With this growth will be a rise in the numbers of tourists,
visitors and members of the community utilising the coastal waterways. An increase in vessel-based dolphinwatching activities is also likely to occur in the near future. This growth will put increasing pressure on the
adjacent coastal waters and the animals that inhabit this environment, particularly the resident dolphin
populations that are iconic to the region. In order to protect the dolphins from vessel encounters, improvement to
current regional management must be made. The precautionary principle should be employed in the management
of dolphin-watching until sufficient scientific knowledge has been gained (Lusseau & Higham 2004). This study
provides an indication of the current levels of dolphin-vessel encounters that occur in the region and some
ecologically important information regarding the resident dolphin population. Long term data sets are required to
determine what levels of vessel encounters are sustainable for the resident population. With the inevitable
increase in vessel-based dolphin watching in the region, it is recommended that the precautionary principle be in
place to provide protection to a potentially vulnerable population of bottlenose dolphins. In addition to the
recommendations outlined in the previous section, improvements specific to the regional management of the
Byron Bay area outlined below. These recommendations may be applied to regional management plans
elsewhere.
In 2005, an extensive review of the Australian National Guidelines for Whale and Dolphin Watching
guidelines was undertaken. These guidelines recommend that additional management measures in relation to
dolphin-vessel encounters on a regional basis take into consideration the maximum time allowed for vessels to
watch a pod, maximum cumulative time vessels be permitted to watch dolphins within a population per day,
duration between successive attempts of watching a pod, establish no-approach times and consideration of
temporal or spatial exclusion zones for vessels (DEH 2005). It is only possible to instigate these additional
measures of management through the conduct of regional research projects.
The following recommendations for management measures address the regional recommendations outlined
by the Australian National Guidelines for Whale and Dolphin Watching for the dolphin population of the Byron
Bay area:
• Maximum time vessels (including personal watercraft, e.g. kayaks) are permitted to watch dolphins within
the 150m caution zone: 20 minutes
o This value is an arbitrary value and has been recommended by a number of publications (e.g.
DRI 1998). The explanation for this time limit is provided in the previous section.
• Duration between successive attempts to observe dolphins of the same pod: 1 hour
o This recommendation is based on findings from Lusseau (2004) who found that dolphins in
Fiordland, New Zealand sustained 68 mintues between successive vessel encounters. It was
suggested that this amount of time was required for dolphins to recover from disturbance
caused by vessels and to resume behavioural activities.
o The current study found that mother and calf groups were most likely to display avoidance or
be displaced by vessel encounters. It also found that there are a number of resident female
groups that reside in areas where the highest vessel usage occurs in the Byron Bay region,
making these dolphins the most susceptible to detrimental affects caused by successive vessel
encounters.
o In order for this time interval to be effective, communication protocols between operators
based in the same area need to be made. This may be achieved by maintaining radio or mobile
phone contact. Regional contact networks may also need to be established so each operator is
familiar with each other and contact details are exchanged.
• No-approach times: 11.30am-1pm within the critical regions identified.
o This research has found that dolphins in the Byron Bay region increase milling and resting
behaviours between 10am and 2pm. They also increase their social behaviours between 12pm
and 2pm. Lusseau and Higham (2004) identified that milling and socialising behaviours were
biologically important behaviours and successive disturbance to these behaviours from vessel
encounters could detrimentally affect the health of dolphin populations, particularly resident
social groups. The current study has identified the critical regions of two resident female
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groups that are frequently targeted by dolphin-watching ventures at both Cape Byron and
Ballina. Allowing no-approach times, particularly at Cape Byron, would reduce the potential
disturbance from commercial dolphin-watching operations when the dolphins are most likely
to be engaged in these sensitive behaviours. This is particularly relevant to the Cape Byron
resident female group as commercial kayak companies focus their effort on a daily basis in the
same areas (Wategoes Beach) where dolphins frequently rest, mill and socialise. Having the
no-approach times as recommended still allows a number of kayak tours to take place each
day, but it also provides protection to the resident dolphins that most frequently encounter the
kayak companies. At Ballina, the resident female group at Ballina is often encountered by
vessels in the river mouth and vessels are often unable to abide by dolphin-watching
regulations in this treacherous area. The Richmond River is frequently used by the resident
females and vessels can abide by dolphin watching regulations in the river and when at sea. It
is therefore recommended that the no-approach times be in place for vessels travelling in the
river and within a 500m radius of the Richmond River entrance (with the exception of the bar
itself).
• Exclusion zones: It is recommended that the critical regions and areas of core usage of known Cape Byron
resident female groups identified in this study, particularly Wategoes Beach and Cosy Corner adjacent to
Cape Byron and approximately 500m out to sea, exclude all motor vessel usage (with the exception of
emergency vessels). It is not practical to exclude vessels from the core usage area of the Ballina resident
female group as it is located near and in the Richmond River Bar. It is recommended, however, that local
authorities provide education and interpretation to vessels using this area and to be aware of the presence of
dolphins when using the area around the river bar and in the estuary.
o Previous studies conducted in Shark Bay, Western Australia and Fiordland, New Zealand,
have found a decline in the reproductive success of bottlenose dolphin populations as a direct
result of frequent exposure to vessel-based dolphin-watching activities (Bejder, Samuels,
Whitehead, Gales, Mann et al. 2006; Lusseau, Slooten, Dawson & Higham 2002). Commercial
dolphin-watching activities in these areas were being conducted in critical regions of resident
dolphins and the numbers of successive vessel encounters were unsustainable. Evidence found
in this study suggests that the group cohesion of dolphins is affected by vessels and that
mothers and calves are particularly vulnerable to vessel encounters. Allocating vessel
exclusion zones would provide sanctuary areas within the home range of resident female
groups and reduce the levels of potential disturbance during sensitive behaviours such as
milling/resting and socialising, in addition to reducing the number of successive vessel
encounters. Even though the number of vessels in the Byron Bay region is relatively low, this
study was unable to conclude whether the current levels of vessel encounters with dolphins
were sustainable and allocating exclusion zones would also be applying the precautionary
principle to allow protection of resident bottlenose dolphins.
It is also recommended that current education and interpretive materials available to the Byron Bay region
(and elsewhere) be improved. At present, there is minimal interpretive material on dolphins within the Byron
Bay region (Gibbs 2000). Improvement of interpretive materials available to land-based dolphin watchers is
particularly recommended as many people visit the headlands in the region to watch dolphins. Effective
interpretive programs can stimulate interest and learning whilst providing enjoyment and satisfaction. Effective
programs may also result in visitors and communities becoming more environmentally aware and behaving in a
more ‘environmentally friendly’ way (Orams 1996; Orams 2001; Moscardo, Woods & Saltzer 2004). Providing
education and interpretive programs can also be a means of managing human-dolphin encounters (Moscardo,
Woods & Saltzer 2004). This study has provided an outline of best-practice protocol for vessels encountering
dolphins (Appendix H). This document promotes the current Australian dolphin and whale watching guidelines
whilst providing further details for interpretive purposes for commercial and recreational vessel users.
Impacts of human activities on dolphins are often localised, therefore, methods of management should be
flexible in order to address local issues. Other studies have detected changes in the usage of critical regions over
time. These changes did not appear to be influenced by human activities, but were a natural occurrence (Wilson,
Reid, Grellier, Thompson & Hammond 2004). Long-term monitoring is recommended in order to detect any
alterations in the use of core areas or critical regions and changes in behaviour in response to human activities.
Monitoring of dolphin populations, particularly resident social groups, is essential to ensure the management
regimes in place are efficient and the level of dolphin-human encounters is sustainable. These recommendations
are designed to provide maximum protection to the dolphins whilst allowing for the development of a regional
sustainable vessel-based dolphin watching industry.
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Chapter 8

SUMMARY AND CONCLUSIONS
This study has provided further insight into the population characteristics, social structure, movement patterns,
behaviour, acoustic repertoire and the contextual use of acoustic emissions of wild inshore bottlenose dolphins.
The influence of vessel encounters on the behaviour and acoustics of dolphins has also been examined in detail.
An outline of recommended improvements to regional, state and federal dolphin-watching guidelines has also
been presented. A summary of the major findings from this study is outlined below.
The dolphins of the Byron Bay area display each behaviour state for similar proportions of time to many
other populations reported in the literature. There seemed to be a few comparative exceptions to this, particularly
with the occurrence of travelling and milling behaviours in areas with higher numbers of vessel encounters.
However, there was no consistent pattern found of differences of behaviours between areas with high vessel and
human activities and that of Byron Bay, an area with relatively low levels of vessel and human activities.
Short-term adaptive changes in the behaviour and acoustics of dolphins in response to the presence of
different types of vessels, the behaviour of the vessels and their proximity, are evident in a population exposed to
relatively low levels of vessel activities. The changes detected in the behaviours and acoustics of dolphins in this
study were relatively few when compared to the diverse number of behaviours and acoustics types identified.
However, the changes in the behaviours of dolphins caused by vessels identified in this study were similar to
those identified by previous research that encompassed areas with different levels of vessel activities. These
behaviours were referred to as ‘symptomatic disturbance behaviours’ of dolphins in response to vessel
encounters.
Changes in the acoustic emissions were similar to those reported from previous studies, e.g. changes in the
repetition rate of whistles during a vessel encounter. This study also found that the whistle repetition rate and the
acoustic parameters of whistles were influenced by both the type of vessel in close proximity and the vessel’s
behaviour. In addition, mother-calf groups appear to be more vulnerable to disturbance from vessels.
Bottlenose dolphins that have been exposed to minimal levels of human disturbance show an ability to adapt
their behaviour and acoustics in order to maintain group cohesion when presented with a potentially foreign
threat or disturbance, at least in the short-term. The type of response of dolphins appears to depend on the type of
disturbance, in this case the type of vessel, its behaviour and proximity, along with the composition of the pod
and the behaviour the dolphins are engaged in. How the behaviour and acoustic changes detected in this study
may be used to detect long-term changes or cumulative effects of a disturbance may only be determined through
consistent monitoring over time.
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APPENDIX A: SUMMARY OF RESEARCH ON DOLPHINVESSEL ENCOUNTERS: FINDINGS AND MANAGEMENT
RECOMMENDATIONS
Behavioural Response to
Vessels
(major findings)

Management
Recommendations

Species

Location

Bottlenose
dolphin (Tursiops
truncatus)

Bay of Islands,
New Zealand

• Milling behaviours more
• Placement of vessel and
likely increase & resting
swimmers influenced
behaviours decrease in small
dolphin response.
groups (1-20individuals).
• Swimmers placed in path
• Resting was least likely to
elicited greatest avoidance
change.
response.
• Social behaviours were most • Juveniles were more likely
likely to be affected and
to interact with swimmers.
result in a behavioural
change.
• Feeding was least likely to
be affected.

Constantine &
Baker 1997;
Constantine 2001;
Constantine,
Brunton &
Dennins 2004

Bottlenose
dolphin (Tursiops
truncatus)

Doubtful Sound
& Milford
Sound, New
Zealand

• Increased travelling and
diving behaviours.
• Avoidance of vessel
interactions.
• Maintained a low level of
interactions with vessels.
• Avoidance of areas with
high vessel density.
• Changes in the frequency of
surface behaviours when
vessels present.

Lusseau 2003a;
Lusseau 2003b;
Lusseau 2004;
Lusseau 2006

Bottlenose
dolphin (Tursiops
aduncus)

Jervis Bay,
NSW, Australia

• Vessel affected the surface
behaviour and direction of
travel.
• Dolphins were more likely
to change from travelling to
milling on approach of a
vessel.
• Vessels did not appear to
alter acoustic behaviour.

• Sufficient time intervals
between vessel approaches.
• Close areas of significant
habitat to vessels.
• Prevent encounters with
vessels during ‘sensitive’
behaviour states.
• Allow an extra 400m radius
around significant habitat
areas in the establishment of
protected areas.
• Monitor status of
population.
• Allow for the genetic
relatedness of neighbouring
populations in management
regimes.
• Commercial operator
permitting and licensing
system.

Reference

Lemon et al. 2005
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Bottlenose
dolphin (Tursiops
sp.)

Sarasota Bay,
Florida

• Avoidance of boat channels
on weekends—periods of
high vessel activity—when
compared to weekdays—
periods of low vessel
activity.
• Longer submergence when
boat approached within
100m.
• Increased direction changes,
decreased inter-animal
distance and increased swim
speed on vessel approach.
• Vessel approaches in
shallow water were more
likely to initiate behavioural
change.
• An increase in whistle
repetition rate occurred on
the approach of a vessel
when compared to during
and after the vessel
approach.

Bottlenose
dolphin (Tursiops
aduncus)

Shark Bay,
Western
Australia

• Dolphin density decreased
following introduction of
two dolphin tour companies,
which coincided with an
increase in dolphins using
the control site where tour
vessels do not operate.
Therefore displacement of
dolphins occurred and
appears to be a long-term
effect of increasing vessels
in the area.
• Significant decline in
reproductive success in
females exposed to tour
operations.
• Behavioural response of
dolphins were stronger and
longer lasting at the control
site, i.e. where little vessel
interactions occur.

Buckstaff 2004;
Nowacek et al.
2001; Wells 1993

• Monitor visitor numbers.
• Licence commercial
operations.
• Regularly review humandolphin interaction
procedures.
• Decrease the level of
exposure from vessels.
• Reduce the number of tour
operators permitted.

Bejder 2005;
Bejder et al. 2005;
Bejder, Samuels,
Whitehead, Gales,
Mann et al. 2006

Bottlenose
Cardigan Bay,
dolphins (Tursiops Wales
sp.)

• Displayed neutral responses
towards motor vessels and
negative responses towards
kayaks.
• Decreased surfacing periods,
longer submergence from
vessels at 150-300m
distance.

Evans, Canwell &
Lewis 1992;
Gregory &
Rowden 2001

Bottlenose
Clearwater,
dolphins (Tursiops Florida, USA
sp.)

• Decrease in use of primary
foraging and feeding
habitats during periods of
high vessel usage.

Allen & Read
2000

68

DOLPHIN TOURISM

Bottlenose
Ensenada De La
dolphins (Tursiops Paz, Mexico
sp.)

• Behavioural modification
did not occur when vessels
passed within 5m and 25m.
• Dolphins dove and resumed
previous behaviour when
boats within 5m.
• Behavioural modification
occurred when vessels
followed them.
• Vessel traffic did not alter
the overall movement
patterns, location and
behaviour of dolphins.

Acevedo 1991

Bottlenose
Hilton Island,
dolphins (Tursiops South Carolina,
sp.)
USA

• Multiple boats elicited
greater influence on dolphin
movement and behaviour
than a single vessel.
• Vessel type affected group
size and behaviour.
• 20% of commercial operator
approaches caused a
behaviour response.
• 55% of recreational vessel
approaches caused a
behaviour response.
• 56% jet ski approaches
resulted in altered dolphin
behaviour. 11% of dolphins
approached by jet skis
altered behaviour and travel
direction.

Mattson, Thomas
& St Aubin 2005

Bottlenose
Moray Firth,
dolphins (Tursiops Scotland
truncatus)

• Decrease in surfacing rate
following vessel approach.
• Altered synchronous
surfacing patterns.
• Longer inter-breath
intervals.
• Increased swim speed.
• Repetitive deep dives.

Janik &
Thompson 1996;
Hastie, Wilson
Tufft &
Thompson 2003

Bottlenose
Perth, Western
dolphins (Tursiops Australia
sp.)

• Decrease in feeding
behaviours in the presence
of dolphin watching vessels.
• Duration of behaviours
decreased in the presence of
vessels.

Crosti &
Arcangeli 2001
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Bottlenose
Port Phillip Bay,
dolphins (Tursiops Victoria,
sp.)
Australia

• Disturbance behaviours in
the presence of commercial
operators included deep
dives, changes in direction,
splitting of groups, increased
swim speed and repeated tail
slapping.
• Development of ‘decoy’
behaviours from long-term
exposure to commercial
operators.
• ‘Neutral’ responses were
most common towards
vessels.
• ‘Direct’ vessel approaches
resulted in highest
avoidance and interactive
behaviours.
• ‘Intercept’ approach resulted
in avoidance and neutral
responses.
• ‘Parallel’ approaches caused
more neutral responses than
avoidance.
• An increase in the number
of whistles/individual/
minute was recorded in the
presence of commercial
operators.

•
•
•
•
•
•
•
•

Limit the number of
commercial licences.
Limit number of daily
commercial tours.
Establish levy system.
Develop marine
sanctuaries & no-vessel
zones in key habitat areas.
300m between
commercial operators
should be maintained.
Only three vessels should
be permitted within 300m
of dolphins.
Swimmers should
approach within 30m from
the dolphins.
No swim attempts should
be made with groups
containing foetal fold
calves.

DRI 1997; DRI
1998; Dunn &
Goldsworthy
2000; Scarpaci et
al. 2000

Bottlenose
Port Stephens,
dolphins (Tursiops NSW, Australia
aduncus)

• Responses variable from
submergence and avoidance
to no visible response.
• Longest encounters were
with commercial vessels.

Allen & Moller
1999

Bottlenose
Teigmouth Bay,
dolphins (Tursiops UK
sp.)

• Vessels in motion caused
alterations in behaviour.
• Speedboats and jet skis
related to negative
behavioural responses.

Goodwin &
Cotton 2004

Common dolphins Bay of Islands,
(Delphinus
New Zealand
delphis)

• Social behaviours most
likely altered.
• Resting behaviours were
least likely to be altered.
• No avoidance responses
recorded towards
commercial vessels.

Constantine &
Baker 1997;
Constantine 1998

Dusky dolphins
(Lagenorhynchus
obscurus)

• Dolphins accompanied by
boats for large portion of
daylight hours.
• Increase in surface
behaviours.
• Dolphins more dense in the
presence of vessels.
• Increased changes in
direction when more vessels
were in close proximity.
• Dolphins more sensitive to
vessels disturbance in
afternoon.

Barr & Slooten
1995
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Hector’s dolphin Porpoise Bay,
(Cephalorhynchus New Zealand
hectori)

• Dolphins more likely to
approach a vessel during the
early stages of an encounter;
however increased
avoidance occurred as the
vessel encounter progressed.
• Dolphins bunched together
more tightly if a vessel was
in the Bay.

Bejder, Dawson &
Harraway 1999

Indo-Pacific
Humpback
dolphins
(Sousa chinensis)

Hong Kong

• Increased submergence
when high vessel activities
apparent.
• Fast moving vessels caused
greater behavioural changes
than slow moving vessels.

Leung Ng &
Leung, 2003

Indo-Pacific
Humpback
dolphins
(Sousa chinensis)

Moreton Bay,
Australia

• Significant increase in
whistle production when
vessels were within 1.5km
of the dolphins.
• Mother-calf groups
produced more whistles on
approach of a vessel than
non-calf groups.

Van Parjis &
Corkeron 2001
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APPENDIX B: SAMPLES OF STUDY DATA SHEETS
Land-based survey data sheet

Vessel-based survey data sheet
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Vessel-based acoustic data sheet

Kayak-based data sheet
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APPENDIX C: BEHAVIOURAL ETHOGRAMS
Dolphin Behaviour Ethogram
Behaviour State

Abbreviation Description

Travelling

Tr

Animal is moving consistently in a defined direction; often with
consistent dive times.

Socialising

Soc

When two or more animals are clearly interacting with each other;
often involves physical contact.

Milling

Mi

Animals not travelling or partaking in any specific activity and
remain in one area; usually frequent changes in direction and slow
swims are observed.

Feeding/Foraging

Fe

Animals are clearly involved in pursuit of prey and feeding;
behaviour events will vary depending on the techniques being used;
deep dives, fast swims and porpoising may be observed.

Behaviour Event

Abbreviation Description

Affiliation

Aff

When two separate pods join and interact.

Aggressive / Agonistic

Agg

Threatening or dominating behaviour displayed towards another
dolphin (Herzing 1996).

Alloparental

All

Supervising dolphin interacted with or tended younger dolphin,
where the relationship of focal dolphin were known (Herzing 1996).

Sustained Approach

App

When one or more dolphins approach a vessel or swimmer often
within 15m and remain close to the vessel or swimmer for over 5
seconds and clearly directs their attention towards the vessel or
swimmer. Dolphins may scan the vessel or swimmer using
echolocation, or swim on side with eye facing vessel or swimmer.

Avoidance/Displaceme
nt

Avoid

Dolphins change their behaviour and move out of area previously
occupied (usually for some time (at least 20 minutes) on approach of
a vessel or other source of disturbance. Dolphins may continuously
move away from the source of disturbance and may continuously
change their travel direction away from the disturbance (e.g. a vessel
following pod). Dolphins may also change their dive patterns;
usually spending a greater time submerged than before the source of
disturbance was present.

Back slap

Bsl

Dolphin emerges out of the water head first and slaps the back of its
head on the surface.

Belly-to-belly

Bb

Animals swim together underside to underside, usually related to
sexual interaction.

Belly-up

Be

Animal swims with underside towards the surface.

Body roll

Bll

One animal rolls over another animal using their whole body.

Bow-riding

Br

Dolphin riding in the slip stream at the bow of the boat.

Breaching

Bch

Animal jumps out of water and lands on its side.

Bunched

Bu

Animals are tightly grouped together (<½ body length between most
individuals in group).

Change in behaviour

CIB

If an animal has previously displayed a distinct type of behaviour,
e.g. travelling, and then begins displaying another behaviour, e.g.
milling.

Change in travel
direction

CTD

When animals change their direction of travel; may happen
continuously.
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Chase
Circling
Cooperative feeding

Che
Ci
Coop

When one or more other individuals are pursuing another individual.
Where the dolphin continuously travels in a circular motion with
frequent changes in travel direction.
Dolphins are engaged in a cooperative feeding bout where many
individuals are involved to herd fish into a tight ball. Dolphins will
often be in a circular formation.

Deep diving

Dd

When an animal dives and the tail flukes are exposed above the
surface and the position of the body is descending vertically.

Disaffiliation

Di

Two or more individuals or pods separate more than 500m (often
moving in opposite directions).

Echolon position

Ep

Calf travels between the eye and the dorsal fin in the slip stream of
its mother or aunt. Usually associated with foecal fold calves.

Fast travel

Ft

Dolphin/s consistently swim quickly in a defined direction.

Fluke up

Flup

Fluke up dive (tail flukes clearly seen above surface)

Forced blow

Fbl

Where the dolphin breathes heavily on its surfacing, making a loud
exhalation blow.

Head lunge

Hl

Head is slapped on the waters surface and often towards or on
another pod member.

Head-to-head

Hh

Two individuals confront each other rostrum to rostrum, usually
associated with aggressive or dominating behaviour.

Infant position

Inf

Juvenille or calf travels beside mother between her dorsal fin and tail
flukes.

Interaction

Int

Dolphins remain within a 15m radius of boats or swimmers with an
obvious interest in them, often changing their behaviour. May
include bow-riding, sustained approaches, and wake-riding

InTsl

The dolphin will be at the water’s surface with its belly up and slaps
its tail on the surface.

Leaping

Le

When animal jumps clear out of the water, often over a metre above
the surface, landing head first into the water.

Learned behaviours &
interactions

Lb

Behaviours that may be related to cultural transmission, often
observed in juveniles.

Long submergence

Ls

Intervals between surface blows are long.

Nipping

Ni

Usually associated to aggressive or dominating behaviours. One or
more animals bite another individual; will often leave rake marks on
victim.

Nudging

Nu

One animal gently or aggressively pushes another individual with
their rostrum.

Petting

Pe

One animal actively moves its pectoral fin up and down the body
part/s of another animal (Mann 2000).

Inverted tail slap

Porpoising

Porp

Often observed during feeding and travelling. Animals will break the
surface of the water with their rostrums and melons above exposed
creating a bow wave effect as they move.

Resting

Re

Resting or sleeping individuals may be seen snagging on the surface
or have slow movements remaining on the surface for a longer time.
Often observed during milling.

Scanning

Sc

Animal is moving its head from side to side while emitting a nondirectional click sequence.

Sexual activity

Sxa

Where two or more dolphins display sexual behaviours and
interactions.

Short submergence

Ss

Intervals between surface blows are short.
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Side slap

Ssl

Dolphin emerges out of water head first and slaps the side of its body
on the surface.

Snack foraging

Sf

Individual dolphin is chasing and feeding on fish at the surface of the
water often causing prey to jump out of water where the animal will
consume it.

Spread

Sp

Individuals in pod are not tightly bunched and occupy a large area.

Spy hop

Sh

Head of animal rises vertically above the water surface.

Suckling

Su

Refers to mother and calf pairs where the calf is seen in the infant
position with it’s rostrum underneath its mother in the position of the
mammary glands.

Surface active

Sa

Water’s surface is clearly being disturbed as a result of animal
activity.

Surfing

Su

Dolphin is riding swell.

Synchronous surfacing

Syn

When two or more individual surface and behave, e.g. blow, at the
exact same time.

Tail slap

Tsl

Animal lifts its tail above the surface and slaps it on the water.

Vessel Ethogram
Vessel Type

Abbreviation Definition

Aircraft

AIR

Any aircraft with engine below 500m from sea surface.

Coast Guard Vessel

GV

A large red boat with jet engine often seen off Byron and Ballina.

Commercial Charter
Vessel

CC

Any commercial vessel dedicated to dolphin or whale watching
tours.

Commercial Fishing
Vessel

FC

Any commercial fishing vessels such as trawlers.

Dive Charter Vessel

DC

Dive charter vessels often seen in Byron Bay launching from the
Pass and diving Julian Rocks.

Jet Ski

JS

A jet ski is any small personal motorised vessel with jet engine.

Kayaks

KYK

Personalised single or double kayak, canoe or surf ski.

Recreational Vessel

RC

Any vessel that is for recreational purposes that are operating under
motor, this includes sail vessels that are motoring not sailing.

Research Vessel

RV

‘Seahorse’

Ironbark Sail Research
Vessel

IRB

‘Ironbark’

Sail

S

Ship

SHIP

Large cargo ships.

Surf Lifesaving Row
Boat

SLRB

SLSC large row boats

Surf Lifesaving
Runabout Vessel

SLSC

SLSC motorised red inflatable boat.

Surfboards

SURF

Any person on a surfboard.

Dolphin Kayak
Company

DKC

Kayak company with yellow and blue vessels departing Clarkes
Beach.

Byron Bay Kayak
Company

BBK

Kayak company with multicoloured vessels departing Clarkes
Beach.
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Other
Vessel Behaviours

Any vessel other than those specified, description should be supplied
in the comments field.
Abbreviation Definition

Travelling

TR

Any vessel moving in a particular direction.

Idle

ID

Any vessel stationary, includes anchoring.

Circling

CI

Vessel circling or changing direction frequently; recreational fishing
vessels will do this frequently.

Change Travel
Direction

CTD

Passive Travel

PT

Vessel Approaches

If a vessel changes its travel path from one direction to another.
When the research vessel is following a pod of dolphins during a
focal follow and is positioned parallel to the dolphins’ path of travel.

Abbreviation Definition

Direct

DI

Vessel approaches dolphins directly from behind (not parallel) or
directly into the pod, not following Cetacean Watching Guidelines.

Indirect

IN

Vessel incidentally approaches dolphins without purposefully
seeking an interaction with the pod.

Passive

PAS

Vessel approaches dolphins following correct procedure according to
the Cetacean Watching Guidelines.

Interact

INT

Dolphin interact directly with the vessel, e.g. bow-riding.

Location of Dolphins
in Relation to Vessel /
Swimmers
Bearing (degrees)
Distance (m)

0º - 360º

Indicates the bearing of the dolphins from the research vessel (where
bow = 0º and stern = 180º).
Distance of nearest dolphin to vessel or swimmer
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APPENDIX D: SONOGRAMS OF ACOUSTIC CATEGORIES
Types of Dolphin Acoustics
Whistle

Clicks

Burst-Pulse

Other

Squawk
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Squeak

Chirp

Pop
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APPENDIX E: SURVEY DATES AND LOCATIONS
Start Date &
Time

Stop Date &
Time

Survey
Type

Platform

Site Name

10/04/2003 10:00 10/04/2003 11:00

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

10/04/2003 11:10 10/04/2003 11:32

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

10/04/2003 12:13 10/04/2003 12:43

Land

South Lennox Head

South Lennox Head

10/04/2003 12:52 10/04/2003 13:22

Land

North Lennox Head

North Lennox Head

10/04/2003 14:14 10/04/2003 14:47

Land

Broken Head

Broken Head

10/04/2003 15:27 10/04/2003 16:38

Land

Cape Byron Lighthouse

Cape Byron Light House

12/05/2003 10:20 12/05/2003 11:09

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

12/05/2003 11:24 12/05/2003 11:54

Land

North Lennox Head

North Lennox Head

13/05/2003 10:22 13/05/2003 11:25

Land

Cape Byron Lighthouse

Cape Byron Light House

13/05/2003 11:50 13/05/2003 12:50

Land

Broken Head

Broken Head

13/05/2003 13:26 13/05/2003 13:57

Land

South Lennox Head

South Lennox Head

13/05/2003 14:00 13/05/2003 14:31

Land

North Lennox Head

North Lennox Head

13/05/2003 14:41 13/05/2003 15:35

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

16/05/2003 13:25 16/05/2003 15:05

Land

North Lennox Head

North Lennox Head

16/05/2003 15:10 16/03/2005 14:35

Land

South Lennox Head

South Lennox Head

17/05/2003 7:30

17/05/2003 12:30

Land

Broken Head

Broken Head

19/05/2003 7:30

19/05/2003 12:30

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

20/05/2003 7:20

20/05/2003 9:30

Land

Cape Byron Lighthouse

Cape Byron Light House

Land

Broken Head

Broken Head

21/05/2003 12:20 21/05/2003 16:40
22/05/2003 8:00

22/05/2003 13:30

Vessel Seahorse

Byron Bay

23/05/2003 12:28 23/05/2003 16:35

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

24/05/2003 7:15

24/05/2003 10:10

Land

North Lennox Head

North Lennox Head

24/05/2003 10:20 24/05/2003 12:00

Land

South Lennox Head

South Lennox Head

26/05/2003 13:28 26/05/2003 16:47

Land

Broken Head

Broken Head

27/05/2003 7:15

27/05/2003 12:00

Land

Cape Byron Lighthouse

Cape Byron Light House

31/05/2003 7:37

31/05/2003 11:45

Land

Cape Byron Lighthouse

Cape Byron Light House

2/06/2003 13:00

2/06/2003 13:45

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

2/06/2003 13:55

2/06/2003 14:17

Land

North Lennox Head

North Lennox Head

2/06/2003 14:26

2/06/2003 14:48

Land

South Lennox Head

South Lennox Head
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Start Date &
Time

Stop Date &
Time

2/06/2003 15:20

2/06/2003 16:05

Land

Broken Head

Broken Head

2/06/2003 16:25

2/06/2003 17:00

Land

Cape Byron Lighthouse

Cape Byron Light House

3/06/2003 12:00

3/06/2003 17:10

Land

Cape Byron Lighthouse

Cape Byron Light House

4/06/2003 7:40

4/06/2003 14:33

5/06/2003 10:28

5/06/2003 11:00

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

5/06/2003 11:02

5/06/2003 12:00

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

5/06/2003 12:18

5/06/2003 12:48

Land

South Lennox Head

South Lennox Head

5/06/2003 12:56

5/06/2003 13:26

Land

North Lennox Head

North Lennox Head

5/06/2003 13:55

5/06/2003 14:55

Land

Broken Head

Broken Head

5/06/2003 15:25

5/06/2003 16:25

Land

Cape Byron Lighthouse

Cape Byron Light House

6/06/2003 8:48

6/06/2003 16:00

7/06/2003 7:10

7/06/2003 12:00

5/07/2003 12:00

5/07/2003 14:00

7/07/2003 7:35

7/07/2003 9:45

Land

North Lennox Head

North Lennox Head

7/07/2003 9:50

7/07/2003 12:55

Land

South Lennox Head

South Lennox Head

12/07/2003 12:20 12/07/2003 16:30

Land

Broken Head

Broken Head

13/07/2003 7:32

Land

Cape Byron Lighthouse

Cape Byron Light House

13/07/2003 12:04

Survey
Type

Platform

Vessel Seahorse

Vessel Seahorse
Land

Broken Head

Vessel Kayak

Site Name

Byron Bay

Byron Bay
Broken Head
Cape Byron Light House

14/07/2003 11:35 14/07/2003 12:00

Vessel Ironbark

Northern Break Wall Ballina

15/07/2003 11:00 15/07/2003 14:00

Vessel Kayak

Cape Byron Light House

16/07/2003 8:07

16/07/2003 14:20

Vessel Seahorse

Byron Bay

21/07/2003 9:40

21/07/2003 10:20

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

21/07/2003 10:25 21/07/2003 10:57

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

21/07/2003 11:25 21/07/2003 11:55

Land

South Lennox Head

South Lennox Head

21/07/2003 12:02 21/07/2003 12:35

Land

North Lennox Head

North Lennox Head

21/07/2003 13:23 21/07/2003 14:53

Land

Broken Head

Broken Head

21/07/2003 15:02 21/07/2003 16:04

Land

Cape Byron Lighthouse

Cape Byron Light House

23/07/2003 8:00

23/07/2003 11:30

Vessel Seahorse

Byron Bay

25/07/2003 7:45

25/07/2003 15:15

Vessel Seahorse

Byron Bay

26/07/2003 12:15 26/07/2003 14:16

Land

North Lennox Head

North Lennox Head

26/07/2003 14:20 26/07/2003 17:00

Land

North Lennox Head

North Lennox Head

27/07/2003 14:00 27/07/2003 17:16

Vessel Ironbark

Northern Break Wall Ballina

28/07/2003 11:00 28/07/2003 14:00

Vessel Kayak

Cape Byron Light House
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Start Date &
Time

Stop Date &
Time

Survey
Type

4/08/2003 15:15

4/08/2003 16:51

7/08/2003 11:45

7/08/2003 14:15

8/08/2003 12:08

8/08/2003 12:38

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

8/08/2003 12:45

8/08/2003 13:15

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

8/08/2003 13:24

8/08/2003 13:54

Land

North Lennox Head

North Lennox Head

8/08/2003 14:05

8/08/2003 14:35

Land

South Lennox Head

South Lennox Head

5/10/2003 7:25

5/10/2003 12:25

Land

Broken Head

Broken Head

6/10/2003 7:05

6/10/2003 9:36

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

6/10/2003 9:49

6/10/2003 12:07

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

8/10/2003 9:30

8/10/2003 12:30

Vessel Kayak

Cape Byron Light House

9/10/2003 7:40

9/10/2003 14:00

Vessel Seahorse

Byron Bay

Land

Platform
Cape Byron Lighthouse

Vessel Kayak

Site Name
Cape Byron Light House
Cape Byron Light House

10/10/2003 12:00 10/10/2003 16:15

Land

Cape Byron Lighthouse

Cape Byron Light House

11/10/2003 7:10

11/10/2003 10:45

Land

Cape Byron Lighthouse

Cape Byron Light House

15/10/2003 8:40

15/10/2003 11:30

Vessel Kayak

Cape Byron Light House

16/10/2003 7:20

16/10/2003 12:33

Vessel Seahorse

Byron Bay

17/10/2003 12:15 17/10/2003 17:15
18/10/2003 8:00

18/10/2003 12:00

Land

Cape Byron Lighthouse

Cape Byron Light House

Vessel Kayak

Cape Byron Light House

18/10/2003 12:05 18/10/2003 15:15

Vessel Ironbark

Ballina

21/10/2003 7:20

21/10/2003 15:02

Vessel Seahorse

Byron Bay

22/10/2003 9:07

22/10/2003 12:40

23/10/2003 7:10

23/10/2003 14:00

Vessel Seahorse

Byron Bay

24/10/2003 7:15

24/10/2003 11:45

Vessel Ironbark

Ballina

25/10/2003 7:15

25/10/2003 12:05

Land

Cape Byron Lighthouse

Cape Byron Light House

27/10/2003 12:27 27/10/2003 17:00

Land

Broken Head

Broken Head

Land

Cape Byron Lighthouse

Cape Byron Light House

30/10/2003 7:40

30/10/2003 15:20

Vessel Seahorse

Byron Bay

1/11/2003 10:05

1/11/2003 17:20

Vessel Seahorse

Byron Bay

2/11/2003 9:30

2/11/2003 12:30

Vessel Kayak

Cape Byron Light House

2/11/2003 10:22

2/11/2003 11:05

9/01/2004 9:00

9/01/2004 12:00

Vessel Ironbark

Ballina

11/01/2004 8:49

11/01/2004 12:12

Vessel Ironbark

Ballina

15/01/2004 9:30

15/01/2004 12:15

Vessel Kayak

Cape Byron Light House

18/01/2004 7:15

18/01/2004 12:06

Land

Land

Cape Byron Lighthouse

Cape Byron Lighthouse

Cape Byron Light House

Cape Byron Light House
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Start Date &
Time
18/01/2004 9:30

Stop Date &
Time
18/01/2004 12:15

20/01/2004 15:18 20/01/2004 18:04
20/01/2004 15:30 20/01/2004 17:30

Survey
Type

Platform

Vessel Kayak
Land

Cape Byron Lighthouse

Vessel Kayak
Land

Cape Byron Lighthouse

Site Name
Cape Byron Light House
Cape Byron Light House
Cape Byron Light House

21/01/2004 7:05

21/01/2004 12:47

21/01/2004 9:20

21/01/2004 12:00

Vessel Kayak

Cape Byron Light House

21/01/2004 9:20

21/10/2004 12:00

Vessel Kayak

Cape Byron Light House

22/01/2004 7:36

22/01/2004 12:54

Vessel Ironbark

Ballina

22/01/2004 7:40

22/01/2004 9:20

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

22/01/2004 9:37

22/01/2004 12:45

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

23/01/2004 8:10

23/01/2004 10:17

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

23/01/2004 8:21

23/01/2004 13:00

Vessel Ironbark

Cape Byron Light House

Ballina

23/01/2004 10:52 23/01/2004 12:20

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

24/01/2004 7:10

24/01/2004 11:40

Land

Cape Byron Lighthouse

Cape Byron Light House

24/01/2004 7:46

24/01/2004 12:20

Vessel Seahorse

Byron Bay

24/01/2004 7:46

24/01/2004 12:20

Vessel Seahorse

Byron Bay

25/01/2004 9:10

25/01/2004 13:30

Vessel Ironbark

Ballina

Vessel Kayak

Cape Byron Light House

26/01/2004 11:15 26/01/2004 12:50
27/01/2004 7:30

27/01/2004 12:30

27/01/2004 7:40

27/01/2004 14:25

28/01/2004 7:10

28/01/2004 12:00

28/01/2004 9:13

28/01/2004 12:15

29/01/2004 10:30 29/01/2004 13:00
29/01/2004 11:20 29/01/2004 16:40

Land

Cape Byron Lighthouse

Vessel Seahorse
Land

Cape Byron Lighthouse

Vessel Kayak
Land

Northern Break Wall Ballina

Vessel Ironbark

Cape Byron Light House
Byron Bay
Cape Byron Light House
Cape Byron Light House
Northern Break Wall Ballina
Ballina

29/01/2004 13:15 29/01/2004 14:30

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

30/01/2004 7:10

30/01/2004 10:50

Land

Cape Byron Lighthouse

Cape Byron Light House

30/01/2004 9:10

30/01/2004 11:45

31/01/2004 7:41

31/01/2004 11:08

31/01/2004 8:20

31/01/2004 13:40

31/01/2004 8:40

31/01/2004 11:25

Land

North Lennox Head

North Lennox Head

2/02/2004 7:05

2/02/2004 13:18

Land

Cape Byron Lighthouse

Cape Byron Light House

4/02/2004 7:40

4/02/2004 11:39

Land

Cape Byron Lighthouse

Cape Byron Light House

4/02/2004 9:10

4/02/2004 11:10
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Land

South Lennox Head

Vessel Seahorse

Vessel Kayak

Cape Byron Light House
South Lennox Head
Lennox Head

Cape Byron Light House
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Start Date &
Time

Stop Date &
Time

Survey
Type

Platform

Vessel Seahorse

Site Name

5/02/2004 7:00

5/02/2004 12:15

5/02/2004 7:54

5/02/2004 11:30

Land

Broken Head

Broken Head

6/02/2004 9:05

6/02/2004 12:00

Land

Cape Byron Lighthouse

Cape Byron Light House

6/02/2004 9:10

6/02/2004 12:00

Vessel Kayak

Cape Byron Light House

7/02/2004 8:45

7/02/2004 14:43

Vessel Ironbark

Ballina

7/02/2004 8:55

7/02/2004 11:16

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

7/02/2004 11:16

7/02/2004 12:30

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

8/02/2004 9:00

8/02/2004 11:45

8/02/2004 9:02

8/02/2004 12:25

Land

Cape Byron Lighthouse

Cape Byron Light House

9/02/2004 8:37

9/02/2004 10:40

Land

North Lennox Head

North Lennox Head

9/02/2004 9:05

9/02/2004 13:53

9/02/2004 10:46

9/02/2004 12:37

10/02/2004 9:08

10/02/2004 13:05

10/02/2004 9:08

10/02/2004 12:31

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

12/02/2004 7:30

12/02/2004 10:30

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

12/02/2004 9:13

12/02/2004 13:00

Vessel Kayak

Vessel Ironbark
Land

South Lennox Head

Vessel Ironbark

Vessel Ironbark

Byron Bay

Cape Byron Light House

Lennox Head
South Lennox Head
Ballina

Ballina

12/02/2004 11:00 12/02/2004 12:30

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

13/02/2004 7:30

13/02/2004 11:40

Land

Cape Byron Lighthouse

Cape Byron Light House

13/02/2004 9:25

13/02/2004 12:00

Vessel Kayak

Cape Byron Light House

14/02/2004 7:15

14/02/2004 12:30

Vessel Ironbark

Lennox Head

14/02/2004 8:00

14/02/2004 11:25

Land

North Lennox Head

North Lennox Head

14/02/2004 8:15

14/02/2004 11:15

Land

South Lennox Head

South Lennox Head

15/02/2004 8:35

15/02/2004 12:05

Land

Cape Byron Lighthouse

Cape Byron Light House

15/02/2004 9:10

15/02/2004 12:45

16/02/2004 8:20

16/02/2004 11:30

16/02/2004 9:05

16/02/2004 14:00

Vessel Ironbark

Ballina

19/02/2004 8:08

19/02/2004 14:00

Vessel Seahorse

Byron Bay

19/02/2004 9:00

19/02/2004 12:06

21/02/2004 8:45

21/02/2004 13:30

21/02/2004 9:10

21/02/2004 12:08

22/02/2004 9:00

22/02/2004 14:21

3/04/2004 9:50

3/04/2004 11:35

Vessel Kayak
Land

Land

Northern Break Wall Ballina

Cape Byron Lighthouse

Vessel Ironbark
Land

Northern Break Wall Ballina

Vessel Ironbark
Land

Northern Break Wall Ballina

Cape Byron Light House
Northern Break Wall Ballina

Cape Byron Light House
Ballina
Northern Break Wall Ballina
Ballina
Northern Break Wall Ballina
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Start Date &
Time

Stop Date &
Time

Survey
Type

Platform

3/04/2004 9:59

3/04/2004 11:18

4/04/2004 7:14

4/04/2004 12:00

4/04/2004 9:20

4/04/2004 11:30

6/04/2004 7:11

6/04/2004 11:45

Land

Cape Byron Lighthouse

Cape Byron Light House

7/04/2004 7:11

7/04/2004 12:03

Land

Cape Byron Lighthouse

Cape Byron Light House

8/04/2004 7:05

8/04/2004 12:00

Land

Cape Byron Lighthouse

Cape Byron Light House

9/04/2004 8:10

9/04/2004 10:15

Land

North Lennox Head

North Lennox Head

10/04/2004 7:20

10/04/2004 8:05

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

10/04/2004 9:05

10/04/2004 14:08

11/04/2004 7:00

11/04/2004 12:05

11/04/2004 8:00

11/04/2004 12:00

Vessel Kayak

Cape Byron Light House

12/04/2004 7:45

12/04/2004 14:00

Vessel Seahorse

Byron Bay

13/04/2004 7:08

13/04/2004 22:05

13/04/2004 8:05

13/04/2004 11:15

13/04/2004 10:27 13/04/2004 12:00

Vessel Ironbark

Site Name

Land

Cape Byron Lighthouse

Vessel Kayak

Vessel Ironbark
Land

Land

Cape Byron Lighthouse

North Lennox Head

Vessel Seahorse
Land

South Lennox Head

Cape Byron Light House
Cape Byron Light House

Ballina
Cape Byron Light House

North Lennox Head
Lennox Head
South Lennox Head

14/04/2004 7:49

14/04/2004 13:54

14/04/2004 8:30

14/04/2004 13:15

Land

Cape Byron Lighthouse

Cape Byron Light House

15/04/2004 7:20

15/04/2004 12:05

Land

Cape Byron Lighthouse

Cape Byron Light House

15/04/2004 9:15

15/04/2004 12:15

16/04/2004 7:25

16/04/2004 12:00

16/04/2004 9:20

16/04/2004 12:20

17/04/2004 7:00

17/04/2004 12:00

17/04/2004 7:25

17/04/2004 10:45

18/04/2004 7:20

18/04/2004 12:03

Land

Cape Byron Lighthouse

Cape Byron Light House

1/08/2004 9:55

1/08/2004 14:00

Land

Cape Byron Lighthouse

Cape Byron Light House

1/08/2004 11:00

1/08/2004 13:40

Vessel Kayak

Cape Byron Light House

2/08/2004 8:26

2/08/2004 13:06

Vessel Ironbark

Ballina

3/08/2004 7:40

3/08/2004 10:40

Land

Cape Byron Lighthouse

Cape Byron Light House

4/08/2004 7:35

4/08/2004 8:38

Land

Cape Byron Lighthouse

Cape Byron Light House

4/08/2004 9:05

4/08/2004 12:06

Land

Broken Head

Broken Head

5/08/2004 7:29

5/08/2004 14:00

5/08/2004 7:33

5/08/2004 12:10
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Vessel Seahorse

Northern Break Wall Ballina

Vessel Kayak
Land

Cape Byron Lighthouse

Vessel Kayak
Land

Lighthouse Beach Lookout

Vessel Ironbark

Vessel Seahorse
Land

Broken Head

Byron Bay

Cape Byron Light House
Cape Byron Light House
Cape Byron Light House
Lighthouse Beach Lookout
Ballina

Byron Bay
Broken Head
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Start Date &
Time

Stop Date &
Time

Survey
Type

Platform

Vessel Ironbark

Site Name

6/08/2004 9:17

6/08/2004 12:26

6/08/2004 9:50

6/08/2004 12:00

Land

South Lennox Head

South Lennox Head

7/08/2004 7:27

7/08/2004 10:22

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

7/08/2004 9:40

7/08/2004 14:48

7/08/2004 10:42

7/08/2004 12:30

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

8/08/2004 7:30

8/08/2004 9:50

Land

North Lennox Head

North Lennox Head

8/08/2004 10:00

8/08/2004 12:42

Land

South Lennox Head

South Lennox Head

8/08/2004 10:32

8/08/2004 14:30

9/08/2004 7:20

9/08/2004 12:40

9/08/2004 11:00

9/08/2004 14:00

Vessel Kayak

Cape Byron Light House

10/08/2004 7:40

10/08/2004 15:30

Vessel Seahorse

Byron Bay

Vessel Ironbark

Vessel Ironbark
Land

Cape Byron Lighthouse

Ballina

Ballina

Lennox Head
Cape Byron Light House

10/08/2004 10:30 10/08/2004 13:31

Land

Cape Byron Lighthouse

Cape Byron Light House

11/08/2004 8:50

Land

Cape Byron Lighthouse

Cape Byron Light House

11/08/2004 13:41

11/08/2004 11:00 11/08/2004 13:30
12/08/2004 7:15

12/08/2004 9:33

12/08/2004 8:40

12/08/2004 12:25

12/08/2004 9:50

12/08/2004 12:00

12/08/2004 14:26 12/08/2004 17:40
13/08/2004 9:50

13/08/2004 15:12

Vessel Kayak
Land

North Lennox Head

Vessel Ironbark
Land

South Lennox Head

Vessel Ironbark
Land

Cape Byron Lighthouse

Cape Byron Light House
North Lennox Head
Lennox Head
South Lennox Head
Ballina
Cape Byron Light House

13/08/2004 11:10 13/08/2004 13:20

Vessel Kayak

Cape Byron Light House

22/08/2004 9:00

22/08/2004 13:50

Vessel Ironbark

Ballina

22/08/2004 9:00

22/08/2004 11:10

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

22/08/2004 11:30 22/08/2004 12:57

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

9/10/2004 8:30

9/10/2004 15:00

10/10/2004 7:30

10/10/2004 12:35

Land

Cape Byron Lighthouse

Cape Byron Light House

11/10/2004 7:30

11/10/2004 12:20

Land

Cape Byron Lighthouse

Cape Byron Light House

11/10/2004 9:30

11/10/2004 12:20

Land

Cape Byron Lighthouse

Cape Byron Light House

12/10/2004 7:45

12/10/2004 11:20

Land

Cape Byron Lighthouse

Cape Byron Light House

13/10/2004 7:20

13/10/2004 11:50

Land

Broken Head

Broken Head

14/10/2004 7:30

14/10/2004 9:55

Land

North Lennox Head

North Lennox Head

14/10/2004 10:00 14/10/2004 12:20

Land

South Lennox Head

South Lennox Head

15/10/2004 7:45

Land

Broken Head

Broken Head

15/10/2004 12:00

Vessel Ironbark

Lennox Head
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Start Date &
Time

Stop Date &
Time

Survey
Type

16/10/2004 7:20

16/10/2004 12:20

Land

16/10/2004 9:30

16/10/2004 11:50

17/10/2004 7:10

17/10/2004 8:15

Land

Cape Byron Lighthouse

Cape Byron Light House

20/10/2004 7:30

20/10/2004 12:30

Land

Cape Byron Lighthouse

Cape Byron Light House

21/10/2004 7:25

21/10/2004 11:25

Land

Cape Byron Lighthouse

Cape Byron Light House

22/10/2004 7:40

22/10/2004 12:10

Land

Broken Head

Broken Head

23/10/2004 8:39

23/10/2004 10:00

Land

Northern Break Wall Ballina

Northern Break Wall Ballina

23/10/2004 9:30

23/10/2004 15:30

Platform
Cape Byron Lighthouse

Vessel Kayak

Vessel Ironbark

Site Name
Cape Byron Light House
Cape Byron Light House

Lennox Head

23/10/2004 10:09 23/10/2004 10:40

Land

Lighthouse Beach Lookout

Lighthouse Beach Lookout

24/10/2004 8:00

24/10/2004 13:30

Land

Cape Byron Lighthouse

Cape Byron Light House

4/11/2004 10:20

4/11/2004 13:20

Vessel Ironbark

Ballina

10/11/2004 9:30

10/11/2004 12:20

Vessel Kayak

Cape Byron Light House

13/11/2004 8:40

13/11/2004 11:58

Vessel Ironbark

Ballina

1/12/2004 9:20

1/12/2004 12:30

Vessel Ironbark

Ballina

4/12/2004 8:00

4/12/2004 10:20

Land

Cape Byron Lighthouse

Cape Byron Light House

5/12/2004 8:20

5/12/2004 13:05

Land

Cape Byron Lighthouse

Cape Byron Light House

6/12/2004 8:18

6/12/2004 13:30

Land

Cape Byron Lighthouse

Cape Byron Light House

10/12/2004 7:34

10/12/2004 12:35

Land

Cape Byron Lighthouse

Cape Byron Light House

11/12/2004 7:35

11/12/2004 12:00

Land

Broken Head

Broken Head

12/12/2004 7:25

12/12/2004 9:40

Land

North Lennox Head

North Lennox Head

12/12/2004 9:00

12/12/2004 15:00

12/12/2004 9:50

12/12/2004 12:05

13/12/2004 7:40

13/12/2004 9:40

13/12/2004 7:45

13/12/2004 12:50

14/12/2004 6:45

14/12/2004 12:55

Vessel Seahorse

Byron Bay

15/12/2004 8:07

15/12/2004 12:15

Vessel Ironbark

Ballina

16/12/2004 7:50

16/12/2004 12:14

16/12/2004 10:15 16/12/2004 12:15
17/12/2004 8:40

17/12/2004 12:46

17/12/2004 9:30

17/12/2004 12:30

18/12/2004 10:30 18/12/2004 13:30
19/12/2004 7:35
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19/12/2004 12:15

Vessel Ironbark
Land

South Lennox Head

Vessel Kayak
Land

Land

Cape Byron Lighthouse

Cape Byron Lighthouse

Vessel Kayak
Land

Cape Byron Lighthouse

Lennox Head
South Lennox Head
Cape Byron Light House
Cape Byron Light House

Cape Byron Light House
Cape Byron Light House
Cape Byron Light House

Vessel Kayak

Cape Byron Light House

Vessel Ironbark

Ballina

Land

Cape Byron Lighthouse

Cape Byron Light House
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Start Date &
Time

Stop Date &
Time

Survey
Type

Platform

Site Name

6/02/2005 9:05

6/02/2005 11:40

Vessel Kayak

Cape Byron Light House

15/02/2005 7:20

15/02/2005 14:00

Vessel Seahorse

Byron Bay

15/02/2005 7:33

15/02/2005 12:30

23/02/2005 8:23

23/02/2005 14:00

23/02/2005 9:00

23/02/2005 13:00

Land

Cape Byron Lighthouse

Vessel Seahorse
Land

Cape Byron Lighthouse

Cape Byron Light House
Byron Bay
Cape Byron Light House

24/02/2005 10:30 24/02/2005 14:30

Vessel Seahorse

Ballina

25/02/2005 8:35

25/02/2005 13:30

Vessel Ironbark

Ballina

26/02/2005 8:45

26/02/2005 12:50

12/04/2005 8:30

12/04/2005 12:10

Vessel Seahorse

Byron Bay

7/06/2005 7:25

7/06/2005 13:00

Vessel Seahorse

Byron Bay

7/06/2005 7:40

7/06/2005 12:00

9/06/2005 7:25

9/06/2005 13:44

Land

Land

Cape Byron Lighthouse

Cape Byron Lighthouse

Cape Byron Light House

Cape Byron Light House

Vessel Seahorse

Byron Bay

13/09/2005 10:16 13/09/2005 16:27

Vessel Ironbark

Lennox Head

14/09/2005 7:25

14/09/2005 16:20

Vessel Seahorse

Byron Bay

12/11/2005 6:13

12/11/2005 15:15

Vessel Seahorse

Byron Bay

16/01/2006 6:09

16/01/2006 13:30

Vessel Seahorse

Byron Bay

17/01/2006 6:30

17/01/2006 14:00

Vessel Seahorse

Broken Head

18/01/2006 9:05

18/01/2006 11:00

Vessel Kayak

Cape Byron Light House

24/01/2006 7:30

24/01/2006 13:00

25/01/2006 9:10

25/01/2006 11:10

Vessel Kayak

Cape Byron Light House

27/01/2006 6:44

27/01/2006 11:00

Vessel Ironbark

Ballina

28/01/2006 7:30

28/10/2006 19:30

Vessel Ironbark

Byron Bay

29/01/2006 5:30

29/01/2006 9:00

Vessel Ironbark

Byron Bay

30/01/2006 7:00

30/01/2006 12:46

31/01/2006 6:25

31/01/2006 13:30

Vessel Seahorse

Byron Bay

1/02/2006 6:22

1/02/2006 13:30

Vessel Seahorse

Byron Bay

2/02/2006 6:15

2/02/2006 14:30

Vessel Seahorse

Byron Bay

3/02/2006 7:44

3/02/2006 11:00

3/02/2006 11:30

3/02/2006 13:45

Vessel Kayak

Cape Byron Light House

4/02/2006 9:15

4/02/2006 13:30

Vessel Ironbark

Ballina

5/02/2006 9:45

5/02/2006 12:30

Vessel Ironbark

Ballina

Land

Land

Land

Cape Byron Lighthouse

Cape Byron Lighthouse

Cape Byron Lighthouse

Cape Byron Light House

Cape Byron Light House

Cape Byron Light House
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APPENDIX F: MAP OF ALL DOLPHIN LOCATIONS FROM
VESSEL-BASED SURVEYS

Dolphin sightings within Ballina and Lennox Head survey areas
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Dolphin sightings in Byron Bay and Broken Head survey areas
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APPENDIX G: RESULTS OF LIKELIHOOD RATIO TESTS
Table: Results of likelihood ratio tests. Note: Null = whistle parameter data; vb = vessel behaviour; calf = calf
presence/absence; calf + vb = calf and vessel behaviour data effect; calf*vb = calf and vessel behaviour data
interaction.

Model
Yacht - Sine
(ib_sine_vb1345)

Yacht - Flat
(ib_flat_vb134)

Yacht - Concave
(ib_concave_vb34)

Yacht – Rise
(ib_rise_vb1345)

Motor - Sine
(sh_sine_vb34)
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acoustic parameter
start frequency
end frequency
low frequency
high frequency
duration (natural log)
start frequency
end frequency
low frequency
high frequency
duration (natural log)
start frequency
end frequency
low frequency
high frequency
duration (natural log)
start frequency
end frequency
low frequency
high frequency
duration (natural log)
start frequency
end frequency
low frequency
high frequency
duration (natural log)

-2*loglikelihood output values
Null
Vb
calf
4080.797
4075.152
4079.456
4161.500 4161.610 4152.908
4151.494 4150.646 4147.826
4361.749 4358.138 4361.470
330.452
330.262
330.303
477.295
459.833
477.272
469.892
458.920
470.022
486.188
485.725
477.277
488.229
471.610
487.196
-24.574
-28.105
-27.789
835.791
835.794
842.186
837.739
836.692
830.784
757.905
749.733
844.419
859.187
857.576
844.396
38.694
31.785
38.351
1703.111
1696.938
1702.953
1880.062 1878.119 1880.007
1773.822 1769.608 1773.969
1818.487 1814.608 1818.489
132.021
124.251
130.117
3933.188 3933.322 3932.800
4160.616
4160.099
4160.803
3876.699
3877.024
3875.744
4029.122 4027.938 4029.450
228.815
228.815
228.331

calf + vb
4073.000
4153.054
4145.822
4357.063
330.262
477.309
462.426
486.025
486.770
-27.995
833.921
829.501
749.070
841.575
29.293
1697.229
1877.546
1769.958
1814.603
123.134
3932.217
4159.439
3875.601
4028.133
228.992

calf * vb
4073.702
4140.525
4143.396
4356.673
330.628
477.315
462.426
486.028
486.772
-27.986
833.93
829.502
n/a
841.570
29.286
1697.48
1877.076
1770.398
1814.863
123.611
n/a
n/a
n/a
n/a
n/a

DOLPHIN TOURISM

Yacht - Sine
(ib_sine_vb:
1,3,4,5)

χ²

df

Sf

5.64

4

Ef

-0.11

4

Lf

0.85

Hf

p

χ²

0.23 1.34

df

χ²

df

1

0.25 6.46

4

8.59

1

0.00 -0.15

4

4

0.93 3.67

1

0.06 2.00

3.61

4

0.46 0.28

1

LnDur 0.19

4

1.00 0.15

1

-

Yacht – Flat

Sf

17.46

3

0.00 0.02

1

(ib_flat_vb:1
,3,4)

Ef

10.97

3

0.01 -0.13

1

Lf

0.46

3

0.93 8.91

Hf

16.62

3

LnDur 3.53

3

Yacht Concave
(ib_concave
_vb:3,4)

p

Sf

0.00

2

Ef

1.05

2

Lf

8.17

2

1

4

0.74 4.82

1

0.03 4.43

4

0.35 7.25

1

0.01

0.60 4.41

4

0.35 1.07

1

0.30 4.80

4

0.31 1.47

1

0.23

0.70 0.04

4

1.00 0.00

1

1.00 -0.32

4

3

17.48

1

-

-0.04

3

0.57 -3.51

1

-

7.60

3

-

1

0.31 0.43

0.32 3.22

1

0.07 0.21

-

-

0.20

3

0.98 -0.12

1

-

8.26

2

0.02 1.87

1

0.17 8.26

2

0.02 1.86

1

0.17

0.01 1.28

2

0.53 7.19
<0.0
1
0.66

1

0.01 1.28

2

0.53 7.19

1

0.01

1

0.42

2
2

-

95.35

2

Yacht – Rise

Sf

6.17

4

0.86 0.16

1

0.69 5.72

4

0.22 -0.29

1

(ib_rise_vb:1
,3,4,5)

Ef

1.94

4

0.13 0.05

1

0.81 2.46

4

0.65 0.57

1

Lf

4.21

4

0.61 -0.15

1

-

4.01

4

0.40 -0.35

1

Hf

3.88

4

0.54 0.00

1

-

3.89

4

0.42 0.00

LnDur 7.77

4

0.95 1.90

1

0.17 6.98

4

0.39

1

0.53 0.58

0.10 -0.19

1

LnDur 0.00

2

0.33 -0.33

1

2

1.00 0.48

1

-

1

-

-

1

-

0.24 16.01

1

<0.0
1

2

0.01 2.50

1

0.11

5.47

4

0.24 -0.54

1

-

0.45 2.93

0.11 9.07

1.18

1

0.98 -0.11

1

Hf

-

3

0.01 2.49

1

1

3

2

0.95

-

0.42

0.56 9.06

-

1

-

1

2

0.06 -3.51

1

0.99 0.34

-0.32

-

3

2

Lf

1

-0.30
0.94 15.16

LnDur 6.91

2

-

3

1

0.52

-

-8.75

0.24 16.00

Ef

1

17.48

-

2

-

-0.37

1

0.00 2.82

2

-

-0.30
0.93 15.16

-

-

1

-0.13

vb v calf*vb

calf v calf*vb
0.01 21.09

0.48 14.79

Sf

p

4

2

(sh_sine_vb:
3,4)

df

0.00 12.38

1.61

Motor - Sine

χ²

1

-

<0.0
1
2.83

Hf

p

8.56

0.00 1.03

1

df

0.23
<0.0
1

3

1

χ²

1

0.00 -8.75

0.28 6.96
1.00 86.51

p

0.22 1.45

0.88 -0.04

0.17 2.15

df

4

1

1

χ²

0.14 5.75

3

-6.39

p

1

7.60

-

vb v calf + vb

calf v calf + vb

Null v calf

Null v vb

Acoustic Parameter

Model

Table: Results from -2*loglikelihood model comparisons. Figures highlighted in red are significant. Note: Null =
whistle parameter data; vb = vessel behaviour; calf = calf presence/absence; calf + vb = calf and vessel
behaviour data effect; calf*vb = calf and vessel behaviour data interaction; Sf = Start frequency; Ef = End
frequency, Lf = Low frequency; Hf = High frequency; LnDur = Natural log of duration; χ² = Chi Square; p =
probability; df = degrees of freedom; Vessel behaviours (vb) 1 = travel; 2 = circling; 3 = passive approach; 4 =
idle; 5 = passive travelling; 6 = direct approach.
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APPENDIX H: RECOMMENDED DOLPHIN-WATCHING
PROTOCOL FOR RECREATIONAL AND COMMERCIAL
VESSELS
Recommended Dolphin-Watching Protocol for
Recreational and Commercial Vessels
Recommendations outlined below have been developed for both recreational and commercial vessel users and
marine resource managers who use coastal and estuarine environments. These recommendations apply to vessels
that are permitted under the Australian Whale and Dolphin Watching Guidelines to approach and watch dolphins
(motorised vessels, paddle and/or sail craft). Personal motorised vessels (e.g. jet skis and underwater scooters,
are prohibited from approaching dolphins. All vessels should act in accordance with state and national dolphinwatching guidelines. Recommendations outlined below include both recommendations from state (NSW) and
national guidelines. Some additional recommendations are also made, in addition to simple explanations and
practical suggestions for vessel operators. These recommendations aim to enhance conservation and protection
measures for dolphins in coastal regions of Australia.

1) Approaching dolphins
• All vessels should approach a group of dolphins from behind and parallel to their direction of travel.
Vessel speed should be steadily reduced when within 150m of dolphins with no sudden changes in
acceleration or direction.
o If dolphins are milling, socialising or feeding, the direction of travel may be unclear. Under
these circumstances, the vessel should be slowed at 150m and the behaviour of the dolphins
assessed. If feeding, the vessel should avoid approaching closer and give the dolphins a girth to
avoid disturbing the dolphins’ prey. If the dolphins are travelling, milling or socialising, the
vessel should proceed with no quick changes in acceleration, gear changes, sudden changes in
movements or travel direction. Fewer disturbances are caused when a vessel behaves
consistently when in the vicinity of a pod of dolphins.
o If a pod contains mothers and calves, caution should be made and vessels should not approach
closer than 100m, particularly if the pod is milling or feeding or if a newborn (foetal fold) calf
is present.
• Vessels should not approach dolphins closer than 50m.
• Vessels should not purposefully be positioned in front of the dolphins travel path.
• Vessels should not travel through a pod of dolphins under any circumstances.
o Dolphins are less likely to approach or interact (e.g. bowride or wake-ride) when vessels are
driven through a pod from any direction.
o A significant amount of stress to dolphins can be created, particularly in young calves, when
vessels are driven aggressively (with unpredictable movements or rapid changes in
acceleration) and invasively (driven through the pod from any direction).

2) When watching dolphins from vessels
• Maintain the vessels’ position parallel to and slightly behind the dolphins’ direction of travel.
• Vessels should not purposefully remain in close proximity (50m-150m) with dolphins for more than 20
minutes.
o Dolphins will often begin to avoid vessels if vessels remain in close proximity (50m) for more
than 20 minutes.
• No more than three motorised vessels should be within 150m of dolphins at any time.
• Touching dolphins is not permitted under any circumstances under the Australian Dolphin and Whale
Watching regulations.
o Pathogens and bacteria from humans are easily passed on to dolphins if physical contact is
made. This can cause illness and death in dolphins.
• Do not purposefully create noise to attract dolphins to a vessel.
• Do not attempt to feed wild dolphins either by hand or by throwing fish or other objects to them.
• If dolphins show any signs of disturbance, the vessel should immediately move away from the dolphins
(preferably more than 300m away).
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3) Moving away from dolphins
• When moving away from dolphins, the vessel should be operated in a similar fashion to an approach—with
slow speed to 150m then accelerated steadily with predictable directionality.

4) If dolphins approach the vessel
• If dolphins are bow-riding or interacting with the vessel, the speed and direction of travel should remain
consistent. If the vessel needs to be stopped, the speed of the vessel should be gradually reduced.
• Dolphins have been found to approach and interact (e.g. bowride) more with vessels when driven with
predictability (i.e. speed and direction of travel remains consistent at distances of more than 50m or if
vessel remains at least 50m from the pod and is idle).

5) Additional recommendations for specific vessel types
It has been found that different types of vessels can have different affects on the behaviour of dolphins. The
following recommendations have been developed to address specific issues found with different types of vessels.

Kayaks
• Kayaks and other paddle craft should be operated similar to other vessels—with predictable direction of
travel and remain at a distance of at least 50m from dolphins.
• If more than one kayak is present or more than one kayak is travelling together:
o Kayaks should remain as close as possible when approaching dolphins.
o Kayaks should approach dolphins from the same direction (preferably from behind and parallel
to the dolphins’ direction of travel).
o When observing dolphins, it is recommended that kayaks remain idle and ‘raft’ (i.e. hold
kayaks together) to avoid kayaks drifting and spreading in close proximity to dolphins.
 If more than one kayak approaches a pod of dolphins in a spread formation or from
different directions, this can cause dolphins to become displaced (i.e. dolphins stop
what they are doing and move to another area away from the cause of disturbance),
altering their behaviour and causing considerable disturbance.

Surfers
• It has been found that dolphins will approach stationary or idle surfers more than those that attempt to
approach dolphins. Dolphins have been found to be disturbed and avoid areas where surfers are present
following repeated approaches from surfers. It is therefore recommended that surfers do not attempt to
approach or follow dolphins. If a surfer does attempt to approach dolphins, it is recommended that they
travel from behind and parallel to the dolphins (as outlined above).

Motorised and sail vessels
• It is recommended that any vessel with an engine be serviced regularly to keep the level of noise created
from the engines to a minimum.
• Engines that are damaged or unserviced can also cause considerable levels of pollution in local waterways.
• Cavitation caused by damaged propellers can also generate excessive levels of noise in the coastal
environment.
o Noise created by vessels can disturb the communication of dolphins. As dolphins rely on
acoustics in the marine environment to remain in contact with other group members, to locate
food and to navigate, excessive noise pollution can disrupt these important components of
communication.
It is important to ensure each vessel encounter with dolphins has minimal disturbance to dolphins. It is also
important to ensure that any interaction with dolphins is on their terms. If a vessel’s behaviour remains
predictable with consistent travel speed and direction and the vessel remains at least 50m from the pod, dolphins
are then able to choose to approach the vessel.
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