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Abstract 

There are approximately 1,500 tour boat operators with a combined fleet of approximately 

3,800 vessels offering various sailing, fishing and diving activities in Australia’s marine 

environments.  Many of these operate within marine protected areas (MPAs), such as the 

Great Barrier Reef Marine Park (GBRMP), and have the potential to adversely impact on 

human health and the environment from the operation of their vessels.  These boating 

related environmental impacts stem from emissions and/or discharges of sewage, garbage, 

oil, greenhouse gases, antifouling agents and the physical disturbance of substrates, flora 

and fauna from anchoring, grounding, engine/propeller noise, vessel movement, etc..  

There are, however, various measures available to promote more sustainable management 

of these boating related environmental impacts that involve regulation, voluntary programs 

and economic prompts.  This thesis investigates the specific boating related environmental 

impacts of the industry on the marine environment and identifies opportunities to improve 

the environmental performance of Australian tour boat operators with respect to the 

operation of their vessels.  Fieldwork was undertaken in Cairns, the Whitsundays, the 

Moreton Bay/Gold Coast region, Sydney, Melbourne, Broome and Exmouth.  This thesis 

provides the first account of the standards and practices of the Australian tour boat 

industry making an original contribution to this field through the collection, presentation 

and interpretation of the new data.  It also identified that the most effective ways to 

promote this is through the better education of operators to promote behavioural changes 

and practical measures on board.  It is argued that a national tour boat operator 

organisation could assist in reducing environmental impacts and making the industry more 

sustainable. 
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PSPPSA:  Protection of the Sea (Prevention of 
Pollution from Ships) Act 1983 (Cth). 

PWC:  Personal Watercraft, such as jet skis, 
wave runners and wave riders, for 
example. 

QLD:  Queensland. 

SME:  Small to Medium Enterprise. 

TBT:  Tributyltin. 

TOMPA:  Transport Operations (Marine 
Pollution) Act 1995 (QLD). 

TSB:  Territorial Sea Baseline. 

UK:  United Kingdom. 

UN:  United Nations. 

UNCLOS:  United Nations Convention on the 
Law of the Sea. 

UNEP:  United Nations Environment 
Programme. 

UNFCCC:  United Nations Framework 
Convention on Climate Change. 

USA or US:  United States of America or 
United States. 

USL Code:  Uniform Shipping Laws Code. 

VIC:  Victoria. 

WA:  Western Australia. 

WHO:  World Health Organisation. 
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1 GENERAL INTRODUCTION 

1.1 RESEARCH PROBLEM 
Coastal and marine tourism has become one of Australia’s largest and fastest growing industries 

(many aspects of human activity in coastal areas are related to tourism) (Zann  1996; Tour 

Operators Fishing Working Group of Western Australia (TOFWGWA)  1998).  The demand to 

experience wildlife in their natural environment is growing rapidly, particularly in the case of 

marine animals such as dolphins and whales (Davis et al.  1997), with an estimated 

600,000 people per annum having participated in whale and dolphin watching activities in 

Australia in the mid 1990s (Davis et al.  1997).  This trend seems set to continue and is likely to 

increase with a further growth in the number of tourists coming to Australia (an increase of 

approximately 12.5% for the period 1997-2002; Bureau of Tourism Research (BTR)  2003).  

Concomitant with this increase will invariably be an increase in boat-based tourism activities in 

the marine environment and with it the associated increase in boating related environmental 

impacts.  While there are no reliable data for the whole of Australia, figures for Western 

Australia (WA) showed a 337% increase in the number of aquatic charter operators between 

1990 and 1997 (Tour Operators Fishing Working Group of Western Australia (TOFWGWA)  

1998) and that the expedition cruise industry operating in the remote Kimberley region of 

northern Western Australia alone grew by approximately 3,000% from a single vessel and 

operator in 1980 up to a total of 30 vessels being operated by 28 different companies in 2006 

(Scherrer et al.  2008). 

It has been suggested that tourism industries tend to place a greater reliance on the use of natural 

resources than most other service industries, which in many cases has resulted in the very 

natural assets that such tourism relies on becoming overused and degraded (Butler et al.  1998; 

Garrod and Fyall  1998).  The operation of a tourism vessel is no exception with each vessel 

having the potential to cause environmental impacts, including both the release of chemical 

pollutants and the physical disturbance of fauna and habitats (Warnken and Byrnes  2004).  

Furthermore, the marine and coastal areas used for boating operations are often ecologically 

sensitive areas which are inherently susceptible to pollution (Zann  1995), such as waters within 

the Great Barrier Reef Marine Park (GBRMP), where boat-induced damage from anchoring, 

ship groundings, anti-fouling paint, oil/chemical spills, litter and/or waste discharges and vessel 

strikes/disturbance to wildlife has been recognised as one of the major types of marine tourism 

impact for almost a decade (Harriott  2002). 
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Considerable research has focussed on various individual aspects of boating operations1, 

especially those that relate to interactions with charismatic mega-fauna (e.g. whales, dolphins, 

seals, turtles), the products applied to underwater surfaces to limit colonisation by fouling 

organisms (i.e. antifoulants) and oil spills.  However, less work has focussed on taking an 

overview of an entire boating sector with regard to their overall boating related environmental 

impact and the environmental management practices and measures that they use, especially in 

regard to:  (a) quantifying the boating related environmental impacts associated with vessel 

operation 2 (i.e. discharges and emissions of pollutants, such as garbage, sewage and oil and the 

physical disturbances of habitats and fauna from anchoring and vessel groundings); 

(b) identifying the available environmental management options; and (c) assessing the level to 

which such measures are implemented. 

In Australia, many tourism hot-spots (i.e. areas of intense tourist activity) are located in, or close 

to, major urban or regional centres (e.g. Sydney, the Gold Coast, Melbourne, Perth and Cairns).  

In many cases, land-based activities associated with urban and rural development have already 

put considerable pressure on coastal and inshore ecosystems (Zann  1995).  Consequently, there 

is a growing concern that the effects associated with increased number and concentration of 

tourism and recreational vessels in coastal waters coupled with terrestrial development may lead 

to significant impacts on the marine environment (Wall  1998; Salmona and Verardi  2001; 

Birchenough et al.  2002; Reed  2002; Rodgers Jr. and Schwikert  2002).  While our detailed 

understanding of the many inputs and interactions associated with human activities in the 

coastal zone remains somewhat limited (Jacoby et al.  1997), especially in regard to the specific 

boating related impacts of tour boat operations in Australia (Byrnes and Warnken  2003), the 

lack of scientific evidence and certainty should not prevent government and industry from 

acting in a precautionary manner (United Nations (UN)  1992).  In light of such information, it 

would be prudent to ensure that options are available to effectively manage such environmental 

impacts. 

                                                           
1 Examples of research focussed on various individual aspects of boating operations (i.e. charismatic mega-fauna, antifoulant and oil 
spills): 
  – for charismatic mega-fauna see Blane and Jaakson  1994; Au and Green  2000; Laist et al.  2001; Nowacek et al.  2001; Erbe  
2002; Jelinski et al.  2002; Williams et al.  2002; Lusseau  2003a; 2003b; Constantine et al.  2004; Lemon et al.  2006; Williams and 
Ashe  2007; Stamation et al.  2010; Work et al.  2010; Lachmuth et al.  2011; Tseng et al.  2011; Wiley et al.  2011; and 
Steckenreuter et al.  2012; 
  – for antifoulants see Talbot  1986; Nichols  1988; Becker-van Slooten and Tarradellas  1995; de Mora et al.  1995; Matthiessen 
et al.  1995; Dahl and Blanck  1996; Michel and Averty  1999; Voulvoulis et al.  1999; Axiak et al.  2000; Albanis et al.  2002; 
Haynes and Loong  2002; Schiff et al.  2004; Warnken et al.  2004; Sayer et al.  2006; Sapozhnikova et al.  2007; Srinivasan and 
Swain  2007; Carson et al.  2009; Singh and Turner  2009b; 2009a; Turner  2010; and Yu et al.  2011; and 
 – for oil spills see LaBelle and Anderson  1996; Eberhardt and Garrott  1997; Ketkar and Babu  1997; Batten et al.  1998; Dean et 
al.  1998; Feder and Blanchard  1998; Lancaster et al.  1998; Glegg et al.  1999; Hughes  1999; Seiser et al.  2000; Garshelis and 
Johnson  2001; Born et al.  2003; Janiot et al.  2003; Nikitik and Robinson  2003; Andersen et al.  2008; Piñeira et al.  2008; 
Melville et al.  2009; Dalton and Jin  2010; Song et al.  2011; and Vidal et al.  2011. 
2 Examples of impact quantification research: 
  – for copper and sewage inputs from recreational vessels in Moreton Bay, Queensland, Australia see Leon and Warnken  2008; 
  – for sewage generated by the boating populations of the Gold Coast and Mackay regions of Queensland, Australia see Byrnes  
2008 and 2011 (respectively); and 
  – for greenhouse gas emissions of Australian tour boat operators see Byrnes and Warnken  2006. 
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Althaus et al. (2007) outline a range of policy options that are available to governments to 

achieve their objectives (environmental or otherwise).  These include advocacy (such as 

campaigns to encourage desired behaviour), money (such as taxes and grants), government 

action (such as the provision of public services), and law (such as legislation and regulations).  

They also suggest that there is a general move away from coercive regulation, taxation and 

public ownership towards other types of policy instrument.  While Gunningham et al. (1998) 

advocate a regime of ‘smart regulation’ that utilises a complementary mix of regulatory 

instruments to achieve desired management outcomes.  The application of suitable policy 

options outlined in Althaus et al. (2007) under a smart regulatory regime as advocated by 

Gunningham et al. (1998) should ensure that effective environmental management options are 

available for the boating related environmental impacts associated with vessel operation. 

1.2 RESEARCH QUESTIONS 
Australian commercial tour boat operators3 (collectively referred to as the Australian tour boat 

industry) are potentially the major boating group operating in inshore coastal areas with most 

trips being relatively close to the coast, with relatively high numbers of people on board and a 

substantial number also engaged in the commercial exploitation of marine protected areas 

(MPAs), either directly (e.g. fishing) or indirectly (e.g. diving, snorkelling, etc.). 

The research questions were determined based on the initial understanding that:  (a) there are 

environmental impacts associated with vessel operations (i.e. those briefly mentioned above and 

further outlined in Chapter 2); (b) there are measures available for their effective management 

(i.e. those outlined in Chapter 3); (c) the overall environmental impact of the industry and the 

measures used for their management is generally poorly understood; and (d) not all of the 

available management options are being used to their fullest potential. 

Focussing only on the boating related impacts associated with vessel operation4 (i.e. discharges 

and emissions of pollutants and the physical disturbances of habitats and fauna) and ignoring 

those associated with activities that occur independently of the operation of the vessel itself 

(e.g. the environmental impacts on fish stocks associated with recreational fishing activities, the 

environmental impacts on coral communities from recreational diving activities or the 

                                                           
3 Tour boat operator is a generic reference to someone (an individual, company or other organisation or association) who conducts 
a boating related enterprise, for commercial purposes, to provide for the pursuit of recreational activities by others (e.g. dive boat 
operators that take people out on recreational dive trips or fishing boat operators that take people out on recreational fishing trips). 
Tour boat or tourism vessel is a generic reference to the vessels used by tour boat operators and while not necessarily uniquely 
different from other vessels in general, some may be custom built to suit a particular operation (e.g. many fishing operators may 
purchase ex-professional fishing vessels while many of the larger dive operators may choose to have custom built dive boats to cater 
for larger numbers of recreational divers and their associated equipment requirements). 
4 The term boating related impacts as used in this thesis refers to the specific environmental impacts associated with the operation 
of a vessel (see Chapter 2 for detail) and should not be confused with the broader overall concept of environmental impacts 
associated with boat-based tourism as a whole (i.e. only those environmental impacts that are directly related to the operation of a 
vessel and not those that occur independently of, and/or unrelated to, the operation of a vessel). 
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environmental impacts associated with people accessing remote locations via helicopters that 

have been launched from a vessel), this thesis aims to describe and quantify the major boating 

related environmental impacts of Australian tour boat operators and determine how they can be 

reduced to improve the sustainability of the overall industry.  This led to three primary research 

questions: 

1. What are the major boating related environmental impacts of the Australian tour boat 

industry as a whole, particularly with regards to the volumes of (measureable) 

pollutants that they discharge/emit? 

2. Is there a relationship between tour boat operator activity and their overall 

environmental management performance (with regard to their boating related 

environmental impacts)? and 

3. What measures could effectively reduce these boating related environmental impacts 

and improve the industry’s overall sustainability? 

1.3 THESIS OUTLINE 
This thesis is comprised of eight chapters and follows a standard structure, as follows: 

Chapter 1 provides a general introduction of the thesis outlining the research problem, research 

questions and thesis outline. 

Chapter 2 reviews the relevant literature on the major boating related environmental impacts 

and places the impacts of tourism vessels (i.e. vessels used by tour boat operators) into context 

with those of other vessel groups operating in Australian waters. 

Chapter 3 reviews the relevant literature on the various options available for the management of 

environmental impacts to highlight the fact that there are multiple options available.  The types 

of options discussed are those that are most applicable to the management of boating related 

environmental impacts and specifically those associated with commercial tour boat operations 

in Australia.  The concept of using a range of complementary measures under a regime of smart 

regulation is also provided as a theoretical framework for assessing the management of boating 

related environmental impacts. 

Chapter 4 provides details of the overall methodology used for the study including a description 

of the case study research strategy, the data collection process and the quantitative and 

qualitative data analysis techniques used. 
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Chapter 5 uses information collected during the survey phase of the research to estimate the 

loads of various pollutants (e.g. copper, nitrogen, greenhouse gases, etc.) emitted or discharged 

annually by the Australian tour boat industry and attempts to place these into context with other 

comparable research.  A summary of other boating related impacts observed during 

environmental audits is also provided. 

Chapter 6 provides a summary of the environmental management measures used by Australian 

tour boat operators and investigates whether a relationship exists between operator activity and 

environmental management performance.  The investigation is based on the premise that select 

activities are considered to be more environmentally friendly than others (e.g. dive operators 

more environmentally friendly than fishing operators) and hence would be expected to exhibit a 

stronger positive relationship with measures that are considered to be more environmentally 

friendly. 

Chapter 7 applies information regarding boating impacts and their management to the findings 

of this research to fulfil the overall aim of determining whether Australian tour boat operators 

can improve their environmental performance.  This was assessed using a framework based on 

the policy instrument outlined in Althaus et al. (2007) and the regime of ‘smart regulation’ 

outlined in Gunningham et al. (1998).  The assessment provides general comments and 

suggestions on what measures may be implemented to help make the Australian tour boat 

industry more environmentally sustainable. 

Chapter 8 presents the conclusions of the study with regard to environmental management of 

boating related impacts by Australian tour boat operators, highlighting measures that may be 

implemented to enhance the current situation.  Recommendations are also made as to how such 

measures may be identified and implemented.  Furthermore, issues for additional research into 

the management of boating related environmental impacts are also presented. 
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2 REVIEW OF BOATING RELATED IMPACTS 

2.1 INTRODUCTION 
Chapter one outlined the overall purpose of this thesis, that is, to investigate ways to improve 

the environmental management performance of Australian tour boat operators, specifically as 

this relates to the boating related environmental impacts associated with vessel operations.  An 

important initial step in this process is to outline the environmental impacts that are associated 

with vessel operations that will ultimately require some form of appropriate environmental 

management measures to be implemented.  The aim of this chapter is to review the current state 

of knowledge about the major boating related environmental impacts that are associated with 

the operation of vessels and to place the impacts of tourism vessels (i.e. vessels used by tour 

boat operators) into context with those of the other major vessel groups operating in Australian 

waters.  This will be achieved by:  (a) conducting a comprehensive review of the relevant 

literature on the subject matter to provide a summary of each of the major environmental 

impacts associated with vessel operations; followed by (b) an overview of each of the major 

vessel groups to provide an indication of their relative environmental impact potential and hence 

their environmental management priority. 

Coastal environments are increasingly being exposed to anthropogenic pressures and while 

much of this results from land-based activities, there are still considerable impacts (at least in a 

cumulative sense) originating from the operation of vessels via the release of pollutants or the 

physical disturbance of habitats.  The major boating related pollutants include sewage, garbage, 

oil, greenhouse gases and antifouling agents.  Physical disturbances include habitat disturbances 

such as physical destruction through vessel groundings, anchor damage and vessel wash, and 

animal behaviour modification, such as roosting birds and migrating whales, from noise 

emissions and vessel movement.  An overview of the major boating related impacts associated 

with vessel operations is provided below (especially those that have the potential to be more 

positively influenced through the adoption and implementation of appropriate environmental 

management measures).  Additionally, a summary table of less common boating related 

pollutants and physical disturbances is provided at the end of this chapter for further reference 

(i.e. Table 2.2). 

It should be noted that the environmental impacts discussed below are not necessarily exclusive 

to vessel operations.  Sewage, garbage and oil pollution (including greenhouse gases), for 

example, are all generated as a result of human activity, regardless of their physical location.  

Sewage and garbage pollution is generated in people’s homes and at their places of work, while 

oil pollution (including the emission of greenhouse gases) is widespread from burning fossil 
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fuels in the many internal combustion engines used to power vehicles that transport goods and 

people to various locations for activities related to work or leisure.  Similarly, all factors being 

equal, an animal struck by a motor vehicle on land will suffer a similar fate as an animal struck 

by an equivalent sized vessel in the water, while the noise and movement of a land based motor 

vehicle will disturb fauna in an equivalent way as will a vessel on the water.  The major 

differences in how such impacts vary in association with vessel operations are related to:  (a) the 

locations where they predominantly occur (i.e. vessels are often used to access areas that are 

generally isolated from main stream human interactions); and (b) the fact that vessels have 

spinning propellers and use anchors to remain stationary.  Therefore, this review outlines the 

issues associated with each of the major impacts and where necessary identifies specific aspects 

that may be unique to vessel operations. 

2.2 SEWAGE 
Sewage contains levels of nutrient concentrations (e.g. nitrogen (N) and phosphorus (P)) and 

counts of faecal bacteria, which can be several orders of magnitude higher than the background 

levels of the receiving ocean and estuarine waters (Minnesma and Nietsen  1994).  Faecal 

bacteria can occur in high numbers following rain events, for example, (usually from land based 

sources such as sewer overflows) and while this may have little effect on the biota in marine 

environments, it does have the potential to be harmful or even fatal if ingested by humans.  The 

increased P and, more importantly, N loads as a result of sewage discharges can lead to 

significant changes in the structure and function of marine communities that are dependent on 

ambient low nutrient levels (Day et al.  1989), such as corals and seagrass beds (Udy and 

Dennison  1997; Udy  1998), that may be replaced by algal assemblages in extreme cases 

(Walker et al.  1999). 

Generally, larger quantities of sewage, emitted continuously into the water column over longer 

time periods, are more likely to cause major shifts and, consequently, impacts to marine flora 

and fauna at the community level.  Sewage-related impacts from boating activities are therefore 

generally expected to be cumulative, i.e. in conjunction with land based activities, rather than 

stand alone.  In general, the discharge of sewage from vessels is primarily considered to be a 

major problem on enclosed inland waters and semi-enclosed coastal waters where flushing is 

minimal5.  However, there may be other scenarios where the discharge of sewage from vessels 

is problematic (e.g. high conservation areas of marine parks, areas exposed to continuous high 

levels of use by large vessels carrying large numbers of people on board or situations where 

there may be people in the water) and as such, the size, depth and tidal flushing of the receiving 
                                                           
5 Examples of sewage related impacts in environments where flushing is minimal (i.e. marinas, estuaries and bays): 
  – for marinas see Fisher et al. (1987), Gaines and Solow (1990) and Sawyer and Golding (1990) in United States Environmental 
Protection Agency (US EPA) (2001); 
  – for estuaries see Cassin et al. (1971), Faust (1982) and Milliken and Lee (1990); and 
  – for bays see Augier et al. (1984) and Augier et al. (1985) in Guillon-Cottard et al. (1998). 
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water body, in conjunction with the characteristics of vessel use and the receiving environment, 

must all be considered to effectively determine the sewage capacity of a waterway (Chmura and 

Ross  1978). 

Emissions of sewage from boats can be either at continuous low rates (e.g. direct release from 

toilets) or at larger peaks (e.g. pumping out holding tanks while at sea, as practiced on many of 

the larger tourist vessels operating in the Great Barrier Reef Marine Park (GBRMP)).  The 

amount of untreated or raw sewage released is highly dependent on the number of people 

aboard a vessel at sea and its sewage treatment facilities rather than the overall vessel size, 

which is less influential. 

Increased levels of faecal indicator bacteria in marine and freshwaters can be associated with the 

discharge of sewage from vessels (Faust  1982; Australian Environmental Council Report 

(AECR)  1988) with limited evidence to suggest that it does not cause, or have the potential to 

cause, human disease (Chmura and Ross  1978).  A study in French waters, however, suggests 

that boating activities could have an effect on faecal coliforms and faecal streptococci in Mytilus 

galloprovincialis mussels (Guillon-Cottard et al.  1998) and, therefore, on human health if 

ingested.  Sewage discharged from recreational boats has been implicated as a likely source of 

contamination that led to outbreaks of Norwalk-like virus (NLV) gastroenteritis in Auckland, 

New Zealand (NZ), following the consumption of raw oysters from a commercial oyster farm in 

1999 (Simmons et al.  2001). 

An additional aspect of sewage pollution that may not necessarily have direct tangible 

environmental and human health impacts is the issue of visual aesthetics.  Many people find the 

sight of sewage pollution repulsive and believe that regardless of any potential ecological, 

biological or human health impacts, such pollution should be appropriately managed in a 

civilised society. 
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While ship-sourced sewage has not received the same research interest as it’s terrestrial 

counterpart 6, it has attracted the interest of several researchers in recent decades 7 with some 

attempts being made to quantify the potential volumes being discharged from various sources 8. 

2.3 GARBAGE 
Garbage from various aspects of vessel operation has been recognised as a major contributor to 

marine and intertidal pollution in Australia since 1996 (ANZECC  1996).  This predominantly 

originates from packaging materials disposed during catering and repairs, or includes parts 

broken off vessels operating in heavy seas.  Other sources may include maritime safety 

equipment; fishing gear; personal items (such as towels or pieces of clothing); and military 

equipment.  While garbage wastes from tourism vessels have not yet been quantified, comments 

from charter boat operators in the Whitsunday Islands to this researcher suggest that towels, 

caps and plastic bags are lost regularly by customers.  Most substances are relatively inert and 

are therefore unlikely to release considerable quantities of toxic substances.  Many items (being 

heavier than sea water) also tend to sink to the ocean floor and become part of the ‘out of sight 

out of mind’ problem of marine pollution. 

The detrimental effects of garbage on marine wildlife, however, include the entanglement of 

cetaceans, seals, seabirds and fish and the ingestion of plastics by seabirds and turtles (Wace  

1996), which potentially suffer slow deaths due to suffocation or starvation.  Most constituent 

materials of garbage are not readily biodegradable and, for many items, the only natural 

remediation is burial in bottom sediments.  As is the case with many other forms of marine 

pollution, however, terrestrial sources usually contribute a more significant amount of garbage 

than do vessels (Wace  1996). 

                                                           
6 For examples of terrestrial sewage research see:  Baxter et al.  1981; Walker and Ormond  1982; Laws and Terry  1983; Trollope 
and Al-salihi  1984; Friligos  1985; Pastorok and Bilyard  1985; Hau and Sculli  1991; Heap et al.  1991; López Gappa et al.  1993; 
Chapman et al.  1995; Otway  1995; Rahman and Salbe  1995; Scanes and Philip  1995; Koop and Hutchings  1996; Krogh and 
Koop  1996; Leadbitter  1996; Otway et al.  1996; Philip  1996; Roberts  1996; Smith  1996; Vaughan et al.  1996; Waring et al.  
1996; Hall et al.  1997; Lye et al.  1997; Mudge and Bebianno  1997; Pan and Rao  1997; Burgos and Rainbow  1998; Carreira and 
Wagener  1998; Ajani et al.  1999; Al-Muzaini et al.  1999; Chan et al.  1999; Fang and Wong  1999; Mudge and Lintern  1999; 
Shatti and Abdullah  1999; Smith and Suthers  1999; Woodworth et al.  1999; Smith  2000; Costanzo et al.  2001; Jones et al.  2001; 
Makra et al.  2001; Seguel et al.  2001; Waldron et al.  2001; Terlizzi et al.  2002; Bradley and Hancock  2003; Hughes and 
Blenkharn  2003; Paetzel et al.  2003; Parnell  2003; Carballa et al.  2004; Carreira et al.  2004; Hughes  2004; Kress et al.  2004; 
Singh et al.  2004; Swanson et al.  2004; Abessa et al.  2005; Bowes et al.  2005; Mudge and Duce  2005; Neal et al.  2005; 
Fraschetti et al.  2006; Douxfils et al.  2007; Echavarri-Erasun et al.  2007; Mallin et al.  2007; Adams et al.  2008; Besley and 
Chessman  2008; Kay et al.  2008; Al-Bahry et al.  2009; Bartolini et al.  2009; Del-Pilar-Ruso et al.  2009; Nagvenkar and 
Ramaiah  2009; Petala et al.  2009; Reopanichkul et al.  2009; Staehr et al.  2009; Youwei et al.  2009; Azzurro et al.  2010; Del-
Pilar-Ruso et al.  2010; Echavarri-Erasun et al.  2010; Lassauque et al.  2010; Lundström et al.  2010; Montone et al.  2010; and 
Neal et al.  2010. 
7 For examples of ship-sourced sewage research see:  van Hees  1977; Strand and Gibson  1990; Walker et al.  1991; Woodley  
1997; Baasel-Tillis and Tucker-Carver  1998; Simmons et al.  2001; West  2004; Pratt  2005; Davenport and Davenport  2006; 
Loehr et al.  2006; Markle  2006; Pratt et al.  2006; Leon and Warnken  2008; Pratt et al.  2008; Mallin et al.  2010; Burgin and 
Hardiman  2011; Jones et al.  2011; and Rodrigues et al.  2011. 
8 For examples of ship-sourced sewage quantification research see:  Byrnes  2008; Leon and Warnken  2008; and Byrnes  2011. 
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Similar to sewage pollution there is also the issue of visual aesthetics and the fact that many 

people find garbage pollution to be unsightly and believe that regardless of any potential 

impacts, such pollution should be appropriately managed in a civilised society. 

2.4 OIL 
Apart from major incidents and accidents (which usually provide larger, relatively short-term 

and geographically localised impacts that have substantial combat resources allocated to their 

management, such as the ‘National Plan to Combat Pollution of the Sea by Oil and other 

Noxious and Hazardous Substances’ in Australia, see Australian Maritime Safety Authority 

(AMSA)  2010a for details), vessels are a source of oil into the marine environment through: 

(i) Oil leaks from poorly maintained engines; 

(ii) Spills during refuelling or other engine maintenance procedures; 

(iii) Leaking fuel tanks/lines; and 

(iv) Unburnt fuel in engine exhaust gases which quite often vents from the engine directly 

under the waterline, especially (and almost exclusively) in the case of outboard 

engines (this is also especially the case with two-stroke outboard engines which also 

have oil additives placed in their fuel system). 

These leaks and spills of oil either discharge directly into the water or into the vessel’s bilge 

which then gets pumped overboard as an oily water mixture via on board bilge pumps (which 

often operate automatically to ensure that any excess water that gets taken on by the vessel and 

finds its way into the vessel bilges gets discharged overboard to avoid the vessel sinking). 

Crude oil, refined petroleum products, and products from their partial combustion all contain 

toxic mono- and polycyclic aromatic hydrocarbons (MAHs and PAHs, respectively; Smith et al.  

1987).  MAHs are usually more toxic than PAHs but characteristically evaporate much faster.  

PAHs have been described as being among the most carcinogenic, mutagenic and toxic 

contaminates found in aquatic systems (Kennish  1992) and are also known to have long-term 

carcinogenic effects on many organisms, including humans (see Mastran et al.  1994).  The 

toxicity of MAHs and PAHs is related to the octanol-water partition coefficient (Kow)9, a 

measure of hydrophobicity, where more hydrophobic compounds are more toxic, although it 

will be less soluble and hence there will be less exposure to aquatic organisms (French McCay  

2003).  The overall impact from this category of pollutant will be ‘the result of a balance 

between bioavailability (exposure) and toxicity once exposed’ (French-McCay  2002). 

                                                           
9 Octanol-water partition coefficient is a measure of the equilibrium concentration of a compound between octanol and water that 
indicates the potential for partitioning into sediment organic matter.  A high value indicates a compound that will preferentially 
partition into sediment organic matter rather than water. 
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The PAH naphthalene and various derivatives have been described as some of the most acutely 

toxic and water soluble components of crude oil (see introduction of Heitkamp and Cerniglia  

1987).  PAHs generally have low solubilities (e.g. 34.4 mg L-1 for naphthalene) and high 

octanol-water partition coefficients (e.g. 2,344 for naphthalene; Callahan et al.  1979) and hence 

are more likely to be associated with sediments and suspended solids in the marine 

environment.  Other researchers have obtained similar results, with naphthalene values ranging 

from < 2–11,300 ng L-1 in water and from < 2–4,400 ng g-1 in sediment (King et al.  2004). 

PAHs are either released continuously, during vessel operations from sources such as engine 

exhausts, particularly from two-stroke engines (Chmura and Ross  1978; Tjarnlund et al.  1995), 

and lubricants from any other engine, engine part, propeller shaft, etc., or in a sudden erratic 

manner during collisions, refuelling operations or boat breakdowns, such as ruptured or 

dislodged fuel lines or leaking fuel tanks, and unlawful bilge pump outs. 

Studies conducted by Smith et al. (1987) near Green Island, a highly visited tourist resort in the 

Great Barrier Reef Marine Park (GBRMP) of Australia, indicate increased PAH levels 

associated with boating activities.  Only sediments near power boat moorings were found to 

contain low but measurable amounts of several different PAHs in contrast to baseline amounts 

at other locations (i.e. sites that were away from boat moorings), which could have originated 

from fuel spillages or exhaust emissions (Smith et al.  1987).  For example, sediment 

concentrations of pyrene, anthracene and benzo(a)pyrene were found in the ranges of < 0.1–15, 

< 0.06–1.0 and < 0.004–4.3 µg kg-1 dry wt, respectively for the three sites associated with boat 

moorings and < 0.1–2.4, < 0.06 and < 0.004–0.8 µg kg-1 dry wt, respectively, for the 18 sites not 

immediately adjacent to boat moorings.  Observed concentrations of selected PAHs in water, 

sediments and biota surrounding Green Island are shown in Table 2.1. 

Table 2.1:  Ranges of PAH concentrations in water, sediments and clams 
near Green Island (GBRMP, Australia). 

Medium pyrene anthracene benzo(a)pyrene 

Water (ng L-1) 53 to < 1.00 25 to < 1.00 6 to < 0.200 

Sediments (g kg-1 dry wt) 15 to < 1.00 1.0 to < 0.06 4.3 to < 0.004 

Clams (g kg-1 wet wt) < 0.03 < 0.05 < 0.004 

Note:  Different concentration units used (i.e. ng L-1, g kg-1 dry wt and g kg-1 wet wt). 

(adapted from Smith et al.  1987) 

Similarly, Mastran et al. (1994) found boating activity to be a source of PAHs in the water 

column of drinking water reservoirs in the United States of America (USA), particularly during 

periods of high boating activity.  A significant difference for total PAH concentrations in 
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sediments of marina and non-marina sites was also found, which demonstrated localised 

impacts of boating at marina sites (Mastran et al.  1994).  As a response to these findings and 

amendments to the Clean Air Act in the USA in the early 1990s, engine manufacturers 

developed improved engines with better fuel-economies and reduced emissions, and lead and 

benzene were also banned as fuel additives to reduce emissions.  Mosisch and Arthington 

(2001) also found significant levels of PAH contamination (attributable to boating activity) in 

the sediments of Brown Lake (on North Stradbroke Island, Queensland, Australia) that would 

present a significant threat to aquatic biota, especially benthic and littoral invertebrates 

associated with the contaminated sediments.  Their work also demonstrates the persistence of 

PAHs even after inputs have ceased, as the use of powered recreational craft on Brown Lake 

was banned almost a decade prior to the publication of their research. 

Even without the immediate toxicity of aromatic hydrocarbons, the physical effects of oil spills 

can cause significant damage depending on the amount of oil spilled and the environmental 

parameters of the receiving area (for example, see Readman et al.  1996; Eberhardt and Garrott  

1997; Batten et al.  1998; Dean et al.  1998; Feder and Blanchard  1998; Lancaster et al.  1998; 

Mille et al.  1998; Poulton et al.  1998; Glegg et al.  1999; Hayes and Michel  1999; Ho et al.  

1999; Mignucci-Giannoni  1999; Garshelis and Johnson  2001; Born et al.  2003; French 

McCay  2003; Nikitik and Robinson  2003; French-McCay  2004; French McCay et al.  2004).  

Common physical effects to marine biota identified are sealing of respiratory surfaces (such as 

fish gills and mangrove pneumatophores), feeding apparatuses (e.g. in oysters) and protective 

layers (e.g. feathers) or even smothering entire habitats (Abuzinada and Krupp  1994). 

General estimates are that concentrations of petroleum products in the range of 1–100 mg L-1 

can be lethal to adult stages of aquatic organisms (such as fish, crustacean, mollusc and flora 

species, see Moore and Dwyer  1974 for example); 0.01–1 mg L-1 may be lethal to many 

organisms in their larval and juvenile stages; and even levels as low as 0.001 mg L-1 may lead to 

sublethal effects upon the behaviour and reproduction of some marine organisms (Smith et al.  

1987). 

Another class of hydrocarbon compounds associated with the use of combustion engines are 

fuel additives (oxygenates) designed to improve combustion and ultimately air quality.  One of 

the most common additives is methyl tert-butyl ether (MTBE).  While this substance was 

introduced in the 1990s with lead-free gasoline for land-based and marine combustion engines 

its toxic effects are still subject to debate although, increased levels of MTBE have been found 

to be associated with recreational boating activities (Reuter et al.  1998; Gabele and Pyle  2000; 

Zuccarello et al.  2003; Dinerman et al.  2011).  Dinerman et al. (2011), estimated the average 
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annual load inputs of MTBE from boating activity into Lake Kinneret (the only recreational 

lake in Israel) at 4,430 kg/yr and that 2.3% of this was from four-stroke engine boats, 61.4% 

was from two-stroke engine boats and 36.3% was from two-stroke engine jet-skis. 

2.4.1 Greenhouse Gas Emissions 
One of the major boating related sources of greenhouse gases is the use of internal combustion 

engines to propel vessels through the water (or in the on board generators that provide power to 

the various pieces of electrical equipment and appliances on board the vessel).  Apart from 

smaller sailing vessels (dinghies), boats are generally propelled by outboard motors, 

inboard/outboard (e.g. stern-drive) units or inboard motors (Murillo et al.  2008).  

Inboard/outboard and inboard motors are generally four-stroke in design and use either diesel or 

petrol as fuel, while outboard motors (especially those at the lower end of the power range) are 

generally two-stroke petrol engines that burn a petrol/oil mix (although four-stroke petrol 

engines are slowly becoming more popular).  Chmura and Ross (1978) concluded that 

conventional two-stroke motors are, by design, less efficient (i.e. not all fuel is burnt in the 

combustion process meaning that unburnt fuel is expelled in the exhaust gases and hence not 

used to generate power) than four-stroke motors.  Despite recent advances in engine technology, 

this principal difference remains (i.e. due to the operational characteristics of two-stroke engines 

in general, especially in regard to how they dispel their exhaust emissions, see Anonymous  

2011 and Brain  2011 for details on the operational characteristics of two-stroke engines).  For 

example, two-stroke motors can emit up to 100 times more of their fuel consumption into the 

water column than equivalent four-stroke motors (see Gabele and Pyle  2000 and Heald  2003 in 

Dinerman et al.  2011, for examples).  The very high levels of hydrocarbons emitted by two-

stroke engines is a major factor in regulations forcing their replacement (Gabele and Pyle  2000; 

Murillo et al.  2008).  Moles et al. (2006) postulate that regulatory requirements to replace two-

stroke with four-stroke engines would substantially reduce PAH emissions and maximise boater 

access to the Kenai River, a major salmon-producing river in Alaska (USA).  The emissions of 

two-stroke engines into the water column have also been found to be much more toxic than 

those of four-stroke engines of equal power (Jüttner et al.  1995b).  Issues surrounding 

emissions from two-stroke engines have generated considerable research interest over recent 

decades (e.g. Wachs et al.  1992; Jüttner et al.  1995a; 1995b; Patschull and Roth  1995; 

Tjärnlund et al.  1996; Chan and Ko  1997; Wahla et al.  1998; Gabele and Pyle  2000; Priest et 

al.  2000; Schmidt et al.  2004; Kelly et al.  2005; Moles et al.  2006; Murillo et al.  2008; Rice 

et al.  2008; Singh  2011). 

The major anthropogenic greenhouse gases are carbon dioxide (CO2), methane (CH4), nitrous 

oxide (N2O) and certain manufactured gases such as chlorofluorocarbons (CFCs), halocarbons 

and their replacements.  These gases may be produced from a number of human activities 
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including the burning of fossil fuels (e.g. oil, coal or gas), certain farming practices (e.g. raising 

cattle and sheep, using fertilisers and growing some crops), land clearing (e.g. logging), the 

breakdown of animal, plant, food and human wastes, and some industrial processes (e.g. making 

cement and aluminium; Australian Department of Climate Change and Energy Efficiency 

(DCCEE)  2009). 

With regard to boating related environmental impacts, transport on water (particularly the 

transport of people, a major function of Australian tour boat operators) is less energy efficient 

than motorised transport on road (terrestrial environment).  Thus, travelling an equivalent 

distance on water, with the same number of people, requires much higher emissions of carbon 

dioxide and carbon monoxide compared to travel by road, particularly at comparable speeds.  

Therefore, it is reasonable to assume that boating operations would contribute a small but 

significant amount of overall greenhouse gas emissions, compared to other human activities 

such as the generation of electricity or use of motor vehicles (Byrnes and Warnken  2006). 

2.5 ANTIFOULING AGENTS 
A variety of compounds exist today that are used in various ways to prevent fouling (i.e. the 

build up of material) of surfaces submerged in seawater (including the hull surfaces of vessels).  

These agents are applied to vessels to prevent fouling by marine organisms and in doing so help 

to maintain proper manoeuvrability of vessels and hence ensure safety at sea (Claisse and 

Alzieu  1993).  Cleaner submerged surfaces also allow vessels to move more smoothly through 

the water and hence use fuel more efficiently.  Their effect (i.e. to be toxic to marine fouling 

organisms) and mode of operation mean that toxic constituents leach from the painted surfaces 

into the water column and ultimately into sediments.  They may also impact on non target 

marine organisms and as such cause harm to the marine environment and may therefore be 

considered a marine pollutant.  A brief discussion of tributyltin (TBT), copper (Cu) and Irgarol 

1051 is provided below as they are some of the more common (or once more common in the 

case of TBT) and well studied.  A general summary of trace metals precedes the discussion on 

copper. 

2.5.1 Tributyltin 
Tributyltin (TBT) is a form of organotin, possibly the most toxic substance ever released 

deliberately into the aquatic environment (Goldberg and Bertine  2000), that has been used 

internationally in marine antifouling paints since the late 1960’s (Grovhoug et al.  1989) and in 

Australia since the early 1970s (Batley  1996b).  It was used either as a substitute for 

organomercury, arsenic (As) or lead (Pb) boosters in copper-based paints or as the sole biocide 

(Evans et al.  1995).  Tri-organotins are the major biocidal organotins, and are much more toxic 

than any other group (Australian Environmental Council Report (AECR)  1988; Batley  1996b).  
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The guideline concentration for TBT in Australian marine waters (according to the Australian 

and New Zealand Guidelines for Fresh and Marine Water Quality) was 2 ng L-1 (Batley  1996b), 

however this has since been re-assessed to the following trigger values of 0.004 µg L-1, 

0.006 µg L-1, 0.02 µg L-1, and 0.05 µg L-1 for Australian marine waters for the protection of 99, 

95, 90 and 80% of species, respectively (ANZECC and ARMCANZ  2000).  Modern TBT-

based paints are copolymer formulations based on either tributyltin oxide (TBTO) or tributyltin 

fluoride. 

By their very design, freshly painted surfaces have a relatively high initial TBT leach rate (up to 

6 g Sn cm-2 day-1) that may last for up to several weeks, but settle to reach much lower and 

more constant rates (approximately 1.6 g Sn cm-2 day-1; Batley  1996a).  The half-life of TBT 

in seawater is around six hours (Batley  1996b), however, it rapidly partitions to suspended 

particulates or to the surface microlayer of the water column.  Other researchers have suggested 

times for degradation of TBT in seawater range from 3.5 to 15 days (Seligman et al.  1986; 

Hinga et al.  1987) or between 6 and 19 days (see discussion in Maguire  1987).  In sediments 

the half-life of TBT has been estimated to be 1 to 2.5 years (de Mora et al.  1995), or possibly 

even longer in anoxic sediments (Batley  1996a). 

The ecological effects of TBT exposure include reduced shell thickness, growth and 

reproduction for a range of organisms (Stallard et al.  1987; Kan-Atireklap et al.  1997; Kannan 

and Falandysz  1997; Blanck and Dahl  1998; Matthiessen and Gibbs  1998; Sole et al.  1998; 

Terlizzi et al.  1998; Davis et al.  1999; Poloczanska and Ansell  1999; Takahashi et al.  1999).  

Due to their widespread environmental distribution and non-selective biotoxicity, the use of 

organotin biocides in antifouling paints has been restricted for ships less than 25 m in length in 

member countries of the Organisation for Economic Cooperation and Development (OECD) 

since 1988 (Evans et al.  1995).  While this ban took effect in Australia around 1988 it could 

still be present in the antifouling paints of larger ocean-going vessels (Batley  1996b) and 

tourism vessels more than 25 m in length.  A total ban on the use of TBT (and all other 

organotins) took effect both internationally and in Australia on the 17th of September 2008 (for 

details, see the International Convention on the Control of Harmful Anti-fouling Systems on 

Ships, implemented by the International Maritime Organisation (IMO) and the Protection of the 

Sea (Harmful Anti-fouling Systems) Act 2006 (Cth), respectively and discussions in 3.3 Direct 

Regulation). 

2.5.2 Trace Metals 
Although many trace metals are essential biological elements, they have the potential to be toxic 

to organisms above certain threshold concentrations (Batley  1996b).  Even below their toxic 
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concentrations, higher quantities can cause damage to various physiological processes, 

particularly in respiratory organs (gills) and the central nervous systems of higher organisms 

(e.g. Cu, zinc (Zn), and aluminium (Al) and lead (Pb)) (Olsson et al.  1998; World Health 

Organisation (WHO)  1996). 

Since trace metals are not biodegradable, the only way of preventing toxic effects in organisms 

is by accumulating these elements in less problematic (i.e. less likely to have immediate toxic 

effects) forms, e.g. embedded in proteins and other metabolic compounds.  However, if these 

cannot be excreted, trace metal containing compounds are bound to low molecular weight 

proteins and are continuously stored in particular tissues, e.g. liver or fat tissue, leading to 

bioaccumulation of an individual and consequently biomagnification in the food chain (Jackson  

1998; Nott  1998). 

Trace metals also tend to accumulate in the sediments of estuarine and coastal waters because of 

diminished dispersion and dilution processes, and the influence of increasing salinity, which can 

cause flocculation, displacement of solutes and, consequently, precipitation of river transported 

colloidal inputs (Batley  1996b). 

The most likely places to find higher concentrations of trace metals associated with boating 

activities are boat harbours or mooring areas.  Major reasons for this include the following 

(modified from Australian Environmental Council Report (AECR)  1988): 

 They are a major congregation area for boats; 

 They are commonly located within protected waters, such as estuaries, protected bays and 

river entrances, with slow or no currents and little wave action, and therefore low flushing 

rates; and 

 Boating and associated maintenance activities provide a direct source of certain trace 

metals to the marine environment (see 2.5.3 Copper below, for example). 

2.5.3 Copper 
Copper incorporated in antifouling paints as Cu2+ or Cu2O, has received less attention than 

tributyltin (see discussion above in 2.5.1 Tributyltin), mainly because higher concentrations of 

‘free’ hydrated Cu2+ (aq) are required to result in toxic effects (for example Ahsanulla and 

Williams  1991; Claisse and Alzieu  1993; ANZECC and ARMCANZ  2000) and there is a 

much greater potential for copper to complex with organic matter (Hall Jr and Anderson  1999; 

Voulvoulis et al.  1999; Ranke and Jastorff  2000; Voelker and Kogut  2001) thus making it less 

bioavailable, and hence less of an immediate threat, to organisms. 



Review of Boating Related Impacts 

© Troy A Byrnes 2011 18

However, elevated levels of Cu2+ are commonly, but not always, found in sediments and waters 

of marinas and anchorages (Turner et al.  1997; Foerster et al.  1999; An and Kampbell  2003; 

Warnken et al.  2004) including those used by tourist vessels in Australia (e.g. Cairns and Airlie 

Beach, Haynes and Loong  2002).  Recent investigations into in situ copper release rates from 

antifouling paints suggest that small to medium size vessels moored for some time emit Cu2+ in 

the order of 8.2 µg cm-2day-1 (Valkirs et al.  2003), but not as high as 18–22 µg cm-2day-1, as 

reported previously (Thomas et al.  1999).  While research regarding copper accumulation in 

anchorages or waterways due to boating activities may be limited (Preda and Cox  2002), 

especially in comparison with that which exists for TBT, there is a growing body of information 

on the topic such as work carried out by Warnken et al. (2004). 

2.5.4 Irgarol 1051 
Following restrictions in the use of TBT based antifouling paints in 1988 and a total ban on their 

use in 2008, there has been an increase in the number of formulations containing alternative 

booster biocides used for the prevention of surface fouling.  These booster biocides are essential 

as the copper salts alone do not effectively inhibit primary colonisation by microalgae and the 

subsequent growth of seaweeds (Gough et al.  1994).  One of the most common booster 

biocides is Irgarol 1051 (2-methyl-thio-4-tert-butylamino-6-cyclopropylamino-triazine).  Other 

booster biocides which may be of concern in the marine environment include:  zinc pyrithion; 

TCMTB (2-thiocyanomethyl-benzothiazole); Kathon 5287; TCMS pyridine (2,3,5,6-

tetrachloro-4-sulfuronyl pyridine); Diuron; Dichlofluanid; Chlorthanonil; and Zineb (see Ranke 

and Jastorff  2000 and Comber et al.  2001 for examples). 

Irgarol 1051 is particularly effective and works by inhibiting photosynthesis (Gough et al.  

1994; Dahl and Blanck  1996; Liu et al.  1997; Scarlett et al.  1997; Hall Jr et al.  1999; Liu et 

al.  1999a; Scarlett et al.  1999a; Scarlett et al.  1999b).  It is toxic at concentrations of 

approximately 136 ng L-1 (Hall Jr et al.  1999), and has been found at concentrations of up to 

1,693 ng L-1 in marine waters (Readman et al.  1993).  Concentrations in European and 

Japanese waters have been reported to range between 14 to1,571 ng L-1 (Hall Jr et al.  1999) and 

10 to 262 ng L-1 (Okamura et al.  2003), respectively. 

The problems associated with Irgarol 1051 are in many ways similar to TBT, for example: 

 It is sufficiently stable to reach toxic concentrations in the marine environment as it is not 

readily biodegradable (Gough et al.  1994; Dahl and Blanck  1996; Scarlett et al.  1997; 

Liu et al.  1999a); 

 It is also highly toxic to non-target marine algae (Dahl and Blanck  1996); 
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 It is potentially damaging to microalgal communities in contaminated coastal waters (Dahl 

and Blanck  1996; Liu et al.  1999); 

 It has potentially adverse effects on seagrass beds and other associated flora (Scarlett et al.  

1999a); 

 It is very toxic to macroalgae zoospores (Scarlett et al.  1997); 

 It has been found to have bioaccumulation factors of between 62 and 290 times for edible 

and non-edible fish respectively (Scarlett et al.  1997); and 

 It has been found to accumulate in freshwater macrophytes by concentrations of up to 

30,000 times that of the surrounding water (Scarlett et al.  1999a). 

Due to its specific mode of action, Irgarol 1051 is much less toxic to animals than plants (Dahl 

and Blanck  1996) and it is unlikely that the threshold for chronic toxicity for aquatic animals 

(approximately 4,000 ng L-1) would be exceeded in the environment (Hall Jr et al.  1999).  

Although it is thought to be unlikely that it will have a toxic effect upon organisms consuming 

tissues containing the herbicide, there are concerns that herbivores feeding extensively upon 

seagrass, such as dugong and green turtles, may accumulate the compound or its metabolites in 

their tissues (Scarlett et al.  1999b). 

As with other antifouling agents, variations in concentration demonstrate seasonal trends with 

the highest concentrations of the substance generally observed in popular boating areas during 

the peak of the boating season (Gough et al.  1994; Dahl and Blanck  1996; Scarlett et al.  1997; 

Hall Jr et al.  1999; Liu et al.  1999a).  Levels in British estuaries were found to be similar to 

those in marinas, and highest at the beginning and the end of the boating season.  This was 

considered to be the result of high initial release rates from freshly treated hulls in spring and, 

subsequently, the result of cleaning activities when boats are pulled out of the water in 

autumn (Bowman et al.  2003).  Bowman et al. (2003) suggests that the environmental effects 

of Irgarol 1051 are unlikely to be significant away from the immediate vicinity of marinas, due 

to the dilution of the marina water as it dissipates into the surrounding waters.  Australian 

research by Scarlett et al. (1999b) on seagrasses in coastal waters at ten locations along the 

Queensland coast found that concentrations of Irgarol 1051 were potentially toxic and that the 

highest concentrations occurred at the Gold Coast, an area with a high level of boating activity, 

extensive canal estates and several major marinas.  As with other products that have the 

potential to negatively impact on the marine environment, Irgarol 1051 has generated 

considerable research interest in recent decades (e.g. Tolosa et al.  1996; Tóth et al.  1996; Zhou 

et al.  1996; Ferrer et al.  1997; Ballesteros et al.  1998; González-Martinez et al.  1998; Liu et 

al.  1999b; Voulvoulis et al.  1999b; Biselli et al.  2000; Evans et al.  2000; Albanis et al.  2002; 
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Gardinali et al.  2002; Kobayashi and Okamura  2002; Thomas et al.  2002; Berard et al.  2003; 

Carrasco et al.  2003; Chesworth et al.  2004; Gatidou et al.  2004; Hall Jr et al.  2004; Harino  

2004; Konstantinou and Albanis  2004; Sapozhnikova et al.  2007; Zhang et al.  2008; Hall Jr et 

al.  2009). 

The potential environmental and human health risks posed by Irgarol 1051 have led to 

restrictions, or even a total ban, being placed on its use in some countries.  This is also true of 

the many other alternative antifouling biocides currently available or under development (see 

AMOG Consulting  2002 for further details). 

2.6 PHYSICAL DISTURBANCE 
Vessel operations may also cause physical and other disturbances to the natural environment.  

The use of anchors or accidental vessel groundings can disturb bottom substrates such as coral 

reefs and seagrass beds while propeller and vessel wash from moving vessels may also disturb 

bottom sediments and the associated flora and fauna.  The visual appearance of a vessel and the 

noise from propellers and engine exhausts may also negatively impact on a range of aquatic 

animals, for example, whales and dolphins may change their behaviour to actively avoid 

encounters with vessels.  Larger marine fauna, such as dugong, whales and turtles, may also be 

severely injured or even killed by propellers or from boat collisions.  Greater detail on some of 

the major vessel related physical disturbances to substrates, fauna and humans is provided 

below. 

2.6.1 Substrates 
A major concern regarding vessel operations is the use of anchors and accidental groundings, 

when moored or operating at destinations away from their usual port or mooring area.  

Anecdotal evidence about damage to coral reefs has long been reported via surveys, in locations 

such as Florida (Davis  1977), the Galapagos Islands (Glynn  1994), the Philippines (McManus 

et al.  1997), Sri Lanka (Rajasuriya et al.  1998), Zanzibar (Johnstone et al.  1998), and Egypt 

(Jameson et al.  1999).  Damage has also been reported for seagrass beds in Australia (Walker et 

al.  1989; Hastings et al.  1995), Brazil (Creed and Filho  1999), the Mediterranean Sea 

(Francour et al.  1999; Milazzo et al.  2004; Leriche et al.  2006; Montefalcone et al.  2006; 

Lloret et al.  2008; Montefalcone et al.  2008), and Florida (Zieman  1976; Dawes et al.  1997).  

Additionally, impacts caused by propeller and vessel wash, such as stream bank and bed erosion 

and sediment resuspension, have also been demonstrated for many rivers, freshwater reservoirs 

and estuarine systems (Moss  1977; Liddle and Scorgie  1980; Smart et al.  1985; Nanson et al.  

1994; Schoellhamer  1996; Doyle  2001; Verney et al.  2007). 
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2.6.2 Fauna 
Vessels moving at increased speeds provide another type of disturbance that may impact on 

fauna.  Visual appearance of vessels and the noise generated from operating propellers can 

trigger flight responses in a range of aquatic animals.  Many of the early research projects into 

physical disturbances to fauna caused by vessels focused on waterfowl using inland reservoirs, 

lakes and river systems Batten  1977; Liddle and Scorgie  1980; Tuite et al.  1984), but later 

expanded to cover almost any type of water body and many different bird species (e.g. Mikola 

et al.  1994; Perry and Deller  1996; Steidl and Anthony  1996; Galicia and Baldassarre  1997; 

Mori et al.  2001; Ronconi and Cassady St. Clair  2002).  Many of these studies concluded that 

increased frequency and duration of flushing responses (i.e. the response to being frightened 

from cover), resulting from boating activities, can lead to lower breeding success and long-term 

ecological consequences. 

Collisions with vessels represent a major threat to many marine vertebrates such as whales, 

dolphin, manatees, and sea turtles (Work et al.  2010).  Such impacts were first reported for 

Florida’s manatees or sea cows (Trichenus manatus latirostris) (see discussion in Marmontel et 

al.  1997; Langtimm et al.  1998) and later for other large marine mammals (e.g. Wells and 

Scott  1997; Visser  1999).  Individuals of these species were observed with deep propeller scars 

or found dead, presumably killed as a result of a boat collision (predominantly including 

manatee species).  The use of outboard motors fitted with jet propulsion systems, rather than the 

traditional use of propellers, has been found to dramatically reduce catastrophic and potentially 

fatal injuries to sea turtles (and potentially other marine organisms) (Work et al.  2010). 

Increasing numbers of whale watching tours has attracted the attention of a number of 

researchers over recent decades (e.g. Watkins  1986; Duffus  1996; Au and Green  2000; Orams  

2000; Laist et al.  2001; Erbe  2002; Jelinski et al.  2002; Williams et al.  2002; Heckel et al.  

2003; Parsons et al.  2003; Richter et al.  2006; Anwar et al.  2007; Nowacek et al.  2007; 

Higham et al.  2008; Wiley et al.  2008; Gray et al.  2010; Kessler and Harcourt  2010; Lambert 

et al.  2010; Neves  2010; Stamation et al.  2010; Lachmuth et al.  2011; Visser et al.  2011; 

Kessler and Harcourt  2012).  It has been suggested that response thresholds to variable or 

increasing sound, such as an approaching boat, are low compared to the steady or pulsed sounds 

of drilling operations or seismic noises (Richardson and Wursig  1997).  Further studies 

confirmed that most whale or dolphin species change their behaviour in response to sounds 

produced during vessel operation and appearance (Janik and Thompson  1996; Bejder et al.  

1999; Nowacek et al.  2001; Van Parijs and Corkeron  2001) and that the resulting noise levels 

can approach those that potentially cause hearing damage to cetacean species (Au and Green  

2000).  Results from these studies also indicated a potential for habituation to the sound and 

appearance of tour boats, however, this seemed to be dependent not only on the species but also 
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on the experiences of an individual or group of individual animals.  Other studies have 

suggested that, where they can avoid boat encounters, some large cetaceans prefer this type of 

avoidance response over habituation (Duffus  1996). 

The abovementioned factors have led to considerable research interest in recent times 

(e.g. Bejder et al.  2006; Lemon et al.  2006; Lusseau  2006; Neumann and Orams  2006; 

Richter et al.  2006; Anwar et al.  2007; Weilgart  2007b; 2007a; Williams and Ashe  2007; 

Higham et al.  2008; Currey et al.  2009; Curtin et al.  2009; Filla and Monteiro-Filho  2009; 

Ashe et al.  2010; Neves  2010; Pierce et al.  2010; Strong and Morris  2010; Work et al.  2010; 

Chen  2011; Lachmuth et al.  2011; Visser et al.  2011; Wiley et al.  2011; Steckenreuter et al.  

2012) and support the need for appropriate management measures to be implemented in regard 

to operating vessels in the vicinity of marine fauna. 

2.6.3 Humans 
Many people enjoy the use of boats for fishing, sailing, sightseeing and diving.  It is probable 

that other people do not share this same enthusiasm and regard boats as a nuisance, although 

there is little evidence in the scientific literature that demonstrates such reactions.  Such 

attitudes are often expressed in submissions to environmental impact statements (EISs) for 

marinas or boat mooring sites.  Classic examples are available for the many proposals for such 

structures in and around Sydney and Melbourne where many projects were considered visually 

obtrusive and not approved, or downscaled in a substantial manner (Warnken, unpublished 

data).  Noise, particularly that of two-stroke engines from personal watercrafts (PWCs), has 

been used by many local resident groups to lobby for a ban of small recreational craft on 

waterways in both urban and rural areas.  Some evidence from Alaska and New Zealand (NZ) 

suggests that these aspects of boat operations (i.e. visual obtrusion and noise) could, in fact, be 

of relevance to tour operators; where opinions of visitors to the Glacier Bay National Park 

(Alaska) shifted from ‘neutral’ or ‘pleasant’ to ‘unpleasant’ and ‘very unpleasant’ with 

increasing hypothetical numbers in cruise ships, tour boats, pleasure craft or aircraft (Manning 

et al.  1996); and hikers on tracks adjacent to New Zealand’s Dart River regarded noise as a 

primary annoying feature of jet boat activity on the river (Graham  1999). 

2.7 OTHER GENERAL IMPACTS 
A summary of additional aspects of pollution associated with boat operations is presented in 

Table 2.2.  Most of these impacts relate to maintenance work and minor accidents.  They are 

most likely to occur at permanent mooring facilities, such as marinas, and maintenance and 

repair facilities, including slipways and hardstands.  Managing impacts associated with work or 

other activities at these facilities often requires the installation and proper maintenance of 

technical devices (dust screens, settling tanks and sediment traps, collection and storage 
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facilities for hazardous wastes, etc.) and is primarily the responsibility of licensed operators and 

managers, and not the responsibility of individual boat users or tour boat operators. 

Table 2.2:  Summary of various additional pollutants that may also be associated with boating 
activities. 

Pollutant Sources Characteristics Environmental 
Activity/Fate 

Environmental or Human 
Health Effects 

Detergents Most cleaning agents, 
detergents and soaps. 

Oil spill dispersant. 

Breaks down oils and 
greases on boats. 

Dissolves according to 
water conditions. 

By-products of 
degradation may 
accumulate in 
sediments. 

Broken down by 
microorganisms. 

Toxic to marine plants and 
animals. 

Impairs breathing in fish. 

Reduces amounts of 
oxygen in affected waters. 

Produces unsightly foam on 
water surface. 

Acidic and 
Alkaline 

Substances 

Battery acid, lye and 
other strong acids or 
bases in vessel cleaning 
products. 

Dissolves easily in 
water. 

Increases natural acidity 
or alkalinity of water by 
decreasing or increasing 
pH respectively. 

Toxic to marine plants and 
animals. 

Increases the toxicity of 
other toxic substances, 
metals, other pollutants and 
chemicals. 

Can irritate or damage skin. 

Solvents Vessel maintenance and 
repair activities. 

Paints, varnishes, paint 
removers and lacquers 
as well as degreasing 
agents. 

 Sink in water until they 
reach an impervious 
surface. 

Acetone lingers in air 
and is transported to 
sediment and water. 

Many solvents can cause 
cancer. 

Large amounts can cause 
dizziness, disorientation and 
unconsciousness in the 
user. 

Anti-Freeze Used as engine coolant 
and freeze prevention 
during winter storage. 

Improper use and 
storage creates leaks 
and spills. 

Fate similar to solvents. Ethylene glycol is deadly to 
humans, pets and marine 
organisms in low doses. 

Propylene glycol (orange/ 
pink colour) is less toxic 
than ethylene glycol (blue/ 
green colour) and is 
preferred for use in boats. 

Trace 
Metals 

Paint particles from 
hydro-washing, metal 
shavings from engine 
wear and consumer 
products containing 
metals. 

Dissolves depending on 
the amount of boat use. 

Accumulates in 
sediments, marine 
plants and animals. 

Persistent in the 
environment. 

Some metals broken 
down by micro-
organisms. 

Toxic to marine plants and 
animals. 

Changes the food web in 
the marine environment by 
eliminating certain species. 

Dust and 
Sediments 

Vessel scraping and 
sanding, erosion during 
construction and urban 
runoff. 

Trace metals, nutrients, 
hydrocarbons, etc. 
adhere to dust and 
sediments. 

Accumulates in 
sediments near the 
discharge to water. 

Sediment-bound 
contaminants released 
to water if disturbed. 

May reduce the amounts of 
oxygen in affected waters. 

General lowering of water 
quality. 

Burial of habitat, food and/or 
organisms. 

Increased turbidity can clog 
the gills of fish and reduce 
the light available for 
photosynthesis. 

(modified from McCoy and Johnson  1995) 
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2.8 CHARACTERISATION OF VESSELS OPERATING IN AUSTRALIA 
The overall potential for boating related environmental impacts is generally a product of the 

overall size and type of vessel and its predominant area of operation.  Therefore, an 

understanding of these characteristics (i.e. vessel size, type and area of operation) is important 

to the overall concept of the environmental management of any potential impacts.  From an 

environmental management perspective, vessels operating in Australian waters may be broadly 

divided into four major groups to allow practical discussion regarding their potential for 

environmental impact: 

(i) Large Commercial and Naval Vessels; 

(ii) Commercial Fishing Vessels; 

(iii) Recreational Vessels; and 

(iv) Tourism Vessels. 

These groups are based on a continuum of vessel size, from small through to large, and 

operational area, using typical examples (see Table 2.3).  The characteristics of each vessel 

grouping and their potential to cause environmental impacts (thus reflecting the need for the 

implementation of environmental management measures) are outlined below. 

It should be noted that, all factors remaining equal (e.g. vessel size, number of people on board, 

type of antifouling agent applied to the vessel, the mooring or anchoring methods used, the 

types of on board amenities, facilities and equipment, the area of operation especially in regard 

to the type of receiving environment, etc.), the boating related environmental impacts associated 

with vessel operation are not unique to a particular vessel or sector.  The fate and effect of 

antifouling agents within the receiving environment, for example, isn’t dependent on the type of 

vessel (i.e. whether an antifouling agent originated from the hull of a fishing vessel or a tourism 

vessel).  Rather, it is the operational factors of a particular vessel or vessel sector (such as those 

mentioned above) that will determine the overall environmental impact potential and hence the 

level of interest to environmental managers. 

2.8.1 Large Commercial and Naval Vessels 
These vessels are extremely large and have the potential to cause a substantial environmental 

impact in the event of a major accident.  There is a large volume of literature documenting such 

events, especially for oil (see LaBelle and Anderson  1996; Eberhardt and Garrott  1997; Lee 

and Page  1997; Batten et al.  1998; Dean et al.  1998; Feder and Blanchard  1998; Lancaster et 

al.  1998; Mille et al.  1998; Glegg et al.  1999; Hayes and Michel  1999; Ho et al.  1999; 

Hughes  1999; Mignucci-Giannoni  1999; Garshelis and Johnson  2001).  High concentrations 
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of these vessels tend to be in and around large ports, which are usually associated with major 

cities; which are often already subject to other major urban impacts such as coastal 

development, industry, urban runoff and ocean sewage outfalls (see Field and O’Shea  1994; 

Carreira and Wagener  1998; Edinger et al.  1998; Al-Muzaini et al.  1999; Shatti and Abdullah  

1999; Smith and Suthers  1999; Dinda et al.  2000; Haynes and Johnson  2000; Lee and Bang  

2000; Richards et al.  2000; Davis et al.  2001; Harborne et al.  2001; He and Morrison  2001; 

Obura  2001; Richards et al.  2002).  Once away from these major ports, however, they tend to 

operate in open waters where their potential polluting effects are greatly diffused by vast 

volumes of water.  There are exceptions to this in the form of major, large and busy shipping 

channels, such as the Suez Canal in Egypt (connecting the Mediterranean Sea to the Red Sea), 

and the Houston and the Calcasieu River (Louisiana) Shipping Channels in the United States of 

America (USA or US).  The potential impacts from such vessels are predominantly covered 

under the International Convention for the Prevention of Pollution from Ships, 1973, as 

modified by the Protocol of 1978 (MARPOL 73/78) and compliance monitoring the 

responsibility of the International Maritime Organisation (IMO) (discussed in detail in 

Chapter 3). 

2.8.2 Commercial Fishing Vessels 
Commercial fishing vessels comprise a lower number of smaller vessels with their potential for 

environmental harm from accidents tending to be much more localised and short-term.  These 

vessels are generally concentrated in and around major fishing ports which are often linked to 

smaller cities with older facilities.  Similar to larger commercial vessels the potential 

environmental impacts from this category tend to be cumulative.  However, impacts which are 

unique to this group are the concentrated repeat visits to popular fishing grounds which create 

substantial disturbance to the bottom substrate and depletion of breeding stocks.  Once again 

these impacts have been widely demonstrated (see Pierce et al.  1993; Ball et al.  2000; 

Bergman and van Santbrink  2000; Blaber et al.  2000; Clark et al.  2000; Frid et al.  2000; 

Hall-Spencer and Moore  2000; Hoffmann and Dolmer  2000; Kaiser et al.  2000; Lindegarth et 

al.  2000; McConnaughey et al.  2000; Pitcher et al.  2000; Rumohr and Kujawski  2000; 

Sanchez et al.  2000; Smith et al.  2000; Jin et al.  2001; Stobutzki et al.  2003). 

2.8.3 Recreational Vessels 
Personal recreational vessels tend to be predominantly small in size (see Table 2.3 for further 

detail) but their numbers are typically great, e.g. in 2001 values were almost 13 million in the 

US (Schmidt 2001, pers. comm., 6th February), approximately 600,000 in Australia (Genau 

2001, pers. comm., 1st February), and close to 300,000 in New Zealand (NZ) (Busfield 2001, 

pers. comm., 1st February).  Additionally, these figures generally do not include the hundreds 

and thousands of smaller or non-motorised boats that do not have to be registered, such as 
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canoes, dinghies, and smaller sail boats.  The potential environmental impact in the event of an 

accident from this class of vessel is usually highly localised and very short term.  These vessels 

tend to concentrate, over extended periods of time, in and around purpose built marinas, canal 

estates and boat ramps, which are associated with major urban/residential development.  

Recreational vessels also tend to have major seasonal concentrations, over shorter periods such 

as holidays, around popular anchorages and boating sites.  As these sites are usually away from 

other sources of impact, recreational vessels tend to be a major source of impact at these sites.  

Further, at many of these sites there is often a conflict of interest between boat users and other 

recreational activities, such as swimming.  It is important to note that these vessels tend to be 

used infrequently and suffer no subsequent loss of income as a result of their limited use. 

2.8.4 Tourism Vessels 
Most tourism activities tend to use vessels of the small to medium size category.  In this group, 

environmental impacts resulting from accidents tend to be relatively minor in comparison to 

larger and longer term activities, depending on the vessel.  Overall there are few vessels in this 

category, however, they do tend to congregate around tourism hot-spots such as Cairns and the 

Whitsundays in Queensland (Australia).  Typically, these vessels repeatedly visit exactly the 

same areas, which tend to be of high conservation value, carrying large numbers of people, 

usually with larger numbers of people per gross tonnage than vessels from any other category.  

There is also the tendency for this category of vessel to exhibit chronic impacts at sites of high 

conservation value, such as the many dive boats that visit coral reef areas of the World Heritage 

listed Great Barrier Reef Marine Park (see Byrnes and Warnken  2003 and Warnken and Byrnes  

2004), which should be exposed to minimal (preferably nil) impacts.  These factors make this 

vessel category a priority for environmental managers. 

A general understanding of the scale and distribution of tourism vessel operations around 

Australia can be found on the Charter Guide Australia online boat charter, hire and harbour 

cruise directory (http://www.charterguide.com.au/default.asp).  This site lists 158 whale or 

dolphin watching operations (the majority (69%) being located in New South Wales (NSW) 

(38%) and Western Australia (WA) (31%)), 260 diving operations (the majority (68%) being 

located in Queensland (43%), particularly Cairns (12%) and the Whitsunday region (9%), and 

WA (25%), not only in the major urban area of the state’s capital city of Perth (13%) but also in 

more isolated areas such as the remote Kimberley Coast in the state’s north (3%), for example) 

and 583 fishing operations (predominantly (78%) in Queensland (36%), especially Cairns (5%) 

and the Gold Coast (5%), NSW (27%), particularly Sydney (7%), and WA (15%), around Perth 

(7%) and the remote Kimberley Coast (4%)).  The site also lists other tourism vessel related 

activities such as sheltered water cruising (806) and sailing (182) operations.  However, the 

number of individual operators and vessels can be difficult to accurately determine from these 
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types of sources due to reasons such as operators potentially having multiple listings or listings 

being for booking agents that may be acting on behalf of one or more operators 

(see 4.3.4 Response Rates and Appendix N for further details in this regard). 

Table 2.3:  Working matrix of vessel size, type and area of operation for the four major groups of 
vessels operating in Australian waters. 

Vessel 
Sizea 

Example of Typical 
Vessel Type 

Predominant Area of 
Operationb 

Relative Size 
Distributionc 

Major Areas of 
Concentration 

 Large Commercial and Naval Vessels   
small –– –– –– commercial ports and major 
medium mine sweeper, coastal 

freighter 
nearshore  (17%) shipping channels 

large bulk carriers, ROROd, tankers offshore  (83%)  

 Commercial Fishing Vessels    
small coastal driftnet fishing inshore  (46%) fishing ports and major 
medium trawler nearshore  (46%) fishing grounds 

large fish processing vessel offshore /2 (8%)  

 Recreational Vessels    
small sailing yachts, fly-bridge 

cruisers 
mostly inshore, some 
nearshore, few offshore 

 (59%) purpose built marinas, canal 
estates and sheltered 

medium luxury yachts mostly inshore, some 
nearshore, few offshore 

 (35%) coastal waters 

large super yachts mostly inshore, some 
nearshore, few offshore 

/2 (6%)  

 Tourism Vessels    
small SRIe dive boat, sailing yacht, 

fishing boat 
mostly inshore  (57%) tourism hot-spots, significant 

geomorphological marine 
medium double hull ferry, whale 

watching and dive boats 
nearshore  (29%) features (e.g. reefs, rocky 

outcrops), congregations of 

large cruise liners offshore  (14%) ‘charismatic mega-fauna’ 

Legend: 
a Vessel Size:–  Arbitrarily defined vessel size categories whereby, 
  small = vessels up to approximately 15 m in length; 
  medium = vessels from approximately 15–50 m in length; and 
  large = vessels > 50 m in length. 
b Predominant Area of Operation:–  Arbitrarily defined operational areas based on distances from the coast whereby, 
  inshore (restricted) = vessels generally operate in waters that are up to approximately 3–5 n miles (max. 10 n miles) from the 
 coast; 
  nearshore (partly restricted) = vessels generally operate in waters that are up to approximately 20 n miles from the coast; and 
  offshore (unrestricted) = vessels generally operate in waters that are further than approximately 20 n miles from the coast, 
  i.e. ‘open oceans’. 
c Relative Size Distribution:–  Arbitrarily defined proportions of how the various vessel size categories are distributed within each of 
  the four typical vessel types whereby the proportion is relative to the number of ’s, i.e. the greater the number of ’s the 
  higher the number of vessels in that size category and vice-versa (also represented as an approximate percentage in parentheses). 
d RORO = roll-on roll-off ‘car carrier’ 
e SRI = semi-rigid inflatable 
  n mile = nautical mile (i.e. 1 n mile = 1,852 m). 
  charismatic mega-fauna = large animals that are the subject of human interest, such as whales, dolphins and seals, for example. 

2.9 CONCLUSION 
This chapter highlighted several aspects associated with vessel operation that have the potential 

to adversely affect human health and the environment.  The major impacts identified and 

summarily discussed were sewage, garbage, oil, greenhouse gases, antifouling agents (such as 

tributyltin, copper and Irgarol 1051) and the physical disturbance of substrates, fauna and 
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human beings.  Reference was also made to several other general impacts that may also 

adversely affect human health and the environment.  This chapter placed the overall 

environmental impact potential of tourism vessels (i.e. the vessels used by tour boat operators) 

into context with those of the other major vessel groups operating in Australia.  The impacts of 

any activity need to be appropriately managed to ensure the sustainable use of resources and the 

best possible environmental and human health outcomes.  Various measures are available to 

sustainably manage environmental impacts and these are discussed in the following chapter 

(i.e. Chapter 3 Review of Boating Related Impact Management) with a focus on those that are 

most applicable to the management of the boating related environmental impacts associated 

with vessel operations. 
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3 REVIEW OF BOATING RELATED IMPACT 
MANAGEMENT 

3.1 INTRODUCTION 
Chapter two described the major environmental impacts associated with vessel operations and 

highlighted the need for the identified potential impacts to be appropriately managed.  Such 

actions are necessary to ensure the sustainable use of resources and the best possible 

environmental and human health outcomes.  This chapter provides an overview of the various 

measures currently available to manage the potential impacts of human activities, especially 

those aimed at the sustainable management of environmental impacts and particularly those 

most applicable to the management of the aforementioned boating related impacts.  This was 

achieved by conducting a comprehensive review of the relevant literature on the subject matter 

to provide a general summary of the major approaches available with a focus on those most 

relevant to commercial tour boat operations in Australia.  A theoretical framework for the 

assessing the management of boating related environmental impacts is also proposed. 

3.2 BACKGROUND 
Various measures exist to manage the potential impacts associated with human activities, 

including: 

(i) Laws/legislation; 

(ii) Industry codes of conduct/practice; 

(iii) Environmental management guidelines; 

(iv) Generic environmental information developed and distributed by non-government 

environment and/or conservation groups; and 

(v) Simple self-imposed ‘common sense’ measures that may be implemented by 

individuals without the need for an overarching control body (refer to cautionary note 

in 3.5 Self-Imposed ‘Common Sense’ Measures). 

Overall, such measures may be broadly categorised into three major approaches or instruments 

as follows (United Nations Environment Programme (UNEP)  2010): 

(i) Direct regulatory instruments; 

(ii) Persuasive instruments; 

(iii) Economic instruments. 
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Direct regulatory instruments (also referred to as ‘command and control’ instruments) are aimed 

at directly influencing behaviour through the use of laws (i.e. traditional legislation, regulations, 

etc.).  Persuasive instruments are those that try to ‘persuade’ the uptake of greater 

environmental responsibility by way of information, education, training or voluntary 

agreements.  Economic instruments are designed around the ‘polluter pays’ principle under two 

main categories (United Nations Environment Programme (UNEP)  2010): 

(i) Fiscal and financial instruments; 

(ii) Market instruments (including property rights instruments). 

Fiscal and financial instruments may include disincentives such as taxes, emission charges or 

product charges to discourage damaging behaviour, or incentives such as subsidies or 

preferential tax treatment to encourage improvements.  Market instruments may include the 

establishment of a market for the use of water to ensure that it is used for the highest value 

activities, or in the form of permits to allow the discharge of nutrients into the environment to 

manage the eutrophication of lakes (United Nations Environment Programme (UNEP)  2010). 

Two points should be noted.  First, that these measures are not necessarily exclusive to the 

management of boating related impacts.  There are laws that govern most activities that we 

participate in on a daily basis, for example, rules for driving vehicles on public roads, laws that 

say when and how much tax we should pay, laws that regulate acceptable human social 

behaviour or various codes of conduct for how various industries, organisations and individuals 

should operate or behave.  Again, the major differences in how such measures relate to the 

management of the boating related impacts are mostly related to the fact that such vessels 

operate in areas that are difficult to monitor, either officially by a relevant government 

regulatory authority or unofficially by vigilant members of the community.  The second point is 

that there are alternative ways to categorise the types of approaches.  Althaus et al. (2007), for 

example, use five categories of policy instruments:  advocacy, network, money, government 

action and law (this alternative typology is dealt with in section 3.6). 

For most of the 20th century, government authorities have relied on legislative regulations and 

policing (e.g. licensing, fines, approvals, etc.) to prevent adverse environmental and social 

impacts commonly associated with economic and industrial growth.  In the past, these 

‘command and control’ instruments have been quite effective in reducing pollution and 

environmental destruction especially in cases of gross negligence, wilful or careless actions, or 

widespread malpractice.  However, they have also tended to be inflexible and, if poorly 
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designed, expensive to administer (Gunningham and Sinclair  1999; Delmas  2000; Khanna  

2001; Howes  2005). 

In light of the rapid increase in global development and technology these ‘command and 

control’ instruments have attracted considerable criticism, often from the industries affected.  In 

response to such assertions, academic, industrial, government and international agencies have 

proposed and developed a range of management instruments designed to complement or 

substitute traditional regulatory mechanisms.  These supplementary management instruments all 

provide varying degrees of industry participation and self-regulation (for reviews see 

Gunningham and Rees  1997; Gunningham et al.  1998; Khanna  2001; Lenox and Nash  2003).  

Based on their principle way of action, they can be grouped into the following three categories 

(as shown in Figure 3.1 below): 

(i) Organisational and operational management; 

(ii) Education; and 

(iii) Economics. 

Industry 

0% 0% 

100% 100% 

Government 

strict regulation 
free market 

environmentalism 

Organisational & 
Operational Management 

 Self-Regulation 
(codes of practice/conduct, 
management standards, etc.) 

 voluntary 

 mandatory 

 partially mandatory 

Education

 Staff Education and Training 

 Corporate Environmental Reporting 

 Community Right to Know and 
Pollution Inventories 

 Environmental Labels and Product 
Certification 

 Award Schemes 

Economics 
 Property Rights 

 Market Creation 
(tradeable pollution rights) 

 Fiscal Instruments and Charge 
Systems (green taxes) 

 Financial Instruments 
(funds, loans, etc.) 

 Civil Liability 

 Performance Bonds 

impracticable 
inefficient 

utopia 
undesirable

 

Figure 3.1:  Overview of environmental management instruments. 

(developed from Gunningham et al.  1998) 

Figure 3.1 shows that at one end of the management spectrum is government control (i.e. left 

hand side of figure) and on the other is control by industry (i.e. right hand side of figure), and 

that having total control from either end of the spectrum is neither efficient nor desirable.  The 

figure also shows that regardless of the approach, each may have various levels of input from 
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the three supplementary management instrument categories (i.e. organisational and operational 

management, education, and economics) to effectively achieve the desired outcome.  Typical 

examples of instruments of organisational and operational management include industry self-

regulation schemes such as ISO 14000 (a series of standards developed by International 

Organisation for Standardisation (ISO) to provide businesses with a structure for managing 

environmental impacts), Responsible Care (sponsored by the American Chemistry Council), the 

Canadian forest industry’s Sustainable Forest Management Certification System, and self-

regulatory programs in the recreational dive industry administered by organisations such as the 

Professional Association of Dive Instructors (PADI) and the National Association of 

Underwater Instructors (NAUI).  Environmental management instruments aimed at educating 

and informing consumers or other interested third parties include public corporate 

environmental reporting, community right to know (CRTK) schemes, pollution inventories, 

green labels (and other product certification), and environmental award schemes (Howes  2005).  

Economic instruments are equally broad and may include various options such as fiscal 

instruments and charge systems (green taxes), market creation (tradeable pollution rights), 

property rights (water), special funds and low interest credits, performance bonds and more 

(Howes  2005). 

The following sections provide an overview of the framework of government and industry 

instruments relevant to the management of boating related environmental impacts.  Examples in 

this chapter focus on the state of Queensland (Australia), however, it should be noted that 

similar requirements may also exist in other states and territories of Australia and where 

necessary these may be used to highlight different approaches or as supplementary information 

from other tourism hot-spots around Australia. 

3.3 DIRECT REGULATION 
Over the past 40 years, the impacts associated with vessel operations (see Chapter 2) have 

attracted a lot of attention by ‘green’ activists, the media, the general public, governments, and 

the insurance industry.  After a series of major oil tanker accidents resulting in oil spills, the 

International Maritime Organisation (IMO) arranged a conference of government 

representatives in 1973 with the goal of establishing a regulatory system for all types of 

pollution from international shipping.  This ultimately led to the International Convention for 

the Prevention of Pollution from Ships (MARPOL 73/78) ratified on the 2nd of October 1983.  

MARPOL contains six technical annexes.  Annexes I and II relate to oil and bulk noxious liquid 

substances respectively and are mandatory in the sense that ratification of the convention is 

impossible without ratification of these annexes.  Annexes III, IV, V and VI, relate to harmful 

substances in packaged forms, sewage, garbage and air pollution respectively, and are optional.  

MARPOL was given effect in Australia (initially for Annexes I and II only) with the Protection 
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of the Sea (Prevention of Pollution from Ships) Act 1983 (Cth) (PSPPSA), which came into 

force on the 14th of January 1988.  Enforcement of other sections of the Act followed so that 

from September of 2003, all of the annexes currently in force under MARPOL were also in 

force under the Australian federal legislation10.  As a signatory nation to the United Nations 

Convention on the Law of the Sea (UNCLOS), Australia’s marine pollution legislation applies 

to all ships in Australian territorial waters and the Exclusive Economic Zone (EEZ), a zone 

extending 200 nautical miles seaward of the Territorial Sea Baseline (TSB), which is, in most 

cases, the low water mark11.  Under the Coastal Waters (State Powers) Act 1980 (Cth), 

Australian states and territories can enact legislation and control marine pollution in their 

coastal waters, which is usually a strip of three nautical miles seaward of the TSB.  For 

example, in Queensland, coastal waters are covered by the Transport Operations (Marine 

Pollution) Act 1995 (TOMPA) and Regulation 2008. 

Table 3.1 below details the various ship-sourced pollutants covered under various pieces of 

legislation as applicable to international waters (MARPOL), Australian Commonwealth waters 

(PSPPSA) and Queensland coastal waters (TOMPA).  It should be noted that while Queensland 

has been used as the example of relevant state legislation in this instance, similar requirements 

exist for each of the other states and territories of Australia as follows (see Australian Maritime 

Safety Authority (AMSA)  2010c for example): 

 Marine Pollution Act 1987 (New South Wales); 

 Protection of Marine Waters (Prevention of Pollution from Ships) Act 1987 (South 

Australia); 

 Pollution of Waters by Oil and Noxious Substances Act 1987 (Western Australia); 

 Pollution of Waters by Oil and Noxious Substances Act 1987 (Tasmania); 

 Pollution of Waters by Oil and Noxious Substances Act 1986 and Environment Protection 

Act 1970 (Victoria); and 

 Marine Pollution Act 1999 (Northern Territory). 

An overall summary of the discharge standards for ships and smaller vessels operating in 

Australian waters can also be found on the Australian Maritime Safety Authority website at 

http://www.amsa.gov.au (Australian Maritime Safety Authority (AMSA)  2010d). 

                                                           
10 Annex VI requirements are yet to be completely incorporated into the PSPPSA (for further information see Table 3.1). 
11 See UNCLOS Article 211 ‘Pollution from vessels’, item 5, for further detail. 
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Table 3.1:  Provisions of principle ship-sourced pollution legislation applicable to international waters, 
Australian Commonwealth waters and Queensland waters. 

Instrument MARPOL  Protection of the Sea 
(Prevention of Pollution 

from Ships) Act 1983 
(Cth) 

Transport Operations 
(Marine Pollution) Act 

1995 (QLD) 

Application International 
Waters 

Impact Control Provisions 
(as stated in MARPOL) 

Australian Territorial 
Waters (0–200 nm12) 

Queensland State Waters 
(usually 0–3 nm) 

Part Annex I 
Prevention of 
Pollution by Oil 

(2nd Oct. 1983)13 

Oil tankers – cargo space discharges, 
not relevant to tour boats. 

All ships – machinery space 
discharges 

The discharge from machinery space 
bilges is allowed only when all of the 
following conditions are met: 

 the ship is not within a special 
area 

 the oil content of the effluent does 
not exceed 15 ppm 

 the ship is proceeding en route 
oil filtering and separation equipment 
only for vessels > 400 gross tons. 

Additionally this annex requires: 

 every oil tanker > 150 gross tons 
and every other ship > 400 gross 
tons, to record relevant machinery 
space operations in an ‘Oil Record 
Book’ 

 every oil tanker > 150 gross tons 
and every other ship > 400 gross 
tons, engaged in an international 
voyage, must have an 
‘International Oil Pollution 
Prevention Certificate’ 

 oil tankers to fulfil additional 
obligations such as ‘Dedicated 
Clean Ballast Tank Operation 
Manual’ 

Addition of a new regulation in this 
annex to protect the Antarctic from 
pollution by heavy grade oils, with an 
entry into force date of 1 August 2011, 
as follows: 

 special requirements for the use 
or carriage of oils in the Antarctic 
area 

 prohibits the carriage, in bulk as 
cargo, or carriage and use as fuel, 
of certain heavy crude oils or 
bitumen, tar and their emulsions 

 exception envisaged for vessels 
engaged in securing the safety of 
ships or in a search-and-rescue 
operation. 

Pt II (ss. 8–14A) 

As for MARPOL, Annex I 

(14th Jan. 1988) 

Pt 4 (ss. 23–30) and Reg. Pt. 2. 

All ships:  no discharge of oil 
or oil residues into coastal 
waters, exemption as for 
MARPOL, Annex I for vessels 
> 400 gross tons. 

Additionally: 

 all ships > 35m in length 
overall and ships > 24m in 
length overall if carrying oil 
as cargo, or if there is a 
vehicle on board carrying 
more than 400 L of oil as 
cargo, must keep a 
‘Shipboard Oil Pollution 
Emergency Plan 
(SOPEP)’ detailing how oil 
pollution is managed and 
reported 

 other documentation 
requirements similar to 
those in MARPOL 

(15th Nov. 1995) 

Part Annex II 
Prevention of 
Pollution by 
Noxious 

Mostly applies to noxious substances 
carried in bulk, usually not relevant to 
tour boats. 

Pt III (ss. 15–26AA) 

As for MARPOL, Annex II 

(14th Jan. 1988) 

Pt 5 (ss. 31–38A) and Reg. Pt 3 

Similar to MARPOL, Annex II 

(15th Nov. 1995) 

                                                           
12 nm = nautical mile (1 nautical mile = 1,852 m). 
13 Dates in parentheses represents the date at which the various ‘Part’ of each ‘Instrument’ entered into force, e.g. Annex I entered 
into force internationally on the 2nd of October 1983, in Australia on the 14th of January 1988 and in Queensland on the 15th of 
November 1995. 
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Instrument MARPOL  Protection of the Sea 
(Prevention of Pollution 

from Ships) Act 1983 
(Cth) 

Transport Operations 
(Marine Pollution) Act 

1995 (QLD) 

Application International 
Waters 

Impact Control Provisions 
(as stated in MARPOL) 

Australian Territorial 
Waters (0–200 nm12) 

Queensland State Waters 
(usually 0–3 nm) 

Substances 

(6th Apr. 1987) 

Part Annex III 
Prevention of 
Pollution by 
Harmful 
Substances 
Carried by Sea in 
Packaged Form 

(1st Jul. 1992)  

Requirements for the prevention of 
pollution by harmful substances carried 
by sea in packaged form, such as 
freight containers, portable tanks or 
road and rail tank wagons, usually not 
relevant to tour boats. 

Pt IIIA (ss. 26A–26B) 

As for MARPOL, Annex III 

(10th Jan. 1995) 

Pt 6 (ss. 39–44) and Reg. Pt 4 

Similar to MARPOL, Annex III 

(15th Nov. 1995) 

Part Annex IV 
Prevention of 
Pollution by 
Sewage 

(27th Sept. 2003) 

All ships engaged in an international 
voyage that are over 400 gross tons 
or certified to carry more than 15 
persons 

Prohibits discharge of sewage into the 
sea except when: 

 discharging comminuted14 and 
disinfected sewage using an 
approved system at a distance 
more than 3 nautical miles from 
nearest land, or sewage that is not 
comminuted and disinfected at a 
distance of more than 12 nautical 
miles from nearest land 

 the ship has in operation an 
approved sewage treatment plant 

 the ship is in State waters and 
discharging in accordance with 
State requirements. 

When sewage is mixed with wastes or 
waste water having different discharge 
requirements, the more stringent 
discharge requirements shall apply. 

Additionally, must have a current 
‘International Sewage Pollution 
Prevention Certificate’. 

Pt IIIB(2) (ss. 26C–26 DA) 

As for MARPOL, Annex IV 

(27th May 2004) 

Pt 7 (ss. 45–51C) and Reg. Pt 5 

(phased implementation 
1st Jan. 2004 – 1st Jan. 2010) 

All ships: 

 discharges prohibited in 
certain areas 

 nil discharge of untreated 
sewage in rivers, creeks 
and smooth waters or at 
certain distances from 
specified areas 

 nil discharge of untreated 
sewage from ships 
carrying 16 or more 
people from 1st Jan. 2010 

 discharge allowed for 
treated effluent at certain 
distances from specified 
areas depending on level 
of treatment (i.e. Grade A, 
B, or C). 

(more stringent requirements 
for class 1 (passenger carrying) 
vessels – ‘declared ships’, such 
as having a ‘Shipboard Sewage 
Management Plan’ detailing 
how on board sewage is 
managed to avoid unlawful 
discharge and also maintaining 
a ‘Sewage Disposal Record 
Book’) 

Part Annex V 
Prevention of 
Pollution by 
Garbage 

(31st Dec. 1988) 

All ships: 

Prohibits overboard disposal of any on 
board wastes (incl. plastics, synthetic 
ropes and fishing nets).  Exemptions 
are provided for disposal of non-plastics 
by the master or owner of the vessel 
specifying areas, minimum distances, 
types and conditions based on the 
degradability of the waste. 

Additionally this annex requires: 

 every ship of 12 m or more in 
length to display placards outlining 
the disposal requirements of this 

Pt IIIC (ss. 26E–26FE) 

As for MARPOL, Annex V 

(14th Nov. 1990) 

Pt 8 (ss. 52–57) and Reg. Pt. 6 

Similar to MARPOL, Annex V 

(15th Nov. 1995) 

                                                           
14 Comminute means to reduce to small particles or powder such as by crushing or pulverising (The Macquarie Concise Dictionary 
(4th Edition) 2006). 
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Instrument MARPOL  Protection of the Sea 
(Prevention of Pollution 

from Ships) Act 1983 
(Cth) 

Transport Operations 
(Marine Pollution) Act 

1995 (QLD) 

Application International 
Waters 

Impact Control Provisions 
(as stated in MARPOL) 

Australian Territorial 
Waters (0–200 nm12) 

Queensland State Waters 
(usually 0–3 nm) 

annex 

 every ship of 400 gross tons and 
above, or ships certified to carry 
15 persons or more, to develop 
and follow a shipboard waste 
management plan and to be fitted 
with equipment required to 
operate in accordance with the 
management plan 

 every ship of 400 gross tons and 
above, or ships certified to carry 
15 persons or more, engaged on 
international voyages to maintain 
a garbage record. 

Part Annex VI 
Prevention of Air 
Pollution 

(19th May 2005) 

All ships:  (except where expressly 
provided otherwise) 

Sets limits on sulphur oxide (SOx) and 
nitrogen oxide (NOx) emissions from 
ship exhausts and prohibits deliberate 
emissions of ozone depleting 
substances, including halons and 
chlorofluorocarbons (CFCs).  Also 
includes a global cap on the sulphur 
content of fuel oil of 4.5%. 

Additionally this annex: 

 contains provisions for special 
SOx Emission Control Areas 
(SECAS, e.g. the Baltic Sea) with 
more stringent controls, 
i.e. sulphur content of fuel oil must 
not exceed 1.5%, alternatively, 
ships must fit exhaust gas 
cleaning system or other 
technology to limit SOx emissions 

 prohibits new installations 
containing ozone-depleting 
substances (hydro-
chlorofluorocarbons (HCFCs) 
permitted until the 1st of January 
2020) 

 adopts a mandatory NOx 
Technical Code, detailing how 
limits on NOx emissions from 
diesel engines will be achieved 

 prohibits the on board incineration 
of certain products, such as 
contaminated packaging materials 
and polychlorinated biphenyls 
(PCBs) 

Pt IIID (ss. 26FEF–26FER) 

As for MARPOL, Annex VI 
with regard to SOx only. 

(10th Nov. 2007) 

(not yet in force) 

 

In theory, these regulations cover most of the pollution aspects of boating related environmental 

impacts, i.e. in regard to most petrochemicals, noxious liquid substances, sewage, garbage and 

emissions of nitrogen and sulphur oxides and ozone depleting substances (many being 
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greenhouse gases that may contribute to human induced climate change).  However, the 

majority of provisions under marine pollution control legislation, instigated by MARPOL, relate 

to larger sized vessels, i.e. oil tankers, cargo vessels and vessels in excess of 400 gross tons or 

vessels surveyed to carry more than 15 people, and for certain provisions, only those vessels 

engaged in an international voyage (Table 3.1).  It can therefore, be difficult to determine 

whether, and to what extent these provisions apply to tourism vessels.  Complex situations can 

arise from slight differences in wording and sentence construction of the text used in legislation.  

The PSPPSA (Protection of the Sea (Prevention of Pollution from Ships) Act) contains no 

specific definition for ‘ship’ other than a general reference to terms used under MARPOL, for 

example, while parts of TOMPA (e.g. ss.49–50) make specific reference to ‘declared ships’ 

(i.e. commercially registered class 1B, 1C, 1D, 1E or 1F ships with a fixed toilet) that are 

subject to more stringent sewage discharge requirements under the Transport Operations 

(Marine Pollution) Regulation 2008 (QLD) ss.46–52.  The same legislation also provides 

comprehensive instructions for various types of sewage treatment levels and their associated 

discharge areas.  Special rules also apply in regional specific areas of Australia such as 

Queensland marine parks under the Marine Parks Act 2004 (QLD) (MPA) and its 2006 

regulation. 

To avoid some of this confusion, the PSPPSA contains so-called ‘roll-back provisions’ so that, 

wherever state legislation is in place, that stipulates management measures which are equivalent 

to (or more stringent than) requirements under the Act, the state legislation prevails.  State 

jurisdiction, however, is limited to coastal waters, usually up to three nautical miles from the 

low water mark.  Depending upon the locality and season, some operators (e.g. those involved 

in diving and fishing) may extend their activities well beyond the outer limits of coastal waters.  

In extreme situations, operators can offer tours that may require them to consult discharge 

provisions under marine pollution and marine conservation legislation at both the federal and 

state level.  Operators with tours to fringing reefs and outer reefs in the Whitsunday area 

(Queensland, Australia), for example, should be aware of discharge provisions under the 

PSPPSA, TOMPA, the Great Barrier Reef Marine Park Act 1975 and its zoning plan, and the 

Queensland Marine Parks Act 2004 with its zoning plan for the Townsville/Whitsunday 

Management Area (i.e. Marine Parks (Great Barrier Reef Coast) Zoning Plan 2004, see Marine 

Parks (Declaration) Regulation 2006 for area description). 

Zoning plans and their provisions can also contain restrictions or details about certain activities, 

including where and how to anchor and the disturbance of wildlife and other restrictions.  Under 

the Marine Parks (Moreton Bay) Zoning Plan 2008 (QLD), for example, the Moreton Bay 

Marine Park (MBMP) is divided into four zones:  (i) General Use; (ii) Habitat Protection; 

(iii) Conservation Park; and (iv) Marine National Park zones; with each zone providing a greater 



Review of Boating Related Impact Management 

© Troy A Byrnes 2011 38

level of protection than the preceding zone (see Figure 3.2 for graphic example of zoning plan).  

Such zoning plans state what activities are allowed within each zone (that is, what activities can 

be undertaken without permission), as well as those activities that may be undertaken with 

permission.  Relevant activities that may be undertaken with permission include conducting a 

tourism program or vessel charter operation, anchoring a vessel in a particular area for more 

than 14 consecutive days or for 30 days in any period of 60 days and navigating a ship15 or 

managed vessel16.  Permission must be sought in the approved form (a specific format that 

includes specific information and/or supporting documentation) and be accompanied by the 

appropriate fee.  Further, if specific activities are not stated as being allowed under a zoning 

plan (either with or without permission), then such activities are generally deemed not to be 

allowed within the marine park, such as the use of a vessel as a dwelling for example. 

Other issues outlined in the zoning plan that may also be of relevance include designated areas 

within the marine park and restrictions placed on permissions being granted for commercial 

whale watching programs or authorised feeding of dolphins (refer to the Marine Parks 

Regulation 2006 (QLD) for details on whale watching and dolphin feeding requirements).  

Relevant designated areas within the zoning plan include go slow, mooring and no-anchoring 

areas.  Go slow areas make it an offence to operate a vessel in a planing or non-displacement 

mode or for motorised water sports and, for specific turtle and dugong go slow areas, to operate 

a vessel in a way or at a speed that could result in striking a turtle or dugong or for vessels over 

8 m in length, at speeds in excess of 10 knots17.  Mooring areas allow mooring activities only 

where they have been authorised and place requirements on such activities including what 

constitutes a mooring device and how it must be designed, installed and used.  No anchoring 

areas aim to protect coral species and habitats from anchoring practices and simply make it an 

offence to anchor in a designated no-anchoring area. 

While the zoning plan provides very detailed descriptions of the types of activities allowed in 

each zone, it also makes reference to an indicative map (showing all of the zones) that is 

available on the department’s website18.  The map is intended to assist interpretation of the 

various requirements for each zone and assigns various colours to the different zones that relate 

to the level of protection that the areas receive and the types of activities that are allowed to take 

place within them.  These zones range in colour from light blue through yellow to green, in 

                                                           
15 A ship includes a vessel that is 50 m or more in length (refer to the Marine Parks (Moreton Bay) Zoning Plan 2008 for full 
meaning of ship). 
16 A managed vessel includes a hovercraft, a hydrofoil, or an airboat (refer to the Marine Parks (Moreton Bay) Zoning Plan 2008 
for full meaning of managed vessel). 
17 1 knot = 1 nautical mile per hour (1 nautical mile = 1,852 m). 
18 The Queensland Department of Environment and Resource Management (DERM) at http://www.derm.qld.gov.au.  DERM is an 
amalgamation of the following two former Queensland government departments: 
(i) the Environmental Protection Agency (EPA), incorporating the Parks and Wildlife Service (PWS); and 
(ii) the Department of Natural Resources and Water (DNRW). 
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order of increasing environmental value, and hence the level of protection provided (see 

Figure 3.2). 
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Figure 3.2:  Map showing the zones and designated areas within the Moreton Bay Marine Park. 

(reproduced from Queensland Department of Environment and Resource Management (DERM)  2008) 



Review of Boating Related Impact Management 

© Troy A Byrnes 2011 41

While such maps give a very good general summary of the activities allowed in each zone, their 

focus is on extractive activities, predominantly fishing.  Table 3.2 indicates that the list of 

allowable activities is not exhaustive and that the relevant legislation should be referenced for 

full details. 

Table 3.2:  Legend for the Moreton Bay Marine Park zoning plan and designated areas map. 

Entry and Use Guide 
General Use Zone Habitat Protection 

Zone 
Conservation Park 

Zone 
Marine National 

Park Zone 

Boating Yes Yes Yes Yes 

Line fishing Yes Yes Yesa Nob 

Trolling Yes Yes Yesa Nob 

Crabbing Yes Yes Yesc Nob 

Bait gathering Yes Yes Yes Nob 

Bait netting Yes Yes Yes Nob 

Netting (other than bait 
gathering) 

Yes Yes Nob Nob 

Limited spearfishing Yes Yes Yes Nob 

Limited collecting Yesd Yesd Yesd Nob 

Trawling Yes Nob Nob Nob 

Notes:  
a:  Up to two lines and a maximum of two hooks per angler 
b:  All equipment must be stowed or secured 
c:  Maximum of four pots per person 
d:  No coral.  Limits apply to species and equipment used 
This is not an exhaustive list.  For full details about the activities allowed in the Moreton Bay Marine Park, refer to the Marine Parks 
(Moreton Bay) Zoning Plan 2008. 

(Source:  Queensland Department of Environment and Resource Management (DERM)  2008, modified) 

Other government regulations that control aspects of pollution from vessels can be incorporated 

into general pollution control legislation such as the provisions regulating the use and sale of 

TBT-based antifouling paints under the Environmental Protection Act 1986 and Environmental 

Protection Regulations 1987 (see Part 7 Anti-fouling paint) in Western Australia, for example.  

In Queensland, similar provisions were contained in the Chemical Usage (Agricultural and 

Veterinary) Control Act 1988 (QLD) and the Chemical Usage (Agricultural and Veterinary) 

Control Regulation 1989 (QLD) s.7.  Although the latter were substituted in August of 1999 by 

revised regulations that no longer made references to TBT. 

In October of 2001, the IMO passed a convention banning the use of TBT on all vessels.  As 

with other international conventions, this entered into force one year after the required number 

of Parties had ratified the convention with a ‘phase-in’ process.  The IMO resolved that all 

Parties should implement a ban on the use of TBT within their own jurisdictions by the 1st of 

January 2003.  In Australia, the Australian Pesticides and Veterinary Medicines Authority 

(previously known as the National Registration Authority for Agricultural and Veterinary 

Products) deregistered products containing TBT effective from the 31st of March 2003, with its 
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possession, supply and use banned from the 31st of July of that year.  Theoretically, the use of 

TBT in Australia should no longer occur, although it was allowed to remain on vessels painted 

before the 1st of July 2003 until it was either removed, repainted or until five years after entry 

into force of the IMO Convention (Semple 2004, pers. comm., 27th January).  Entry into force 

conditions have since been met and the convention entered into force internationally and for 

Australia on the 17th of September 2008, through the International Convention on the Control of 

Harmful Anti-fouling Systems on Ships 2001 (AFS Convention) and the Protection of the Sea 

(Harmful Anti fouling Systems) Act 2006 (Cth), respectively. 

Most pieces of the legislation referred to above are examples of typical command and control 

instruments as they impose sanctions (fines) for non-compliance and require ongoing policing 

to deter boat users from disregarding management directives aimed at preventing harm to the 

environment.  As indicated above, these instruments cover many aspects of pollution and 

disturbance associated with the operations of vessels.  However, a considerable overlap of these 

instruments, and a slight variation in their detail, can be confusing for boat operators (be they 

recreational, commercial or tour boat operators) who have to work in Australian waters under 

both State and Commonwealth jurisdiction (and possibly even beyond).  This may become even 

more problematic for those operators that use their vessels across state borders, such as those 

operating out of Tweed Heads (NSW, Australia), a town on NSW’s far north coast that shares a 

border with Queensland (QLD), who must comply with both NSW and QLD legislative 

requirements. 

3.4 SUPPLEMENTARY ENVIRONMENTAL MANAGEMENT MEASURES 
Direct regulations have been implemented to cover a wide range of environmental impacts 

associated with the operation of commercial and recreational vessels.  Pivotal to the 

effectiveness of these mechanisms is the degree to which they can be enforced or policed.  The 

costs and difficulties associated with such enforcement can be justified and, to some extent, 

recovered (such as through harbour fees, levies under the Protection of the Sea (Shipping Levy) 

Act 1981(Cth)) for the surveillance of large commercial vessels.  Most violations of pollution 

control provisions or accidents caused by negligence on board large vessels have the potential to 

result in considerable environmental impacts (for example see ANZECC  1995; Daidola et al.  

1997; Ketkar and Babu  1997; Butler et al.  1998; Glegg et al.  1999; Wells et al.  1999; Jin et 

al.  2001; Janiot et al.  2003; Nikitik and Robinson  2003; Wiese and Ryan  2003).  Large 

vessels also follow well-known commercial shipping channels and routes, commonly require a 

pilot, and maintain registers of relevant pollutants.  From a technical point of view, these vessels 

can be monitored effectively. 
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Smaller vessels, including tour boats, are much harder to monitor.  They are usually not bound 

to any shipping channels, are often smaller than 400 gross tons and, thus, are not required to 

keep a pollutant register similar to that of large vessels; while their potential for causing 

environmental impacts per vessel is generally much lower, the cumulative impact is still 

considerable.  In other words, the costs involved in enforcing government regulations on tour 

boat operators at a broad scale are difficult to justify for most regulatory authorities – 

particularly in light of shrinking governmental tax bases, rationalisation initiatives and spending 

cuts experienced in the last decade (Gunningham and Rees  1997). 

In such situations as those described above, governments have started to rely on industry-based 

environmental management instruments to complement their existing regulatory frameworks 

(see Figure 3.1 and discussions above).  As highlighted by Gunningham et al. (1998), the type 

and combination of instruments to be used depends on a number of factors, including: 

(i) The environmental issue at hand; 

(ii) The existing regulatory framework; 

(iii) The structure of the industry; and 

(iv) The role of the industry and its key players in question. 

Industry-based environmental management instruments for Australian tour boats appear to be 

limited for a number of reasons.  First and foremost, the majority of businesses in this industry 

are likely to be small to very small companies with 10 or less full-time employees (based on 

European Union (EU) classifications used in Petts et al.  1999).  As with many small businesses 

(Gunningham and Sinclair  2002), they are often economically marginal with limited financial 

and staff resources, which leaves the widespread implementation of elaborate environmental 

management systems unachievable (see cost estimates in Delmas  2000 p. 25, and discussion in 

del Brio and Junquera  2003).  For similar economic reasons, nation-wide staff education and 

training workshops are probably only successful and widely attended, if these are set up and 

sponsored by government agencies or other sectors of the boating industry (e.g. boat 

manufacturers) as they would be more likely to be able to access the necessary financial 

resources to initiate such endeavours.  The same cost argument more than likely also applies to 

corporate environmental reporting, maintenance of pollution inventories (if applicable in the 

first place), green taxes and performance bonds. 

Instruments such as tradeable pollution rights or product certification schemes are also unlikely 

to apply to tour boat operations as annual emissions of pollutants (such as pollution from 

antifouling paints, sewage or sacrificial anodes) or physical disturbances of habitat and wildlife 
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(such as disturbances of sessile organisms or bottom substrates from anchors at various sites) 

are difficult to quantify. 

Various green eco-labels have been developed for tour operators in general since the mid 1980s 

(see Font  2002 for example), including general marine and boat tour operators 

(e.g. accreditation as an eco-tourism operator under the Australian Ecotourism Association, or 

under Green Globe 21), however penetration of the industry was low (Buckley  2002).  This 

relatively low level of uptake may be the result of a large number of certification schemes 

operating both in competition with one another and to widely different standards and the fact 

that there is, as yet, no functioning accreditation body for such schemes to validate what each 

one means and how reliable it may be. 

The recreational dive industry, on the other hand, represents an extremely successful example of 

industry self-regulation.  There are no regulatory provisions that specify the level of training 

required for obtaining a dive certificate or the requirement for holding a valid dive certificate for 

private, recreational diving (i.e. under Part 14 ‘Underwater diving work’, Division 4 

‘Conducting recreational diving or recreational technical diving’, of the Workplace Health and 

Safety Regulations 2008 (QLD)).  However, the continuous and imminent threat of substantial 

civil liabilities following fatal dive accidents has prompted almost all businesses that hire dive 

equipment or offer dive tours to only accept customers with a valid dive certification issued by 

any of the major international dive organisations, such as PADI or NAUI.  The success of this 

example may also be related to the anthropocentric nature of the issue, that being to alleviate 

risks to human health and safety rather than risks to the health and safety of the environment. 

In the past, threats of major civil liabilities following incidences of pollution or disturbances 

associated with accidents of tour boat operations were too low to generate enough momentum 

for operators to organise industry-based control and insurance systems.  Apart from large cruise 

ships, the majority of tourism vessels are much smaller than most cargo vessels and oil tankers.  

Therefore, the maximum impact that can be caused by a single tourism vessel is likely to be 

much lower – sewage impacts being perhaps the exception.  Smaller impacts are unlikely to 

affect the livelihoods or economic prosperity of a large number of people and, as a consequence, 

class actions or actions brought by governments for damages are also rare (for a discussion on 

the nature of environmental rights and liabilities see Fisher  2003).  In other words, threats of 

civil liability alone do not appear to fuel the widespread self-regulation aimed at improving 

environmental performances in the tour boat industry. 
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Another, and possibly quite common, form of industry self-regulation involves the development 

of environmental standards, guidelines, or codes of practice, and their implementation by 

members of the industry or industry sector, either voluntarily or as a result of some form of 

government intervention (see discussions in Gunningham et al.  1998).  Under most of these 

schemes, governments provide a set of general goals or rules that need to be accomplished, but 

such regulation leaves enough room for industry to design its own detailed responses and 

mechanisms of enforcement.  In theory this can lead to more practical standards and more 

effective policing as standard setting and identification of breaches are left to practitioners who 

are more familiar with the size, structure and constraints of their business and operations.  

Similar to EMSs such as ISO 14000, one of the principle goals of codes of practice or 

environmental guidelines is to increase ongoing and widespread compliance with existing 

regulatory standards amongst businesses which, in the past, have lagged behind in their 

environmental performance.  In addition, guidelines or codes of practice should provide 

innovative and, at the same time, practical solutions that extend performances beyond existing 

environmental standards imposed by governmental regulators. 

The situation for the tour boat industry is perhaps different to other small to medium enterprises 

(SMEs) in that regulations already exist for larger vessels, which, if extended to vessels relevant 

to tour boat operations, will prevent most of their impacts.  It can also be argued that the 

shipping industry has had at least some, if not considerable, input into MARPOL through 

presentations and lobbying made to the IMO’s Marine Environment Protection Committee 

(MEPC) between 1973 and 1983, the time between the first major International Convention for 

the Prevention of Pollution from Ships and its entry into force (Table 3.1).  Therefore, existing 

international regulations are already providing standards based on industry participation. 

The plain message or intent of the discussion so far is to support the argument, put forward by 

Gunningham et al.  1998, pp.90-91, that: 

‘there is no such thing as a single, perfect unilateral solution to environmental problems.  Each of the 

instruments discussed above has its shortcomings.  Moreover, environmental problems are of such 

variation and complexity, and the industrial and ecological context in which they occur are so varied, 

that the ideal solution will be context specific.  What works best will necessarily vary from case to 

case.’ 

Consequently, the development of industry-based environmental management instruments for 

Australian tour boat operators should not be attempted without a detailed understanding or 

characterisation of the industry, their already existing standards and practices, and their 

members’ level of understanding of the environmental issues at stake. 



Review of Boating Related Impact Management 

© Troy A Byrnes 2011 46

A comprehensive summary of alternatives to direct government regulation, including the 

respective advantages and disadvantages of each, is provided in Table 3.3 below. 

Table 3.3:  Alternatives to direct government regulation. 

Regulatory Alternatives Advantages Disadvantages 

Performance Based Regulation 

 Performance or outcomes based. 

 Industry develops its own 
approaches to achieving outcomes. 

 Efficient design of processes to 
meet outcomes. 

 

 Greater flexibility. 

 Encourage innovation. 

 Able to use industry approaches to 
achieve outcomes. 

 Greater flexibility results in cost 
reductions. 

 Outcomes and targets are easier to 
communicate to industry. 

 

 Can add additional costs to small 
business (limited resources to 
address flexible approaches). 

 Must be maintained and updated 
regularly. 

 Monitoring costs may be greater. 

Codes of Conduct 

 Set of agreed principles or 
guidelines outlining responsibilities 
and expectations. 

 May be voluntary or mandatory. 

 

 Effective in encouraging or 
discouraging behaviours. 

 Industry participation in 
development. 

 More informed, less costly. 

 Addresses consumer requirements 
– quality, price, choice, 
environment, health, safety. 

 More efficient than black letter 
regulation. 

 Improves industry standards and 
promotes best practice. 

 Improves the public image of 
industry and promotes public 
confidence. 

 Prescribes minimum standards of 
performance. 

 Easy to update and revise. 

 

 Poor design causes additional cost 
and frustration. 

 Poor design can cause negative 
publicity. 

 Poor design may not achieve 
outcomes. 

 Codes can be anticompetitive. 

 If not transparent, will not achieve 
support. 

 Not effective if the Code does not 
address the risk or market failure 
problem. 

Standards 

 Use existing or new measures to 
document outcomes. 

 Controls on processes or 
performance. 

 

 Ability to quantify performance 
outcomes. 

 Industry understands standards and 
process controls. 

 Convenient measures which can be 
monitored. 

 

 Australian Standards are optimal 
versus minimum standards required. 

 Constant monitoring required. 

 Requires strong industry 
involvement and understanding. 

Regulatory Tiering 

 Different industry segments treated 
differently. 

 Aims to provide equity across 
different sectors. 

 

 Able to recognise different sector 
experiences/ imbalances. 

 Cater for small business issues. 

 Preserve flexibility and outcomes 
without disadvantaging some 
sectors. 

 

 Unforeseen impacts. 

 Risk of being misunderstood if 
complex. 

 Can create a threshold effect (deter 
business activity, employment, etc.). 
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Regulatory Alternatives Advantages Disadvantages 

Tradeable Permits 

 Tradeable rights and permits 
manage access to a resource or a 
market (to conserve or preserve the 
resource; attach values and 
performance standards to permits or 
rights). 

 

 Tradeable licences and permits 
allow effective use of resources. 

 Able to embed performance 
expectations in permits. 

 May reduce administrative costs to 
government by relying on market 
place to make decisions. 

 

 Can restrict market entry. 

 Market failures can prevent the 
system from operating successfully 
and may lead to constant monitoring 
by government. 

Negative Licensing 

 Excludes unsuitable individuals or 
organisations from participating in a 
market or industry function. 

 

 Excludes unsuitable individuals or 
companies. 

 Fewer costs to industry. 

 Avoids the need for positive 
licensing. 

 

 May not be proactive in encouraging 
high standards of performance. 

 Difficult to detect breaches without 
ongoing screening. 

 Applies to past experience rather 
than current capabilities. 

Third Party Certification 

 A third party body (industry or 
industry/government) to monitor 
performance and compliance. 

 

 Independence of certification 
process. 

 Can link education, information and 
support to certification. 

 Efficient and cost effective 
enforcement. 

 More market responsive, industry 
involved. 

 Supports industry – government 
partnerships. 

 

 Can add additional costs. 

 The organisation selected can be 
inappropriate. 

Education Programs / Information 
Disclosure 

 Dissemination of information about 
a specific issue or problem to 
targeted groups. 

 Publicity and information relating to 
poor or unacceptable performance 
by industry. 

 Information on health, safety and 
other risks associated with products 
or services. 

 
 

 Increases compliance by raising 
awareness about specific issues. 

 May reduce resources spent on 
implementing and enforcing 
regulations. 

 Can be an effective sanction. 

 Informs users/consumers of 
products/services. 

 
 

 May be less effective than other 
regulatory methods as it can rely on 
voluntary compliance. 

 May have little impact on business 
and market prospects. 

 May not impact on consumer 
behaviour. 

Risk-Based Insurance 

 Government-based insurance cover 
against risks associated with 
particular activities to lower costs 
involved. 

 Government encouragement to take 
out insurance cover. 

 

 Provides adequate compensation 
for affected individuals and 
businesses. 

 May reduce need for other forms of 
regulation. 

 May reduce monitoring and 
enforcement by government. 

 

 May encourage more insurance 
cover than necessary. 

 May restrict market freedom. 

Rewarding Good Behaviour 

 Financial incentives and 
disincentives to influence behaviour. 

 

 Efficient and respond to industry 
values. 

 Financial incentives encourage 
appropriate behaviour. 

 Market acceptance of rewards for 
outcomes. 

 

 Requires monitoring and 
enforcement. 

 Financial incentives/ disincentives 
may be inappropriate. 

 Poor outcomes if industry is not 
involved. 

(Source:  Queensland Treasury  1999) 



Review of Boating Related Impact Management 

© Troy A Byrnes 2011 48

3.5 SELF-IMPOSED ‘COMMON SENSE’ MEASURES 
Regardless of any overarching government or industry control, options exist to implement 

simple self-imposed measures to minimise the likelihood of harm to human health or the 

environment from almost all human activities, including those related to vessel operations.  

Such measures are often colloquially referred to as ‘common sense’ measures, however, caution 

should be applied to the use of such terminology. 

Due largely to national campaigns such as the ‘Keep Australia Beautiful’ anti-littering campaign 

that has been in operation in Australia since the early 1970s, it would be difficult for any person 

to honestly believe that it is appropriate to dispose of garbage by throwing it on the ground or 

any method other than depositing it into a designated garbage (or more recently ‘recycling’) bin.  

Similarly, it would be equally as difficult to find anyone that honestly considers it appropriate to 

go to the toilet on their lounge room floor or pour used engine oil or paint solvent down the 

drain.  In fact, it is now a common practice (or legal requirement in many public places such as 

parks and picnic areas) for people to carry plastic bags with them when walking their dogs to 

pick up the droppings when their dog ‘goes to the toilet’.  As such, it is reasonable to expect 

boat operators (of all kinds, be they commercial, recreational or tour boat operators) to exhibit 

appropriate behaviour with regard to the management of on board wastes and other boating 

related environmental impacts associated with vessel operations.  This should be especially so 

in the case of tour boat operators, considering the frequency that the statement ‘of course we 

look after the environment, it’s our livelihood’ was proffered during this research project as a 

response to discussions regarding environmental issues.  The following sub-sections outline 

some practical and behavioural measures that maybe implemented to appropriately manage 

some of the major boating related environmental impacts discussed previously. 

3.5.1 Sewage 
The major source of sewage from boats originates from flushing toilets directly into the 

receiving marine environment or the discharge of sewage from on board sewage holding tanks 

or on board sewage treatment systems.  Therefore, appropriate sewage management measures 

will relate to when, where and how such discharges occur.  As such, practical sewage 

management measures may include (ranked from lowest to highest with respect to potential 

environmental impact): 

(i) No toilet on board (i.e. ‘theoretically’ no discharge); 

a. Likelihood (risk) of sewage, especially faeces, being discharged into the water 

is removed due to simple practical constraints. 

b. Would have to either urinate or defecate over the side of the boat into the water 

or into a bucket (or similar) that would then be thrown overboard into the water. 
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c. Likelihood (risk) of such practices occurring varies, for example–– 

i. A small group of males known to each other, in an isolated location 

away from public scrutiny and someone needs to urinate = High risk of 

discharge occurring (relatively). 

ii. A large group of people, of mixed gender and unknown to each other, 

on a busy public waterway under full public scrutiny, and someone 

needs to defecate = Low risk of discharge occurring (relatively). 

(with myriad variations between the above two examples) 

(ii) An on board toilet connected to a holding tank (or a portable toilet) that is discharged 

ashore; 

a. Potentially the most practical option (from a combined operator/environment 

perspective) as all sewage is contained on board and discharged ashore. 

b. Ultimately reaches a municipal sewage treatment plant to be treated to a 

specified level prior to being discharged, either back into the water (at sea or in 

a river) or more recently, as part of the overall recycled water product. 

c. Likelihood (risk) of sewage being discharged from a vessel directly into the 

water is greatly reduced (i.e. nil, barring any major accident or incident). 

d. Allows for a more holistic approach to the management of ship sourced sewage 

as it can be included in the overall sewage management budget of a particular 

council region. 

(iii) An on board toilet connected to a sewage treatment system; 

a. Current on board systems generally provide only a rudimentary level of 

treatment (in comparison to terrestrial treatment plants). 

b. Treatment primarily focused on human health (e.g. the removal of pathogens) 

and not the environment (e.g. the removal of nutrients). 

c. When properly operated and maintained, provides a better option than 

discharging raw sewage. 

d. Demonstrates more positive operator behaviour with regard to more 

environmentally conscious sewage discharges. 

(iv) A toilet connected to a holding tank that discharges overboard; 

a. Similar to that outlined below (i.e. toilet that discharges directly overboard) 

with added benefit of providing the operator with some discretion as to where 

the raw sewage is discharged. 
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b. Operator can choose to contain the sewage on board when in areas where its 

discharge may present a risk to human health and/or the environment 

(e.g. people in the water, coral reef, oyster lease, etc.) and discharge it once the 

vessel reaches an appropriate distance from such areas. 

c. In areas lacking legislative sewage discharge requirements, the appropriate 

distance decision relies upon the level of operator understanding with regard to 

the human health and/or environmental issues involved. 

(v) A toilet that discharges directly overboard. 

a. Simplest on board sewage management option (that includes a toilet). 

b. Presents the greatest potential for sewage related environmental impacts 

because (a) sewage can be discharged discretely (i.e. behind a closed door away 

from public scrutiny with discharge outlet on vessel almost exclusively below 

waterline, hence unable to directly observe discharge – thank God ), and 

(b) the operator has very little control over where the sewage is discharged, 

other than by locking the toilet door to stop the toilet being used or by actively 

directing passengers as to when they can and cannot use the toilet. 

c. Potential exists for raw sewage to be discharged in areas where it presents a risk 

to human health and/or the environment (e.g. people in the water, coral reef, 

oyster lease, etc.) without the operators knowledge. 

Behavioural sewage management measures that may be implemented with regard to when, 

where and how sewage discharges (especially from holding tanks) occur could include: 

(i) Avoiding discharges in sensitive areas such as adjacent coral reefs, or in shallow, low 

energy, poorly flushed environments (e.g. marinas, naturally protected anchorages, 

etc.) or at places where/times when people are likely to be in the water, regardless of 

whether there are regulations in place to prohibit such behaviour; 

(ii) If the vessel is not fitted with on board sewage holding tanks, operators may request 

(direct) passengers to refrain from using the toilets when in such sensitive areas as 

previously mentioned; and 

(iii) Where public toilets facilities are available adjacent to launch sites, operators could 

actively promote and/or encourage their pre-departure use by passengers to reduce the 

incidences of toilet use (and hence overall volumes of sewage generated and 

discharged) during any given trip. 
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3.5.2 Garbage 
The most common source for garbage to end up in receiving marine waters as a result of boating 

related activities includes: 

(i) Items blown or thrown overboard (either accidentally or deliberately from either 

passengers or crew members – especially so for cigarette butts and food scraps) 

during trips; or 

(ii) Parts of the vessel and/or its equipment becoming dislodged or broken off during 

rough seas or some other form of accident or incident. 

Practical measures that can be implemented to reduce the potential for garbage related impacts 

may include options such as: 

(i) Ensure that a suitable number of easily identifiable, clearly labelled garbage bins 

and/or ashtrays are available on board; 

(ii) Ensure that crew members provide clear instructions to passengers regarding the 

locations of garbage bins and/or ashtrays and that they are to be used for all garbage 

disposal; 

(iii) Ensure that all on board garbage is collected and placed into appropriate storage 

containers for later disposal ashore at designated garbage collection points; and 

(iv) Ensure that all on board items are safely stowed and/or securely fastened to avoid 

being blown or thrown overboard. 

The role of operator behaviour in limiting garbage related environmental impacts potentially 

includes any (or all) of the following measures: 

(i) Reminding passengers throughout a trip not to throw any garbage items overboard, 

especially cigarette butts and food scraps; 

(ii) If providing on board refreshments during a trip, try to minimise packaging to reduce 

the likelihood of this type of garbage being blown/thrown overboard (either 

deliberately or accidentally); 

(iii) Ensure that crew members are suitably briefed on (and comprehend) the importance 

of providing passengers with an appropriate example of suitable on board garbage 

management practices (e.g. if passengers see crew members throwing cigarette butts, 

food scraps or fishing line off-cuts overboard they will invariably imitate such 

behaviour); 
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(iv) If smoking is allowed on board, only allow it to occur in specified areas (with 

sufficient ashtrays) that can be easily monitored to ensure appropriate smoker 

behaviour with regard to cigarette butt disposal (i.e. easier to monitor known smoking 

areas rather than an entire ship); 

(v) Ensure that a regular inspection and maintenance regime for the overall vessel and on 

board equipment is developed and followed to reduce the likelihood of parts 

becoming dislodged or broken off during rough weather; and 

(vi) Operate vessels at suitable speeds and in an appropriate manner whilst maintaining a 

proper lookout to minimise the likelihood of accidents/incidents that may results in 

parts being broken off the vessel. 

3.5.3 Oil 
As previously stated, apart from major incidents and accidents (which usually provide larger, 

relatively short-term and geographically localised impacts that have substantial combat 

resources allocated to their management, such as the ‘National Plan to Combat Pollution of the 

Sea by Oil and other Noxious and Hazardous Substances’ in Australia, see Australian Maritime 

Safety Authority (AMSA)  2010a for details), the major pathways for oil to find its way into 

waterways from boating related activities includes: 

(v) Oil leaks from poorly maintained engines; 

(vi) Spills during refuelling or other engine maintenance procedures; 

(vii) Leaking fuel tanks/lines; and 

(viii) Unburnt fuel in engine exhaust gases which quite often vents from the engine directly 

under the waterline, especially (and almost exclusively) in the case of outboard 

engines (this is also especially the case with two-stroke outboard engines which also 

have oil additives placed in their fuel system). 

These leaks and spills of oil either discharge directly into the water or into the vessel’s bilge 

which then gets pumped overboard as an oily water mixture via on board bilge pumps, which 

generally operate automatically to ensure that any excess water that gets taken on by the vessel 

and finds its way into the vessel bilges gets discharged overboard to avoid the vessel sinking.  

Practical measures that can be implemented to reduce the potential for oil related impacts 

include: 

(i) Place oil drip trays (also referred to as ‘catch-alls’) under engines to collect any oil 

that spills/leaks from engines; 
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(ii) Place specially designed hydrophobic absorbent materials (commonly referred to as 

sorbent pads, mats, socks or sausages) in areas where spilled/leaked oil is likely to 

either collect or be discharged directly such as under/around engines or in bilges; 

(iii) Keep engines well maintained; 

(iv) Take care and maintain vigilance during re-fuelling procedures, e.g. monitor the fuel 

tank breather; and 

(v) Move away from two-stroke outboard engine technology (especially older models) 

towards four-stroke (or newer improved emissions technology fuel injected two-

stroke) technology outboards. 

All on board waste oil or oily water/waste should be collected and placed into appropriate vessel 

storage containers for later disposal ashore at designated waste oil collection points.  Once again 

operator behaviour also has a role in limiting this type of impact, including: 

(i) Ensure that staff are well briefed (trained) on the importance of taking care and 

maintaining vigilance during re-fuelling procedures; 

(ii) Having a good understanding of what action to take in the event of a fuel/oil spill (and 

possibly some form of appropriate spill response equipment); and 

(iii) Operate vessels at suitable speeds and in an appropriate manner whilst maintaining a 

proper lookout to minimise the likelihood of accidents/incidents that may result in oil 

being spilled from a damaged vessel. 

3.5.3.1 Greenhouse Gas Emission 

As previously stated, the major source of greenhouse gas emissions from vessel operations is 

the burning of fossil fuels in the internal combustion engines used to provide propulsion through 

the water (or in the on board generators that provide power to the various pieces of electrical 

equipment and appliances on board the vessel).  Practical measures that can be implemented to 

reduce greenhouse gas emissions generally relate to a reduction in the overall amount of fossil 

fuel burnt whilst maintaining an equivalent operational outcome.  The major avenues for this to 

be achieved are through individual engine efficiency and the efficiency of the overall 

combination of hull design and engine specification in regard to its suitability for use in day-to-

day tourism activities.  Therefore, improved efficiency in any such area should result in a 

decrease in greenhouse gas emissions.  Fitting vessels with unnecessarily and excessively over-

powered engines with incredibly high fuel consumption rates that are to be used to carry only a 

low number of passengers on board per trip is a practice that would result in excessively high 

greenhouse gas emissions and, as such, should be avoided.  Once again operator behaviour has a 
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role to play in this respect, simply by employing measures that reduce excessive fuel 

consumption such as operating the vessel in the most fuel efficient manner (e.g. cruising at a 

lower speed or using prevailing currents and winds to assist movement).  An additional side 

benefit of replacing older less efficient engines with more modern and efficient versions is that 

they are generally physically smaller and lighter and as such provide added space and weight 

savings (which could also further reduce fuel use and hence cost and greenhouse gas emissions). 

3.5.4 Antifouling Agents 
There are less environmentally harmful alternatives available to combat the colonisation of 

vessel hulls (and other underwater surfaces) by fouling organisms apart from the use of harmful 

antifouling agents.  These include the use of agents such as lanolin or the use of highly polished 

polymer compounds on vessel hulls (and other underwater surfaces).  Alternatively, operators 

may opt for the regular manual removal of fouling organisms by hull scrubbing or where/when 

possible removing the vessel from the water when not in use, such as the end of each day/trip 

and storing them in marina dry stacks, boat trailers, or on river banks, for example.  Again, there 

is also an element of operator behaviour in managing the potential impacts of harmful 

antifouling agents.  For example, operators can research (or have someone research on their 

behalf) the various antifouling agents available and choose the one that best suits their needs in 

regard to minimising damage to non-target organisms (relatively) while still delivering the 

required operational outcome. 

3.5.5 Physical Disturbance of Habitats and Fauna 
The physical disturbance of habitats and fauna is difficult to effectively manage and have little 

specific regulation in most cases.  Commercial boat skippers are required to undergo formal 

training and assessment to receive their commercial vessel operator’s licence, which should 

ensure that they have a relatively good understanding of safe vessel operation which may in turn 

minimise vessel groundings.  Managers of marine protected areas may have some means to 

manage anchor impacts through the designation of specific ‘no anchor’ zones or minimise the 

impact through the installation of moorings.  Marine parks can also designate specific ‘go slow’ 

zones to try and protect species such as dugong and turtle from vessel strikes.  However, 

measures such as these are generally not so readily available outside of marine protected areas. 

Measures that operators may be able to implement to minimise the impacts associated with 

physical disturbance of habitats and fauna are mostly related to operator behaviour.  For 

example, to minimise the potential impacts associated with anchoring, operators may opt to use 

moorings when/where available or tie off to a coral heads or some other structure rather than 

anchoring, or alternatively, they may position their vessels so as to ensure that they anchor on 

the lowest impact substrate available, such as sand rather than coral.  Similarly, operators can fit 
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suitable mufflers/sound reduction devices to reduce engine noise, or navigate carefully in areas 

where the movement of vessels would negatively impact on fauna such as roosting sites or when 

around charismatic megafauna (such as whales).  Additionally, operator behaviour can help 

minimise such impacts by operating in appropriate water depths and keeping their vessels 

towards the centre of navigational channels to avoid grounding, especially around areas of 

seagrass beds for example. 

3.6 ASSESSING THE EFFECTIVENESS OF MANAGEMENT MEASURES 
The five policy instrument types outlined in Althaus et al. (2007, pp.86–96) used in conjunction 

with the processes and principles for the design of ‘smart regulation’ advocated by Gunningham 

et al. (1998), provide an ideal theoretical framework to assess the management of boating 

related environmental impacts.  As such, a summary outline of the two concepts has been 

provided below. 

3.6.1 Policy Instruments 
Althaus et al. (2007) describes five common types of instrument that are available to deliver 

desired policy objectives (i.e. policy through advocacy, network, money, government action and 

law, see Table 3.4).  Policy through advocacy involves the use of education or persuasion, using 

information available to government, to achieve the desired policy objectives, goals or 

outcomes.  In the case of tour boat operators this may involve education regarding their 

potential boating related impacts and the various measures available for their management.  

Policy through networks relates to cultivating and leveraging relationships within and across 

government with external partnership bodies to achieve the desired policy objectives, goals or 

outcomes.  For tour boat operators this may involve working through industry organisation.  

Policy through money, involves using spending and taxing powers to shape activity beyond 

government, to achieve the desired policy outcomes.  This may include providing financial 

incentives to marina and boat harbour operators to encourage them to install and manage 

appropriate onshore waste reception facilities for the various ship-sourced pollutants, such as 

skip bins for garbage, waste oil tanks for contaminated bilge water residues and used engine oil, 

and pumpout facilities and portable toilet dump stations for sewage, for example.  Policy 

through direct government action relates to the delivery of services through public agencies, to 

achieve the desired policy objective, goal or outcome.  This could include ensuring that 

appropriate onshore waste reception facilities, such as the skip bins, waste oil tanks and sewage 

pumpout facilities are provided, maintained and operated.  Policy through law involves using 

legislation, regulation and official authority, to achieve the desired policy outcomes.  As shown 
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above, there are many laws already in place for the management of boating related impacts 

(e.g. MARPOL, PSPPSA, TOMPA, MPA19). 

Table 3.4:  Major policy instrument types and corresponding examples of how each may be 
effectively applied. 

Policy through Advocacy  

Commonwealth 

 Funding for public education promotional activity. 

 

 Publicity campaign to encourage electors to vote. 

 Establishment of consultative bodies.  Hosting meetings of farm groups to discuss drought 
policy. 

 Ministerial speeches to attract publicity for cause and 
ideas. 

 Ministerial presentation to annual conferences of industry 
groups. 

 Policy announcements.  Issuing a discussion paper on new vehicle regulations for 
discussion. 

State 

 Funding for public education promotional activity. 

 

 Anti-smoking advertising campaigns. 

 Establishment of consultative boards.  Meeting with Ethnic Communities Council. 

 Ministerial speeches to attract publicity for cause and 
ideas. 

 Premier’s announcement of proposed inquiry into health 
system through Leader’s Conference. 

 Policy announcements.  Launching a green paper on land clearing for 
consultation. 

Local government 

 Funding for public education promotional activity. 

 

 Community workshops to examine community safety 
issues. 

 Promotion of council initiatives through suburban 
newspapers. 

 ‘Town hall meeting’ initiatives to discuss local planning 
and development issues. 

 Establishment of consultative bodies.  Financial support for regional economic development 
committees. 

Policy through Network  

Type of network Characteristics of network 

 Policy community/territorial community.  Stability, highly restricted membership, vertical 
interdependence, limited horizontal articulation. 

 Professional network.  Stability, highly restricted membership, vertical 
interdependence, limited horizontal articulation, serves 
interest of profession. 

 Intergovernmental network.  Limited membership, limited vertical interdependence, 
extensive horizontal articulation. 

 Produce network.  Fluctuating membership, limited vertical interdependence, 
serves interest of producer. 

 Issue network.  Unstable, large number of members, limited vertical 
interdependence. 

Policy through Money  

Commonwealth 

 Fiscal powers to shape macro-economic outcomes. 

 

 Asset sales, with proceeds redeeming public sector debts. 

 Taxing powers on individuals, organisations and 
businesses. 

 Raising tobacco tax to discourage smoking because of 
health impacts. 

 Incentive payments for private sector activity.  Research and development grants for new industries. 

 Grants programs for state activity.  Commonwealth payments to private sector schools. 

                                                           
19 MPA = Marine Parks Act 2004 (QLD) 
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State 

 Limited taxing powers on land, financial transactions, 
gambling, levies and fines. 

 

 Increase in pay-roll tax thresholds to attract business. 

 Incentives to attract major industrial, commercial and 
tourism developments. 

 Reduction in electricity tariffs or provision of cheap land in 
return for investment. 

 Infrastructure spending for economic development.  Construction of new rail and port facilities. 

Local government 

 Rates, levies and limited other income sources. 

 

 Rate rebate to encourage fitting of sprinkler systems in 
boarding houses. 

 User-charging for council facilities.  Charges on building plan approvals, and for inspection of 
property. 

 Limited capacity to offer financial incentives for local 
government attraction of business sponsorship to support 
local activities. 

 Finding a company to sponsor a new art exhibition. 

Policy through direct Government Action  

Commonwealth 

 Cabinet decisions. 

 

 Providing direction on waterfront reform. 

 Creation of new institutions.  Universal health coverage through Medicare. 

 Public service programs.  Customs and quarantine inspection service. 

 Funding for service provision by statutory bodies or non-
government agencies. 

 Allocations to family counselling agencies. 

 Administrative decisions.  Guidelines on dealing with sexual harassment in public 
sector workplaces. 

State 

 Cabinet decisions. 

 

 Setting up a rural adjustment program. 

 Creation of new institutions.  Establishing an Environmental Protection Agency. 

 Public service programs.  Schools, hospitals, rail services, road construction. 

 Funding for service provision by statutory bodies or non-
government agencies. 

 Grant to community body supporting women prisoners. 

 Administrative decisions.  Directions banning smoking in government buildings. 

Local government 

 Service delivery either by council or through contractors. 

 

 Waste disposal, sewerage, curbing and guttering. 

 Cultural services.  Libraries, child care facilities, meeting rooms. 

Policy through Law  

Commonwealth 

 Legislation. 

 

 Immigration Act. 

 Subordinate legislation (regulation).  Regulations governing applications for refugee status. 

 Parliamentary resolution.  Creation of parliamentary committee of inquiry. 

 Administrative acts.  Visa application refused. 

State 

 Legislation. 

 

 Workplace Health and Safety Act. 

 Fair Trading Act. 

 Subordinate legislation (regulation).  Regulations governing fishing in national parks. 

 Parliamentary resolution.  Formal apology to the Stolen Generation for past wrongs. 

 Administrative acts.  Firearms licence granted. 

Local government 

 Legislation. 

 

 Local laws (by-laws) under Local Government Act. 

 Zoning and development approvals powers.  Zoning land for residential development. 

 Town planning and building approvals.  Rejecting a building approval as inconsistent with the 
character of an area. 

(Source:  Althaus et al.  2007, modified) 
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3.6.2 Regime of Smart Regulation 
The regulatory design processes and principles outlined under the regime of ‘smart’ 

environmental regulations advocated by Gunningham et al. (1998), are as follows: 

Processes— 

1. Identify the desired policy goal(s) and the trade-offs necessary to achieve it (them); 

2. Identify the unique characteristics of the environmental problem being addressed; 

3. Identify the range of possible regulatory participants and policy instruments; and 

4. Identify opportunities for consultation. 

Principles— 

1. Prefer policy mixes incorporating a broader range of instruments and institutions; 

2. Prefer less interventionist measures; 

3. Ascend a dynamic instrument pyramid to the extent necessary to achieve policy goals; 

4. Empower participants which are in the best position to act as surrogate regulators; and 

5. Maximise opportunities for win-win outcomes. 

The desired policy goals for this research project are to identify the major environmental 

impacts of the Australian tour boat industry (particularly from pollution) in order to identify 

opportunities to reduce the impact and make the industry more sustainable.  While the 

characteristics that make this environmental problem unique are largely related to the fact that 

boating related environmental impacts are difficult to effectively manage via traditional direct 

regulation measures alone.  This may be especially so for tour boat operations as they generally 

carry relatively large numbers of people per vessel size (when compared to the other major 

vessel categories as outlined in Table 2.3) and repeatedly visit destinations that often have high 

conservation value and are located in areas not easily monitored.  The major regulatory 

participants and policy instruments currently used for boating related impact management are 

largely direct regulation through various government bodies.  However, there is scope for other 

industry and non-commercial third parties to become more actively involved such as through 

the use of industry-based self-regulation using formal environmental management guidelines or 

various environmental and conservation oriented NGOs and community groups.  As stated in 

Gunningham et al. (1998), there are a variety of reasons to encourage participation and 

consultation, including equity considerations, more effective decision making and greater 

political acceptability of decisions, once made.  Consultation with industry, various government 

bodies, NGOs and the community would provide an enhanced approach to the management of 

boating related environmental impacts. 
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As previously stated, there are a range of potential instruments and institutions that may have a 

role to play in the overall reduction of the environmental impact of the Australian tour boat 

industry.  However, Gunningham et al. (1998) argues, the benefits of the mutual application of a 

broad range of potential instruments needs to be considered systematically to avoid 

‘smorgasboardism’ (i.e. including every conceivable policy instrument and institution, on the 

assumption that the magnitude of the problem is such that it justifies any level of resource input) 

and ensure that the correct mix is achieved. 

Intervention, as used in Gunningham et al. (1998), is largely a product of prescription (the 

extent to which external parties determine the level, type and method of environmental 

improvement) and coercion (the extent to which external parties or instruments place negative 

pressure on a firm to improve its performance).  For example, industry self-regulation may be 

more highly prescriptive than it is coercive (the requirement to adopt specific practices or 

address certain types of behaviour as prescribed in a code of practice with little external 

enforcement to ensure obligations are met) while some economic instruments, such as taxes and 

charges, may be more coercive than prescriptive (coercion through price, which although 

largely unavoidable, operators may endeavour to change their behaviour towards those that are 

taxed or charged less, and thus limit the financial impact of their actions) (Gunningham et al.  

1998).  Certain elements of the current regulatory framework are less interventionist as they 

predominantly state that the discharge of specified pollutants is an offence (i.e. merely stating 

that you cannot discharge and if you do you will be penalised through court action and a fine 

imposed) without being specifically prescriptive, while others are absolutely prescriptive.  For 

example, in Queensland (under TOMPA), the discharge of oil into coastal waters is generally 

prohibited (less prescriptive more coercive) while all vessels with a fixed toilet must be fitted 

with a macerator (totally prescriptive).  Again, effective consultation regarding the proposed 

policy options (and potential regulatory alternatives, such as those listed in Table 3.3), should 

identify the scale of least to most interventionist measures which may then be applied under a 

dynamic instrument pyramid. 

The rationale behind the concept of a dynamic instrument pyramid as suggested by 

Gunningham et al. (1998), is that there exists a regulatory enforcement pyramid comprising 

three faces, each respectively representing first parties (government), second parties (business) 

and third parties (commercial and non-commercial), that extend from a base of least 

intervention to a peak of most intervention.  They state that such a model allows for escalation 

(by increased coercion) up any of the three faces (i.e. through government action, self-regulation 

or actions by commercial and non-commercial third parties) as necessary, using the instruments 

and institutions most suitable to the environmental issue at hand. 
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As outlined in Gunningham et al. (1998), the range of surrogate or quasi-regulators, may 

include industry associations (using self-regulatory initiatives), financial institutions and various 

environmental and other external third parties.  As Gunningham et al. (1998) suggest, 

government may seek to encourage greater second and third party participation through the 

provision of adequate information (e.g. mandatory collation and reporting of pollution 

inventories), the provision of funding and other support to third party NGOs (i.e. financial 

incentives), or the promotion of greater industry participation through formal industry wide self-

regulation that may be linked to other aspects of their business (e.g. banks loans, licensing 

conditions, insurance). 

One of the major ways to promote win-win outcomes, as outlined in Gunningham et al. (1998), 

is the provision of information, such as demonstrations of technologies that have less 

environmental impact, technical support and databases, for example.  However, they also 

caution that care should be taken to avoid developing environmental regulations that promote 

‘end-of-pipe’ solutions (i.e. those designed to treat at the point of discharge) rather than less 

polluting technologies when striving for ‘win-win’ situations (e.g. further investment in coal 

fired power stations utilising ‘end-of-pipe’ carbon capture and storage, rather than investment in 

‘less polluting technology’ such as solar or wind generated electricity). 

3.7 OVERVIEW OF TOURISM MANAGEMENT 
A brief overview of the general principle underlying tourism management and sustainability is 

provided below and while the initial summary focusses predominantly on marine wildlife 

tourism (due to the wealth of literature available) the concept remains the same for tourism in 

general.  Tepelus and Córdoba (2005) note that the definition of the term sustainable tourism 

development varies widely depending on the perspective of the stakeholder group (e.g. members 

of the tourism industry, government, non-government organisations, community, etc.) and they 

believe that while this has not limited the development of a vast range of policy instruments 

promoting the adoption of more sustainable tourism practices, it may have led to a lack of 

various mandatory measures (e.g. legislation) for promoting sustainable tourism practices that 

are present in other industries.  While Twynam and Johnston (2002) note that there has been 

substantial efforts to identify components of sustainable tourism and to develop methods for the 

implementation and evaluation of such components. 

As stated in Smith et al. (2010) marine wildlife tourism has experienced dramatic growth in 

recent times and this growth trend is set to continue with increasing demands for opportunities 

for humans to interact with and observe free-ranging wildlife (e.g. wildlife-watching, wildlife-

swimming, wildlife-diving, wildlife-feeding).  Such growth has been accompanied by concerns 
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regarding its sustainability (Rodger et al.  2011).  In their work on whale shark tourism at 

Ningaloo Marine Park in north-western Australia, Rodger et al. (2011) developed and tested a 

generic framework for assessing the sustainability of such ventures.  The framework had 

various aspects including a sustainability review and an auditing mechanism that may help to 

further develop the professionalism of the wildlife tourism sector by enhancing good practice 

(Rodger et al.  2011). 

In their work with grey nurse shark diving tourism at Fish Rock, NSW, Australia, Smith et al. 

(2010) noted that while nature-based marine tourism can provide certain benefits, such as 

alternatives to consumptive uses of the natural environment (e.g. whale-watching rather than 

whaling) and the potential adoption of pro-environmental attitudes and behaviours, it may also 

contribute to less desirable outcomes such as habitat degradation, pollution and detrimental 

changes in the behaviour of the target species.  Catlin and Jones (2010) also note that other 

potential consequences of increased numbers in regard to whale shark tourism at Ningaloo 

Marine Park in north western Australia may include a reduction in the quality of the individual 

tourism experience due to increased competition or the entry of less scrupulous tour operators. 

Smith et al. (2010) outlined a range of management options aimed at trying to minimise the less 

desirable outcomes of nature-based marine tourism such as licencing the number of tour 

operators and/or vessels, charging visitor fees, self-regulation (e.g. codes of conduct), 

regulations and education for both operator and tourist. 

The adoption of voluntary proactive approaches is viewed as a crucial element for performance 

improvements in environmentally, economically and socially sustainable tourism (Tepelus and 

Córdoba  2005).  This may take various formats such as codes of conduct, management 

guidelines and various eco-labels and certification schemes.  While the use of voluntary codes 

of conduct may have certain benefits (such as being easier to develop and implement than 

mandatory regulations) the lack of enforcement or direct consequences for non adherence may 

lead to various interpretations of their requirements and hence a failure to fulfil their original 

intent (Duprey et al.  2008).  Additionally, as with most voluntary agreements, participants have 

the flexibility to ignore requirements if/when they are deemed to be inconvenient or interfere 

with their business interests, whereas under regulations such flexibility is theoretically not 

possible (Wiley et al.  2008). 

Sustainable tourism and ecotourism certification programmes are voluntary instruments to 

improve the environmental, social, and economic performance of tourism companies (Font  

2007).  Sustainable tourism certification requires the provision of documented assurance that a 
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product, service or organisation meets a given standard (Font  2002).  Such certification may 

reduce negative environmental and social impacts of the tourism industry, ensure that it is held 

accountable to the various stakeholders and provide marketing benefits to those operators that 

meet the certification standards (Font et al.  2003). 

Eco-labels have been used as a more formalised way of highlighting environmental efficiency.  

As stated in Font (2002), the benefits of such labels include the requirement for verification by 

an independent third party and the fact that they are linked to technical advice, however, 

criticisms include that they are expensive, they usually focus on hotels or ecotourism providers 

and they tend to have an environmental management rather than an environmental performance 

perspective (see Font  2002).  However the overall benefits of eco-certification may be difficult 

to determine, as stated in Font (2007), many certification programmes do not publish articles or 

produce documents on how their actions contribute to their intended purpose and therefore 

provide limited information on their overall ability to promote sustainability. 

Font et al. (2003) outline three phases in the development and implementation of effective 

tourism certification programs network, association and accreditation.  Essentially the network 

phase is designed to share information and gain consensus on priorities and processes, the 

association phase provides guidance to establish or upgrade certification programmes and reach 

an agreement on standards and processes, and the accreditation phase to accredit and market 

certification programmes that meet the agreed upon standards.  For a summary of the various 

types of eco-labels and certification schemes see Font (2002). 

Work by Forsyth (1997) indicates that self-regulation may not produce effective regulation of 

tourism destinations and that operators themselves may not believe in the ability to produce 

long-term change without legislation.  However, despite a lack of consensus on their value, the 

use of self-regulatory measures such as voluntary agreements is increasing and their existence is 

often used as justification that stronger forms of management, such as regulations, are not 

required (Wiley et al.  2008). 

While Acevedo-Gutiérrez et al. (2011) found voluntary compliance to be ineffective in 

managing the harassment of New Zealand fur seals, the presence of an official-looking 

volunteer (e.g. a person in plain sight wearing a neon vest) managed to decrease the incidence of 

wildlife harassment by tourists at the popular Ohau Stream waterfall in New Zealand. 

As stated in Wiley et al. (2008), the overall goal of any type of management program, whether 

voluntary or regulatory, should be high levels of compliance, therefore, ‘the challenges to 
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scientists and managers is to bring participant behaviour up to the standards needed for 

conservation, rather than dropping standards to a point where high levels of compliance can be 

achieved’ (Wiley et al.  2008, p.456). 

3.8 CONCLUSION 
This chapter has provided an overview of the various measures currently available for the 

sustainable management of environmental impacts from boating.  These are broadly categorised 

as direct regulatory instruments (measures), persuasive instruments (measures) or economic 

instruments (measures).  Direct regulations have traditionally been used to manage the impacts 

associated with economic and industrial growth, however, there are a range of supplementary 

measures available to complement or substitute this approach.  Supplementary management 

measures are categorised as organisational and operational management, education or 

economics.  Environmental management is a continuum between government and industry 

control, with total control from either (i.e. 100% government control or 100% industry control) 

being neither efficient nor desirable.  Both ends of the management spectrum employ various 

levels of organisational and operational management, education, and economics to effectively 

achieve their objectives.  A number of simple, self-imposed ‘common sense’ measures that may 

be implemented by individual operators without the need for any overarching government or 

industry controlling body were also highlighted. 

As this chapter has demonstrated, there are no simple solutions to environmental problems with 

each of the abovementioned environmental management measures having their individual 

merits and limitations towards success.  Furthermore, most environmental management issues 

have their own unique and complex characteristics that require the adoption and implementation 

of various measures to effectively fulfil their required management objective.  As such, 

understanding environmental management within the Australian tour boat industry requires a 

comprehensive understanding of the current standards and practices used by, and the level of 

environmental understanding of, the individual operators.  Therefore, the following chapter 

(i.e. Chapter 4 Research Methods and Approach) provides a detailed outline of how data was 

collected and analysed to provide the information necessary to answer such questions. 
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4 RESEARCH METHODS AND APPROACH 

4.1 INTRODUCTION 
The purpose of this chapter is to outline the overall approach used for this research project.  The 

first section outlines the overall research strategy of conducting a case study and restates the 

research questions.  The next section traces the data collection process from document searches 

to sample selection and surveys.  The final section explains the data analysis via both 

quantitative statistical methods and qualitative techniques. 

4.2 RESEARCH STRATEGY 
The strategy used for this research was a case study of tour boat operators to investigate whether 

or not their overall environmental management performance could be improved.  Data was 

collected from a stratified random sample of operators at seven individual study sites using 

survey questionnaires (administered during face-to-face personal interviews and by mail) and 

personal observations (environmental audits).  Quantitative data was analysed using Chi-square 

analysis, logistic analysis and analysis of variance (ANOVA).  A qualitative analysis was then 

conducted to identify potential changes to regulations and other relevant environmental 

management measures.  The guiding theoretical framework for this approach was the ‘Smart 

Regulation’ paradigm of Gunningham et al. (1998) incorporating the five policy instrument 

types described in Althaus et al. (2007). 

As previously stated, the specific questions that this research aims to answer are: 

(a). What are the major boating related environmental impacts of the Australian tour boat 

industry as a whole, particularly with regards to the volumes of (measureable) pollutants 

they discharge/emit? 

(b). Is there a relationship between tour boat operator activity and their overall environmental 

management performance (with regard to their boating related environmental impacts)? 

and 

(c). What measures could effectively reduce these boating related environmental impacts and 

improve the industry’s overall sustainability? 

4.2.1 Case Study 
The case study was chosen as a research strategy as, according to Yin (1981, page 59), it 

‘attempts to examine:  (a) a contemporary phenomenon in its real-life context, especially when 

(b) the boundaries between phenomenon and context are not clearly evident’.  Case studies 

often use a variety of data collection methods (e.g. archives, interviews, questionnaires, 
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observations) incorporating qualitative (e.g. words) and/or quantitative (e.g. numbers) 

information, a technique often referred to as triangulation (Eisenhardt  1989).  In the case of 

Australian tour boat operators, while archives are not a viable data source (due primarily to the 

fact that operators are not required to keep comprehensive documented inventories of 

occurrences of boating related impacts and, even if they did, gaining access to such information 

would be difficult), the use of interviews, questionnaires and observations are all viable data 

collection options.  As such, the information that formed the basis of this research was collected 

using a multi-method triangulation approach consisting of interviews, questionnaires and 

observations. 

4.3 DATA COLLECTION 
Data was collected from a number of sources using a range of methods including document 

searches, interviews, surveys and personal observations. 

4.3.1 Document Searches 
In addition to the review of the relevant academic literature (as presented in Chapter 2 and 

Chapter 3), various Australian government departments were contacted regarding the legislative 

requirements for the management of boating related environmental impacts in each State and 

Territory of Australia (see Appendix A for details).  This information was used to develop a 

comprehensive understanding of the legal requirements for the environmental management of 

boating related impacts.  In addition, various environmental, boating, government and non-

government organisations were contacted for information regarding formal (i.e. documented) 

environmental management guidelines for boat operations (e.g. publications, booklets, 

pamphlets and websites).  This was augmented with an independent internet search to locate 

information that may not have been highlighted through this process (see Appendix A for 

details).  The guidelines obtained during this process were reviewed with regards to the level of 

detail they contained, their degree of practicality towards implementation, and the range of 

environmental impacts they covered.  This overall process helped to distinguish between legally 

required measures and measures that were self-imposed either by an individual operator or 

through some form of industry-based self-regulation. 

Triangulation of information from these sources, in conjunction with a comparative analysis of 

the background literature (especially the study by Rainbow  1999), provided a framework for 

this overall approach and formed the basis for the design of effective data collection 

instruments.  Additionally, this overall process, in conjunction with input from relevant 

stakeholders obtained during personal interviews, was used to develop a comprehensive 

environmental management guideline for boat operations that was considered to be the most 
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advanced level of industry self-regulation, environmental management guideline available (see 

Appendix B, ‘Green Guide to Blue Seas’). 

4.3.2 Sampling 
A specific database containing details of all tour boat operators in Australia was not available 

and, as such, one needed to be developed to enable the identification of suitable study sites and 

selection of representative sample of operators.  This was achieved by collecting relevant 

information on boating based activities available in the various marine environments of 

Australia (e.g. company name, location, contact details, activities) and the data entered into a 

Microsoft® Excel (2003) (MS Excel) spreadsheet (referred to as the operator database).  This 

information was collected from the following four online sources: 

 the Australian Yellow Pages (http://www.yellowpages.com.au) 

 the Australian White Pages (http://www.whitepages.com.au) 

 the Australian Charter Guide (http://www.charterguide.com.au) 

 the CALM Tour Finder (http://www.calm.wa.gov.au/index.html)20. 

This strategy led to a representative sample that would allow for the generalisation of results. 

4.3.2.1 Study Sites 

Study sites were selected for their overall ability to satisfy a broad range of criteria such as 

climatic region, population size, regulatory jurisdiction and boating activities.  To achieve this, 

information collected from the abovementioned databases was entered into MapInfo® 

Professional (Version 5.0) (MapInfo) for geographical information systems (GIS) to create a 

thematic map of Australian tour boat operators based on postcodes (Figure 4.1)21. 

                                                           
20 At the time of thesis submission, this particular site was not operational.  In 2006 the Department of Conservation and Land 
Management amalgamated with the Department of Environment to form the Department of Environment and Conservation (DEC).  
The DEC website states that a searchable ‘TourFinder’ database of licensed commercial operators is currently under development 
(for details, refer to http://www.dec.wa.gov.au/content/view/2671/1409/1/2/; last viewed Monday 5 July 2010). 
21 A summary description of the overall GIS map development process is provided in Appendix C. 
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Figure 4.1:  Thematic map showing the distribution and number of ‘potential’22 tour boat operators 
throughout Australia. 

Legend:  NSW = New South Wales; NT = Northern Territory; QLD = Queensland; SA = South Australia; TAS = Tasmania; 
VIC = Victoria; WA = Western Australia. 

Based on visual assessment of the thematic map and the ability to meet the abovementioned 

selection criteria, the following seven locations were chosen as study sites (see Table 4.1 for 

details):  (i) Broome (WA); (ii) Exmouth (WA); (iii) Cairns (QLD); (iv) Whitsundays (QLD); 

(v) the Moreton Bay/Gold Coast region (QLD/NSW); (vi) Sydney (NSW); and (vii) Melbourne 

(VIC).  This selection of sites ensured that there were no geographical biases in the sample. 

                                                           
22 At this stage of the project, operators are only deemed to be ‘potential’ tour boat operators due to the factors outlined in 
‘4.3.4 Response Rates’, below. 
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Table 4.1:  Study sites and associated selection criteria. 

# Study Site Climatic 
Region/Loc.a 

Pop.b 
(Opsc) 

Regulatory Jurisdictions Boating Activitiesd (% Opse) 

1 Broome tropical zone 
north west coast 
170 57’ 18.40” S 
1220 14’ 29.25” E 

15,857i 
(20) 

Western Australia Boat Charter (55%); Fishing (45%); 
Boat Tours (25%); Diving (20%); 
Snorkelling (20%); Boat Hire (15%); 
Cruises (15%); Whaleshark Viewing 
(5%); Possible Booking Agent (5%) 

2 Exmouth tropical zone 
central west 
coast 
210 55’ 39.28” S 
1140 07’ 33.70” E 

2,424i 
(19) 

Western Australia 
Ningaloo Marine Park (state) 

Boat Tours (68%); Diving (58%); 
Snorkelling (53%); Boat Charter 
(47%); Whaleshark Viewing (42%); 
Fishing (21%); Possible Booking 
Agent (16%); Coral Viewing (11%); 
Cruises (5%) 

3 Cairns tropical zone 
far north east 
coast 
160 55’ 31.27” S 
1450 46’ 30.53” E 

164,356i 
(166) 

Queensland 
Great Barrier Reef Marine 
Park (commonwealth) 
Great Barrier Reef Coast 
Marine Park (state) 

Boat Charter (53%); Fishing (30%); 
Diving (22%); Cruises (20%); 
Possible Booking Agent (16%); Boat 
Hire (7%); Sailing (5%); Snorkelling 
(1%); House Boat (1%); Parasailing 
(1%); Ferries (1%); Water Taxi (1%); 
Boat Tours (1%); Yachting (1%) 

4 Whitsundays tropical zone 
north east coast 
200 14’ 06.01” S 
1480 58’ 40.64” E 

34,195i 
(87) 

Queensland 
Great Barrier Reef Marine 
Park (commonwealth) 
Great Barrier Reef Coast 
Marine Park (state) 

Boat Charter (66%); Boat Hire (15%); 
Cruises (14%); Sailing (14%); Diving 
(13%); Possible Booking Agent 
(13%); Fishing (5%); Yachting (3%); 
House Boat (1%); Ferries (1%); 
Water Taxi (1%) 

5 Moreton Bay/Gold 
Coast Region 
 
(incorporating a 
range of individual 
locations, including 
those listed below) 

subtropical zone 
central east coast 

 
(see below) 

 
(419) 

 
(see below) 

 
 
 

(see below) 

Boat Charter (50%); Boat Hire (23%); 
Fishing (19%); Possible Booking 
Agent (13%); Diving (12%); Cruises 
(11%); House Boat (7%); Sailing 
(5%); Ferries (3%); Jet Skis (1%); 
Water Taxi (1%); Boat Tours (1%) 

 (a) Brisbane 
     (capital city) 

270 28’ 03.15” S 
1530 01’ 40.41” E 

2,004,262ii Queensland 
Moreton Bay Marine Park 
(state) 

 

 (b) Gold Coast 270 59’ 24.46” S 
1530 22’ 04.30” E 

515,157i Queensland 
Moreton Bay Marine Park 
(state) 

 

 (c) Tweed Heads 280 10’ 39.18” S 
1530 32’ 18.53” E 

88,993i New South Wales  

 (d) Byron Bay 280 38’ 36.01” S 
1530 36’ 43.58” E 

32,126i New South Wales 
Cape Byron Marine Park 
(state) 

 

6 Sydney 
(capital city) 

subtropical/ 
temperate zone 
south east coast 
330 52’ 01.66” S 
1510 12’ 25.61” E 

4,504,469ii 
(567) 

New South Wales 
North (Sydney) Harbour 
Aquatic Reserve (state) 

Boat Charter (62%); Possible 
Booking Agent (23%); Boat Hire 
(15%); Fishing (14%); Cruises (13%); 
Sailing (11%); Diving (4%); House 
Boat (3%); Yachting (3%); Ferries 
(2%); Water Taxi (2%); Parasailing 
(1%); Boat Tours (1%) 
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# Study Site Climatic 
Region/Loc.a 

Pop.b 
(Opsc) 

Regulatory Jurisdictions Boating Activitiesd (% Opse) 

7 Melbourne 
(capital city) 

temperate zone 
far south east 
coast 
370 48’ 50.88” S 
1440 57’ 47.20” E 

3,995,537ii 
(227) 

Victoria 
Port Phillip Heads Marine 
National Park (state) 

Boat Charter (44%); Fishing (23%); 
Boat Hire (19%); Possible Booking 
Agent (17%); Diving (13%); Cruises 
(12%); Sailing (10%); Dolphin Swims 
(2%); House Boat (2%); Jet Skis 
(2%); Yachting (2%); Ferries (1%); 
Water Taxi (1%) 

Legend: 
a Loc. = Location. 
b Pop. = 2009 estimated resident population sizes based on:– 
  i Local Government Areas, or 
  ii Statistical Local Areas (Australian Bureau of Statistics (ABS)  2010). 
c Ops = Total number of database entries of ‘potential’ tour boat operators in the area/region. 
d Boating Activities = Activities that operators have listed as being able to provide. 
e ‘% Ops’ may exceed 100% due to the potential for individual operators to offer multiple activities. 

4.3.2.2 Operator Sample 

A representative sample of ‘potential’ tour boat operators located within the seven study sites 

was randomly selected from the 1,505 entries listed in the operator database (Table 4.2)23.  

Random selection was carried out using the ‘Select Cases’, ‘Random sample of cases’ function 

in SPSS® for Windows (Version 10.1) (SPSS) and the ‘RANDBETWEEN’ function in 

MS Excel.  This overall random selection process gave an unbiased, representative sample that 

would enable the research results to be reliably generalised across the broader tour boat operator 

population of Australia, without being individually case specific to those operators sampled 

only. 

                                                           
23 A summary description of the overall random selection process is provided in Appendix D. 
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Table 4.2:  Summary of random cases selected for interviews, audits and postal survey. 

Study Site N FTF1 Audit1a Audit1b FTF2 Audit2a Audit2b Post1 Post2 

Moreton Bay/Gold Coast 419 140/419 47/140 31/93 93/279 31/93 21/62 203/401 2 

Cairns 166 55/166 18/55 12/37 37/111 12/37 8/25 79/150 2 

Whitsundays 87 29/87 10/29 6/19 19/58 6/19 4/13 40/79 1 

Melbourne 227 76/227 25/76 17/50 50/151 17/50 11/34 110/219 2 

Exmouth 19 10/19 5/10 2/5 5/10 2/5 1/2 12/13 5 

Broome 20 10/20 5/10 3/5 5/10 3/5 1/3 12/15 2 

Sydney 567 189/567 63/189 42/126 126/378 42/126 28/84 277/562 3 

Total 1,505 508/1,505 173/508 113/336 336/997 113/336 75/222 733/1,439 17 

Legend: 
N = Total number of database entries of ‘potential’ tour boat operators within each of the seven study sites. 
FTF1 = 1st random selection of ‘N’ to be interviewed (i.e. N/3*). 
Audit1a = 1st random selection of ‘FTF1’ to be audited (i.e. FTF1/3*). 
Audit1b = 2nd random selection of ‘FTF1’ to be audited (i.e. {FTF1-Audit1a}/3*). 
FTF2 = 2nd random selection of ‘N’ to be interviewed (i.e. {N-FTF1}/3*). 
Audit2a = 1st random selection of ‘FTF2’ to be audited (i.e. FTF2/3*). 
Audit2b = 2nd random selection of ‘FTF2’ to be audited (i.e. {FTF2-Audit2a}/3*). 
Post1 = Random selection of ‘N’, less operators already interviewed and/or audited (see Appendix D for detail), to be part of the 
postal survey (i.e. {N-(FTF+Audit)}/2**). 
Post2 = Operators that were audited, but had not been interviewed, that were selected to be part of the postal survey. 
Note: 
*  Due to low numbers, half of the total number of database entries of ‘potential’ tour boat operators in Broome and Exmouth were 
randomly selected in each instance rather than a third as was the case for all other sites (i.e. N/2, FTF1/2, {FTF1-Audit1a}/2, {N-
FTF1}/2, FTF2/2 and {FTF2-Audit2a}/2) 
**  Due to low numbers, most of the total number of database entries of ‘potential’ tour boat operators in Broome and Exmouth were 
‘randomly’ selected to be part of the postal survey (i.e. Broome = {N-(FTF+Audit)} × 0.80; Exmouth = {N-(FTF+Audit)} × 0.92). 

4.3.3 Surveys 
As mentioned above, data was collected using a multi-method ‘triangulation’ approach 

comprising of survey questionnaires that were administered during face-to-face personal 

interviews and by mail and operator observations in the form of in situ covert environmental 

audits.  The overall technique and instruments used for the survey and audit process were 

developed based on preliminary works carried out by Rainbow (1999). 

4.3.3.1 Face-To-Face Personal Interviews 

The face-to-face personal interview questionnaire was four pages in length and contained an 

introduction section and a total of 40 questions, as follows: 

(a). An introductory section that sought some simple demographic information from tour boat 

operators, such as business name and contact details, whether they operated under other 

business names, the position held by respondent and the primary activity of the business; 

(b). Questions 1–10 asked specific vessel related questions such as dimensions, hull 

configuration and materials, number and size of engines, on board amenities, facilities and 

equipment, number of people licensed to carry, on board waste management practices and 

the total number of vessels operated; 

(c). Questions 11–22 related to the day-to-day operation of the business, such as the number 

of people carried on trips, the duration, distance and cost of trips, amount of fuel used 



Research Methods and Approach 

© Troy A Byrnes 2011 72

during trips, business size and age, peak business activity periods, annual vessel use, and 

whether the business belonged to any industry organisations; 

(d). Questions 23–26 were specific tourism destination questions that focussed on the actual 

number and locations of sites visited, whether permanent moorings were provided and 

whether any of the sites were located within MPAs; and 

(e). Questions 27–40 obtained operator opinions of chosen environmental management issues, 

such as whether they thought that the operation of their vessel had an impact on the 

environment and, if so, what these might be and whether they took measure to minimise 

them, whether they were using environmental management guidelines, factors that may 

influence their potential implementation of environmental management guidelines and on 

board education. 

The procedure followed for the personal interviews was that the operators randomly selected to 

be part of the survey were telephoned, given a brief overview of the project and asked to 

participate in the survey.  A meeting time and place was then arranged with willing participants.  

Upon arrival at the meeting destination, and following cordial introductions, the operator was 

given a cover letter to read that introduced the project, explained the overall aims and purpose 

of the research, sought their voluntary participation in the survey and advised them that any 

information they provided would be treated as ‘strictly confidential’.  Once these formalities 

were completed, the researcher proceeded to ask the operator the questions from the survey 

questionnaire and insert the responses in the spaces provided.  Interviews generally took 

approximately 20 minutes to complete. 

Copies of the face-to-face personal interview cover letter and questionnaire are provided in 

Appendix E and F respectively. 
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In total, 4924 face-to-face personal interviews were conducted with Australian tour boat 

operators between the 10th of August 2000 and the 28th of September 2001 as shown in 

Table 4.3 below. 

Table 4.3:  Dates and numbers of face-to-face personal interviews 
conducted at each of the seven study sites. 

Study Site Na Start Date  End Date 

Moreton Bay/Gold Coast 16 10th August 2000 11th September 2000 

Cairns 14b 16th October 2000 9th November 2000 

Whitsundays 7 11th December 2000 15th December 2000 

Melbourne 6 6th April 2001 10th April 2001 

Exmouth 1 10th May 2001 10th May 2001 

Broome 3 23rd May 2001 26th May 2001 

Sydney 2 27th September 2001 28th September 2001 

Total 49   

Legend: 
a  N = The number of tour boat operators that were interviewed at each of the seven study sites. 
b  Data from one of the operators interviewed at Cairns was ultimately excluded from the final 
survey results due to the individual surveys not fulfilling the required tour boat operator criteria by 
being the operator of a cruise ship company (i.e. large ocean liners). 

4.3.3.2 Postal Survey Questionnaires 

The postal survey questionnaire was very similar in context/content to the personal interviews.  

However, based on lessons learnt during the overall interview process, it was slightly modified 

to:  (i) arrange questions in a more logical sequence; (ii) include more comprehensive 

explanatory text where required; and (iii) implement a greater use of ‘tick box’ style responses.  

Such changes were intended to make survey completion simpler and more expeditious. 

The questionnaire itself was 23 pages in length (divided into seven major sections, 

i.e. ‘Business/Company Operation’, ‘Vessel Characteristics’, ‘Destinations/Sites/Locations’, 

‘Environment’ and ‘Environmental Actions and Education’, ‘Legislation/Regulations’ and 

‘Miscellaneous’25) and contained a total of 54 questions, as follows: 

(a). Questions 1–13 asked for information about the tour boat operators business, such as 

business name, whether they operated under other names, the total number of vessels 

owned/operated by the business, position held by respondent, the primary activity of the 

business, business size and age, peak business activity periods, and whether the business 

belonged to any industry organisations; 

                                                           
24 Data from one of the operators interviewed at Cairns was ultimately excluded from the final survey results due to the individual 
surveys not fulfilling the required tour boat operator criteria (i.e. the operator of a cruise ship company of large ocean-going cruise 
liners). 
25 Author’s note:  In hindsight the postal survey questionnaire was much too long, with the final three sections of the questionnaire 
rarely being completed. 
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(b). Questions 14–28 asked specific vessel related questions such as dimensions, hull 

configuration and materials, number, size and fuel use of engines, on board amenities, 

facilities and equipment, number of people licensed to carry, on board waste management 

practices and the total number of vessels operated that matched the provided description; 

(c). Questions 29 related to the day-to-day operation of the business, such as the number of 

people carried on trips, the duration, distance and cost of trips and annual vessel use; 

(d). Question 30 asked specific tourism destination questions that focussed on the actual 

number and locations of sites visited, whether permanent moorings were provided and 

whether any of the sites were located within MPAs; 

(e). Questions 31–43 obtained operator opinions of chosen environmental management issues, 

such as whether they thought that the operation of their vessel had an impact on the 

environment and, if so, what these might be and whether they took measure to minimise 

them, whether they were using environmental management guidelines, factors that may 

influence their potential implementation of environmental management guidelines and on 

board education; and 

(f). Questions 44–54 sought opinions on environmental education and regulation including 

access to environmental education materials, effectiveness of current legislation, 

effectiveness of current regulatory monitoring and enforcement and the potential for 

industry-based self-regulatory measures to reduce boating related environmental impacts 

(however, as noted previously, these questions were rarely answered and hence were not 

included in the overall survey results of this research project). 

The postal survey questionnaire was also accompanied by (i) a cover letter, (ii) an outline of 

rationale and background for doing the survey, (iii) a contact details slip and (iv) a non-response 

reasons slip.  The cover letter introduced the project, explained the overall aims and purpose of 

the research, sought their voluntary participation in the survey and advised that the information 

would be treated as ‘strictly confidential’.  In addition, there was as follow-up postcard and 

letter that contained a shortened summary version of the cover letter that provided a ‘gentle’ 

reminder to operators that had not responded, to ‘please’ complete and return the survey.  

Copies of the postal survey cover letter, rationale and background, questionnaire, contact 

details/non-response reasons/follow-up postcard, and follow-up letter are provided in 

Appendix G, H, I, J and K, respectively. 
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The method used for the postal survey closely followed that outlined in Dillman (2000) and was 

as follows: 

1. Send survey questionnaire package with cover letter, outline of rationale and background 

for doing the survey, contact details slip, non-response reasons slip and reply paid return 

addressed envelope; 

2. Send follow-up postcard, gentle reminder to complete and return survey questionnaire, 

one week after initial mail-out; and 

3. Send follow-up letter three weeks after initial mail-out, a more detailed request 

emphasising the importance of the survey and the need for their input. 

When/if items were returned-to-sender (RTS) through Australia Post, all attempts were made to 

re-send the questionnaire to the operator to ensure that they were really no longer in operation or 

at the listed address or that a mistake had not been made in the original address.  Therefore, 

items were only re-sent to database entries of ‘potential’ tour boat operators if:  (i) they were 

still listed in the online databases (especially Telstra’s Australian yellow pages online telephone 

number database/directory, as it would be most regularly updated – at least annually); (ii) they 

had alternative contact details listed to those where a postal survey questionnaire and associated 

follow-up postcards and letters had already been sent; and (iii) they had not indicated by 

telephone that they were not to be included in the survey, for whatever reason (in such situations 

a non-response slip was completed on their behalf, if they had not done so themselves). 
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In total, postal survey questionnaires were posted out to 750 database entries of ‘potential’ tour 

boat operators on the 21st November 2001, with a request that they be completed and returned 

by no later than the 21st of December 2001.  Overall, a total of 100 completed questionnaires 

were returned between the 26th of November 2001 and the 31st of January 2002.  Three of the 

completed survey questionnaires were ultimately excluded from the final survey results due to 

not satisfying the criteria for an Australian tour boat operator26 (see Table 4.4 for details), thus a 

total of 97 completed survey questionnaires were included in the final survey results. 

Table 4.4:  Dates and numbers of postal survey questionnaires sent and received for each of 
the seven study sites. 

Study Site Na Nb Date Sentc Date Receivedd 

Moreton Bay/Gold Coast 205 28e 21st November 2001 26th November 2001 –   2nd January 2002 

Cairns 81 16e 21st November 2001 28th November 2001 –   14th January 2002 

Melbourne 112 15 21st November 2001 28th November 2001 –   31st January 2002 

Sydney 280 32e 21st November 2001 29th November 2001 –   24th January 2002 

Exmouth 17 2 21st November 2001 6th December 2001 –   13th December 2001 

Whitsundays 41 4 21st November 2001 7th December 2001 –   2nd January 2002 

Broome 14 3 21st November 2001 21st December 2001 –   2nd January 2002 

Total 750 100   

Legend: 
a  N = The number of database entries of ‘potential’ tour boat operators that were sent a postal survey questionnaire at each of 
the seven study sites. 
b  N = The number of completed postal survey questionnaires received from each of the seven study sites. 
c  Date Sent = The date that the postal survey questionnaires were posted to each of the seven study sites. 
d  Date Received = The date range that completed postal survey questionnaires were received from each of the seven study 
sites. 
e  Data from three operators, one each from the Moreton Bay/Gold Coast, Cairns and Sydney study sites, was ultimately 
excluded from the final survey results due to not fulfilling the required tour boat operator criteria as follows: 
   Moreton Bay/Gold Coast = operates in freshwater environments (i.e. non-marine) 
   Cairns = operates in freshwater environments (i.e. non-marine) 
   Sydney = operates a canoe (i.e. potential for boating related impacts associated with the operation of this vessel type 
extremely limited). 

4.3.3.3 Environmental Audits 

Environmental audit data was collected using a checklist of practices, procedures, measures and 

behaviour that could readily be observed during a boat trip.  The checklist was in the form of 

simple questions that would help focus observations and trigger memory responses.  An 

overview of the audit checklist is provided below: 

(a). An introductory section that recorded some simple demographic information about the 

operator being audited, such as business name and contact details, date and time of the 

audit and the primary activity of the business; 

                                                           
26 Data from three operators, one each from the Moreton Bay/Gold Coast, Cairns and Sydney study sites, was ultimately excluded 
from the final survey results due to not fulfilling the required tour boat operator criteria as follows: 
   Moreton Bay/Gold Coast = operates in freshwater environments (i.e. non-marine); 
   Cairns = operates in freshwater environments (i.e. non-marine); and 
   Sydney = operates a canoe (i.e. potential for boating related impacts associated with the operation of this vessel type extremely 
limited). 
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(b). List items 1–11 collected information about the vessel, including hull configuration and 

material, number and size of engines, on board amenities, facilities and equipment and on 

board sewage management practices; 

(c). List items 12–17 recorded information about day-to-day business operations, such as the 

number of people on board during the audit trip, the duration and cost of the audit trip and 

whether any evidence of industry association membership was displayed; 

(d). List items 18–19 were specific tourism destination items that focussed on the actual 

number and locations of sites visited during an audit trip, whether permanent moorings 

were available at any of the destinations visited during the audit trip and information 

about the site used to launch the vessel to reach the destinations visited during the audit 

trip; 

(e). List items 20–23 collected information on environmental management issues, such as 

whether the operator was using environmental management guidelines and, if so, the 

name of the guidelines and whether any specific measures were being implemented, and 

whether operators provided any environmental management or other on board education; 

and 

(f). List items 24–46 covered a range of general observations, such as whether or not onshore 

toilets were available at the launch site and whether or not their pre-departure use was 

suggested, whether or not passengers were given clear instructions not to throw anything 

overboard, details of any items that were thrown overboard, whether the vessel was 

generally operated in a seemingly appropriate manner with regard to speed, depth, 

signage and flora/fauna, and information about the anchor and chain, anchoring depths 

and substrates, mooring use and bilge pumpouts. 

The procedure followed for an environmental audit was that one of the randomly chosen 

operators was telephoned (or visited in persons) to arrange for the researcher to take a trip 

(i.e. fishing, sailing, diving, whaleshark/dolphin swims, whale watching, etc.) as a normal 

paying passenger (i.e. a typical tourist).  Potential audit trips were selected on the following 

basis:  (i) if they allowed for single person bookings as part of a larger group that took more 

than one passenger27; (ii) if they did not exceed a maximum timeframe of one day (i.e. not 

overnight or longer); and (iii) if they were not prohibitively costly (i.e. not in excess of 

$400/person/trip, preferably under $200/person/trip).  The researcher then took the trip and 

made observations of the typical operational practices, procedures and behaviour of the crew 

and passengers throughout the trip (focussing on those necessary to complete the audit 

                                                           
27  Thereby excluding ‘Hire Vessel’ operators from the audit process. 
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checklist).  Then, immediately following the trip (to the extent possible), an audit checklist was 

completed by the researcher recalling the necessary information from memory. 

To enable on board observations to focus on those areas necessary to effectively complete the 

audit checklist, the researcher regularly read, re-read and reviewed the checklist (several times 

prior to an audit trip) to ensure that the information required for its effective completion was 

committed to memory (to the greatest extent possible). 

It should be noted that operators were not advised that they were being subjected to an 

environmental audit to eliminate the potential bias that may arise from the knowledge that their 

environmental performance was being assessed.  Similarly, audit checklists were not completed 

in situ to avoiding arousing such suspicions and any subsequent confrontation that this may 

have caused.  While the initial rationale for covert observation is to reduce the risk of the 

observed altering their behaviour, Turnock and Gibson (2001) warn of the difficulties of 

maintaining anonymity for lengthy periods of time, especially when trying to record 

observational data. 

A copy of the environmental audit checklist is provided in Appendix L. 
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In total, 45 environmental audits of Australian tour boat operators were completed between the 

24th of June 2000 and the 22nd of September 2001 as shown in Table 4.5 below.  A high 

proportion (58%) of audits were completed in the Moreton Bay/Gold Coast region, Melbourne 

and Cairns, the bulk (82%) aboard vessels used by fishing and dive operators, while 

approximately two thirds (60%) were also subjected to a survey, either by personal interview or 

via a postal survey questionnaire (see Appendix M). 

Table 4.5:  Dates and numbers of environmental audits completed at 
each of the seven study sites. 

Study Site Na Start Date  End Date 

Moreton Bay/Gold Coastb 3 24th June 2000 23rd August 2000 

 3 30th June 2001 9th December 2001 

 5 9th October 2002 17th December 2002 

Cairnsc 6 19th October 2000 5th November 2000 

 1 28th December 2001 28th December 2001 

Whitsundays 3 29th November 2000 6th December 2000 

Melbourne 8 24th March 2001 1st April 2001 

Exmouthd 6 5th May 2001 9th May 2001 

Broome 5 15th May 2001 22nd May 2001 

Sydney 5 15th September 2001 22nd September 2001 

Total 45   

Legend: 
a  N = The number of tour boat operators that were audited at each of the seven study sites. 
b  Audits in the Moreton Bay/Gold Coast region occurred over three major time periods due 
to the researcher being based on the Gold Coast and completing audits opportunistically. 
c  The additional audit in Cairns was completed by a research assistant who made an 
opportunistic visit to the area during December of 2001. 
d  The relatively high number of audits completed in Exmouth resulted from two additional 
research assistants being available in the area during the time that audits were completed 
and hence were able to provide assistance in this regard.  However, these assistants were 
not available to provide assistance with regard to conducting personal interviews. 

4.3.4 Response Rates 
One of the major requirements in developing an understanding of the environmental 

management practices of the Australian tour boat industry is to obtain an appreciation of the 

scale of the overall issue (i.e. an estimation of the size of the tour boat operator population of 

Australia or the Australian tour boat industry).  This can be estimated based on the various 

survey items that were sent and returned as a proportion of the total number of entries of 

‘potential’ tour boat operators listed in the operator database (i.e. 2,998).  This will also provide 

an indication of the likelihood that the responses obtained from the sample represent those of 

the population.  Therefore, this sub-section aims to provide relevant information on the overall 

survey response rate and to use this information to estimate the size of tour boat operator 

population of Australia (i.e. the size of the Australian tour boat industry). 
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Overall, from the initial 799 database entries of ‘potential’ tour boat operators sampled, a total 

of 145 completed survey questionnaires were returned (i.e. 97 postal survey questionnaires and 

48 face-to-face personal interviews).  These were mostly (97%) completed by persons in 

positions of authority within their respective tour boat operation (e.g. owner, skipper, general 

manager), which provided a high level of confidence in the reliability of their responses (refer to 

abovementioned comments in regard to study by Rainbow (1999).  A substantial proportion of 

non-response slips were also returned (Table 4.6).  Analysis of these slips showed that the major 

reasons given for non-participation were that the businesses were either no longer operational 

(28%), operators were too busy to answer the questionnaire (12%) or that they did not operate 

tour boats (23%). 
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Table 4.6:  Overall summary of tour boat operator survey responses. 

    Study Site     

Response Brm Exm Crns Melb MB/GC Syd Whits OSS Total 

Face-To-Face Personal Interview 3 1 13 6 16 2 7 – 48 

Postal Survey Returned 3 2 15 15 27 31 4 – 97 

Non-Response Slip (NRS) 
(see ‘NRS’ below for details) 

3 5 15a 14 37 54 11 – 139a 

NRS1:  Business No Longer Operational 0 1 5 4 12 15 1 – 38 

NRS2:  Business Does Not Operate Tour 
Boats 

0 2 1 5 7 16 1 – 32 

NRS3:  Business Not Part of Tour Boat 
Operators Industry Sector 

0 0 0 0 3 2 0 – 5 

NRS4:  Information Being asked is Potentially 
Damaging to Operation 

0 0 0 0 0 3 0 – 3 

NRS5:  Already Completed Questionnaire 
Under Different Name 

0 0 0 0 1 1 0 – 2 

NRS6:  Answered Far Too Many 
Questionnaires Already 

0 0 1 1 2 1 1 – 6 

NRS7:  Too Busy to Answer Questionnaire 1 2 3 1 1 5 4 – 17 

NRS8:  Do Not Like to Complete 
Questionnaires 

1 0 0 3 2 2 1 – 9 

NRS9:  Do Not Think Research Topic is Valid 0 0 0 0 0 1 0 – 1 

NRS10:  Questionnaire Too Difficult to Answer 0 0 2 0 5 1 2 – 10 

NRS11:  Other 1 0 3a 0 4 7 1 – 16a 

Item Returned-To-Sender (RTS) 
(see ‘RTS’ below and Table 4.7 for details) 

5 3 9 28 38 49 6 – 138b 

RTS1:  Questionnaire Returned-To-Sender 3 2 6 20 17 26 4 – 78 

RTS2:  Follow-Up Postcard Returned-To-
Sender 

4 2 4 13 16 27 1 – 67 

RTS3:  Follow-Up Letter Returned-To-Sender 2 1 1 7 11 8 1 – 31 

RTS4:  Re-Sent Questionnaire Returned-To-
Sender 

0 0 0 0 0 1 0 – 1 

RTS5:  Business Still Listed on Yellow Pages 
Online 

2 1 4 14 17 28 1 – 67 

RTS6:  Questionnaire Re-Sent to Alternative 
Address 

1 1 2 6 9 12 0 – 31 

RTS7:  Nothing Further Ultimately Returnedb 4 3 7 26 34 46 5 – 125 

RTS8:  Completed Postal Survey 
Questionnaire Ultimately Returnedc 

1 0 2 1 1 1 0 – 6 

RTS9:  Completed Non-Response Slip 
Ultimately Returnedd 

0 0 0 1 3 2 1 – 7 

Postal Survey Questionnaire Re-Sent After 
Phone Call – Still Nothing Returned 

1 0 0 1 5 3 0 – 10 

Postal Survey – Nil Response 3 7 45 56 102 146 21 – 380 

Within Study Sites – Not Sampled 3 1 71 109 198 285 39 – 706 

Outside Study Sites (OSS) – – – – – – – 1,493 1,493 

Total 20 19 166 227 419 567 87 1,493 2,998 

Legend: 
Study Sites:–  Brm = Broome, Exm = Exmouth, Crns = Cairns, Melb = Melbourne, MB/GC = Moreton Bay/Gold Coast, 
Syd = Sydney, Whits = Whitsundays, OSS = Outside Study Sites. 
a  Includes the one operator that was interviewed in Cairns that was later excluded from the final survey responses due to being the 
operator of large ocean-going cruise liners. 
b  Initially there were items returned-to-sender from 138 respondents, however, incorporating ‘RTS8’ and ‘RTS9’ (see below) the 
final figure for items returned-to-sender was ultimately 125 (i.e. RTS7:  Nothing Further Ultimately Returned). 
c  RTS8:  Completed Postal Survey Questionnaire Ultimately Returned = Completed postal questionnaires returned during the ‘RTS’ 
process. 
d  RTS9:  Completed Non-Response Slip Ultimately Returned = Completed non-response slips returned during the ‘RTS’ process. 

Additionally, Table 4.6 also shows that a further 177 individual items were returned-to-sender.  

Using the unique individual survey identification numbers it was determined that these items, 
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predominantly survey questionnaires (41%) and follow-up postcards (26%), originated from a 

total of 138 individual database entries.  Approximately half (49%) of the database entries for 

returned-to-sender items were still listed on the Australian version of the ‘Yellow Pages’ online 

telephone directory, of which approximately half (46%) had alternative contact details listed.  

Hence, these 31 operators were re-sent survey questionnaires (interestingly, one of these re-sent 

questionnaires was again returned-to-sender) with a total of eight replies ultimately being 

received from this process (i.e. 4 × completed questionnaires and 4 × completed non-response 

slips).  Interestingly, the remaining five survey items that were ultimately returned 

(i.e. 2 × completed questionnaires and 3 × completed non-response slips), did so without having 

additional items re-sent to alternative contact details.  Several factors may have contributed to 

this, including:  (i) the timing of outgoing and incoming postal items; (ii) the time individual 

items spend within the postal system prior to delivery; (iii) the time taken for items to be re-sent 

(if at all); (iv) whether anyone was present at the address during the delivery period; and (v) the 

level of urgency exhibited to providing a response.  Therefore, removing the additional 13 items 

that were ultimately returned during the ‘RTS’ phase of the process the final returned-to-sender 

items came from a total of 125 of the original 2,998 database entries. 

Table 4.7:  Summary of the initial items that were returned-to-sender and the items that were 
ultimately returned as part of the survey. 

 Survey Item Returned   

Initial Items Returned-To-Sender Post N-R Slip Nothing N % 

Questionnaire 1 0 56 57 41.3 

Follow-Up Postcard 4 7 25 36 26.1 

Follow-Up Letter 0 0 13 13 9.4 

Questionnaire + Follow-Up Postcard 0 0 13 13 9.4 

Questionnaire + Follow-Up Letter 0 0 1 1 0.7 

Follow-Up Postcard + Follow-Up Letter 1 0 9 10 7.2 

Follow-Up Postcard + Re-Sent Questionnaire 0 0 1 1 0.7 

Questionnaire + Follow-Up Postcard + Follow-Up Letter 0 0 7 7 5.1 

Total 6 7 125 138 100.0 

Legend: 
Post = Completed Postal Survey Questionnaire Returned. 
N-R Slip = Completed Non-Response Slip Returned. 
Nothing = Nothing Further Returned. 

Based on the original 2,998 database entries of ‘potential’ tour boat operators and key 

information provided in the survey returns (e.g. businesses that were no longer operational or 

that operated under several business names), the size of the tour boat operator population of 

Australia was estimated at 1,476 operators, as follows:  ‘Total database entries’ minus 

‘Database entries with duplicate names’ minus ‘Database entries with valid non-response 

reasons’ minus ‘Database entries that had survey questionnaires returned-to-sender’ 
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(i.e. ‘RTS7’ in Table 4.6) equals the ‘Size of the tour boat operator population of Australia’ 

(i.e. 2,998 – 703 – 320 – 500 = 1,476).  Using this information, the original sample of 799 

(i.e. 750 postal survey questionnaire and 49 face-to-face personal interviews28) database entries 

of ‘potential’ tour boat operators was estimated to be represent approximately 41829 operators.  

This resulted in an overall return rate for the survey (both postal and interviews) of 

approximately 35% (i.e. 145/418) or approximately 10% of the entire population 

(i.e. 145/1,476) (see Appendix N for details).  This was consistent with the average response 

rate reported by Baruch and Holtom (2008) for studies that utilised data collected from 

organisations (i.e. 35.7%).  This overall approach and response rate provided a representative 

sample of the population and allowed confidence in the reliability of the results. 

Incorporating the information collected during in situ environmental audits resulted in an 

overall data collection pool of 163 individual tour boat operators, of which approximately 17% 

(27) were both surveyed and audited (i.e. 44% (21) of interview participants and 6% (6) of 

postal respondents) and 11% (18) were audited only (see Figure 4.2). 

  

Figure 4.2:  Overall pool of data collected from Australian tour boat operators. 

Legend:  ‘S’ = Survey only (i.e. N = 118); ‘A’ = Audit only (i.e. N = 18); and ‘A + S’ = Audit and Survey (i.e. N = 27). 

                                                           
28 Including the one operator that was interviewed in Cairns that was later excluded from the final survey responses due to not 
meeting the required tour boat operator criteria (i.e. the operator of large ocean-going cruise liners). 
29 The total number of database entries of ‘potential’ tour boat operators represented by the 49 successfully completed personal 
interviews was retrospectively estimated at 100 by following the same process used to estimate the size of the tour boat population 
of Australia, albeit in reverse.  Thus, the total sample size was conservatively estimated at 418 operators from an overall total of 
850 database entries of ‘potential’ tour boat operators (see Appendix N, Table N.5 and Table N.6, respectively, for details). 
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It should be noted that although the 18 ‘audit only’ responses were added to the 145 survey 

returns, these were still chosen from the overall (estimated) sample of 418 operators, and 

therefore do not change those previously mentioned proportions.  Taking this into consideration 

the total information response rate would represent well over one third (39%) of the sample 

(i.e. 163/418). 

4.4 DATA ANALYSIS 
Raw data was initially entered into a MS Excel spreadsheet as it appeared on the data collection 

sheets (i.e. the interview and survey questionnaires and the audit checklist) with the respondent 

survey ‘ID’ in rows and the actual responses in columns under a summary heading (each with 

an associated legend).  Where necessary (i.e. open ended questions or in situations where a 

respondent answered ‘Other’) the original responses were grouped into like categories to aid in 

interpretation (see Appendix O).  Data was then transferred into SPSS for statistical analysis. 

Prior to statistical analysis, data were tested for heterogeneity of variance to ensure that 

responses provided during face-to-face personal interviews were not significantly different to 

those provided by postal survey questionnaire.  The means of several key vessel, trip, and 

attitudinal variables were compared using independent t-tests in SPSS (see Appendix P).  Likert 

type scale responses to questions regarding boating impacts and guideline implementation 

factors were the two major variables to exhibit significant differences (see Appendix Q), hence 

median values were shown for each data collection method as well as the median of their 

combined total. 

The Likert type scale responses also underwent a simple transformation to correct for responses 

being scored on a scale of ‘1–10’ during face-to-face personal interviews and ‘0–10’ on the 

postal survey questionnaire.  As such, a simple conversion factor was applied that made ‘0’ 

equivalent to ‘1’ (and vice versa) while maintaining ‘10’ being equivalent to ‘10’.  This was 

then applied to all values proportionately to ensure that scores from both datasets were 

comparable (e.g. ‘1’ = ‘0’, ‘1.9’ = ‘1’, ‘3.7’= ‘3’ and so on, up to ‘10’ = ‘10’, see Appendix R 

for details). 

Data were quantitatively and qualitatively analysed as outlined below. 

4.4.1 Quantitative Statistical Techniques 
Three major statistical techniques were used to interpret the results of this research data:  

(i) Logistic analysis (Logit); (ii) Chi-square (2) tests; and (iii) Analysis of Variance (ANOVA).  

The logistic analysis was used to test whether there was a relationship between an operators 
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environmental management performance and their primary activity and the 2 tests and 

ANOVA were used to compare:  (a) the responses provided by operators during surveys with 

in-situ observations made during environmental audits; and (b) select groupings of responses 

within data sources (i.e. survey data and audit data) with other variables of interest, such as 

primary activity and the use of environmental management guidelines, for example, as outlined 

below. 

It should be noted that, hire vessels could not be suitably audited, due to the nature of the 

activity type and the process involved in completing an environmental audit (i.e. very little 

scientific merit in hiring a vessel to conduct an environmental audit of the on board behaviour 

of the actual researcher), and hence analyses were performed both with and without operators 

providing this activity type for comparisons between audit and survey information. 

4.4.1.1 Logistic Analysis 

A logistic analysis was used to test whether select environmental and operational characteristics 

of Australian tour boat operators (dependent variables) are related to their primary activity or 

simply a function of the size their vessel (independent variables).  Various other statistical 

analyses (such as multi-dimensional scaling ‘MDS’ and hierarchical agglomerative cluster 

analysis ‘HCA’, for example) had been attempted, however, most proved unsuccessful or 

limited in application across the entire study group. 

The independent variables (also referred to as ‘Factors’) used in the analysis were ‘Primary 

Activity’ and ‘Vessel Size’ categorised as ‘Dive/Fish/Sail’ and ‘Small/Large’, respectively, as 

outlined below: 

 Primary Activity 

Dive:–  Operators whose primary activity involved some form of in-water observation 

type activities such as SCUBA diving, snorkelling, whaleshark/dolphin swims, etc. 

(N = 26; 19%). 

Fish:–  Operators whose primary activities involved some form of on-water extractive 

type fishing activities such as game fishing, sport fishing, and general charter ‘bottom-

bouncing’ type fishing30 (N = 51; 36%). 

Sail:–  Operators whose primary activities were more closely linked to the simple 

operation of a vessel over water moving between various locations such as sailing, 

cruising, sightseeing, etc.31 (N = 63; 45%). 

                                                           
30 Fish included hire vessel operators that indicated that their boats were generally hired for fishing type activities such as those 
mentioned. 
31 Sail included hire vessel operators that indicated that their boats were generally hired for sailing type activities such as those 
mentioned (e.g. bareboat charters, houseboats and barbecue boats). 
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 Vessel Size 

‘Small’ and ‘Large’ vessels were determined based on being greater or less than the 

median of ‘Vessel Size’, which was a generic term based on a simple calculation of 

‘Vessel Length (m)’ multiplied by ‘Vessel Beam (m)’32. 

Small:–  Vessels less than the median of ‘Vessel Size’ (N = 70; 50%). 

Large:–  Vessels greater than the median of ‘Vessel Size’ (N = 70; 50%). 

The dependent variables (also referred to as ‘Dependents’) used in the analysis are provided in 

Table 4.8 below. 

Table 4.8:  Dependent variables used in the logistic analysis. 

Variable Name Variable Description Categories 

Part ATBI Is operation considered part of the broader ATBI yes/no 

Business/Company Size What is the size of the business/company small/large1 

Industry Association Membership Is the business/company part of an industry association yes/no 

Garbage Bin Does the vessel have garbage bins on board yes/no 

Ashtray Does the vessel have ashtrays on board yes/no 

Toilet Is the vessel fitted with an on board toilet yes/no 

Sewage Holding Tank Is the vessel fitted with sewage holding tanks yes/no 

Sewage Treatment System Is the vessel fitted with an on board sewage treatment system yes/no 

Sewage Management Measure What type of sewage management measures are used on board the 
vessel 

(see below) 

No Toilet Is the on board sewage management measure ‘No Toilet’ yes/no 

Toilet + Holding 
Tank/Portable Toilet + 
Onshore Pump-out 

Is the on board sewage management measure ‘Toilet + Holding 
Tank/Portable Toilet + Onshore Pump-out’ yes/no 

Toilet + Treatment System Is the on board sewage management measure ‘Toilet + Treatment 
System’ 

yes/no 

Toilet + Holding Tank + 
Discharge Overboard 

Is the on board sewage management measure ‘Toilet + Holding Tank + 
Discharge Overboard’ 

yes/no 

Toilet + Discharge 
Overboard 

Is the on board sewage management measure ‘Toilet + Discharge 
Overboard’ 

yes/no 

Permanently Moored Is the vessel kept permanently moored on the water yes/no 

Antifouled Is the vessel’s hull antifouled yes/no 

Sacrificial Anodes Is the vessel fitted with sacrificial anodes yes/no 

Operate in MPAs Does the business/company operate in MPAs yes/no 

Boat Impact on Environment Does the vessel have an adverse environmental impact yes/no 

Impact Remediation Measures Are measures implemented to minimise potential adverse 
environmental impacts 

yes/no 

EMG Use Is the business/company currently using EMGs yes/no 

Implement EMGs if Provided Is the business/company willing to implement EMGs if they were 
provided 

yes/no 

Legend:  ‘Business/Company Size’ –  small = < 5 employees; large = ≥ 5 employees. 

                                                           
32 It should be noted that five operators (i.e. 3 × Fish and 2 × Dive) failed to provide vessel dimension data, allowing only 140 
operators vessels to be classified as ‘Small’ or ‘Large’ and hence only these140 operators were included in the analysis. 
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The analysis was carried out in a number of steps using a hierarchical approach.  A logistic 

analysis approach was used due to the binary nature of the dependent variables under 

investigation (see Table 4.8).  The significance of each effect in a model was determined by 

testing the change in model deviance against a Chi-square distribution.  The statistical 

significance (probability, p) for each model was assessed against alpha (α) set at 0.05.  All 

analyses were undertaken using SPSS.  An example of this process is illustrated below (using 

‘Part ATBI’ as the example), where independent variables are labelled as ‘Factors’ and 

dependent variables are labelled as ‘Dependent’: 

1. Model 0 = ‘Constant’; 

‘Dependent’ – ‘Part ATBI’, ‘Factors’ – none 

2. Model 1 = ‘Constant’ + ‘Vessel Size’; 

‘Dependent’ – ‘Part ATBI’, ‘Factors’ – ‘Vessel Size’ 

3. Model 2 = ‘Constant’ + ‘Primary Activity’; and 

‘Dependent’ – ‘Part ATBI’, ‘Factors’ – ‘Primary Activity’ 

4. Model 3 = ‘Constant’+ ‘Vessel Size’ + ‘Primary Activity’.  

‘Dependent’ – ‘Part ATBI’, ‘Factors’ – ‘Vessel Size’ and ‘Primary Activity’ 

These models were then subtracted from one another (i.e. the χ2 and df values from one model 

were subtracted from the χ2 and df values of another model33) to determine the significance of 

each effect (‘factors’ or interaction between ‘factors’), as follows: 

1. ‘Model 0’ – ‘Model 1’ = ‘Vessel Size (alone)’; 

2. ‘Model 0’ – ‘Model 2’ = ‘Primary Activity (alone)’; 

3. ‘Model 2’ – ‘Model 3’ = ‘Vessel Size (adjusted for ‘Primary Activity’)’; and 

4. ‘Model 1’ – ‘Model 3’ = ‘Primary Activity (adjusted for ‘Vessel Size’)’. 

                                                           
33 A comprehensive step-by-step description of the overall process followed for the logistic analysis is provided in Appendix S. 
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4.4.1.2 Chi-Square Tests and Analysis of Variance 

Selected key variables were analysed (2, ANOVA) to test for significant differences:  

(a) between survey and audit data; and (b) within survey and audit data.  Analyses were 

undertaken using MS Excel (between) and SPSS (within).  A selection of the key variables that 

were analysed are presented below (i.e. Table 4.9, Table 4.10, Table 4.11 and Table 4.12) (see 

Appendix M, T, U and V for further detail). 

Table 4.9:  Selection of key variables used in the 2 tests for comparisons between ‘Survey’ and 
‘Audit’ data. 

Variable Name Variable Description Categories 

Study Site Where is the operator located (i.e. in what study site location) B/C/E/M/MB/GC/S/W 

Primary Activity What is the primary activity type of the operator dive/fish/sail 

Garbage Bin Does the vessel have garbage bins on board yes/no 

Ashtray Does the vessel have ashtrays on board yes/no 

Toilet Is the vessel fitted with an on board toilet yes/no 

Garbage Bin Labelled Is the on board garbage bin labelled yes/no 

Ashtray Labelled Is the on board ashtray labelled yes/no 

Toilet Labelled Is the on board toilet labelled yes/no 

Garbage Bin Advice Are passengers advised of the location of the on board garbage bin yes/no 

Ashtray Advice Are passengers advised of the location of the on board ashtray yes/no 

Toilet Advice Are passengers advised of the location of the on board toilet yes/no 

Hull Material What construction material is used for the vessel’s hull  aluminium/fibreglass/other 

Hull Configuration What is the configuration of the vessel’s hull mono-hull/multi-hull 

No. Engines How many engines are fitted to the vessel 1/2/3 

Engine Type What type of engine is fitted to the vessel 2-stroke/4-stroke 

Engine Location Where is the vessel’s engine located inboard/outboard 

Fuel Type What type of fuel does the vessel’s engine use diesel/petrol 

Legend:  ‘Study Site’ –  B = Broome; C = Cairns; E = Exmouth; M = Melbourne; MB/GC = Moreton Bay/Gold Coast; S = Sydney; 
and W = Whitsundays. 

Table 4.10:  Selection of key variables used in the ANOVA for comparisons between ‘Survey’ and 
‘Audit’ data. 

Variable Name Variable Description Units 

No. Engines How many engines are fitted to the vessel engines/vessel 

Engine Output What is the rated power output of individual engines kW/engine 

Total Engine Output What is the total power output for the vessel (i.e. individual engine output × 
no. engines) 

kW/vessel 

No. Crew (Av. Length Trip) Number of crew members on board during a general average length trip crew/trip 

No. Pax (Av. Length Trip) Number of passengers on board during a general average length trip pax/trip 

Total Pers. (Av. Length Trip) Total number of persons (crew + pax) during a general average length trip pers/trip 

Trip Time (Av. Length Trip) Duration of a general average length trip mins/trip 

Trip Cost (Av. Length Trip) What is the cost of a general average length trip $/pers/trip 

Legend:  kW = kilowatt; Av. = average; pax = passengers; pers = persons. 
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Table 4.11:  Selection of key variables used in the 2 tests for comparisons within ‘Survey’ data. 

Variable Name Variable Description Categories 

(a) Primary Activity What is the primary activity type of the operator dive/fish/sail 

(b) Vessel Size What is the size of the vessel (i.e. as used in logistic analysis above, > or < median 
of vessel length × vessel beam) 

small/large 

(a) Primary Activity What is the primary activity type of the operator dive/fish/sail 

(b) Permanently Moored Is the vessel kept permanently moored on the water when not in use yes/no 

(a) Vessel Size What is the size of the vessel (i.e. as used in logistic analysis above, > or < median 
of vessel length × vessel beam) 

small/large 

(b) Operate in MPAs Does the business/company operate in MPAs yes/no 

(a) Permanently Moored Is the vessel kept permanently moored on the water when not in use yes/no 

(b) Antifouled Is the vessel’s hull antifouled yes/no 

(a) Operate in MPAs Does the business/company operate in MPAs yes/no 

(b) EMG Use Is the business/company currently using EMGs yes/no 

 

Table 4.12:  Selection of key variables used in the 2 tests for comparisons within ‘Audit’ data. 

Variable Name Variable Description Categories 

(a) Instructed not to throw anything 
overboard 

Were clear instructions given not to throw anything overboard 
(especially cigarette butts and food scraps) 

yes/no 

(b) Anything thrown overboard Was anything thrown overboard yes/no 

(a) Garbage Bin On board Was there a garbage bin on board the vessel yes/no 

(b) Anything thrown overboard Was anything thrown overboard yes/no 

(a) Garbage Bin On board Was there a garbage bin on board the vessel yes/no 

(b) Food scraps thrown overboard Were food scraps thrown overboard yes/no 

(a) Ashtray On board Was there an ashtray on board the vessel yes/no 

(b) Cigarette butts thrown overboard Were cigarette butts thrown overboard yes/no 

(a) Garbage Bin On board Was there a garbage bin on board the vessel yes/no 

(b) Ashtray On board Was there an ashtray on board the vessel yes/no 

 

To ensure that any observed difference between survey data and audit data were not simply a 

factor of ‘Hire Vessels’ (which, as previously stated, were not audited), relevant analyses were 

carried out both with and without ‘Hire Vessel’ operators for comparison. 

4.4.2 Qualitative Techniques 
Following the completion of the statistical analyses outlined above, a qualitative analysis was 

undertaken to assess measures that may be implemented to reduce the overall environmental 

impact of the Australian tour boat industry.  The assessment was undertaken using a framework 

based on the policy instruments outlined in Althaus et al. (2007, pp.86–96) and the processes 

and principles for the design of ‘smart regulation’ advocated by Gunningham et al. (1998), as 

listed below: 
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Instruments— 

1. Advocacy:  The use of education or persuasion, using information available to 

government, to achieve the desired policy objectives, goals or outcomes; 

2. Networks:  Relates to cultivating and leveraging relationships within and across 

government with external partnership bodies to achieve the desired policy objectives, 

goals or outcomes; 

3. Money:  Involves using spending and taxing powers to shape activity beyond 

government, to achieve the desired policy outcomes; 

4. Government Action:  Relates to the delivery of services through public agencies, to 

achieve the desired policy objective, goal or outcome; and 

5. Law:  Involves using legislation, regulation and official authority, to achieve the desired 

policy outcomes. 

Processes— 

1. Identify the desired policy goal(s) and the trade-offs necessary to achieve it (them); 

2. Identify the unique characteristics of the environmental problem being addressed; 

3. Identify the range of possible regulatory participants and policy instruments; and 

4. Identify opportunities for consultation. 

Principles— 

1. Prefer policy mixes incorporating a broader range of instruments and institutions; 

2. Prefer less interventionist measures; 

3. Ascend a dynamic instrument pyramid to the extent necessary to achieve policy goals; 

4. Empower participants which are in the best position to act as surrogate regulators; and 

5. Maximise opportunities for win-win outcomes. 

The qualitative assessment was carried out by reviewing the information reported about the 

major boating related environmental impacts (as covered by this research) and the respective 

measures that may be implemented for their management.  The assessment was used to identify 

measures that may be further implemented to improve environmental performance and provided 

general comments and suggestions on what may help make the Australian tour boat industry 

more environmentally sustainable. 
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4.5 CONCLUSION 
This chapter outlined the overall approach used for this research project including the overall 

research strategy (i.e. case study) and restated the specific research questions.  An outline of the 

data collection process (i.e. document searches, sample selection, and surveys) was also 

provided.  Summary explanation the quantitative statistical methods and qualitative assessment 

techniques used to analyse the data were also given. 
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5 ESTIMATE OF THE POTENTIAL IMPACT OF THE 
AUSTRALIAN TOUR BOAT INDUSTRY 

5.1 INTRODUCTION 
The purpose of this chapter is to estimate the overall pollution loads generated by the Australian 

tour boat industry and put this in context.  The quantities of select pollutants were calculated (or 

estimated) based upon information provided during the survey process (e.g. vessel hull 

configuration and dimensions and antifouling characteristics to calculate inputs of Cu from 

antifouling paints; engine type, size, number and fuel consumption to calculate greenhouse gas  

emissions, reported as carbon dioxide equivalency or CO2-e; vessel use, trip length, number of 

persons on board, toilet type and other sewage management variables to calculate the volume of 

sewage discharged and the associated N loads.  Other aspects of boating operation, such as 

those observed during environmental audits, may only be approximated in a more general sense. 

Section 5.2 provides a summary of the relevant background information collected during the 

survey phase of the research project used for the calculations performed in this chapter.  

Section 5.3 presents:  (i) estimates of the potential volumes of the following pollutants emitted 

or discharged annually by the Australian tour boat industry:  (a) overall wastewater volume and 

the associated salt and N content of sewage discharges; (b) Cu emitted from antifouling paints; 

and (c) greenhouse gases (CO2-e) from fossil fuels burned in engines; and (ii) the overall total 

income potentially generated by the Australian tour boat industry annually.  The section also 

places these calculated/estimated values into context with other comparable research results 

(where available).  Section 5.4 provides a qualitative assessment of the potentially harmful 

environmental actions/behaviour observed/identified during the environmental audit process.  

Finally, a summary of the major outcomes of this chapter is provided as a conclusion. 

5.2 BACKGROUND INFORMATION 
To calculate the various pollutant loads requires an understanding of various vessel and 

operational characteristics of Australian tour boat operators, including: 

1. Vessel Characteristics–– 

(a) Toilet type for the estimation of volumes of wastewater from sewage discharges; 

(b) Hull configuration, dimensions and antifoulant application for the estimation of Cu 

from antifouling paints; 

(c) Fuel type and use for the estimation of greenhouse gas (GHG) emissions from fuel 

combustion; and 
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2. Operational Characteristics–– 

(a) Number of vessels and their level of use (volumes, salt and N loads from sewage 

discharges, Cu from antifouling paints and GHGs from fuel combustion); 

(b) Trip duration and the number of persons on board (volumes, salt and N loads from 

sewage discharges, Cu from antifouling paints and GHGs from fuel combustion); 

and, 

(c) Sewage management measure (volumes, salt and N loads of sewage discharges). 

A summary of relevant information collected during the survey phase of the research project is 

provided below. 

5.2.1 Vessel Characteristics 

5.2.1.1 Hull 

Australian tour boat operators use vessels that have an average age of 13 years (Figure 5.1).  

These vessels are predominantly mono-hulled (70%), constructed of either fibreglass (41%) or 

aluminium (37%) and approximately 13 m long, 4 m wide (beam) and draw approximately 1 m 

of water (draft) (Figure 5.2). 

 

Figure 5.1:  Age of vessels used by Australian tour boat 
operators. 
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(a) (b) (c)
 

Figure 5.2:  Dimensions of vessels used by Australian tour boat operators, shown as:  (a) length; 
(b) beam; and (c) draft. 

 

Most operators (80%) apply antifouling agents to their vessels and this occurs approximately 

once every 13 months, on average (Figure 5.3).  Operators that do not antifoul their vessels use 

alternative methods to limit the growth of fouling organisms such as storing vessels out of the 

water when not in use (14%), manual removal of fouling organisms (3%) or the periodic 

rotation of vessels on dry pontoons (< 1%). 

 

Figure 5.3:  Duration of antifoulant application on the 
vessels of Australian tour boat operators. 

 

The hull characteristics of the vessels used by Australian tour boat operators that were subjected 
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Table 5.1:  Comparisons between ‘Survey’ and ‘Audit’ data for hull characteristics (configuration, 
material, antifoulant application) of the vessels used by Australian tour boat operators (Chi-
square). 

Hull  Categories Survey Audit    Exp.< 5 

Characteristic Cats Name N N 2 df p (%) 

Hull Configuration1 2 Mono-Hull, Multi-Hull 141 45 2.685 1 0.1013 0.0 

Hull Configuration2 2 Mono-Hull, Multi-Hull 113 45 2.820 1 0.0931 0.0 

Antifouled1 2 Yes, No 143 45 2.482 1 0.1152 0.0 

Antifouled2 2 Yes, No 115 45 2.482 1 0.1152 0.0 

Hull Material1 6 Aluminium, Fibreglass, Steel, Timber, 
Other, INS 

145 45 2.299 5 0.8064 50.0 

Hull Material2 6 Aluminium, Fibreglass, Steel, Timber, 
Other, INS 

116 45 2.934 5 0.7102 41.7 

Hull Material1 5 Aluminium, Fibreglass, Steel, Timber, Other 142 45 1.338 4 0.8548 40.0 

Hull Material2 5 Aluminium, Fibreglass, Steel, Timber, Other 113 45 1.728 4 0.7856 30.0 

Hull Material1 4 Aluminium, Fibreglass, Steel, Timber 138 45 0.042 3 0.9977 25.0 

Hull Material2 4 Aluminium, Fibreglass, Steel, Timber 109 45 0.092 3 0.9927 12.5 

Hull Material1 3 Aluminium, Fibreglass, Other 142 45 0.026 2 0.9869 0.0 

Hull Material2 3 Aluminium, Fibreglass, Other 113 45 0.229 2 0.8919 0.0 

Legend:  
Cats = Number of categories. 
1  All survey data included (i.e. Max. N ‘Survey’ = 145; Max. N ‘Audit’ = 45). 
2  ‘Hire Vessel’ operators excluded (i.e. Max. N ‘Survey’ = 116; Max. N ‘Audit’ = 45) 
INS = Information Not Supplied (i.e. did not answer question). 

5.2.1.2 Engines 

Predominantly all (97%) operators use vessels that are fitted with either one (49%) or two 

(48%) main engines with an average individual output of 180 kilowatts per engine and average 

total output (i.e. the number of engines multiplied by the rated individual engine output) of 

approximately 310 kilowatts per vessel (Figure 5.4).  The average age of each engine is 

approximately nine years (Figure 5.5). 
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(a) (b)
 

Figure 5.4:  Power output of engines fitted to Australian tour boats shown as (a) the individual 
output of each engine and (b) the total output of the vessel (i.e. number of engines × individual 
engine output). 

 

 

Figure 5.5:  Age of the engines fitted to Australian tour 
boats. 
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Figure 5.6:  Average fuel consumption of engines fitted to 
Australian tour boats. 

 

Overall, the characteristics of engines fitted to the vessels used by audited tour boat operators 

were generally not significantly different to those provided during the survey phase of the 

research (refer to Table 5.2 and Table 5.3 for further detail).  While there was a statistically 

significant difference (2 = 5.108, df = 1, p = 0.024) between the engine types of surveyed and 

audited vessels initially (i.e. a larger proportion of operators that were audited had four stroke 

engines fitted to their vessels than did those that were surveyed (89% and 72%, respectively)), 

this characteristic was no longer significant (p > 0.05) once hire vessels were excluded (i.e. 89% 

and 79%, respectively)34.  This difference is most likely due to the fact that many of the hire 

vessels are smaller, simple vessels, such as tinnies35 or BBQ boats36, that are generally fitted 

with smaller, lighter and cheaper (to both purchase and operate) two stroke outboard engines. 

                                                           
34 Hire vessels could not be suitably audited, due to the nature of the activity type and the process involved in completing an 
environmental audit (i.e. very little scientific merit in hiring a vessel to conduct an environmental audit of the on board behaviour of 
the actual researcher), and hence analyses were performed with and without operators providing this activity type for comparisons 
between audit and survey information. 
35 ‘Tinny’ or ‘tinnies’ is a generic term for simple open aluminium vessels usually fitted with outboard engines. 
36 ‘BBQ boat’ is a generic term for smaller catamaran style vessels that provide a platform to mount some seating, a barbecue (hence 
the terminology ‘BBQ boats’), and some form of simple cover to provide shelter from the weather (i.e. sun, rain) and are usually 
fitted with outboard engines. 
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Table 5.2:  Comparisons between ‘Survey’ and ‘Audit’ data for the number, type, location, drive and 
fuel type of engines fitted to the vessels used by Australian tour boat operators (Chi-square). 

Engine  Categories Survey Audit    Exp.< 5 

Characteristic Cats Name N N 2 df p (%) 

No. Engines1 3 1, 2, 3 143 45 1.555 2 0.4596 33.3 

No. Engines2 3 1, 2, 3 114 45 1.541 2 0.4628 33.3 

No. Engines1 2 1, > 1 143 45 0.122 1 0.7269 0.0 

No. Engines2 2 1, > 1 114 45 0.390 1 0.5324 0.0 

Engine Type1 2 two-stroke, four-stroke 134 45 5.108 1 0.0238 0.0 

Engine Type2 2 two-stroke, four-stroke 108 45 2.204 1 0.1377 0.0 

Engine Location1 3 inboard, outboard, stern-drive 143 45 2.822 2 0.2439 33.3 

Engine Location2 3 inboard, outboard, stern-drive 114 45 0.623 2 0.7323 33.3 

Engine Location1 2 inboard, outboard 143 45 2.449 1 0.1176 0.0 

Engine Location2 2 inboard, outboard 114 45 0.148 1 0.7004 0.0 

Engine Drive1 2 jet, propeller 139 45 0.204 1 0.6517 50.0 

Engine Drive2 2 jet, propeller 111 45 0.451 1 0.5019 50.0 

Fuel Type1 2 diesel, petrol 140 45 2.972 1 0.0847 0.0 

Fuel Type2 2 diesel, petrol 112 45 0.306 1 0.5799 0.0 

Legend: 
Cats = Number of categories. 
1  All survey data included (i.e. Max. N ‘Survey’ = 145; Max. N ‘Audit’ = 45). 
2  ‘Hire Vessel’ operators excluded (i.e. Max. N ‘Survey’ = 116; Max. N ‘Audit’ = 45). 
Bold type face = statistically significant. 

Table 5.3:  Comparisons between ‘Survey’ and ‘Audit’ data for the number and rated output of 
engines fitted to the vessels used by Australian tour boat operators (ANOVA:  Single Factor). 

Engine  N  Average df    

Characteristic Units Survey Audit Survey Audit Between 
Groups 

Within 
Groups 

F p F crit. 

No. Engines1 – 143 45 1.52 1.58 1 186 0.4233 0.5161 3.8919 

No. Engines2 – 114 45 1.61 1.58 1 157 0.0828 0.7739 3.9014 

Individual Engine Output1 kW 129 45 178.55 245.74 1 172 3.5537 0.0611 3.8961 

Individual Engine Output2 kW 106 45 207.97 245.74 1 149 1.0008 0.3187 3.9046 

Total Engine Output1 kW 129 45 310.45 405.03 1 172 1.6200 0.2048 3.8961 

Total Engine Output2 kW 106 45 364.81 405.03 1 149 0.2564 0.6134 3.9046 

Legend: 
1  All survey data included (i.e. Max. N ‘Survey’ = 145; Max. N ‘Audit’ = 45). 
2  ‘Hire Vessel’ operators excluded (i.e. Max. N ‘Survey’ = 116; Max. N ‘Audit’ = 45). 

5.2.1.3 Toilets 

Most (81%) Australian tour boat tour boat operators use vessels that have toilets on board.  The 

most common types of toilets that Australian tour boat operators fit to their vessels are the 

electric macerator, standard marine (i.e. manual hand-pump) and standard domestic (household) 

toilet (29%, 25% and 20% of operators fit these types of toilets to their vessels, respectively; 

Figure 5.7).  The type of toilet is related to the volume of sewage that is ultimately discharged 

from a given vessel, due to their different individual flush volumes (for further detail see 

Table 5.5). 
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Figure 5.7:  Type of toilets fitted to the vessels used 
by Australian tour boat operators. 

 

5.2.1.4 Vessel Registration 

Commercial vessels are registered based on type and area of operation37 and classed under the 

Uniform Shipping Laws (USL) Code (Maritime Safety Queensland (MSQ)  2010b).  The 

registration process requires the submission of documentation from the vessel manufacturer 

and/or accredited persons (e.g. marine surveyor, ship designer, ship builder) that states and/or 

certifies that the vessel meets the necessary design, operation and safety standards.  For 

example, in the state of Queensland (Australia), Maritime Safety Queensland (MSQ) requires 

commercial vessel registrations to be accompanied by the following documentation (for further 

details see Maritime Safety Queensland (MSQ)  2010a): 

1. For vessels less than six metres in length, a statement of positive flotation that indicates 

that the vessel can remain afloat and upright when filled with water and its full 

complement of passengers and crew; and, 

                                                           
37 Vessel Types: 
Class 1 = A passenger vessel carrying (or certified to carry) more than 12 passengers (Class 1F is a ‘Hire & Drive’ vessel, 
previously referred to as a Class 4); Class 2 = A non-passenger vessel, i.e. tug, workboat, etc., but may carry up to 12 passengers; 
Class 3 = A fishing or oyster vessel. 
    Area of Operation: 
A = Unlimited operation; B = Up to 200 n. miles to seaward of the coast; C = Up to 30 n. miles (50 n. miles in Queensland) to 
seaward of the coast; D = Partially smooth waters; E = Smooth waters. 
    Example: 
1C = A passenger vessel carrying (or certified to carry) more than 12 passengers in waters that are up to 30 n. miles (50 n. miles in 
Queensland) to seaward of the coast. 
    n. miles = nautical miles (1 n. mile = 1,852 m). 
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2. For vessels six metres or more in length, the following certificates of compliance— 

(a) A certificate of compliance for design to verify that the vessel meets the required 

design standards and also includes details such as vessel name and engine 

information; 

(b) A certificate of compliance for survey to indicate that the vessel has been examined 

and found seaworthy; 

(c) A certificate of compliance for stability that includes a declaration about the vessels 

stability, purpose of operation, number of persons allowed aboard, amount of cargo 

and other basic details; and, 

(d) A certificate of compliance for safety equipment to verify that the vessel has been 

checked for, and is carrying the regulated safety equipment. 

Other information may also be required, such as a loadline certificate for class 1A, 1B, or 1C 

vessels that are 24 metres or over in length, for example (see (Maritime Safety Queensland 

(MSQ)  2010a) for further information). 

On average, vessels used by Australian tour boat operators are certified to carry a maximum of 

40 people (i.e. 3 crew and 37 passengers) (Figure 5.8), predominantly under one ‘Vessel 

Type’/‘Area of Operation’ designation (65%), although some have two (27%) or more (6%), 

that are mostly ‘Class 1’ (90%) or ‘Class 2’ (30%) ‘Vessel Type’ and ‘C’ (46%) or ‘D’ (26%) 

‘Area of Operation’ designation (Figure 5.9). 

Vessel registration data provides some relatively important information of the type that 

operators are generally reluctant to disclose, that is, details on the specific locations that they 

operate.  Such information provides a general indication of the number of people that may be on 

board and the area where they are allowed to operate, and thus a general indication of where the 

potential impacts are likely to occur.  For example, two of the most common ‘Vessel 

Type’/‘Area of Operation’ designations for almost half of the operators vessels allows them to 

carry the most people (i.e. Class 1) in two of the most protected waterway types, commonly 

referred to as ‘sheltered waters’ (i.e. D and E, ‘partially smooth’ and ‘smooth’ waters, 

respectively).  Such information also provides important data on the maximum number of 

persons that could be carried aboard the vessels used by Australian tour boat operators in 

comparison with the average number of persons that they do carry on board during trips, and 

hence an indication of the maximum scale of any ‘number of persons’ related potential impact. 
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(a) (b) (c)
 

Figure 5.8:  Maximum number of persons that vessels used by Australian tour boats are certified to 
carry, shown as the number of:  (a) passengers; (b) crew; and (c) persons in total (i.e. passengers + 
crew). 

Legend:  Pax = Passengers; pers = persons. 

 

Figure 5.9:  Registration types (i.e. ‘Vessel Type’ and ‘Area 
of Operation’ designation) held by vessels used by 
Australian tour boat operators. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 

5.2.2 Operational Characteristics 

5.2.2.1 Number of Vessels 

On average, Australian tour boat operators use three vessels in their general day-to-day tourism 

related operations, although most (> 80%) use only one (65%) or two (17%) (Figure 5.10(a)), 

while some use additional ancillary vessels to help service their fleet (i.e. Figure 5.10(b)).  The 

calculations performed in this chapter include only those vessels that Australian tour boat 

operators use for their general day-to-day tourism related operations (i.e. Figure 5.10(a)).  Based 

on the previous estimate of 1,476 operators in the Australia tour boat industry 

(see 4.3.4 Response Rates for detail) this would equate to approximately 3,800 individual tour 

boats in operation around Australia. 
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(a) (b)
 

Figure 5.10:  Number of boats used by Australian tour boat operators shown as:  (a) tourism 
related vessels only; and (b) the absolute total number of vessels. 

Legend: 
No. Boats (Q14g) = Number of similar tourism vessels that the business operates, excluding all ancillary and any other vessels 
(i.e. ‘Question 14g. General’ of the postal survey questionnaire ‘How many of this type of boat does your business operate?’ – see 
Appendix I); 
No. Boats (Q3) = Absolute total number of vessels that the business operates, including all ancillary and any other vessels 
(i.e. ‘Question 3’ of the postal survey questionnaire ‘How many boats does your tour boat business currently operate?’ – see 
Appendix I). 

5.2.2.2 Vessel Use 

Overall, Australian tour boat operators use their vessels for just over half (55%) of the year on 

average, predominantly during the warmer months, to cater to mostly Australian tourists 

(Figure 5.11 and Figure 5.12, respectively). 

(a) (b)
 

Figure 5.11:  Proportion of the year that Australian tour boat operators:  (a) spend using their 
vessels; and (b) experience peak activity periods. 
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(a) (b)
 

Figure 5.12:  Proportion of passengers on trips provided by Australian tour boat operators that 
were of:  (a) Australian; and (b) international; origin. 

 

5.2.2.3 Trips 

General average length trips provided by Australian tour boat operators typically last for 

12 hours and cover 40 nautical miles, approximately (Figure 5.13).  On these trips, operators 

usually take an average of 22 people (i.e. 3 crew and 19 passengers), which generally represents 

approximately 60% of the maximum total number of persons that their vessels are surveyed to 

carry (Figure 5.14).  Observations made during environmental audits of Australian tour boat 

operators identified that, on average, approximately 60% of a trip is spent travelling 

(i.e. moving through the water under the mechanical propulsion provided by the combination of 

the vessels engine and propeller) (Figure 5.15). 

(a) (b)
 

Figure 5.13:  Duration of general average length trips provided by Australian tour boat operators, 
shown as:  (a) the length of time taken; and (b) the total distance covered. 

Legend:  n. miles = nautical miles. 
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(a) (b)

(c) (d)
 

Figure 5.14:  Number of persons carried aboard vessels used by Australian tour boat operators 
during general average length trips, shown as the number of:  (a) crew; (b) passengers; (c) persons 
in total; and (d) total persons as a proportion of the maximum surveyed number of persons. 

Legend: 
Pax = Passengers. 
Pers. = Persons. 
Proportion of Survey Carried on Av. Length Trip (%) = ‘Total Pers. (Pax + Crew) Av. Length Trip’ shown as a percentage of 
‘Survey Total (Pax + Crew) Max. (Pers.)’ in Figure 5.8. 
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Figure 5.15:  Proportion of total trip time spent 
travelling during audit trips aboard Australian 
tour boats. 

 

Trips are generally paid for either as a single person booking (i.e. $/person/trip) or on a daily 

charter rate for the vessel (i.e. $/boat/day), and this payment method may vary throughout the 

year based on the type of trip and the group dynamic being catered for.  Approximately 70% of 

the industry uses the single person booking payment method.  Overall, general average length 

trips aboard Australian tour boats cost approximately $190 per person per trip while vessels are 

chartered for approximately $1,700 per day (Figure 5.16). 

(a) (b)
 

Figure 5.16:  Cost of general average length trips aboard Australian tour boats, shown as 
(a) individual booking rate and (b) daily charter rate for vessel. 

Legend:  pers. = person. 
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provided by Australian tour boat operators, regardless of whether or not ‘Hire Vessel’ operators 

were excluded (p > 0.05) (Table 5.4). 

Table 5.4:  Comparisons between ‘Survey’ and ‘Audit’ data for number of persons on board, time 
and cost of trips provided by Australian tour boat operators. 

Trip  N  Average d f    

Characteristic Units Survey Audit Survey Audit Between 
Groups 

Within 
Groups 

F p F crit. 

No. Crew (Av. Length Trip)1 crew/trip 136 45 2.67 3.33 1 179 1.6771 0.1970 3.8939 

No. Crew (Av. Length Trip)2 crew/trip 112 45 3.11 3.33 1 155 0.1774 0.6742 3.9022 

No. Pax (Av. Length Trip)1 pax/trip 138 45 19.24 14.69 1 181 0.9453 0.3322 3.8933 

No. Pax (Av. Length Trip)2 pax/trip 114 45 21.75 14.69 1 157 1.9476 0.1648 3.9014 

Total Persons (Av. Length Trip)1 pers/trip 136 45 22.10 18.02 1 179 0.6279 0.4292 3.8939 

Total Persons (Av. Length Trip)2 pers/trip 112 45 25.17 18.02 1 155 1.6629 0.1991 3.9022 

Trip Time (Av. Length Trip)1 mins/trip 137 44 741.90 348.89 1 179 2.2667 0.1339 3.8939 

Trip Time (Av. Length Trip)2 mins/trip 113 44 645.66 348.89 1 155 1.4628 0.2283 3.9022 

Trip Cost1 $/pers./trip 98 45 189.63 128.96 1 141 0.6115 0.4355 3.9083 

Trip Cost2 $/pers./trip 89 45 194.35 128.96 1 132 0.6661 0.4159 3.9129 

Legend: 
Pax = Passengers. 
1  All survey data included (i.e. Max. N ‘Survey’ = 145; Max. N ‘Audit’ = 45). 
2  ‘Hire Vessel’ operators excluded (i.e. Max. N ‘Survey’ = 116; Max. N ‘Audit’ = 45). 

5.2.2.4 Sewage Management 

A major factor regarding the volumes of sewage discharged from vessels is the type of on board 

sewage management measures used on board the vessels used by Australian tour boat operators.  

Figure 5.17 shows that the two most common on board sewage management measures used by 

Australian tour boat operators are the toilet connected to a sewage holding tank that discharges 

into the water and the toilet that discharges directly overboard into the water (25% and 35% of 

operators use these two on board sewage management measures, respectively). 
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Figure 5.17:  The types of on board sewage 
management measures implemented by 
Australian tour boat operators. 

 

5.3 QUANTITATIVE ESTIMATIONS 
Calculations presented in this section (i.e. sewage discharge volumes, salt and N loads, GHG 

emissions and Cu loads) are derived from the abovementioned information and developed based 

on information contained in Warnken and Byrnes (2000), Warnken and Byrnes (2003), 

Warnken and Byrnes (2004), Byrnes and Warnken (2006), Byrnes (2008; 2011), Leon and 

Warnken (2008), the Australian Department of Climate Change and Energy Efficiency 

(DCCEE) (2010c) and other sources as indicated.  Calculations were made to estimate the 

average annual quantities of the various pollutants generated by:  (a) individual tour boat 

operators (on both a ‘Per Vessel’ and ‘Per Operator’ basis); and (b) the entire industry as a 

whole.  Results for each calculation are presented in pairs based on average figures for:  (a) each 

individual tour boat operator in the sample (N = 145), multiplied by the average number of 

vessels used per operator (i.e. 2.6, refer Figure 5.10 (a)); and (b) each individual vessel used by 

the tour boat operators in the sample (N = 374); to indicate the potential for variation in the final 

estimations. 

5.3.1 Sewage Discharges 

5.3.1.1 Volumes and Salt Loads 

Estimates of annual discharge volumes and salt loads were calculated by multiplying the 

average daily discharge volume and salinity of toilet flush water and human excreta (see 

Table 5.5 and Table 5.8) with the total number of person days per year for trips aboard vessels 

used by Australian tour boat operators.  Estimates of person days were based on general average 
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length trips and calculated by multiplying the average number of persons carried per trip with 

the average duration of trips per day, the average proportion of the year that vessels are used, 

the average number of vessels used per operator and the total number of operators in the overall 

industry.  Estimates were primarily based on equations outlined in Byrnes (2008) (see 

Appendix W for detail). 

Table 5.5:  Information used to calculate sewage discharge volumes and salt loads. 

Variable Value Units 

Average daily human toilet use habits1   

Toilet trips (i.e. flushes) 5 flushes/person/day 

Urinations 4 urinations/person/day 

Defecations 1 defecations/person/day 

Average volume of human waste excreted daily2   

Urine 1.155 L/person/day 

Faeces 0.250 L/person/day 

Total excreta 1.405 L/person/day 

Average shipboard toilet flush volume and proportion of seawater flush toilets3   

  (i) Electric Macerator 3.50 L/person/flush 

  (ii) Standard Marine 2.03 L/person/flush 

  (iii) Standard Domestic 4.80 L/person/flush 

  (iv) Portable 1.00 L/person/flush 

  (v) Vacuum 0.60 L/person/flush 

Proportion seawater (i.e. saltwater) flush toilets4 80 % 

Average salt content of various compounds5   

Seawater 35,000 mg/L 

Freshwater 0 mg/L 

Human urine 15,000 mg/L 

Human faeces 0 mg/L 

Legend: 
1 adapted from United States Code of Federal Regulations (US CFR) (2009); 
2 adapted from Polprasert (1989) taken from Bitton (1999) (see Table 5.8 below); 
3 adapted from Stoppa 2010, pers. comm., 27th August; 
4 adapted from Stoppa 2008, pers. comm., 17th April; 
5 adapted from Shillito 2008, pers. comm., 23rd April. 

Table 5.6 shows the estimated volumes of sewage wastewater discharged by Australian tour 

boat operators annually.  Based on averages for all vessels with toilets on board contributing to 

the overall volume of sewage discharged, total discharge volumes were estimated at 25,740 to 

39,343 L per vessel, 66,392 to 101,478 L per operator and between 97.994 to 149.782 ML from 

the industry overall.  Table 5.6 shows the estimated volumes of sewage wastewater that is 

potentially being discharged ashore by Australian tour boat operators annually.  Based on 

averages for all vessels with toilets on board that are currently being discharged ashore 

(i.e. based on ‘Toilet + holding tank/portable toilet + onshore pump-out’, see Figure 5.17 for 

detail) contributing to the overall volume of sewage being discharged ashore, total onshore 

discharge volumes were estimated at 4,506 to 9,601 L per vessel, 11,622 to 24,764 L per 

operator and 17.155 to 36.552 ML from the industry overall. 
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Table 5.6:  Annual volumes of sewage wastewater discharged by 
Australian tour boat operators. 

Input Per Vessel Per Operator Industry Total   

Group (L) (L) (ML) N % 

 Total     

145i 25,740 66,392 97.994 112 77.2 

374i 39,343 101,478 149.782 189 50.5 

 Onshore Only     

145ii 4,506 11,622 17.155 19 13.1 

374ii 9,601 24,764 36.552 23 6.1 

Legend: 
145 = Calculations based on the total number of operators in the sample (i.e. 145). 
374 = Calculations based on the total number of tourism vessels used by the operators 
in the sample (i.e. 374). 
  i  Calculations for total sewage discharge volumes are based on the average of all 
operators vessels with toilets on board contributing to the overall discharge volume. 
  ii  Calculations for volumes of sewage discharged ashore as for ‘i’ above, but only for 
those operators that indicated that they discharged onshore (i.e. ‘Toilet + holding 
tank/portable toilet + onshore pump-out’, see Figure 5.17 for detail). 

If annual per vessel values are divided by 365, this equates to estimated daily volumes of 

sewage wastewater discharged by Australian tour boat operators of 70.5 to 107.8 L per vessel 

per day (based on averages for all vessels with toilets on board contributing to the overall 

volume of sewage discharged), of which approximately 12.3 to 26.3 L per vessel per day is 

potentially being discharged ashore38 (based on averages for all vessels with toilets on board 

that are currently being discharged ashore, ‘Toilet + holding tank/portable toilet + onshore 

pump-out’, contributing to the overall volume of sewage being discharged ashore).  Values 

reported by Byrnes (2008) estimated that the daily volume of sewage wastewater being 

discharged by the entire commercial fleet of 964 vessels on the Gold Coast, Queensland 

(Australia), was approximately 18.8 L per vessel per day (based on all commercial vessels with 

holding tanks fitted, 73.6%) of which approximately 5.4 L per vessel per day was potentially 

being discharged ashore (based on all commercial vessels with holding tanks fitted that 

discharge ashore, 20.1%).  Taking into account the fact that the study by Byrnes (2008) 

included all commercial vessels with an average number of persons on board of 10.05 persons 

per boat and an average toilet flush volume of 3.0 L per flush, compared with this study that 

included only those vessels used by tour boat operators with an average number of persons on 

board of 22.1 persons per boat and average toilet flush volumes of 0.6 to 4.8 L per flush 

(depending on toilet type, see Table 5.5 for details), these figures are comparable. 

Table 5.7 shows the estimated salt loads generated by Australian tour boat operators annually.  

Estimated salt loads based on averages for all toilets being flushed with seawater (i.e. 100% 

saltwater) contributing to the overall load were 864.423 to 1,321.253 kg per vessel, 1,723.369 to 

                                                           
38 Discharged ashore means that sewage from on board vessels is discharged to shoreside sewage reception facilities that ultimately 
end up in a municipal sewage/wastewater treatment plant for treatment. 
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3,407.921 kg per operator and 2,543.693 to 5,030.091 tonnes from the industry overall.  

Estimated salt loads based on averages for all toilets being flushed with freshwater (i.e. 100% 

freshwater) contributing to the overall load were 15.787 to 30.331 kg per vessel, 40.720 to 

78.233 kg per operator and 60.102 to 115.472 tonnes from the industry overall.  Estimated salt 

loads based on averages for 80% of operators toilets being flushed with seawater and 20% of 

operators toilets being flushed with freshwater (i.e. 80% saltwater and 20% freshwater) 

contributing to the overall load were 537.678 to 1,063.638 kg per vessel, 1,386.839 to 

2,741.983 kg per operator and 2,046.975 to 4,047.167 tonnes from the industry overall. 

Additionally, Table 5.7 also shows the estimated salt loads generated by Australian tour boat 

operators annually that are currently being discharged ashore (i.e. based on ‘Toilet + holding 

tank/portable toilet + onshore pump-out’, see Figure 5.17 for detail).  Estimated salt loads based 

on averages for all toilets being flushed with seawater (i.e. 100% saltwater) contributing to the 

overall load were 134.342 to 316.379 kg per vessel, 346.511 to 816.040 kg per operator and 

511.450 to 1,204.476 tonnes from the industry overall.  Estimated salt loads based on averages 

for all toilets being flushed with freshwater (i.e. 100% freshwater) contributing to the overall 

load were 4.540 to 10.693 kg per vessel, 11.711 to 27.580 kg per operator and 17.286 to 

40.709 tonnes from the industry overall.  Estimated salt loads based on averages for 80% of 

operators toilets being flushed with seawater and 20% of operators toilets being flushed with 

freshwater (i.e. 80% saltwater and 20% freshwater) contributing to the overall load were 

108.382 to 255.242 kg per vessel, 279.551 to 658.348 kg per operator and 412.617 to 

971.722 tonnes from the industry overall. 
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Table 5.7:  Annual salt loads generated by Australian tour 
boat operators. 

Input Per Vessel Per Operator Industry Total   

Group (kg) (kg) (tonnes) (N) % 

 Total     

145i 864.423 2,229.614 3,290.910 112 77.2 

374i 1,321.253 3,407.921 5,030.091 189 50.5 

145ii 19.844 51.184 75.547 112 77.2 

374ii 30.331 78.233 115.472 189 50.5 

145iii 695.507 1,793.928 2,647.838 112 77.2 

374iii 1,063.068 2,741.983 4,047.167 189 50.5 

 Onshore Only     

145iv 148.484 382.985 565.287 19 13.1 

374iv 316.379 816.040 1,204.476 23 6.1 

145v 5.018 12.944 19.106 19 13.1 

374v 10.693 27.580 40.709 23 6.1 

145vi 119.791 308.977 456.050 19 13.1 

374vi 255.242 658.348 971.722 23 6.1 

Legend: 
145 = Calculations based on the total number of operators in the sample (i.e. 145). 
374 = Calculations based on the total number of tourism vessels used by the operators 
in the sample (i.e. 374). 
  i  Calculations based on the average of all operators toilets being flushed with 
seawater (i.e. 100% saltwater) contributing to the overall salt load. 
  ii  Calculations based on the average of all operators toilets being flushed with 
freshwater (i.e. 100% freshwater) contributing to the overall salt load. 
  iii  Calculation based on the average of (a) 80% of operators toilets being flushed with 
seawater (i.e. 80% saltwater), and (b) 20% of operators toilets being flushed with 
freshwater (i.e. 20% freshwater), contributing to the overall salt load. 
  iv  Total salt load discharged ashore, based on calculations used for ‘i’ above, but 
only for those operators that indicated that they discharged onshore (i.e. ‘Toilet + 
holding tank/portable toilet + onshore pump-out’, see Figure 5.17 for detail). 
  v  Total salt load discharged ashore, based on calculations used for ‘ii’ above, but 
only for those operators that indicated that they discharged onshore (i.e. ‘Toilet + 
holding tank/portable toilet + onshore pump-out’, see Figure 5.17 for detail). 
  vi  Total salt load discharged ashore, based on calculations used for ‘iii’ above, but 
only for those operators that indicated that they discharged onshore (i.e. ‘Toilet + 
holding tank/portable toilet + onshore pump-out’, see Figure 5.17 for detail). 

If annual per vessel values are divided by 365, this equates to estimated daily salt loads 

generated by Australian tour boat operators of approximately 2.368 to 3.620 kg per vessel per 

day (based on averages for all toilets being flushed with seawater (i.e. 100% saltwater) 

contributing to the overall load), 0.054 to 0.083 kg per vessel per day (based on averages for all 

toilets being flushed with freshwater (i.e. 100% freshwater) contributing to the overall load) and 

1.905 to 2.913 kg per vessel per day (based on averages for 80% of operators toilets being 

flushed with seawater and 20% of operators toilets being flushed with freshwater (i.e. 80% 

saltwater and 20% freshwater) contributing to the overall load).  From this total, approximately 

0.407 to 0.867 kg per vessel per day (based on averages for all toilets being flushed with 

seawater (i.e. 100% saltwater) contributing to the overall load), 0.014 to 0.029 kg per vessel per 

day (based on averages for all toilets being flushed with freshwater (i.e. 100% freshwater) 

contributing to the overall load) and 0.328 to 0.699 kg per vessel per day (based on averages for 

80% of operators toilets being flushed with seawater and 20% of operators toilets being flushed 
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with freshwater (i.e. 80% saltwater and 20% freshwater) contributing to the overall load) are 

potentially being discharged ashore (i.e. based on ‘Toilet + holding tank/portable toilet + 

onshore pump-out’). 

Values reported by Byrnes (2008) estimated that the daily salt loads being generated by the 

entire commercial fleet of 964 vessels on the Gold Coast, Queensland (Australia), was 

approximately 0.621 kg per vessel per day (based on all commercial vessels with holding tanks 

fitted, 73.6%, being flushed with seawater (i.e. 100% saltwater) contributing to the overall load) 

or 0.501 kg per vessel per day (based on all commercial vessels with holding tanks fitted, 

73.6%, being flushed with 80% seawater and 20% freshwater (i.e. 80% saltwater and 20% 

freshwater) contributing to the overall load), of which approximately 0.143 kg per vessel per 

day (80% saltwater) to 0.177 kg per vessel per day (100% saltwater) was potentially being 

discharged ashore (based on all commercial vessels with holding tanks fitted that discharge 

ashore, 20.1%).  As stated above, taking into account the fact that the study by Byrnes (2008) 

included all commercial vessels with an average number of persons on board of 10.05 persons 

per boat and an average toilet flush volume of 3.0 L per flush, compared with this study that 

included only those vessels used by tour boat operators with an average number of persons on 

board of 22.1 persons per boat and average toilet flush volumes of 0.6 to 4.8 L per flush 

(depending on toilet type, see Table 5.5 for details), these figures are comparable. 

The major reason for determining the volumes of sewage discharged, and the level of salt that it 

contains, relates to the potential for operators of wastewater/sewage treatment plants (usually 

local government authorities or their chosen commercial contractors) being unwilling to accept 

predominantly saltwater-based ship-sourced sewage (as many shipboard toilets are flushed with 

water drawn directly from the sea) due to the extra volume of wastewater requiring treatment in 

their plant, especially the impact from the salt load that it contains.  From an environmental 

management perspective, this may be a major impediment to improving ship-sourced sewage 

management.  The study by Byrnes (2008) found that such concerns are largely unfounded (at 

least in the case of plants such as the Coombabah wastewater treatment plant on the Gold Coast, 

Queensland, Australia, that has a 300,000 equivalent population capacity (O’Halloran 2010, 

pers. comm., 20th December)) due to the relatively small salt loads overall resulting from ship-

sourced sewage, in comparison to those that already occur within the plant from other sources 

(such as from the ingress of saltwater into leaking underground pipe work of the sewerage 

network that often occurs in many low-lying coastal areas). 

For example, from the report by Byrnes (2008), the Coombabah wastewater/sewage treatment 

plant has a flow rate of 70 ML/day, an average salinity of 796.1 mg/L, a peak salinity of 
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1,219.8 mg/L (the guideline salinity for the plant is 1,000 mg/L).  This equates to an average 

daily salt load of approximately 55.7 tonnes, a peak daily salt load of 85.4 tonnes, and a salt 

load of approximately 70.0 tonnes per day if operating at guideline salinity levels.  As such, 

based on average salinity values, the plant theoretically has the capacity to accept an additional 

salt load of approximately 14.3 tonnes per day, while peak loads exceed acceptable guideline 

limits by approximately 15.4 tonnes per day (or an additional 29.7 tonnes above average salt 

loads). 

To place these values in perspective, for the average salinity of this one plant to reach the 

guideline salinity level of 1,000 mg/L would require the entire Australian tour boat industry to 

discharge to this one plant (a situation which is unlikely to ever occur) at levels approximately 

1.04 to 1.58 times the estimated total daily salt loads if all toilets were flushed with saltwater, 

1.29 to 1.97 times the estimated total daily salt loads if 80% of toilets were flushed with 

saltwater, or 18.6 to 22.4 times the estimated total daily salt loads if all toilets were flushed with 

freshwater. 

Similar finding were also reported by Byrnes (2011) for the fleet of recreational and commercial 

vessels operating in the Mackay region of Queensland, Australia and potentially discharging 

into the wastewater treatment plants of the Mackay Regional Council. 

5.3.1.2 Nitrogen Loads 

Estimates of annual N loads were calculated by multiplying the average daily N excretion factor 

for a human being of 13.25 g/person/day (see Table 5.8 and Table 5.9) with the total number of 

person days per year for trips aboard vessels used by Australian tour boat operators.  Estimates 

of person days were based on general average length trips and calculated by multiplying the 

average number of persons carried per trip with the average duration of trips per day, the 

average proportion of the year that vessels are used, the average number of vessels used per 

operator and the total number of operators in the overall industry.  Estimates are primarily based 

on equations outlined in Leon and Warnken (2008) (see Appendix W for detail). 
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Table 5.8:  Composition of human faeces and urine. 

Component  Faeces   Urine  

 Min. Max. Av. Min. Max. Av. 

Quantity (wet) per person per day (g) 100.0 400.0 250.00 1,000.0 1,310.0 1,155.00 

Quantity (dry solids) per person per day (g) 30.0 60.0 45.00 50.0 70.0 60.00 

Moisture content (%) 70.0 85.0 77.50 93.0 96.0 94.50 

Approx. composition (percent dry weight) 
organic matter (%) 

88.0 97.0 92.50 65.0 85.0 75.00 

Nitrogen (N) (%) 5.0 7.0 6.00 15.0 19.0 17.00 

Phosphorous (as P2O5) (%) 3.0 5.4 4.20 2.5 5.0 3.75 

Potassium (as K2O) (%) 1.0 2.5 1.75 3.0 4.5 3.75 

Carbon (C) (%) 44.0 55.0 49.50 11.0 17.0 14.00 

Calcium (as CaO) (%) 4.5 4.5 4.50 4.5 6.0 5.25 

C/N ratio 6.0 10.0 8.00 1.0 1.0 1.00 

BOD5 content per person per day (g) 15.0 20.0 17.50 10.0 10.0 10.00 

(Source:  Polprasert  1989 in Bitton  1999 page 173, modified) 

Table 5.9:  Quantities of nitrogen (N) and phosphorous (P) excreted daily by human beings. 

Component  Faeces   Urine   Total  

 Min. Max. Av. Min. Max. Av. Min. Max. Av. 

Nitrogen input rate into water column 
(g/person/day) 

1.5 4.2 2.85 7.5 13.3 10.40 9.0 17.5 13.25 

Phosphorous (as P2O5) input rate into 
water column (g/person/day) 

0.9 3.2 2.07 1.3 3.5 2.38 2.2 6.7 4.45 

(Source:  Polprasert  1989 in Bitton  1999 page 173, modified) 

Table 5.10 shows the estimated N loads generated by Australian tour boat operators annually.  

Estimated N loads based on averages for all vessels contributing to the overall load, regardless 

of whether or not they had a toilet on board, were 13.364 to 17.104 kg per vessel, 34.470 to 

44.118 kg per operator and 50.878 to 65.118 tonnes from the industry overall.  Estimated N 

loads based on averages for only vessels with toilets on board contributing to the overall load 

were 15.176 to 23.197 kg per vessel, 39.145 to 59.832 kg per operator and 57.778 to 

88.312 tonnes from the industry overall.  Estimated N loads based on averages for vessels with 

toilets on board, plus vessels without toilets on board used for trips greater than four hours 

duration, contributing to the overall load were 14.514 to 21.946 kg per vessel, 37.437 to 

56.606 kg per operator and 55.258 to 83.550 tonnes from the industry overall. 

Table 5.10 shows the estimated N loads generated by Australian tour boat operators annually 

that is currently being discharged ashore (i.e. based on ‘Toilet + holding tank/portable toilet + 

onshore pump-out’, see Figure 5.17 for detail).  The estimated N loads currently being 

discharged ashore based on averages for those operators vessels with on board toilets 
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contributing to the overall load were 3.838 to 8.178 kg per vessel, 9.900 to 21.093 kg per 

operator and 14.612 to 31.134 tonnes from the industry overall. 

Table 5.10:  Annual nitrogen loads generated by Australian 
tour boat operators. 

Input Per Vessel Per Operator Industry Total   

Group (kg) (kg) (tonnes) N % 

 Total     

145i 13.364 34.470 50.878 131 90.3 

374i 17.104 44.118 65.118 264 70.6 

145ii 15.176 39.145 57.778 112 77.2 

374ii 23.197 59.832 88.312 189 50.5 

145iii 14.514 37.437 55.258 119 82.1 

374iii 21.946 56.606 83.550 203 54.3 

 Onshore Only     

145iv 3.838 9.900 14.612 19 13.1 

374iv 8.178 21.093 31.134 23 6.1 

Legend: 
145 = Calculations based on the total number of operators in the sample (i.e. 145). 
374 = Calculations based on the total number of tourism vessels used by the 
operators in the sample (i.e. 374). 
  i  Calculations based on the average of all operators vessels contributing to the 
overall N load, regardless of whether or not they had a toilet on board. 
  ii  Calculations based on the average of only those operators with toilets on board 
their vessels contributing to the overall N load.  
  iii  Calculation based on the average of (a) operators with toilets on board their 
vessels, and (b) operators without toilets on board their vessels that had trip lengths 
greater than four hours duration, contributing to the overall N load. 
  iv  Total N load discharged ashore, based on calculations used for ‘ii’ above, but 
only for those operators that indicated that they discharged onshore (i.e. ‘Toilet + 
holding tank/portable toilet + onshore pump-out’, see Figure 5.17 for detail). 

If annual per vessel values are divided by 365, this equates to daily N loads of approximately 

36.6 to 46.9 g per vessel per day (based on averages for all vessels contributing to the overall 

load, regardless of whether or not they had a toilet on board), 41.6 to 63.6g per vessel per day 

(based on averages for only vessels with toilets on board contributing to the overall load), and 

39.8 to 60.1 g per vessel per day (based on averages for vessels with toilets on board, plus 

vessels without toilets on board used for trips greater than four hours duration, contributing to 

the overall load).  These figures are comparable to those reported by Leon and Warnken (2008) 

who estimated annual loads of N released from recreational and tourist vessels at 20 popular 

anchorages on eastern Moreton Bay, Queensland (Australia), at 1.17 ± 0.38 tonnes, or 1.58 ± 

0.51 tonnes if small vessels were included (based on 59,000 ± 7,600 total vessel nights), or 

approximately 11.9 to 30.2 g per vessel per day/night (i.e. ‘1.17 ± 0.38’ ÷ ‘59,000 ± 7,600’), or 

approximately 16.1 to 40.7 g per vessel per day/night (i.e. ‘1.58 ± 0.51’ ÷ ‘59,000 ± 7,600’). 
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5.3.2 Greenhouse Gas Emissions from Fuel Combustion 
Estimates of annual GHG emissions (CO2-e) were calculated by multiplying the energy content 

and emission factors of the various fuel types (diesel/petrol) for the engines of vessels used by 

Australian tour boat operators (see Table 5.11, ‘General Transport’) with the total volumes of 

each of the fuel types used per year.  Estimates of the total volumes of the various fuel types 

used per year were based on general average length trips and were calculated by multiplying the 

average amount of fuel used per vessel per hour with the average duration of trips per day, the 

average proportion of the year that vessels are used, the average number of vessels used per 

operator and the total number of operators in the overall industry.  Estimates are primarily based 

on equations outlined in Australian Department of Climate Change and Energy Efficiency 

(DCCEE) (2010c) and Byrnes and Warnken (2006)) (see Appendix W for detail). 

Table 5.11:  Fuel combustion emission factors for fuels used for transport energy purposes. 

Transport Equipment 
Type 

Fuel Combusted Energy 
Content 
Factor 

Em

(k

ission  Fact 

g  CO2-e/GJ 

or 

) 

  (GJ/kL) CO2 CH4 N2O 

General Transport      

 Gasoline (petrol) 
(other than for use as fuel in an aircraft) 

34.2 66.7 0.6 2.3 

 Diesel oil (diesel) 38.6 69.2 0.2 0.5 

Post 2004 Vehicles      

 Gasoline (petrol) 
(other than for use as fuel in an aircraft) 

34.2 66.7 0.02 0.2 

 Diesel oil (diesel) 38.6 69.2 0.01 0.6 

Heavy Vehicles Conforming to Euro Design Standards     

Euro iv or higher Diesel oil (diesel) 38.6 69.2 0.05 0.5 

Euro iii Diesel oil (diesel) 38.6 69.2 0.1 0.5 

Euro i Diesel oil (diesel) 38.6 69.2 0.2 0.5 

(Source:  Australian Department of Climate Change and Energy Efficiency (DCCEE)  2010c page 17, modified) 

Table 5.12 shows that the estimated GHG emissions (tonnes CO2-e) generated by Australian 

tour boat operators annually were 96.220 to 113.509 tonnes per vessel, 248.180 to 

292.775 tonnes per operator and 366,314 to 432,135 tonnes from the industry overall. 
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Table 5.12:  Annual GHG emissions (CO2-e) generated by 
Australian tour boat operators. 

Input Per Vessel Per Operator Industry Total   

Group (tonnes) (tonnes) (tonnes) N % 

145 96.220 248.180 366,314 118 81.4 

374 113.509 292.775 432,135 258 69.0 

Legend: 
145 = Calculations based on the total number of operators in the sample (i.e. 145). 
374 = Calculations based on the total number of tourism vessels used by the 
operators in the sample (i.e. 374). 

Initial estimations by Byrnes and Warnken (2006) reported annual GHG emissions from the 

Australian tour boat industry at 70,000 tonnes CO2-e per annum (i.e. smaller than current 

estimates by a factor of approximately 4.3–6.2), however, the authors noted that this estimate 

was ‘conservative’.  This difference is most likely due to the fact that the estimations made by 

Byrnes and Warnken (2006) were calculated slightly differently in that they were based on the 

overall averages for the 145 operators and not the averages of individually calculated values for 

each operator (see Appendix W for further information).  Work by Jalkanen et al. (2009) 

reported values of 19 M tonnes of CO2 (only, not CO2-e) from cargo ships operating in the 

Baltic Sea during the full calendar year of 2007.  The CO2 component of the GHG emissions 

generated annually by the Australian tour boat industry overall was approximately 98.6% of the 

total or approximately 361,366 to 426,298 tonnes.  By way of comparison, data available from 

the Australian Greenhouse Emissions Information System online database (Australian 

Department of Climate Change and Energy Efficiency (DCCEE)  2010a) shows that for the year 

1999, total GHG emissions for Australia were 483,240.11 Gg39 of which the entire transport 

sector contributed approximately 15% (72,850.64 Gg), 3% (2,258.55 Gg) of this total coming 

from navigation, of which almost 95% was CO2 only (2,130.51 Gg) (Table 5.13). 

                                                           
39 Gg = Gigagrams (1 Gg = 1,000 tonnes). 
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Table 5.13:  Total CO2-e emissions for Australia for selected years between 1990 and 2008, 
inclusive. 

Sector 1990 1993 1996 1999 2002 2003 2006 2008 

Industrial Processes 24,378.71 24,098.95 23,911.42 25,735.99 27,141.60 28,380.32 29,967.15 31,136.68 

Agriculture 86,812.06 84,735.74 86,487.46 91,028.09 95,530.38 91,095.82 90,274.35 87,394.74 

Waste 17,909.03 17,600.95 15,723.09 15,177.55 15,369.35 14,504.73 13,498.53 14,404.81 

Energy 289,272.38 300,427.56 321,009.88 351,298.48 370,835.01 383,512.98 399,595.88 416,604.06 

(i) Fugitive Emissions from Fuels 32,264.30 32,427.23 31,822.71 32,105.04 34,438.19 33,221.29 36,189.23 39,948.12 

(ii) Fuel Combustion 257,008.08 268,000.33 289,187.17 319,193.44 336,396.82 350,291.69 363,406.65 376,655.94 

(a) Energy Industries 143,097.23 151,516.69 163,005.83 189,581.95 201,299.47 211,522.36 218,339.23 226,358.60 

(b) Manufacturing Industries 
and Construction 

36,062.13 35,726.90 37,544.17 38,346.86 40,027.18 41,534.25 45,391.92 48,687.24 

(c) Other Sectors 14,744.06 15,762.46 16,680.02 17,206.27 18,584.73 20,110.65 19,423.87 19,764.28 

(d) Other 
(not elsewhere classified) 

1,012.49 1,073.08 1,369.33 1,207.72 1,229.08 1,227.89 1,171.39 1,632.64 

(e) Transport 62,092.17 63,921.20 70,587.81 72,850.64 75,256.35 75,896.54 79,080.24 80,213.18 

 Civil Aviation 2,923.54 4,097.02 5,380.64 4,754.71 4,845.92 4,725.67 5,164.93 5,963.33 

 Road Transportation 54,330.37 55,584.02 60,706.55 64,229.17 66,680.30 67,371.92 69,744.69 69,246.97 

 Railways 1,748.40 1,643.81 1,561.74 1,565.73 1,566.97 1,639.20 1,900.84 2,026.64 

 Other Transportation 40.37 40.08 41.69 42.49 43.34 43.89 44.04 44.38 

 Navigation 3,049.49 2,556.28 2,897.19 2,258.55 2,119.82 2,115.86 2,225.74 2,931.86 

— Domestic Marine 3,049.49 2,556.28 2,897.19 2,258.55 2,119.82 2,115.86 2,225.74 2,931.86 

 Domestic Marine 
(CO2 only) 

2,919.37 2,431.34 2,765.06 2,130.51 1,991.08 1,985.80 2,093.84 2,791.97 

Total 418,372.18 426,863.20 447,131.84 483,240.11 508,876.34 517,493.86 533,335.91 549,540.29 

Note: 
Data excludes ‘Land Use, Land-Use Change and Forestry’ (LULUCF) emissions. 
All values are shown in gigagrams (Gg), whereby 1 Gg = 1,000 tonnes. 

(Source:  Australian Department of Climate Change and Energy Efficiency (DCCEE)  2010a) 

5.3.3 Copper Loads from Antifouling Paints 
Estimates of annual Cu loads from antifouling paints were calculated by multiplying the average 

Cu leaching rate of 8.2 µg/cm2/day (Valkirs et al.  2003) with the submerged vessel hull area of 

antifouled vessels and the time these vessels spent in the water (a) during trips and (b) in total 

(i.e. allowing for vessels that are permanently moored on the water)40.  Estimates of submerged 

vessel hull area were calculated by multiplying various vessel dimension data (incorporating 

other relevant vessel characteristics, such as mono-/multi-hull, sailing/non-sailing, etc.) with the 

average number of vessels used per operator and the total number of operators in the overall 

industry.  Estimates of ‘trip time’ were based on general average length trips and calculated by 

multiplying the average duration of trips per day with the average proportion of the year that 

vessels are used and ‘total time’ (for permanently moored vessels) was taken to be one year less 

approximately one month to allow for annual out of water service/maintenance activities 

(i.e. 365 – 28 = 337 days).  Estimates are primarily based on equations outlined in Leon and 

Warnken (2008)) (see Appendix W for detail). 

                                                           
40 Estimates are based on the assumption that all antifouling agents are Cu based. 
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Annual loads of Cu from Australian tour boat operators vessels, in total, were estimated at 1.083 

to 1.202 kg per vessel, 2.793 to 3.100 kg per operator and 4.123 to 4.575 tonnes from the 

industry overall (Table 5.14).  While annual loads of Cu from Australian tour boat operators 

vessels during trips were estimated at 0.266 to 0.373 kg per vessel, 0.687 to 0.963 kg per 

operator and 1.014 to 1.422 tonnes from the industry overall (Table 5.14). 

Table 5.14:  Annual copper loads generated by Australian 
tour boat operators. 

Input Per Vessel Per Operator Industry Total   

Group (kg) (kg) (tonnes) N % 

 Trip Time     

145i 0.266 0.687 1.014 106 73.1 

374i 0.373 0.963 1.422 195 52.1 

 Total Time     

145ii 1.083 2.793 4.123 111 76.6 

374ii 1.202 3.100 4.575 258 69.0 

Legend: 
145 = Calculations based on the total number of operators in the sample (i.e. 145). 
374 = Calculations based on the total number of tourism vessels used by the 
operators in the sample (i.e. 374). 
  i  Calculations based on ‘Trip Time’. 
  ii  Calculations based on ‘Total Time’, i.e. permanently moored vessels in the 
water for approximately 337 days per year. 

As such, annual loads of Cu from Australian tour boat operators vessels at marinas and other 

places of mooring (i.e. when vessels are not in use, ‘In Total’ – ‘During Trips’) would be 

expected to be in the vicinity of 0.817 to 0.829 kg per vessel, 2.106 to 2.136 kg per operator and 

3.109 to 3.153 tonnes from the industry overall.  While, annual loads of Cu from Australian tour 

boat operators vessels at (or adjacent to) actual tourism destinations (i.e. based on vessels 

spending approximately 60% of trips travelling, as indicated in Figure 5.15, ‘During Trips’ × 

‘0.4’) would be expected to be in the vicinity of 0.107 to 0.149 kg per vessel, 0.275 to 0.385 kg 

per operator and 0.406 to 0.569 tonnes from the industry overall. 

If annual per vessel values are divided by 365, this equates to daily Cu loads of approximately 

3.0 to 3.3 g per vessel per day (‘In Total’), 0.7 to 1.0 g per vessel per day (‘During Trips’), 

approximately 2.2 to 2.3 g per vessel per day at marinas and other places of mooring (i.e. ‘In 

Total’ – ‘During Trips’) and 0.3 to 0.4 g per vessel per at (or adjacent to) actual tourism 

destinations (i.e. ‘During Trips’ × ‘0.4’).  These figures are comparable to those reported by 

Leon and Warnken (2008) who estimated annual loads of Cu released from recreational and 

tourist vessels at 20 popular anchorages on eastern Moreton Bay, Queensland (Australia), at 141 

± 46 kg (based on 59,000 ± 7,600 total vessel nights), or approximately 1.4 to 3.6 g per vessel 

per day/night (i.e. ‘141 ± 46’ ÷ ‘59,000 ± 7,600’). 
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5.3.4 Operator Income 
Estimates of annual income generated by Australian tour boat operators was calculated by 

multiplying the average cost of trips ($/person/trip and/or $/boat/day, see Figure 5.16) with the 

total number of person trips per year (for ‘$/person/trip’ calculations) or boat days per year (for 

‘$/boat/day’ calculations) aboard vessels used by Australian tour boat operators.  Estimates 

were based on general average length trips and calculated by multiplying the average number of 

persons carried per trip with the average duration of trips (for person trips per year) or the 

average duration of trips per day (for boat days per year), and then the average proportion of the 

year that vessels are used, the average number of vessels used per operator and the total number 

of operators in the overall industry (for operators that offered both the single person booking 

and the boat charter rate payment method, annual income was taken to be the mean of the sum 

total calculated for each method) (see Appendix W for detail). 

Table 5.10 shows that the estimated income generated by Australian tour boat operators 

annually was approximately $440,778 to $464,266 per vessel, $1,136,904 to $1,197,487 per 

operator and $1,678,069,960 to $1,767,490,120 from the industry overall (based on the overall 

average of trip cost and boat charter rate, i.e. ‘I–SPBC’) (see Appendix W for detail). 

Table 5.15:  Annual income generated by Australian tour boat 
operators. 

Input Per Vessel Per Operator Industry Total   

Group ($/yr) ($/yr) ($/yr) (N) (%) 

145 440,778 1,136,904 1,678,069,960 127 87.6 

374 464,266 1,197,487 1,767,490,120 311 83.2 

Legend: 
145 = Calculations based on the total number of operators in the sample (i.e. 145). 
374 = Calculations based on the total number of tourism vessels used by the 
operators in the sample (i.e. 374). 

The principal reason for estimating the level of income generated by Australian tour boat 

operators was to appreciate the importance of the industry to the Australian economy overall 

and to provide some form of balance to the ‘no money’ argument (i.e. inability to pay for good, 

better, best environmental practices) quite often put forward by operators as a reason for not 

being able to improve their overall environmental management performance. 
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5.4 QUALITATIVE ASSESSMENTS 
The information presented in this section is based on observations made during the overall 

environmental audit process of 45 individual tour boat operators41. 

5.4.1 Oil Related Impacts Associated with Fuel Spills and Leaks 
Fuel spills and leaks were rarely observed during audit trips (< 5%), however, bilge pumpouts 

were more common (27%), with half of these leaving visible signs of pollution (e.g. surface 

slick/sheen) on the water surface, and significantly more originating from fishing vessels 

(i.e. fish 47%, sail 0%, and dive 17%; 2 = 7.99342, df = 2, p = 0.018; see Appendix X for 

details).  The single major case of a fuel spill was observed where a fishing operator left the 

nozzle unattended during refuelling.  A substantial amount of excess fuel (several litres) was 

estimated to have overflowed onto the gunwale of the vessel and into the water.  While this may 

seem somewhat insignificant, it should be noted that refuelling activities were rarely observed 

(i.e. N = 1). 

5.4.2 Substrate Related Impacts Associated with Anchoring and Vessel 
Groundings 

An average of approximately two sites were visited per trip (Figure 5.18 (a)), with less than 1 in 

10 (8%) of these offering permanent moorings, and while most operators (96%) generally use 

only one launch location to reach these sites, a small proportion (< 5%) use multiple launch sites 

per overall trip (Figure 5.18 (b)). 

                                                           
41 The exception being sub-section ‘5.4.4  Heavy Metal Related Impacts Associated with the Use of Sacrificial Anodes’ which is 
based on survey information. 
42 2 cells (33.3%) had expected count < 5. 
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(a) (b)
 

Figure 5.18:  Number of different:  (a) destinations (sites) visited; and (b) launch sites used; during 
environmental audits of Australian tour boat operators. 

 

Most operators (84%) launch their vessels at designated launching areas, such as boat ramps, 

pontoons, piers, jetties, etc., however, a small proportion of operators prefer alternative 

methods, such as beach launches (4%) or pick-ups (9%), or waiting for a rising tide to refloat a 

stranded vessel (2%).  Most also navigate within marked channels (97%), comply with no wake 

and/or speed limit requirements (97%), keep toward the centre of a river or river section whilst 

in transit (93%), operate within appropriate water depths (97%), and try to avoid areas of 

seagrass (95%). 

It was possible to observe the vessel’s anchor on most (84%) trips and they were generally 

plough (44%), Danforth (18%), or reef (18%) anchors.  However, none of the anchors were 

observed to have any sort of protective covering or device over the last few metres of the anchor 

chain to help minimise potential impacts that it may have on the associated substrate.  Vessels 

anchored at some stage, on just over half (53%) of all audit trips.  On average these 

anchorages/stops were in approximately 28 m of water (Figure 5.19).  Those operators that 

chose not to anchor employed alternative methods such as keeping the vessel at drift (24%), not 

stopping at all (11%), or alternatively using permanent moorings where they are available (9%). 
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Figure 5.19:  Depths of anchorages/stops used 
by operators during audit trips aboard 
Australian tour boats. 

 

Operators that did anchor generally did so in coral (42%), sand (37%), or rock (29%) substrates 

(Table 5.16).  There are quite often cases where operators could choose to anchor in substrates 

less likely to be impacted by an anchor and chain, such as sand (67%) or rock (29%) instead of 

coral (37%).  A high proportion (67%) of the operators that did anchor during trips, motored 

towards the anchor during the retrieval process, with the most common overall anchor retrieval 

method being either the use of a motorised anchor winch (58%) or manual (‘hand’) retrieval 

(21%). 

Table 5.16:  Comparisons between substrate types that vessels were anchored in versus alternative 
substrate types that were available for anchoring. 

Available    Anchoring  Substrate         

Anchoring Sand Coral Rock Mud Algal beds Seagrass Unknown N/A Total 

Substrate N % N % N % N % N % N % N % N % N % 

Sand 9 60.0 5 31.3 6 37.5 – – – – 1 100 – – – – 21 28.8 

Coral 3 20.0 7 43.8 2 12.5 – – – – – – – – – – 12 16.4 

Rock 2 13.3 2 12.5 7 43.8 1 33.3 – – – – – – – – 12 16.4 

Mud – – – – 1 6.3 2 66.7 – – – – – – – – 3 4.1 

Algal beds 1 6.7 – – – – – – – – – – – – – – 1 1.4 

Seagrass – – – – – – – – – – – – – – – – 0 0.0 

Unknown – – 2 12.5 – – – – – – – – 1 100 – – 3 4.1 

N/A – – – – – – – – – – – – – – 21 100 21 28.8 

Total 15 100 16 100 16 100 3 100 0 0.0 1 100 1 100 21 100 73 100 

Legend:  N/A = Vessel did not anchor. 

During approximately 1 in every 5 audit trips that anchored, a somewhat peculiar (and 

potentially damaging) anchor retrieval method was observed whereby the vessel would motor 

away from the anchor at a considerable speed to dislodge it from the coral reef (where it was 
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lodged to hold the vessel), then a float was slid down the anchor line and the vessel would then 

slowly chug back towards the anchor while the line was hauled back on deck manually by a 

crew member.  While it was not possible to observe the actual effect that this technique had on 

the coral reef structure, one could safely assume that it was not positive. 

A single incident of a vessel grounding was identified during the audit process where the 

propeller of a vessel clipped a sandbar during a fishing trip in Melbourne’s Port Phillip Bay.  

The incident caused no major disruptions to the trip and the operator reacted relatively quickly 

to ensure that the situation did not develop into a major incident.  Additionally, there was no 

obvious damage to the ship’s hull or propulsion system, however due to the turbidity of the 

water and light conditions, observation of any potential damage to the substrate and/or 

associated flora/fauna was not possible. 

5.4.3 Garbage Related Impacts Associated with Items being Thrown Overboard 
Items were thrown overboard during 3 out of every 5 audit trips, being mostly cigarette butts 

(55%) and food scraps (41%) (Figure 5.20). 

 

Figure 5.20:  Types of items thrown/blown overboard during audit 
trips aboard Australian tour boats. 

Legend: 
N/A–Nothing thrown overboard* = ‘N/A–Nothing thrown overboard’ excluding excess 
bait, fish guts/frames, berley, deck sweepings, dish washing water, etc. 

There were significantly less incidences of items being thrown from vessels where clients were 

given clear instructions not to do so (i.e. ‘instructed’ 30%, ‘not instructed’ 69%; 2 = 4.82143, 44, 

                                                           
43 Excluding cases where the items thrown overboard were either excess bait, fish guts/frames, berley, deck sweepings or dish 
washing water. 
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df = 1, p = 0.028) and this was especially evident for cigarette butts (i.e. ‘instructed’ 0%, ‘not 

instructed’ 46%; 2 = 7.09444, df = 1, p = 0.008).  Additionally, there were significantly fewer 

cases of cigarette butts being thrown from vessels that had on board ashtrays (i.e. ‘ashtray’ 8%, 

‘no ashtray’ 45%; 2 = 5.29244, df = 1, p = 0.021).  Overboard garbage disposal was also 

significantly more prevalent on the vessels of fishing operators (i.e. fish 89%, sail 62%, and 

dive 28%; 2 = 14.68543, 45, df = 2, p = 0.001), especially for cigarette butts (i.e. fish 63%, sail 

25%, and dive 11%; 2 = 11.401, df = 2, p = 0.003) (see Appendix X for details). 

5.4.4 Heavy Metal Related Impacts Associated with the Use of Sacrificial Anodes 
Most tour boats (90%) are fitted with sacrificial anodes that are replaced approximately once 

every 16, 11 and 13 months for hull, engine and propeller shaft anodes, respectively.  

Alternatives to the use of sacrificial anodes include storing vessels out of the water (2%) or 

lifting the motors out of the water (1%) when vessels are not being used (Figure 5.21). 

                                                                                                                                                                          
44 1 cell (25%) had an expected count < 5. 
45 2 cells (33.3%) had expected count < 5. 
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(a) (b)

(c)
 

Figure 5.21:  Replacement periods for sacrificial anodes fitted to the (a) hulls, (b) engines and 
(c) propeller shafts of the vessels used by Australian tour boat operators. 

 

5.5 CONCLUSION 
This chapter estimated that overall, the Australian tour boat industry generates approximately 

$1.68 to $1.77 billion, annually but also releases approximately 97.994 to 149.782 ML of 

sewage wastewater (of which approximately 17.155 to 36.552 ML is currently discharged 

ashore), 75.547 to 5,030.091 tonnes of salt (of which approximately 19.106 to 1,204.476 tonnes 

is currently discharged ashore), 50.878 to 88.312 tonnes of N (of which approximately 14.612 

to 31.134 tonnes is currently discharged ashore), 366,314 to 432,135 tonnes of CO2-e, and 1.014 

to 4.575 tonnes of Cu.  These results are comparable with those reported in other studies, such 

as Byrnes and Warnken (2006), Byrnes (2008; 2011) and Leon and Warnken (2008). 

The following chapter investigates what measures are being implemented by Australian tour 

boat operators and whether there is a relationship between their behaviour, equipment or 

practices and their primary activity type (i.e. are dive operators more environmentally 
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responsible than sailing operators who are in turn more environmentally responsible than 

fishing operators) or whether it is simply a function of the size of vessels that they use. 
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6 THE RELATIONSHIP BETWEEN OPERATOR 
ACTIVITY AND ENVIRONMENTAL MANAGEMENT 
PERFORMANCE 

6.1 INTRODUCTION 
The purpose of this chapter is to investigate whether a relationship exists between the activity of 

a tour boat operator and their overall environmental management performance, and then, if so, 

explain the nature of the relationship.  A logistic analysis was used to test whether relevant 

characteristics of tour boat operations are related to the primary activity of the operator or 

simply a function of the size of the vessels that they use.  As previously stated in Chapter 4, the 

independent variables (‘Factors’) used in the analysis were ‘Primary Activity’ and ‘Vessel 

Size’46 and the dependent variables (‘Dependents’) were those operator characteristics that:  

(a) were considered relevant to their overall environmental management performance; (b) had 

binary response categories; and, (c) had a reasonable response rate that warranted the use of a 

complex statistical analysis (e.g. N > 50%).  Examples of these variables (and their binary 

response categories) included whether or not  tour boat operators utilised garbage bins, ashtrays 

or toilets on board their vessel (‘Yes/No’), the size of the operators business/company 

(‘Small/Large’) and the hull configuration of the operators vessel (‘Mono-Hull/Multi-Hull’; 

refer to Table 6.3 for a complete list of the dependent variables analysed).  Some dependent 

variables are more directly related to environmental management performance than others 

(e.g. sewage management more closely related to environmental management performance than 

business size) and, as such, the results have been presented under two broad headings to aid in 

the overall interpretation of the analysis.  The two headings are based on whether or not the 

dependent variables were analysed to provide supplementary descriptive information 

(Background Information) or key information regarding on board environmental management 

practices (Environmental Management Information). 

Under the hypothesis that some activities are considered to be more environmentally friendly 

than others (e.g. dive operators more environmentally friendly than fishing operators), then the 

following outcomes would be expected:  (i) dependent variables that have a positive relationship 

with environmental management performance would be expected to show a stronger 

relationship with more environmentally friendly operators (e.g. stronger relationship between 

discharging sewage ashore and dive operators); (ii) dependent variables that have a negative 

                                                           
46 ‘Primary Activity:  ‘Dive’ N = 26 (19%); ‘Fish’ N = 51 (36%); and ‘Sail’ N = 63 (45%). 
   ‘Vessel Size’*:  ‘Small’ N = 70 (50%); and ‘Large’ N = 70 (50%). 
*Note:  
‘Vessel Size’ = Median of ‘Vessel Length’ × ‘Vessel Beam’ (‘Small’ < Median ‘Vessel Size’; ‘Large’ > Median ‘Vessel Size’). 
Five operators (i.e. 3 × ‘Fish’ and 2 × ‘Dive’) failed to provide the dimensions of their vessels, this allowed only 140 of the 
operators vessels to be classified as ‘Small’ or ‘Large’, thus only these140 operators could be included in the logistic analysis 
(i.e. Max. N for logistic analysis results = 140). 
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relationship with environmental management performance would be expected to show a 

stronger relationship with operator activities that are considered to be less environmentally 

friendly (e.g. stronger relationship between toilets that discharge directly overboard into the 

water and fishing operators); and (iii) dependent variables that are not directly related to 

environmental management performance would not necessarily show a stronger relationship 

either way in regard to more or less environmentally friendly operators (e.g. large businesses 

may have a stronger relationship with dive operators or fishing operators or no relationship at 

all). 

Section one of this chapter (i.e. 6.2.1) provides some general information about the activity 

types of, and vessel sizes used by, the tour boat operators at the various study sites and data 

collection techniques.  The second and third sections (i.e. 6.2.2 and 6.2.3, respectively) discuss 

the potential relevance of certain business and trip characteristics to overall environmental 

management, such as business size, use of environmental management guidelines, operating in 

marine protected areas (MPAs).  The fourth and fifth sections (i.e. 6.3.1 and 6.3.2, respectively) 

discuss the relationship between certain vessel and operational characteristics and an operators 

overall environmental management performance, such as garbage bins, ashtrays and toilets on 

board vessels and an operators overall sewage management practices.  The sixth section 

(i.e. 6.3.3) describes some of the operator provided education in context of ways that this could 

benefit environmental management performance. 

6.2 BACKGROUND INFORMATION 

6.2.1 General 
A summary of the overall data collection process, showing the sources of information from each 

of the seven study sites (i.e. surveys and audits), is presented in Table 6.1.  Approximately two 

thirds of the 145 operators that returned their surveys provided information through a postal 

survey questionnaire with approximately one out of every five operators surveyed also being 

audited.  Additionally, there were 18 operators that were audited only, a substantial proportion 

(50%) of these were from Exmouth and the Moreton Bay/Gold Coast region (22% and 28%, 

respectively) where additional research assistants were available (Exmouth) and the researcher 

was based (the Moreton Bay/Gold Coast region).  It should be noted that although these 18 

operators were not included in the overall logistic analysis, they were included in various other 

analyses, such as to identify significant differences between survey and audit data (e.g. ashtrays 

on board vessels, Chi-square; the length of time taken to provide on board education, ANOVA) 

and within audit data (e.g. whether or not passengers are given clear instructions that items are 

not to be thrown overboard and, subsequently, whether or not any items were thrown overboard, 

Chi-square) and also to provide information that could not be reliably collected via surveys 
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without undue bias (e.g. the previously mentioned inappropriate overboard disposal of garbage 

items). 

Table 6.1:  Summary of the overall data collection process for the seven study sites. 

State Study Survey Only Audit + Survey Survey Audit Grand 

{Total} Site Post FTF Post FTF Total Only Total 

QLD Whitsundays 4 5 – 2 11 1 12 

 Cairns 15 9 – 4 28 3 31 

{90} Moreton Bay / Gold Coast 24 13 2 3 42 5 47 

NSW Moreton Bay / Gold Coast 1 – – – 1 1 2 

{37} Sydney 30 – 1 2 33 2 35 

VIC  {22} Melbourne 14 – 1 6 21 1 22 

WA Broome 2 – 1 3 6 1 7 

{14} Exmouth 1 – 1 1 3 4 7 

 Total 91 27 6 21 145 18 163 

Legend: 
Post = Postal survey questionnaire; 
FTF = Face-to-face personal interview; 
Survey Total = Total number of operators that participated in the survey part of the research (i.e. ‘Survey Only’ + ‘Audit + 
Survey’); 
Grand Total = Total number of operators included in the overall data collection pool (i.e. ‘Survey Total’ + ‘Audit Only’). 

It should be noted that there is the potential for responses provided during a postal survey to 

vary with those provided during a personal interview, for the following two reasons.  Firstly, 

due to the nature of human behaviour, information provided in a seemingly anonymous 

situation (i.e. a postal survey) may vary with that provided during a not so anonymous situation 

(i.e. a personal interview), especially when the types of questions being asked may be perceived 

as being particularly sensitive (such as the potential environmental impact of their operation).  

For example, when asked to rate the environmental impacts of various aspects of vessel 

operations on a scale of 0–10, responses provided via the postal survey questionnaire were 

consistently and significantly higher than those given during personal interviews (Figure 6.20 

and Appendix P).  However, when asked a similar, yet less sensitive, more ‘hypothetical’ type 

of question (i.e. rate the importance of various factors towards the implementation of 

environmental management guidelines on a scale of 0–10), there was very little difference in 

operator responses (Figure 6.25 and Appendix P).  Secondly, the variation would also be 

dependent upon on how diligently an individual operator completed a postal survey 

questionnaire and the overall level of knowledge (and the ability to recall such knowledge 

accurately and on short notice) displayed by an operator during a personal interview. 
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As such, to assist with the overall interpretation of the results in this regard, the overall 

proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’47 vessel operators from the respective data 

collection techniques is shown in Figure 6.1 (a), (c) and (b), (d), respectively.  A slightly larger 

(yet non-significant) proportion of large vessel, fishing and dive operators provided information 

via face-to-face personal interviews (40%, 37% and 38%, respectively, p > 0.05) and 

significantly more of the fishing and dive operators that were surveyed were also audited (22% 

and 35%, respectively, 2 = 9.684, df = 2, p = 0.008) and a slightly larger (yet non-significant) 

proportion of small vessel operators were also audited and surveyed (19%, p > 0.05).  However, 

this should be considered on a case by case basis as deemed necessary. 

(a) (b)

(c) (d)
 

Figure 6.1:  Relative proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’ 
vessel operators that:  (a) and (b) provided information via postal 
surveys and personal interviews; and (c) and (d) were audited in 
addition to being surveyed. 

Legend:  Data Collect. = Data Collection Method (Post = Postal Survey Questionnaire; FTF = 
Face-to-Face Personal Interview); Aud. &/or Surv. = Audited and/or Surveyed (SO = Surveyed 
Only; A+S = Audited and Surveyed). 

                                                           
47 ‘Primary Activity:  ‘Dive’ N = 26 (19%); ‘Fish’ N = 51 (36%); and ‘Sail’ N = 63 (45%). 
   ‘Vessel Size’*:  ‘Small’ N = 70 (50%); and ‘Large’ N = 70 (50%). 
*Note:  
‘Vessel Size’ = Median of ‘Vessel Length’ × ‘Vessel Beam’ (‘Small’ < Median ‘Vessel Size’; ‘Large’ > Median ‘Vessel Size’). 
Five operators (i.e. 3 × ‘Fish’ and 2 × ‘Dive’) failed to provide the dimensions of their vessels, this allowed only 140 of the 
operators vessels to be classified as ‘Small’ or ‘Large’, thus only these140 operators could be included in the logistic analysis 
(i.e. Max. N for logistic analysis results = 140). 
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Table 6.2 shows that Australian tour boat operators are engaged in various types of diving 

(19%), fishing (37%) and sailing (43%) as their primary business activity48 while a substantial 

proportion (61%) also provide secondary activities.  In general, operators tend to provide 

secondary business activities that are variations of their primary activity, although there are 

operators from each of the primary activity types that provide each of the secondary activity 

types (dive operators that provide vessels for hire being the exception).  For example, dive 

operators provide other types of diving (46%) plus sailing (21%) and fishing (14%) activities, 

fishing operators provide other types of fishing (37%) plus sailing (33%) and diving (7%) 

activities, and sailing operators provide other types of sailing (22%) plus diving (19%) and 

fishing (16%) activities.  A similar situation is also observed with regard to the activity type of 

the business where an operator was first employed when they began their professional boating 

careers (i.e. predominantly that of their primary business activity with representation from each 

of the other secondary business activity types, with fishing operators that began in the sailing 

industry being the major exception).  For example, the initial professional activities of dive 

operators was with diving (50%), fishing (28%) and sailing (6%) operators, fishing operators 

began with fishing (63%), vessel hire (23%) and diving (3%) operators, and sailing operators 

began with sailing (39%), fishing (14%) and diving (2%) operators (Table 6.2). 

The overall mix of operator experiences in the various activity types (as outlined above) may 

have important environmental management implications due to its influence on the overall 

development of operator behaviour, especially in regard to the environment.  For example, 

under the premise that dive operators are more ‘environmentally friendly’ than fishing operators 

(and sail operators are somewhere in between), a fishing operator that has been engaged in 

diving activities may be more ‘environmentally friendly’ than one that has not, and conversely, 

a dive operator that has been engaged in fishing activities may be less ‘environmentally friendly’ 

than one that has not.  However, it is not possible to fully comprehend how such mixes of 

experience may ultimately influence operator behaviour without knowing the full extent of their 

involvement in the various activity types (e.g. the proportion of a fishing operators overall 

career spent in the dive industry, both as part of their initial professional activity and their 

                                                           
48  The ‘Primary Activity’ of some operators was initially classified as ‘Vessel Hire’ (20%) and ‘Other’ (4%), however to simplify 
this overall grouping, these were re-classified as ‘Fish’ and ‘Sail’ based on the major type of activity for which their vessels were 
generally used, on the following basis (see Appendix O for further information): 
Dive – Operators engaged in some form of in-water observation type activity such as SCUBA diving, snorkelling, 
whaleshark/dolphin swims, etc.; 
Fish – Operators engaged in some form of on-water extractive type fishing activity such as game fishing, sport fishing, and general 
charter ‘bottom-bouncing’ type fishing (including ‘Vessel Hire’ operators that indicated that their boats were generally hired for 
such activities); and 
Sail – Operators engaged in activities associated with the simple operation of a vessel over water generally moving between various 
locations such as sailing, cruising, and sightseeing, for example (including ‘Other’ operators and those ‘Vessel Hire’ operators that 
indicated that their boats were generally hired for such activities, like bareboat charters, houseboats and barbecue boats for 
example). 
Note:– 
(i) Operators were re-classified as ‘Fish’ and ‘Sail’ only, as such activities do not generally require a competent complement of 
crew and/or specialist equipment or training, which would preclude their classification as ‘Dive’ operators. 
(ii) Information regarding the major activity type for which vessels were generally used, was typically provided by operators 
indirectly during the survey phase of the research. 
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secondary activities, and vice versa).  Regardless, it is an issue to be considered when 

interpreting the overall results of this chapter. 

Table 6.2 :  The primary business activity of Australian tour boat operators shown with their 
respective secondary business activity and initial professional activity. 

  Primary Business Activ ity    
 Dive Fish Sail Total 
 N % N % N % N % 

Secondary Business Activity         
Dive 13 46.4 4 7.4 12 19.0 29 20.0 

Fish 4 14.3 20 37.0 10 15.9 34 23.4 

Sail 6 21.4 18 33.3 14 22.2 38 26.2 

Hire – – 1 1.9 7 11.1 8 5.5 

Sightseeing 6 21.4 6 11.1 9 14.3 21 14.5 

Other 3 10.7 2 3.7 8 12.7 13 9.0 

N/A–No secondary business activity 11 39.3 19 35.2 27 42.9 57 39.3 

Total 28 100.0 54 100.0 63 100.0 145 100.0 
Initial Professional Activity*         

Dive 9 50.0 1 2.9 1 2.3 11 11.3 

Fish 5 27.8 22 62.9 6 13.6 33 34.0 

Sail 1 5.6 – – 17 38.6 18 18.6 

Hire – – 8 22.9 8 18.2 16 16.5 

Other (boat) – – 2 5.7 6 13.6 8 8.2 

Other (non-boat) 3 16.7 1 2.9 4 9.1 8 8.2 

INS – – 1 2.9 2 4.5 3 3.1 

Total 18 100.0 35 100.0 44 100.0 97 100.0 

Legend: 
INS = Information Not Supplied (i.e. did not answer question). 
‘Initial Professional Activity’ is the activity type of the business where an operator was first employed when they began their 
professional boating careers.  This question was part of the postal survey questionnaire only (i.e. Max. N = 97). 
(for further explanation see Appendix O). 

With regard to the proportion of ‘Small/Large’ vessels used by ‘Dive/Fish/Sail’ operators and 

their overall proportion within the study sites, Figure 6.2 (a), (c) and (e) shows that significantly 

more sail, dive and Cairns-based operators use large vessels (71%, 65%, 2 = 38.053, df = 2, 

p < 0.001; and 82%, 2 = 14.464, df = 1, p < 0.001, respectively) while significantly more 

fishing operators and operators based in the Moreton Bay/Gold Coast region use small vessels 

(84%, 2 = 38.053, df = 2, p < 0.001; and 63%, 2 = 14.464, df = 1, p = 0.041, respectively).  

Additionally, Figure 6.2 (b), (d) and (f) shows that there are significantly more dive operators in 

Cairns (50%, 2 = 22.981, df = 2, p < 0.001), fishing operators in the Moreton Bay/Gold Coast 

region (54%, 2 = 9.139, df = 2, p = 0.010) and sailing operators in Sydney (72%, 2 = 13.474, 

df = 2, p = 0.001).  No additional (statistically) significant relationships were identified between 

the various study sites and primary activity or vessel size. 
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(a) (b)

(c) (d)  

(e) (f)  

(g) (h)
 

Figure 6.2:  Relative proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’ 
vessel operators that:  (a) and (b) use different sized vessels for their 
relative primary activities; and operate in (c) and (d) Cairns, (e) and 
(f) the Moreton Bay/Gold Coast region, and (g) and (h) Sydney. 

Legend:  MB/GC = Moreton Bay/Gold Coast. 
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6.2.2 Business 
The Australian tour boat industry is comprised of predominantly small sized business operations 

(i.e. 74% of operators employ less than five people, approximately 25% being sole operators; 

Figure 6.3) that have been operating for 10 years or less (i.e. 63% have been in operation for 

≤ 10 years; Figure 6.4).  Larger sized businesses (e.g. more staff, higher financial turnover) that 

have been in operation for a longer period of time would be better placed to have better 

environmental management practices as they would potentially have access to a greater level of 

resources and also have developed a greater level of corporate knowledge.  As such, those 

operators that have a strong relationship with this characteristic would also be expected to 

demonstrate a strong relationship with key environmental management performance variables.  

Conversely, large sized operations would also be expected to have a proportionately larger sized 

environmental impact, which may potentially cancel out any gains in overall environmental 

management performance. 

(a) (b)
 

Figure 6.3:  Size of Australian tour boat operations shown as (a) number of employees and (b) the 
respective general business size categories. 

Legend: 
Small = 1–4 employees. 
Medium = 5–10 employees. 
Large = > 10 employees. 
Note: 
(i) ‘No. Employees’ question part of ‘Postal Survey Questionnaire’ only (i.e. Max. N = 97). 
(ii) ‘Business Size’ is combination of all responses (i.e. Max. N = 145). 
(iii) ‘Business Size’ used in logistic analysis was as follows:–  Small = ‘Small’; Large = ‘Medium’ + ‘Large’. 
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Figure 6.4:  Length of time that Australian tour boat 
operators have been in business. 

 

Results of the logistic analysis show that while there is a significant relationship between 

primary activity and business size, whereby a greater proportion of dive operators have large 

sized businesses and a greater proportion of fishing operators have small sized businesses (42% 

and 88%, respectively, p = 0.006), when this was adjusted for the effect of vessel size the 

relationship was no longer significant (i.e. ‘Primary Activity (adjusted for ‘Vessel Size’)’ 

p > 0.05) (Figure 6.5 (a) and (b) and Table 6.3 #2).  The initial significance of this relationship 

may relate to the fact that overall, diving activities are generally more resource dependent 

(e.g. more equipment carried and maintained, dive masters to supervise divers, dive instructors 

to train new divers, etc.) than fishing activities and hence would require more staff to carry out 

such tasks. 
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(a) (b)
 

Figure 6.5:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that:  (a) and (b) have small and 
large tour boat businesses. 

Legend:  Co. Size = Size of Tour Boat Business/Company (Small = < 5 employees; Large = 
≥ 5 employees). 

Approximately 70% of the Australian tour boat operators surveyed consider themselves to be 

part of the larger Australian tour boat industry.  The most common reason given by operators 

for not being part of the industry (i.e. 45% of the operators that do not consider themselves to be 

part of the larger Australian tour boat industry) is that they are only a small operation (a similar 

proportion of responses in the negative also failed to provide any further information in this 

regard).  This may be interpreted to mean that approximately one in seven operators hold the 

view that only large operators are part of the tour boat industry, and hence part of any potential 

environmental impact that may ultimately need to be managed.  Regardless, this has important 

implications on the comprehension of the overall scale of the environmental impact potential of 

their industry sector as a whole and any subsequent need for environmental management 

measures to be implemented.  Results of the logistic analysis show that there is not a statistically 

significant relationship between primary activity and being part of the Australian tour boat 

industry (p > 0.05) (Table 6.3 #1).  However, a substantially larger proportion of dive operators 

do consider themselves to be part of the larger Australian tour boat industry than do fishing 

operators (81% and 59%, respectively) (Figure 6.6 (a) and (b)). 

15

45 44

11

6

19

0

5

10

15

20

25

30

35

40

45

50

Dive Fish Sail

N
o

. O
p

er
at

o
rs

Primary Activity

Co.
Size

Small

Large

64

40

6

30

0

10

20

30

40

50

60

70

Small Large

Vessel Size

Co.
Size

Small

Large



The Relationship between Operator Activity and Environmental Management Performance 

© Troy A Byrnes 2011 139

(a) (b)
 

Figure 6.6:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that consider themselves to be part 
of the larger tour boat industry. 

Legend:  Part ATBI = Part of the Australian Tour Boat Industry. 

A sense of belonging to the industry also brings with it a sense of ownership of various issues 

involved, be it environmental management or otherwise.  Therefore, operators that have an 

understanding that they are part of a larger commercial boating industry would also probably 

have a greater appreciation of their overall potential environmental impact as an industry whole.  

The author notes, that it would be interesting to observe how this proportion would change if the 

government decided to hand out ‘free’ money to members of the Australian tour boat industry. 

Approximately two thirds of the Australian tour boat operators surveyed are members of an 

industry association, mainly those associated with tourism (49%), boating (47%) and diving 

(22%).  Once again, being a small operation was one of the major reasons given for not being an 

industry association member (i.e. 20% of the operators that are not members of an industry 

association), as were ‘have not considered joining’ and ‘no perceived benefit from joining’ 

(i.e. each accounting for 18%, respectively, of the operators that are not members of an industry 

association).  Interestingly, if an operator does not consider themselves to be part of the industry 

(as outlined previously), they are presumably less likely to be an industry association member, 

as such it is not surprising that the proportions of both variables are very similar. 

From an environmental management perspective, the importance of some form of industry 

association relates to its ability to provide a medium to deliver educational materials and other 

important information, especially relevant to individual boating related environmental impacts 

and their overall potential industry-wide impact.  This is especially so if looking to improve 

environmental management performance through some form of industry based self-regulation, 

such as the through the use of some form of environmental management guideline or industry 
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code of practice, the success of which may be somewhat limited if all operators within an 

industry do not embrace the concept. 

Interestingly, during the audit process of this study it was noted that very few operators (13%) 

overtly displayed their association with an industry body with some form of advertising material 

such as stickers, posters or flyers.  The few operators that did, displayed materials from diving 

(50%), tourism (33%) and boating (17%) related organisations.  Compared to the survey results, 

most (80%) tour boat operators that have membership to an industry association do not publicly 

display it.  This would make it difficult to monitor whether or not an operator is adhering to any 

particular measures if there is no open public display that identifies their commitment to any 

such program/s. 

Not surprisingly, operators place a higher value on the overall concept of industry based 

environmental management (e.g. a ‘high level of industry-wide acceptance and promotion of the 

environmental management practices/measures outlined in the guidelines’, overall median = 

8.1) than they do on industry based monitoring (e.g. a ‘high level of industry monitoring and 

policing of adherence to the environmental management practices/measures outlined in the 

guidelines’, overall median = 6.7, i.e. a difference of 1.4) (see Figure 6.25).  This represents a 

considerable difference in opinion, especially when viewed in light of the fact that the overall 

range for all factors listed was 2.55 (i.e. 5.90–8.45). 

Results of the logistic analysis show that there is no statistically significant relationship between 

primary activity and being an industry association member (p > 0.05) (Table 6.3 #3).  However, 

a considerably larger (yet non-significant) proportion of dive operators are industry association 

members (85%) (Figure 6.7 (a) and (b)) and this may be linked to the fact that the overall 

operation of recreational diving is relatively ‘controlled’ by organisations such as PADI, 

whereby in most countries you cannot partake in diving activities without being able to 

demonstrate your diving qualifications with such an organisation (similar the use of an 

automobile and the prerequisite of a recognised drivers licence). 
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(a) (b)
 

Figure 6.7:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that are members of an industry 
association. 

Legend:  Ind. Ass. = Industry Association Member. 

6.2.3 Trips and Environment 
Overall, approximately half of the operators within the Australian tour boat industry conduct 

activities in marine protected areas (MPAs).  Results of the logistic analysis show that there is a 

significant relationship between primary activity and operations in MPAs (p = 0.001) 

(Table 6.3 #17), where a much higher proportion of dive operators operate in MPAs than do 

fishing operators (81% and 36%, respectively) (Figure 6.8 (a) and (b)).  One would expect that 

those operating in MPAs would exhibit a greater awareness of environmental management 

practices due to the additional ‘enforced’ requirements imposed by the relative management 

authority. 

(a) (b)
 

Figure 6.8:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that operate in marine protected 
areas (MPAs). 

Legend:  Op. MPAs = Operate in Marine Protected Areas. 
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Similarly, approximately half of the Australian tour boat operators surveyed stated that they use 

some type of environmental management guideline (EMGs) to regulate/mitigate the potential 

adverse effects that the operation of their vessel may have on the environment.  Results of the 

logistic analysis show that there is a significant relationship between primary activity and the 

use of EMGs (p = 0.001) (Table 6.3 #20), where a much higher proportion of dive operators use 

EMGs than do fishing operators (77% and 33%, respectively) (Figure 6.9 (a) and (b)).  

Operators that use EMGs would be expected to exhibit better environmental management 

performance overall, provided that the environmental measures outlined in the guidelines were 

actually implemented, however, this may be difficult to comprehensively assess due to several 

issues, some of which are outlined below. 

(a) (d)
 

Figure 6.9:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that are using environmental 
management guidelines (EMGs). 

Legend:  Using EMGs = Using Environmental Management Guidelines. 

Quite often, the specific guideline names are unknown to the operator (or cannot be recalled by 

the operator), however, operators tend to have an understanding of the generic guideline type 

(i.e. their source and the overall concepts they cover).  As such, the major types of guidelines 

that the tour boat operators state that they are using are various government 

environment/conservation and/or boating/transport agency type guidelines and various unnamed 

‘in-house’ publications (Figure 6.10).  Overall, almost two thirds (61%) of all environmental 

guidelines being used within the Australian tour boat industry are provided by various 

government departments/agencies. 
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Figure 6.10:  Types of environmental management 
guidelines used by Australian tour boat operators. 

 

During environmental audits, awareness of environmental management guidelines was evident 

in only a small number of the operators audited (11%, significantly less than what was claimed 

during surveys, p < 0.001).  The guidelines that were evident on audited vessels were 

predominantly government conservation agency guidelines aimed at interactions with 

charismatic megafauna (e.g. whales and whalesharks). 

Australian tour boat operators that do not use environmental management guidelines stated that 

this was because they are not made available, that it is not necessary to do so due to their small-

sized operation, or that they are aware of the issues and are doing what they can to best comply 

with the general objectives of environmental management (Figure 6.11). 
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Figure 6.11:  Factors that prevent Australian tour boat 
operators from implementing environmental management 
guidelines. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 

All operators that claim to be using environmental management guidelines also claim to be 

implementing the various measures contained within them, however, details on the specific 

measures implemented are somewhat limited and include general overall concepts such as 

‘all/general’, ‘litter/garbage’ and ‘boat sewage’, for example (Figure 6.12).  However, as 

previously mentioned, as the specific guidelines (claimed to be) in use were not adequately 

identified, it is impossible to verify the specifics of these generic overall concepts. 

 

Figure 6.12:  General types of environmental management measures 
implemented by Australian tour boat operators. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 
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The Australian tour boat industry obtains their environmental management guidelines 

predominantly from various government organisations, such as the Great Barrier Reef Marine 

Park Authority (GBRMPA), the Queensland Department of Transport and the Queensland Parks 

and Wildlife Service (Figure 6.13), and they access these either through the post, or in person 

from the various management authority offices (Figure 6.14).  A similar finding was also 

reported by Garrod and Fennell (2004) who found that governments were responsible for the 

development of nearly half of all of the 58 global examples of whale watching codes of conduct 

that they analysed and that less than one out of every fourteen was developed by industry (the 

remainder being development by non-government organisations). 

 

Figure 6.13:  General descriptions provided by Australian tour boat operators of where they 
obtained their environmental management guidelines. 

Legend:  GBRMPA = Great Barrier Reef Marine Park Authority; QPWS = Queensland Parks and Wildlife Service (now part of 
DERM, the Department of Environment and Resource Management); AMSA = Australian Maritime Safety Authority; 
QLD EPA = Queensland Environment Protection Agency (now also part of DERM along with QPWS); NSW NPWS = New South 
Wales National Parks and Wildlife Service; CRCST = Cooperative Research Centre for Sustainable Tourism (now the Sustainable 
Tourism CRC); NSW MPA = New South Wales Marine Parks Authority; VIC EPA = Victorian Environment Protection Authority; 
WA CALM = Western Australia Department of Conservation and Land Management (WA Department of Environment and 
Conservation). 
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Figure 6.14:  General descriptions provided by Australian 
tour boat operators of how they obtained their 
environmental management guidelines. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 

Acknowledgement of the fact that the operation of a vessel has the potential to adversely affect 

the environment is an important first step towards the implementation of appropriate measures 

that help limit any potential impacts and hence improve the overall environmental performance 

of an individual operator and ultimately the industry as a whole.  Approximately half of the 

industry acknowledges that the operation of their vessel has the potential to adversely affect the 

environment.  Interestingly, significantly more operators made this acknowledgement during 

face-to-face personal interviews than did those that completed postal survey questionnaires 

anonymously in private (71% and 38%, respectively, p < 0.0001).  The major boating related 

effects that operators believe they may be having on the environment are linked to engine 

emissions, sewage, antifouling paints, and anchor damage (Figure 6.15). 
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Figure 6.15:  Opinions of Australian tour boat operators on the major adverse 
effects that the operation of their vessels may have on the environment. 

 

The potential for vessel operation to have an environmental impact did not have a statistically 

significant relationship with primary activity (p > 0.05) (Table 6.3 #18), although a greater 

proportion of dive operators agree with such a statement than do fishing operators (65% and 

41%, respectively) (Figure 6.16 (a) and (b)). 

(a) (b)
 

Figure 6.16:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that believe that the operation of 
their vessel may have an impact on the environment. 

Legend:  Boat Env. Imp. = Boat have Environmental Impact. 

Some of the major reasons that operators think that there aren’t any boating related 

environmental impacts associated with their operation include that their vessels generate 

minimal/negligible:  (i) engine emissions; (ii) anchor damage; (iii) vessel wash; (iv) raw sewage 

discharges; or, (v) on board litter/garbage (Figure 6.17). 
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Figure 6.17:  Opinions of Australian tour boat operators as to why their vessels 
have no adverse environmental effects. 

Legend:  pax = passengers; COTS = Crown-of-Thorns Starfish; INS = Information Not Supplied (i.e. did 
not answer question). 

Additionally, approximately two out of every five operators (40%) state that they implement 

impact remediation measures to help minimise their potential boating related impacts.  While a 

greater proportion of dive operators state that they implement remediation measure than do 

fishing operators (54% and 27%, respectively) (Figure 6.18 (a) and (b)), this relationship was 

not considered to be statistically significant due to the relatively large number of variables 

analysed and the associated probability (i.e. p = 0.049) (Table 6.3 #19). 

(a) (b)
 

Figure 6.18:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that implement remediation 
measures for their associated vessel related environmental impacts. 

Legend:  Imp. Rem. = Impact Remediation Measures Implemented. 

Measures that tour boat operators do implement to help minimise their boating related 

environmental impacts include various practices and procedures related to the better 
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management of engine emissions, anchoring, sewage, and garbage (Figure 6.19).  Conversely, 

reasons that operators don’t implement impact mitigation measures include that the operator 

avoids sensitive areas (8%), that nothing can be done (23%), or that the impacts are too minor to 

be a concern (8%). 

Overall, from a specific list of various aspects of boating operation, the Australian tour boat 

industry rates the effects of boat sewage, boat engine emissions and antifouling paints as the 

three most important in regard to their potential to cause environmental harm (i.e. the ‘ALL’ 

line in Figure 6.20).  This is largely due to the potential input of nutrients and pathogens and the 

unsightly visual pollution created by boat sewage, the potential inputs from two-stroke exhaust 

and pumpouts of oily bilge water or fuel spillages associated with boat engine emissions and the 

potential source inputs of toxic agents from antifouling paints.  Interestingly, operators 

previously ranked engine emissions higher than sewage (i.e. Figure 6.15) and this may be due to 

the fact that they were asked to state their major boating related impacts ‘off the top of their 

head’ (i.e. no prompting) for Figure 6.15 while they were provided a with detailed list of 

potential impacts for Figure 6.20.  Although, the same three potential impacts were still rated 

highest overall in both cases (i.e. sewage, engine emissions and antifouling).  The potential 

inputs of heavy metals such as zinc, from the breakdown of sacrificial anodes, and disturbances 

to wildlife, such as birds, turtles, whales, dolphins, dugong or fish, rate lowest. 

 

Figure 6.19:  Remediation measures implemented by Australian tour boat 
operators to minimise the potential adverse effects that the operation of their 
vessels may have on the environment. 

Legend: 
* = insert ‘use practices/procedures to……’ prior to these. 
** = insert ‘use/promote/encourage practices/procedures to ……’ prior to these. 
INS = Information Not Supplied (i.e. did not answer question). 

Impact Remediation Measures (N=145)

0

10

20

30

40

50

60

70

80

M
in

. 
en

gi
ne

 e
m

is
si

on
 im

pa
ct

s*

M
in

. 
an

ch
or

in
g 

im
pa

ct
s*

M
in

. 
se

w
ag

e 
im

pa
ct

s*
*

M
in

. 
ga

rb
ag

e 
im

pa
ct

s*
*

P
as

se
ng

er
 e

du
ca

tio
n

M
in

. 
co

nt
am

in
at

ed
 b

ilg
e 

w
at

er
im

pa
ct

s*

U
se

 e
nv

iro
-f

rie
nd

ly
 p

ro
du

ct
s

M
in

. 
ve

ss
el

 w
as

h 
im

pa
ct

s*

O
pe

ra
te

 v
es

se
l w

ith
 c

ar
e

M
in

. 
an

tif
ou

la
nt

 im
pa

ct
s*

M
in

. 
fa

un
a 

st
rik

e 
im

pa
ct

s*

E
nf

or
ce

 f
is

h 
si

ze
/b

ag
 li

m
its

E
ns

ur
e 

re
sp

on
si

bl
e 

sm
ok

er
be

ha
vi

ou
r*

*

A
dh

er
e 

to
 le

ga
l r

eq
ui

re
m

en
ts

IN
S

N
/A

–N
o 

re
m

ed
ia

tio
n 

m
ea

su
re

s

N
/A

–V
es

se
l h

as
 n

o 
im

pa
ct

N
o

. O
p

er
at

o
rs



The Relationship between Operator Activity and Environmental Management Performance 

© Troy A Byrnes 2011 150

 

Figure 6.20:  Perceptions of Australian tour boat operators on the relative 
impact that various aspects of boating operation may have on the environment. 

Legend: 
POST = ‘Postal Survey Questionnaire’ responses only, i.e. Max. N = 97. 
FTF = ‘Face-to-Face Personal Interview’ responses only, i.e. Max. N = 48. 
ALL = ‘POST’ + ‘FTF’ responses, combined, i.e. ‘Max. N’ of 97 + 48 = 145. 
Note: 
(i) Individual aspects were specifically stated in the survey questionnaires and were rated by operators on 
a Likert type scale of 0-10 where 0 is the lowest rating (not important, no impact) and 10 is the highest 
rating (very important, high impact) (see ‘Question 33’ of the ‘Postal Survey Questionnaire’ in 
Appendix I for further detail). 
(ii) Median values shown. 

Additionally, individual industry members rate the potential environmental impact of their own 

vessel lowest in comparison to both other tour boat operators vessels and other non-tourism 

related vessels in general (Figure 6.21). 

0

1

2

3

4

5

6

7

8

9

10

B
oa

t 
S

ew
ag

e

B
oa

t 
E

ng
in

e
E

m
is

si
on

s

A
nt

ifo
ul

an
ts

Li
tt

er
/G

ar
ba

ge

S
ub

st
ra

te
D

am
ag

e

S
ac

rif
ic

ia
l

A
no

de
s

W
ild

lif
e

D
is

tu
rb

an
ce

Aspects of Boating Operation that may Impact on Environment

E
n

vi
ro

n
m

en
ta

l E
ff

ec
t 

R
at

in
g

 (
0–

10
)

FTF POST ALL



The Relationship between Operator Activity and Environmental Management Performance 

© Troy A Byrnes 2011 151

 

Figure 6.21:  Perceptions of Australian tour boat operators 
on the relative impact that boats used by various operator 
groups may have on the environment. 

Note: 
(i)  Question part of ‘Postal Survey Questionnaire’, only (i.e. Max. N = 97). 
(ii)  Median values shown. 

Furthermore, a substantial proportion of the operators surveyed (89%) state that they would be 

willing to implement environmental management guidelines (EMGs) if they were made 

available (Figure 6.22 (a) and (b)), however, they expect that these would be brief, practical, and 

comprehensive (Figure 6.23).  Willingness to implement EMGs did not have a statistically 

significant relationship with the primary activity of an operator (p > 0.05) (Table 6.3 #21). 

(a) (b)
 

Figure 6.22:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that are willing to implement 
environmental management guidelines (EMGs) if made available. 

Legend:  Imp. EMGs = Willing to Implement Environmental Management Guidelines. 
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Figure 6.23:  General descriptions provided by 
Australian tour boat operators of the length and 
level of detail required for a boating related 
environmental management guideline. 

Legend:  INS = Information Not Supplied (i.e. did not answer 
question). 

The most common reasons as to why operators would be unwilling to implement guidelines are 

they fear that bureaucrats will create an unworkable situation, or that they would do so if their 

use was deemed mandatory, or that it may prove too financially costly to do so (Figure 6.24).  

This may indicate that self-regulation is viewed as a ‘soft option’ as the operators wouldn’t 

implement any self-regulatory measures themselves that were difficult or costly (regardless of 

the steps necessary to achieve the required outcomes) unless they were made to (e.g. through 

legislation). 
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Figure 6.24:  General descriptions provided by Australian 
tour boat operators of factors that would prevent them 
from implementing environmental management guidelines. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 

Overall, from a specified list of eight factors that may affect the implementation of 

environmental management guidelines, the three factors that the Australian tour boat industry 

rate as the most important are practices/measures that are:  (i) easy to implement; (ii) widely 

accepted and promoted throughout the industry; and (iii) provide a greater benefit to the 

environment (Figure 6.25).  Conversely, the potential for guideline practices/measures to 

provide improved marketing as a ‘green tour’ or to be legally enforced rate lowest. 
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(a)
 

(b)
 

Figure 6.25:  Perceptions of Australian tour boat operators on the relative 
importance of various factors toward the implementation of environmental 
management guidelines shown as (a) overall and (b) vertically exaggerated to 
emphasise the different ratings of the various factor. 

Legend: 
POST = ‘Postal Survey Questionnaire’ responses only, i.e. Max. N = 97. 
FTF = ‘Face-to-Face Personal Interview’ responses only, i.e. Max. N = 48. 
ALL = ‘POST’ + ‘FTF’ responses, combined, i.e. ‘Max. N’ of 97 + 48 = 145. 
Note: 
(i) Individual factors were specifically stated in the survey questionnaires and were rated by operators on a 
Likert type scale of 0-10 where 0 is the lowest rating (not important) and 10 is the highest rating (very 
important) (see ‘Question 42’ of the ‘Postal Survey Questionnaire’ in Appendix I for further detail). 
(ii) Median values shown. 

Approximately one third of the operators surveyed have practices, procedures or measures that 

they believe should be included in an industry self-regulation environmental management 

guideline.  However, once again their responses generally refer to very broad/overall process 

based concepts rather than specific performance based measures.  The major areas of interest 

being boat sewage, garbage, anchoring/mooring use, and engine emissions (Figure 6.26). 
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Figure 6.26:  General types of operational practices, 
procedures or measures that Australian tour boat 
operators think should be included in an industry based 
environmental management guideline (EMG) for boating 
related environmental impacts. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 

6.3 ENVIRONMENTAL MANAGEMENT INFORMATION 

6.3.1 Vessel 
Figure 6.27 shows some of the amenities, facilities and equipment commonly found on board 

Australian tour boat operators vessels.  Several of the waste management items are of particular 

environmental management interest, such as garbage bins, ashtrays, toilets and the associated 

sewage holding tanks and treatment systems, due to their influence on the discharge of garbage 

and sewage.  The assumption being that the presence of garbage bins and ashtrays would help 

minimise the likelihood of garbage items (especially cigarette butts) being discarded overboard 

while holding tanks and treatment systems would help reduce the sewage related environmental 

impacts overall.  Therefore, having these items on board would be an indication of better 

environmental management performance and, hence would be expected on board the vessels of 

seemingly more environmentally friendly operators. 
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Figure 6.27:  Types of amenities, facilities and equipment 
aboard Australian tour boats. 

 

As shown in Figure 6.27, approximately 87%, 50% and 81%, of the operators surveyed, state 

that they have garbage bins, ashtrays and toilets on board their vessels, respectively.  Results of 

the logistic analysis show that there is a significant relationship between primary activity and on 

board garbage bins and toilets (p = 0.011 and p = 0.006, respectively) but not so for ashtrays 

(p > 0.05) (Table 6.3 #4,#5,#6).  The significant relationship that exists between primary activity 

and having both garbage bins and toilets on board a vessel, is that a greater proportion of sailing 

operators state that they have them on board (95% and 92%, respectively) than do fishing 

operators (76% and 69%, respectively) (Figure 6.28 (a) – (d)).  However, once the effect of 

vessel size is accounted for, neither variable exhibits a significant relationship with primary 

activity (i.e. ‘Primary Activity (adjusted for ‘Vessel Size’)’, p > 0.05 for both cases) 

(Table 6.3 #4,#6). 
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(a) (b)

(c) (d)
 

Figure 6.28:  Relative proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’ 
vessel operators that have:  (a) and (b) garbage bins; and (c) and 
(d) toilets; on board their vessels. 

 

Interestingly, the same trend as that observed between primary activity and garbage bins and 

toilets was also evident for ashtrays (albeit not statistically significant, as previously stated), 

with a greater proportion of sailing operators stating that they have ashtrays on board their 

vessels than do fishing operators (62% and 39%, respectively) (Figure 6.29 (a) and (b)). 
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(a) (b)
 

Figure 6.29:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that have ashtrays on board their 
vessels. 

 

The initial significance of more sailing operators having on board garbage bins and toilets than 

fishing operators may be related to the fact that many of the types of activities provided by 

sailing operators are provided in a ‘live on board’ type scenario such as bareboat yacht charters 

and house boat hire for example or where the primary purpose of the activity is to provide an 

extended catered trip such as barbecue boat hire or leisurely cruises for example, where such 

items would be expected.  Conversely, fishing operators include ‘Vessel Hire’ activities where 

many hire small open vessels (dinghies or tinnies) that have practical limitations to having such 

items on board.  Both these issues may also be the situation for on board ashtrays.  Some 

additional information is provided below that may also be useful in understanding the on board 

garbage bin, ashtray and toilet situation. 

One of the first things to be noted with regard to on board garbage bins is that significantly less 

operators were observed to have on board garbage bins during the environmental audit process 

than claims made by operators during surveys, regardless of whether or not ‘Hire Vessel’ 

operators were included with or excluded49 from the survey data (i.e. ‘All’ operators included, 

‘Audit’ 73% and ‘Survey’ 87%, 2 = 4.627, df = 1, p = 0.0315; ‘Hire Vessel’ operators 

excluded, ‘Audit’ 73% and ‘Survey’ 91%, 2 = 8.950, df = 1, p = 0.0028).  This observation was 

also consistent with regard to on board ashtrays (i.e. ‘All’ operators included, ‘Audit’ 27% and 

‘Survey’ 50%, 2 = 7.788, df = 1, p = 0.0053; ‘Hire Vessel’ operators excluded, ‘Audit’ 27% 

and ‘Survey’ 53%, 2 = 9.363, df = 1, p = 0.0022) (Appendix T). 

                                                           
49 As previously stated, hire vessels could not be suitably audited, due to the nature of the activity type and the environmental audit 
process, hence analyses were performed with and without the 29 ‘Hire Vessel’ operators for comparisons between audit and survey 
data. 
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Secondly, Australian tour boat operators do not necessarily always use the simple, standard, 

easy to identify items that most people are accustomed to seeing/using for garbage bins and 

ashtrays.  For example, survey responses indicate that plastic drums, bags and buckets are used 

as garbage bins by 8%, 6% and 4% of operators respectively, while empty cans, bottles, buckets 

and seashells are used for ashtrays by 6%, 1%, 3% and 1% of operators respectively.  As such, 

it is important that passengers on board such vessels are made aware of what items are being 

used as garbage bins and ashtrays and also where they are located, so they may appropriately 

dispose of their garbage items.  Interestingly, a substantial proportion of the operators surveyed 

stated that their on board garbage bins, ashtrays and toilets are clearly labelled (85%, 79% and 

88%, respectively) and also that passengers are advised of their on board location (91%, 90% 

and 94%, respectively).  However, this was significantly different to observations made during 

environmental audits where, of the vessels that had toilets, garbage bins and/or ashtrays on 

board, none were labelled and operators failed to advise clients of their locations in over 76% of 

cases (i.e. 2 > 13.000, df = 1, p < 0.001, for all cases) (see Appendix U). 

The third issue relates to providing passengers with clear instructions with regard to appropriate 

on board garbage management practices (i.e. don’t throw garbage overboard, especially 

cigarette butts).  Reiterating information provided in the previous chapter, observations made 

during environmental audits identified that less than a quarter of the operators provided such 

instructions and subsequently, items were thrown overboard during three out of every five trips, 

mostly cigarette butts (55%) and food scraps (41%).  Hence, it is not surprising that there were 

significantly fewer incidences of items being thrown from vessels where clients were given 

clear instructions not to do so (30% ‘instructed’ and 69% ‘not instructed’) and this was 

especially evident for cigarette butts (0% ‘instructed’ and 46% ‘not instructed’).  Additionally, 

there were significantly fewer cases of cigarette butts being thrown from vessels that had on 

board ashtrays (8% ‘ashtray’ and 45% ‘no ashtray’).  While in general, overboard garbage 

disposal was significantly more prevalent on the vessels of fishing operators (fish 89%, sail 62% 

and dive 28%) and this was especially so for cigarette butts (fish 63%, sail 25% and dive 11%) 

(see section 5.4.3 for detail). 

Overall, approximately one third of Australian tour boat operators fit sewage holding tanks to 

their vessels and less than one in ten fit sewage treatment systems (35% and 8%, respectively).  

Results of the logistic analysis show that there is a significant relationship between primary 

activity and both holding tanks and treatment systems (p < 0.001 and p = 0.014, respectively) 

(Table 6.3 #7,#8).  The significant relationship between primary activity and holding tanks and 

treatment systems is that a greater proportion of sailing operators state that they have holding 

tanks on board (48%) than do fishing operators (14%) (Figure 6.30 (a) and (b)) and treatment 

systems (14%) than do diving operators (0%).  However, once the effect of vessel size is 
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accounted for, only treatment systems exhibit a significant relationship (i.e. ‘Primary Activity 

(adjusted for ‘Vessel Size’)’, p = 0.025) (Table 6.3 #8). 

(a) (b)
 

Figure 6.30:  Relative proportions of (a) ‘Dive/Fish/Sail’ and 
(b) ‘Small/Large’ vessel operators that have sewage holding tanks fitted 
to their vessels. 

Legend:  Hold. Tank = Sewage Holding Tank. 

Almost all (94%) operators of vessels fitted with on board sewage holding tanks claim that they 

are fully operational and that toilets are connected to them in most (98%) cases, while many 

operators also claim that their showers and sinks are also connected to their holding tanks (36% 

and 44%, respectively).  Approximately one third (28%) of the tour boat operators with sewage 

holding tanks fitted to their vessels state that they use onshore sewage pump-out facilities, thus 

reducing the volumes of raw sewage being discharged into the water and, as such, considered to 

be a more environmentally responsible practice.  Observations (and/or indirect/nonchalant 

conversations with crew members) during environmental audits, identified that a similar 

proportion (27%) of operators discharge their holding tanks ashore (80% to unknown locations, 

the remainder being portable toilets that were emptied into the residential toilet at home).  The 

major reason for not using onshore pump-out facilities appears to be that they are not widely 

available (statement made by 60% of the operators that do not discharge ashore).  The 

environmental management significance of this aspect of vessel operation is further discussed 

below under ‘Sewage Management’. 

A substantial proportion of Australian tour boat operators keep their vessels permanently 

moored and antifouled and fit them with sacrificial anodes (84%, 81% and 92%, respectively).  

Logistic analysis results show that there is a significant relationship between primary activity 

and operators that permanently moor and antifoul their vessels (p < 0.001 and p = 0.001, 

respectively) but not for those that fit sacrificial anodes to their vessels (p > 0.05) 

(Table 6.3 #14, #15, #16).  However, once corrected for the effects of vessel size, only 
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permanently mooring a vessel maintains a significant relationship with primary activity 

(i.e. ‘Primary Activity (adjusted for ‘Vessel Size’)’, p = 0.041) (Table 6.3 #14).  This 

relationship is that a greater proportion of sailing operators keep their vessels permanently 

moored than do fishing operators (97% and 68%, respectively) (Figure 6.31 (a) and (b)).  A 

similar situation existed with the initially significant relationship between primary activity and 

antifouling where a much larger proportion of sailing operators antifoul their vessels than do 

fishing operators (92% and 64%, respectively) (Figure 6.31 (c) and (d)). 

(a) (b)

(c) (d)
 

Figure 6.31:  Relative proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’ 
vessel operators that:  (a) and (b) keep their vessels permanently 
moored; and (b) and (c) apply antifouling agents to their vessels. 

Legend:  Perm. Moored = Vessel Permanently Moored. 

Australian tour boat operators tend to keep their vessels permanently moored on the using either 

floating (41%) or fixed (21%) berths or swing moorings (20%).  Alternatively, some operators 

prefer not to permanently moor their vessels and prefer the use of dry storage alternatives such 

as boat trailers (12%), marina hardstands (3%), or the bank of a river (< 1%).  Although most 

operators antifoul their vessels and fit sacrificial anodes, there are alternative methods that 

Australian tour boat operators do use.  Antifouling alternatives include storing vessels out of the 

water when not in use (14%), the manual removal of fouling organisms (3%) or the periodic 

rotation of vessels on dry pontoons (< 1%).  Similarly, sacrificial anode alternatives include 
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storing the vessel out of the water (2%) or lifting the motors out of the water (1%) when the 

vessel is not in use. 

6.3.2 Sewage Management 
Overall there are five major on board sewage management options used by Australian tour boat 

operators, these are ranked (i–v) from lowest to highest potential for sewage related 

environmental impacts, as follows:  (i) no toilet on board (‘No Toilet’); (ii) an on board toilet 

connected to a holding tank (or a portable toilet) that is discharged ashore (‘Toilet + Holding 

Tank / Portable Toilet + Onshore Pump-out’); (iii) an on board toilet connected to a sewage 

treatment system (‘Toilet + Treatment System’); (iv) a toilet connected to a holding tank that 

discharges overboard (‘Toilet + Holding Tank + Discharge Overboard’); and (v) a toilet that 

discharges directly overboard (‘Toilet + Discharge Overboard’). 

In the ‘No Toilet’ situation, by not having a toilet on board the likelihood (risk) of sewage, 

especially faeces, being discharged into the water is removed due to simple practical constraints.  

For example, a person on board would have to either urinate or defecate over the side of the 

boat into the water or into a bucket (or similar) that would then be thrown overboard into the 

water.  The likelihood (risk) of such practices occurring would undoubtedly increase from a 

situation where a male is on a vessel with a small group of other males known to the individual, 

in an isolated location away from public scrutiny, and needs to urinate, right up to a situation 

where a person is on a vessel, with a large group of other people, of mixed gender and unknown 

to the individual, on a busy public waterway under full public scrutiny, and needs to defecate, 

and myriad variations in between. 

The ‘Toilet + Holding Tank / Portable Toilet + Onshore Pump-out’ is potentially the most 

practical option (from a combined operator/environment perspective) as all sewage is contained 

on board and discharged ashore to eventually end up in a municipal sewage treatment plant to 

be treated to a specified level prior to being discharged back into the water, either at sea or in a 

river, or more recently, as part of the overall recycled water product.  Hence the likelihood (risk) 

of sewage being discharged from a vessel directly into the water is also greatly reduced (i.e. nil, 

barring any major accident or incident).  This also allows for more holistic management of this 

ship sourced sewage as it can be included in the overall sewage management of a particular 

council region. 

With regard to the ‘Toilet + Treatment System’ option, current on board systems generally 

provide a rudimentary level of treatment that is primarily focused on human health (e.g. the 

removal of pathogens) and not the environment (e.g. the removal of nutrients).  However, when 
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properly operated and maintained it is better than discharging raw sewage and as such does 

demonstrate more positive operator behaviour with regard to more environmentally conscious 

sewage discharges. 

The ‘Toilet + Holding Tank + Discharge Overboard’ option, is similar to that outlined below for 

the ‘Toilet + Discharge Overboard’, however, it has the added benefit of providing the operator 

with some discretion as to where the raw sewage is discharged.  As such, the operator can 

choose to contain the sewage on board when in areas where its discharges may present a risk to 

human health and/or the environment (e.g. people in the water, coral reef, oyster lease, etc.) and 

discharge it once the vessel reaches an appropriate distance from such areas.  However, in areas 

lacking legislative sewage discharge requirements, the appropriate distance decision relies upon 

the level of operator understanding regarding the human health and/or the environment issues 

involved. 

Finally, the simplest of the on board sewage management options (that includes a toilet), the 

‘Toilet + Discharge Overboard’, presents the greatest potential for sewage related 

environmental impacts because (a) sewage can be discharged discretely (i.e. behind a closed 

door away from public scrutiny), and (b) the operator has very little control over where the 

sewage is discharged, other than by locking the toilet door to stop the toilet being used or by 

actively directing passengers when they can and cannot use the toilet.  As such, the potential 

exists for raw sewage to be discharged in areas where it presents a risk to human health and/or 

the environment (e.g. people in the water, coral reef, oyster lease, etc.) without the operators 

knowledge. 

Overall, the two most common on board sewage management options used by 59% of 

Australian tour boat operators are those with the highest potential for sewage related 

environmental impacts, being a toilet that discharges directly overboard (‘Toilet + Discharge 

Overboard’, 34%) or a toilet connected to a holding tank that discharges overboard (‘Toilet + 

Holding Tank + Discharge Overboard’, 25%).  While there is no significant relationship 

between primary activity and operators that use the ‘Toilet + Discharge Overboard’ sewage 

management option (p > 0.05), one does exist for those that use the ‘Toilet + Holding Tank + 

Discharge Overboard’ option (p = 0.001), where a much greater proportion of dive operators 

(46%) use this option than do fishing operators (10%).  However, once the ‘Toilet + Holding 

Tank + Discharge Overboard’ sewage management option is adjusted for the effects of vessel 

size, the relationship with primary activity is no longer significant (i.e. ‘Primary Activity 

(adjusted for ‘Vessel Size’)’ p > 0.05) (Figure 6.32 (a) and (b) and (c) and (d) and 

Table 6.3 #12,#13). 
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The initial significance of dive operators using the ‘Toilet + Holding Tank + Discharge 

Overboard’ sewage management option may be related to the simple fact that a significant 

proportion are located in Cairns, an area popular with diving due to its proximity to the Great 

Barrier Reef Marine Park, where (at the time data was collected) it was illegal to discharge 

sewage within 500 m of a reef, hence operators needed to contain it in on board holding tanks 

and discharge it once they were beyond the specified distance. 

(a) (b)

(c) (d)
 

Figure 6.32:  Relative proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’ 
vessel operators that use the:  (a) and (b) ‘Toilet + Discharge 
Overboard’; and (c) and (d) ‘Toilet + Holding Tank + Discharge 
Overboard’; sewage management options. 

Legend:  T+DOB = Toilet + Discharge Overboard; T+HT+DOB = Toilet + Holding Tank + 
Discharge Overboard. 

The remaining 40% of operators use the three on board sewage management options with the 

lowest potential for sewage related environmental impacts, as follows:  the no on board toilet 

option (‘No Toilet’, 19%), the on board toilet connected to a holding tank (or portable toilet) 

that discharges ashore option (‘Toilet + Holding Tank/Portable Toilet + Onshore Pump-out’, 

15%), or the on board toilet connected to a sewage treatment system option (‘Toilet + Treatment 

System’, 7%). 
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Results of the logistic analysis show that a significant relationship exists between primary 

activity and the ‘No Toilet’ and the ‘Toilet + Treatment System’ sewage management options 

(p = 0.005 and p = 0.027, respectively) (Table 6.3 #9,#11) but not with the ‘Toilet + Holding 

Tank/Portable Toilet + Onshore Pump-out’ (p > 0.05) (Table 6.3 #10).  The ‘No Toilet’ option is 

used by a much greater proportion of fishing operators (31%) than it is by sailing operators 

(8%) (Figure 6.33 (a) and (b)), while the ‘Toilet + Treatment System’ option is used by a much 

greater proportion of sailing operators (13%) than it is by dive operators (0%) (Figure 6.33 (e) 

and (f)).  Once corrected for vessel size effects, only the ‘Toilet + Treatment System’ option 

maintains a significant relationship with primary activity (i.e. ‘Primary Activity (adjusted for 

‘Vessel Size’)’, p = 0.034) (Table 6.3 #11). 

The significance of sailing operators using the ‘Toilet + Treatment System’ sewage 

management option may be related to the simple fact that a significant proportion are located in 

Sydney (refer Figure 6.2 and associated discussion), an area popular with sailing due to the 

large relatively protected expanse of the greater Sydney Harbour area, where (at the time data 

was collected) there were sewage discharge restrictions in place requiring that it was either 

pumped ashore or treated prior to discharge.  Space is often a major constraint on sailing 

vessels, hence the fitting of appropriately sized sewage holding tanks and the associated 

plumbing, coupled with the potential adverse effects of a severely heeling vessel and holding 

tanks full of sewage, would discourage operators from using this option.  Hence the only option 

available that would allow them to lawfully discharge sewage would be via a sewage treatment 

system. 

The initial significance of fishing operators using the ‘No Toilet’ sewage management option 

may be explained by the fact that a relatively high proportion of hire ‘Vessel Hire’ operators are 

included in this operators grouping and many of these hire out small open vessels with no on 

board amenities.  The fact that there is not a significant relationship between primary activity 

and the ‘Toilet + Holding Tank/Portable Toilet + Onshore Pump-out’ sewage management 

option may be linked to the previously mentioned (claimed) lack of available onshore pump-out 

facilities, as operators can only utilise this option where it exists regardless of their primary 

activity type or vessel size. 

It is interesting to note that none of the more environmentally friendly sewage management 

options have a significant positive relationship with dive operators (as would be expected under 

the hypothesis) and that overall, it would appear that on board sewage management practices are 

influenced by the existence of legal requirements.  This may provide further evidence of the 

ineffectiveness of self-regulation in that regardless of how ‘green’ an operation is, or is 
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perceived to be, the motivation to adopt better environmental management practices is the 

external force of legislation rather than an internal sense of causing less environmental harm 

through better operational practices/technology. 

(a) (b)  

(c) (d)  

(e) (f)
 

Figure 6.33:  Relative proportions of ‘Dive/Fish/Sail’ and ‘Small/Large’ 
vessel operators that use the:  (a) and (b) ‘No Toilet’; (c) and (d) ‘Toilet + 
Holding Tank/Portable Toilet + Onshore Pump-out’; and (d) and 
(e) ‘Toilet + Treatment System’; sewage management measure. 

Legend:  NT = No Toilet; T+HT/PT+OSP = Toilet + Holding Tank / Portable Toilet + Onshore 
Pump-out; T+TS = Toilet + Treatment System. 

It is also interesting to note that during the audit process, onshore toilet facilities were available 
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(< 5%) of operators actually advised their passengers to use them prior to departure.  While this 

may not be the most important of all possible sewage management practices, at the very least, it 

would help reduce the overall volume of sewage being generated and hence discharged from 

vessels.  Once again demonstrating positive operator behaviour in regard to more 

environmentally conscious sewage management practices. 

Table 6.3:  Results of logistic analysis showing the effects of primary activity on various 
environmental and operational characteristics of Australian tour boat operators. 

     Primary   A ctivity Primary   A ctivity 

 Tour Boat Operator  %  ( alone ) (adj. for ‘Vess el Size’) 

# Attribute / Characteristic N Yes* No* 2 df  p 2 df  p 
 BUSINESS CHARACTERISTICS          

1 Part ATBI 90 68.9 31.1 2.6708 2 ns 2.2330 2 ns 

2 Business / Company Size (small / large*) 140 74.3 25.7 10.1043 2 0.006 2.2738 2 ns 

3 Industry Association Membership 140 66.4 33.6 5.3561 2 ns 4.9107 2 ns 

 VESSEL CHARACTERISTICS          

 On board Amenities / Facilities / Equipment          

4 Garbage Bin 140 87.1 12.9 9.0562 2 0.011 1.2095 2 ns 

5 Ashtray 140 52.1 47.9 5.8940 2 ns 0.5383 2 ns 

6 Toilet 139 81.4 18.6 10.3050 2 0.006 1.9589 2 ns 

7 Sewage Holding Tank 140 35.0 65.0 17.4070 2 < 0.001 1.3679 2 ns 

8 Sewage Treatment System 140 7.9 92.1 8.5233 2 0.014 7.6616 2 0.022 

 On board Sewage Management          

9 No Toilet 140 18.6 81.4 10.5507 2 0.005 1.9587 2 ns 

10 Toilet + Holding Tank / Portable Toilet + Onshore Pump-out 140 15.0 85.0 4.9425 2 ns 5.7570 2 ns 

11 Toilet + Treatment System 140 7.1 92.9 7.2154 2 0.027 6.7824 2 0.034 

12 Toilet + Holding Tank + Discharge Overboard 140 25.0 75.0 13.4654 2 0.001 4.3045 2 ns 

13 Toilet + Discharge Overboard 140 34.3 65.7 1.6769 2 ns 1.1708 2 ns 

 Boat / Vessel Storage          

14 Permanently Moored 139 84.2 15.8 18.6816 2 < 0.001 6.3686 2 0.041 

 Fouling & Corrosion Management          

15 Antifouled 139 80.6 19.4 14.2690 2 0.001 2.4158 2 ns 

16 Sacrificial Anodes 136 91.9 8.1 3.8179 2 ns 1.6801 2 ns 

 TRIP CHARACTERISTICS          

17 Operate in MPAs 131 50.4 49.6 14.2914 2 0.001 12.3093 2 0.002 

 ENVIRONMENTAL CHARACTERISTICS          

18 Boat Impact on Environment 140 48.6 51.4 4.1272 2 ns 2.8736 2 ns 

19 Impact Remediation Measures 140 40.0 60.0 6.0518 2 0.049 4.9992 2 ns 

20 EMG Use 140 50.0 50.0 13.8725 2 0.001 7.4664 2 0.024 

21 Implement EMGs if Provided 140 88.6 11.4 5.1285 2 ns 5.5604 2 ns 

Legend: 
Primary Activity (alone) = Effect of ‘Primary Activity’ on dependent variable; 
Primary Activity (adj. for ‘Vessel Size’) = Effect of ‘Primary Activity’ on dependent variable (adjusted for the effect of ‘Vessel 
Size’); 
N = No. of cases used in analysis; 
Yes* = % N ‘Yes’ (*‘Small Business’); 
No* = % N ‘No’ (*‘Large Business’); 
χ2 = Chi-square value; 
df = = Degrees of freedom; 
p = Statistical significance (probability) for associated χ2 and df; 
ns = Not statistically significant (i.e. p > 0.05). 
Note: 
Statistically significant results (i.e. p < 0.05) shown in ‘bold font’; 
Results not statistically significant (i.e. p > 0.05) shown in ‘regular font’; 
‘Impact Remediation Measures’ was considered not to be statistically significant due to the relatively large number of dependent 
variables analysed and its associated ‘p’ value (i.e. 0.049). 

6.3.3 Education 
Perhaps one of the main areas that may help improve the environmental management 

performance of Australian tour boat operators lies in the area of education.  As such, a short 
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section has been added to this chapter that outlines some of the issues related to various types of 

education provided by Australian tour boat operators. 

Most operators state that they provide some form of environmental education to their passengers 

and that this usually took an average of 33 minutes to provide (Figure 6.34).  Those operators 

that don’t provide their clients with this environmental information (< 7%) believe that it is not 

necessary to do so because their operation doesn’t damage the environment (30%), or 

alternatively that their clients don’t want to know (20%), or that their clients are briefed on other 

matters (10%). 

 

Figure 6.34:  Amount of time taken by Australian tour boat 
operators to deliver environmental education to their 
clients. 

 

During environmental audits, approximately (56%) of operators were observed to provide 

education and information regarding their on board environmental management practices, which 

generally focussed on the correct use of on board toilets (72%), however, most (87%) operators 

failed to advise their clients on appropriate on board smoking and litter disposal practices 

(Figure 6.35).  This generally took significantly less time to complete than was indicated during 

the survey phase of the research project (refer to Appendix T for details). 
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Figure 6.35:  Types of on board environmental 
management education/information provided by Australian 
tour boat operators during audit trips aboard Australian 
tour boats. 

Legend: 
‘Activity related’ = Correct procedures to avoid harm to the environment 
during in-water activities (such as during whaleshark/dolphin swims or 
SCUBA diving, for example); 
‘Anchoring related’ = Correct procedures to minimise environmental harm 
when anchoring (such as anchoring on sand or avoid anchoring on coral, for 
example); 
‘Garbage related’ = Appropriate on board waste disposal procedures (such as 
instructions given to use the garbage bins provided or not to throw anything 
overboard, for example); 
‘Recycling related’ = Appropriate on board practices for recyclable waste 
products (such as place aluminium cans in the recycling bin provided, for 
example); 
‘EMG related’ = Reference given to specific management authority guidelines 
used (such as the CALM whaleshark viewing guidelines or the NSW NPWS 
whale watching guidelines, for example); 
‘Seasickness related’ = Correct on board procedures for people suffering from 
seasickness (such as vomit into a paper bag and place in the bin provided, for 
example); 
‘Smoking related’ = Appropriate on board smoking practices (such as 
specifically instructing smokers not to throw cigarette butts overboard, for 
example); 
‘Toilet related’ = Correct toilet use procedures (such as don’t place anything 
down the toilet that you didn’t eat first, for example); and 
‘N/A–No Enviro-Education’ = No environmental management practices and/or 
education used on board the vessel. 

Interestingly, more than three quarters (77%) of the operators within the Australian tour boat 

industry are exposed to some form of environmental interest from clients aboard their vessels.  

Overall, an average of approximately 40% of customers ask specific environmental questions of 

tour boat operators whilst on trips aboard their vessels (Figure 6.36). 
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Figure 6.36:  Estimations provided by Australian tour boat 
operators of the proportion of customers that ask specific 
environmental questions. 

 

A high proportion of the operators surveyed (65%) also state that they provide their passengers 

with education and information on topics other than environmental management issues, 

including elements of shipboard safety and emergency evacuation procedures, generic 

presentations about the surrounding natural and cultural environment, operational aspects of 

boating in general, and specific activity related education, such as diving procedures or fish size 

and/or bag limits (Figure 6.37).  They state that this usually takes an average of 40 minutes to 

provide (Figure 6.38).  It is not surprising that such other education and/or information is 

provided as much of what is mentioned is related to mandatory requirements, either for the 

operator to provide (e.g. shipboard safety and emergency evacuation) or the passenger to 

receive and adhere to (e.g. diving procedures, fish sizes and/or bag limits), that the operator may 

be found culpable and face (sometimes severe) consequences (e.g. fines, court action or 

incarceration in the event of a death if deemed to be caused through operator negligence 

attributable to such information not being provided).  Work by Wiener et al. (2009) on the 

impacts of commercial marine tourism in the Hawaiian Islands also found that the majority of 

tour companies offer interpretation regarding equipment use or personal safety but 

environmental interpretation tended to be overlooked. 
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Figure 6.37:  General descriptions provided by Australian 
tour boat operators of the other educational 
programs/components they provide to their clients. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 
Note:  Other education encompasses any educational program/component that 
Australian tour boat operators provide to their clients other than the previously 
mentioned environmental education. 

 

Figure 6.38:  Amount of time taken by Australian tour boat 
operators to deliver other educational 
programs/components to their clients. 

Note:  Other education encompasses any educational program/component that 
Australian tour boat operators provide to their clients other than the previously 
mentioned environmental education. 

The major reasons for not providing clients with education or information on topics other than 

the environment include that there is no real need to do so, or that they are a smaller sized 

operation (Figure 6.39). 
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Figure 6.39:  General descriptions provided by Australian 
tour boat operators for why they do not provide other 
educational programs/components to their clients. 

Legend:  INS = Information Not Supplied (i.e. did not answer question). 
Note:  Other education encompasses any educational program/component that 
Australian tour boat operators provide to their clients other than the previously 
mentioned environmental education. 

Observations during environmental audits indicated that the types of additional education 

provided by Australian tour boat operators was typically related to practices and procedures for 

shipboard safety and abandon ship, the location of on board facilities and equipment, or specific 

activity related advice, such as diving, fishing and sailing, for example.  While only a very small 

proportion of operators advise clients on permitted on board smoking areas or the correct 

procedure for life rafts, should it be deemed necessary for their use.  This additional information 

took significantly less time on average to complete than was indicated during the survey phase 

of the research project.  Suggesting that overall, operators tend to significantly overestimate the 

amount of time that they spend providing education to their passengers (refer to Appendix T for 

details). 

6.4 CONCLUSION 
The purpose of this chapter was to investigate whether a relationship existed between tour boat 

operator activity and their overall environmental management performance, and then if there is, 

to explain what that relationship is.  A logistic analysis was used to test whether relevant 

characteristics of tour boat operations are related to the primary activity of the operator or 

simply are a function of the size of the vessels that they use. 

Why No Other Education  (N=145)

0
10
20
30
40
50
60
70
80
90

100

N
o 

re
al

 n
ee

d 
/ 

re
as

on

S
m

al
l v

es
se

l /
 o

pe
ra

tio
n 

/
cl

ie
nt

el
e

O
pe

ra
tio

n 
do

es
n’

t 
da

m
ag

e
th

e 
en

vi
ro

nm
en

t

M
an

ag
em

en
t 

/ 
cr

ew
re

sp
on

si
bi

lit
y

C
lie

nt
s 

do
n'

t 
w

an
t 

to
 k

no
w

T
im

e 
lim

ita
tio

ns

C
lie

nt
s 

br
ie

fe
d 

on
 o

th
er

m
at

te
rs

IN
S

N
/A

–D
o 

pr
ov

id
e 

ot
he

r
ed

uc
at

io
n

N
o

. O
p

er
at

o
rs



The Relationship between Operator Activity and Environmental Management Performance 

© Troy A Byrnes 2011 173

Under the hypothesis that certain activities are considered to be more environmentally friendly 

than others (e.g. dive operators more environmentally friendly than fishing operators, and 

sailing operators somewhere in between), the following outcomes were expected: 

1. Dependent variables that have a positive relationship with environmental management 

performance were be expected to show a stronger relationship with more environmentally 

friendly operators (e.g. stronger relationship between discharging sewage ashore and dive 

operators), however, this was not found to be correct. 

2. Dependent variables that have a negative relationship with environmental management 

performance were expected to show a stronger relationship with operator activities that 

were considered to be less environmentally friendly (e.g. stronger relationship between 

toilets that discharge directly overboard into the water and fishing operators), while this 

was found to be correct in many cases, it was not necessarily always statistically 

significant. 

3. Dependent variables that were not directly related to environmental management 

performance would not necessarily show a stronger relationship either way in regard to 

more or less environmentally friendly operators (e.g. large businesses may have a stronger 

relationship with dive operators or fishing operators or no relationship at all), this was 

also found to be correct, but not necessarily always statistically significant. 

Therefore, within the limits of this analysis, the perception that dive operators are better than 

fishing operators is false.  That is, dive operators were not found to exhibit better environmental 

management practices than fishing operators (with sailing somewhere in between).  In most 

cases, the analysis showed that such factors showed a stronger relationship with vessel size than 

operator activity. 

Environmental audits demonstrated that the information provided by operators during surveys 

was not always the same as what was observed (in many instances it was significantly different) 

and this was generally so for more environmentally sensitive questions/information. 

Education is important both for operators and passengers, operators need to be educated on 

sound environmental management practices and they need to pass this information on to their 

passengers.  A very good example is provided in the section on garbage, whereby significantly 

less instances of inappropriate overboard disposal of garbage was observed on vessels where 

operators gave clear instructions that this practice should not be done. 
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Environmental management guidelines are a simple, yet arguably effective, environmental 

education tool.  It is pleasing to note that most operators would be willing to implement such 

guidelines provided they are brief, practical, and comprehensive.  With regard to factors that 

Australian tour boat operators consider important to the successful implementation of such 

guidelines, containing measures that are:  (i) easy to implement; (ii) widely accepted and 

promoted throughout the industry; and (iii) provide a greater benefit to the environment; are 

considered to be the most important, while those that provide improved marketing as a ‘green 

tour’ or the threat for such measures to be legally enforced are considered to be much less 

important. 

With regard to the potential environmental impacts of their vessel operations, Australian tour 

boat operators consider the effects of boat sewage, boat engine emissions and antifouling paints 

to be the three most important in regard to their potential to cause environmental harm, while 

inputs of heavy metals such as Zn and disturbances to wildlife are considered less important.  

Not surprisingly, the major issues that operators believe should be included in any industry-

based self-regulation environmental management guideline relate to the appropriate 

management of sewage, garbage, anchoring/mooring use, and engine emissions. 

Additionally, some of the indicators of better environmental performance were more likely to be 

the result of legislative requirements rather than better environmental behaviour (such as 

holding tanks and sewage treatment systems, for example).  Thus, demonstrating that the force 

of law remains the ‘big stick’ behind the ‘carrot’ of industry-based self-regulation of 

environmental management practices.  Again this has important implications for those 

contemplating the use of self-regulation to address the management of boating related impacts 

by commercial boat operators in Australia, namely that laws appear to have a greater impact in 

this regard than an operators sense of environmental stewardship. 
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7 IMPROVING THE ENVIRONMENTAL 
MANAGEMENT PERFORMANCE OF AUSTRALIAN 
TOUR BOAT OPERATORS 

7.1 INTRODUCTION 
The purpose of this chapter is to apply the information regarding boating impacts and their 

management (i.e. Chapters 2 and 3, respectively) to the findings of this research (i.e. Chapters 5 

and 6) to fulfil the overall aim of determining whether Australian tour boat operators can 

improve their environmental performance.  Such a determination was made under the following 

hypotheses: 

(i) That the current approach to the management of boating related impacts may benefit 

from additional complimentary measures or alternatives, that is–– 

a. The current regulatory approach has flaws or limitations (e.g. regulations quite 

often complex and difficult to understand and may also vary considerably 

between jurisdictions; monitoring compliance is difficult and expensive; 

enforcement generally seen as a ‘toothless tiger’ – due to a lack of, or limited, 

on water policing, etc.); and, 

b. Industry-based self-regulatory measures (e.g. the use of environmental 

management guidelines) are poorly developed and implemented and are not 

widely accepted or promoted throughout the industry; and, 

(ii) That there appears to be an overall lack of motivation or incentive (or perhaps 

disincentive?), for Australian tour boat operators to improve their environmental 

performance (i.e. tour boat operators only do what they are legally required to, 

regardless of the fact that they regularly claim to take extra environmental precautions 

as ‘it is their livelihood’). 

Section 7.3, provides an assessment of the measures that may be implemented at the practitioner 

level to reduce the overall environmental impact of the Australian tour boat industry.  The 

assessment is undertaken using a framework based on the five types of policy instrument 

outlined in Althaus et al. (2007, pp.86–96) and the regime of ‘smart regulation’ outlined in 

Gunningham et al. (1998), advocating the use of a mix of regulatory instruments that may be 

identified with the aid of a series of design principles.  The assessment provides general 

comments and suggestions on what may help make the Australian tour boat industry more 

environmentally sustainable.  This includes a review of the information reported about the 

major boating related impacts covered by this research, against management measures that may 
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be implemented at the operator level and provides a general, qualitative assessment of what may 

be further implemented to improve their environmental performance. 

7.2 BACKGROUND 
Althaus et al. (2007) describes five common types of instrument that are available to deliver 

desired policy objectives (i.e. policy through advocacy, network, money, government action and 

law).  These are reproduced below with the inclusion of relevant examples to demonstrate how 

each policy instrument links to the management of boating related impacts, especially as they 

relate to tour boat operators. 

7.2.1 Advocacy 
This policy option involves the use of education or persuasion, using information available to 

government, to achieve the desired policy objectives, goals or outcomes.  In the case of the 

current research project this may involve educating tour boat operators about the boating related 

impacts of their operations and the various measures available for their management and 

encourage them to improve their individual environmental performance.  Operators also need to 

understand that the legal requirements set the baseline and that there is an overall need to strive 

to do better than what is the legally required minimum. 

Education works both ways so operators can also inform appropriate bodies such as regulators, 

equipment manufacturers and boat builders, for example, regarding the types of equipment, 

infrastructure, measures, practices and procedures that would allow them to better meet 

community expectations with regard to reducing the potential boating related impacts of their 

industry. 

The general public also need to be considered in education programs to ensure that there is an 

awareness of appropriate on board behaviour, such as, that it is not acceptable to (a) throw any 

garbage overboard (e.g. cigarette butts, food scraps, paper, fishing line off-cuts and drink 

bottles/cans), (b) discharge contaminated bilge water, or (c) discharge sewage directly 

overboard when/where there are people in the water.  This would promote a greater level of 

public awareness and a heightened level of community monitoring, that may act as a deterrent to 

inappropriate operator practices. 

One important point that needs to be considered in any advocacy program is the attitude of 

those to whom such requirements will ultimately apply, as in generally, if they don’t want to do 

it then they won’t, and if they do want to do it, they will (i.e. the age old adage of ‘preaching to 

the converted’, either they are converted that they ‘will’ do it or they are never going to be 
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converted and they ‘won’t do it’).  Usually, the least affected will be the most supportive and 

the most affected will be the least supportive of any potential measures.  Such as comments that 

inevitably surface through the various media forums with regard to tightening smoking laws.  

Smokers will invariably make comments like the measures are garbage, that they won’t work, 

that they are just revenue raising and that basically smokers fund the whole economy.  

Conversely, non-smokers will typically make comments such as the measures don’t go far 

enough, only fools smoke anyway so who cares or that smoking is a filthy, deadly habit that 

should be taxed out of existence by increasing the price even further. 

7.2.2 Networks 
Policy through networks relates to cultivating and leveraging relationships within and across 

government with external partnership bodies to achieve the desired policy objectives, goals or 

outcomes.  For tour boat operators this may involve working through industry organisation.  

Such networks would provide the ideal conduit for the delivery of the types of information 

outlined and would also help to spread information between operators by providing increased 

opportunities for effective ‘word-of-mouth’ communication.  This may prove to be extremely 

effective as individuals from any group tend to be far more receptive to information received 

from within their group than they do to information provided by external sources, especially 

government which many view as having clandestine and sinister agendas for their actions based 

wholly on raising revenue. 

There is also a need to ensure that there are effective networks between various regulatory 

bodies to ensure that they are all striving towards the same goal, especially relevant to the 

management of ship-sourced sewage in the state of Queensland (Australia), where there is a 

reluctance by some local government wastewater facilities to accept predominantly saltwater-

based ship-sourced sewage due to its potential impact on their sewerage network and treatment 

plant infrastructure and the quality of their recycled water product (see Byrnes  2008; 2011 for 

further details). 

Again, the increased public awareness would help provide an enhanced community based 

monitoring network whereby potential passengers (and other members of the community that 

are in a position to observe inappropriate behaviour) would be increasingly vigilant of the on 

board waste management practices of boat owners and operators. 

7.2.3 Money 
The money option, involves using spending and taxing powers to shape activity beyond 

government, to achieve the desired policy outcomes.  This may include providing financial 
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incentives to marina and boat harbour operators to encourage them to install and manage 

appropriate onshore waste reception facilities for the various ship-sourced pollutants, such as 

skip bins for garbage, waste oil tanks for contaminated bilge water residues and used engine oil, 

and pumpout facilities and portable toilet dump stations for sewage. 

Alternatively, or additionally, subsidies may also be provided to individual operators to fit 

appropriate pollution management equipment to their vessels, such as garbage bins, ashtrays 

and sewage holding tanks and/or treatment systems.  Similarly, lower registration fees (or 

potentially a one-off waiver) may be offered to operators that can demonstrate that they have 

made an effort to fit improved on board environmental management equipment to their vessels, 

such as sewage holding tanks and/or treatment systems rather than a toilet that discharges 

directly overboard.  Ultimately, for reluctant (or in the extreme, recalcitrant) operators, there is 

the potential to introduce an annual pollution tax or fee for those that cannot suitably 

demonstrate that appropriate on board ship-sourced pollution equipment has been fitted to their 

vessels. 

7.2.4 Government Action 
Policy through direct government action relates to the delivery of services through public 

agencies, to achieve the desired policy objective, goal or outcome.  This could include ensuring 

that appropriate onshore waste reception facilities, such as the skip bins, waste oil tanks and 

sewage pumpout facilities are provided, maintained and operated.  Additionally, this may occur 

through the provision and ongoing maintenance of effective forums, platforms and outlets for 

the distribution of educational materials and other relevant information to boat owners and 

operators, support industry members, complementary regulatory bodies and general members of 

the community (i.e. the provision of a government service, such as the information about 

vehicle operations and road rules provided at various state transport departments vehicle motor 

registries).  Such information would be particularly beneficial to the public awareness issues 

outlined above in both the ‘Advocacy’ and ‘Networks’ sections. 

7.2.5 Law 
Policy through law involves using legislation, regulation and official authority, to achieve the 

desired policy outcomes.  As shown in Chapter 3, there are many laws already in place for the 

management of boating related impacts (e.g. MARPOL, PSPPSA, TOMPA, MPA50).  These 

need to be periodically reviewed and amended to ensure that they remain effective and current 

over time to most suitably address the particular problems and issues that they are designed to 

address, especially as improved practices, procedures and equipment emerge and become 

commercially available.  There is also a need to ensure that tour boat operators are fully 
                                                           
50 MPA = Marine Parks Act 2004 (QLD) 
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informed of the requirements of such laws and are aware of their individual legislative 

obligations.  This overall process, including legislative review, would be bolstered by the two-

way communication of ideas and information through the various networks as outlined above 

under ‘Advocacy’ and ‘Networks’.  It should be noted that the abovementioned periodic review 

may already occur for the various impacts in many jurisdictions, through processes such as the 

‘Expiry of subordinate legislation’ as occurs in Queensland, whereby, section 54 of the 

Statutory Instruments Act 1992, provides for subordinate legislation, such as a ‘Regulation’, to 

expire on the 1st of September after the tenth anniversary of its making (see Queensland 

Department of the Premier and Cabinet  2009, Chapter 6, section 6.16). 

7.2.6 Regulatory Design Processes and Principles 
As noted earlier in the thesis, Gunningham et al. (1998) describe four regulatory design 

processes and five design principles to be followed when developing ‘smart’ environmental 

regulations. 

Processes— 

1. Identify the desired policy goal(s) and the trade-offs necessary to achieve it (them); 

2. Identify the unique characteristics of the environmental problem being addressed; 

3. Identify the range of possible regulatory participants and policy instruments; and 

4. Identify opportunities for consultation. 

Principles— 

1. Prefer policy mixes incorporating a broader range of instruments and institutions; 

2. Prefer less interventionist measures; 

3. Ascend a dynamic instrument pyramid to the extent necessary to achieve policy goals; 

4. Empower participants which are in the best position to act as surrogate regulators; and 

5. Maximise opportunities for win-win outcomes. 

A summary of these processes and principles is presented below with the inclusion of examples 

to demonstrate their relevance to the management of boating related impacts, especially as they 

relate to tour boat operators. 
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7.2.6.1 Processes 

Identify the desired policy goal(s) and the trade-offs necessary to achieve it (them) 

The desired policy goals for this research project overall are to (i) reduce the overall impact of 

the Australian tour boat industry, and (ii) to make the Australian tour boat industry more 

environmentally sustainable. 

Identify the unique characteristics of the environmental problem being addressed 

Boating operations have environmental impacts that are difficult to effectively manage through 

traditional direct regulation measures and this is especially relevant to tour boat operations due 

the fact that they generally carry relatively large numbers of people (per vessel size when 

compared to the other major vessel categories as outlined in Table 2.3) and repeatedly visit 

destinations that often have high conservation value. 

Identify the range of possible regulatory participants and policy instruments 

Due to the plethora of existing direct regulations for the management of the boating related 

environmental impacts of tour boat operators, it is understandable that the major regulatory 

participants are going to be the government bodies responsible for administering the various 

pieces of legislation at the federal, state and potentially even local government levels.  This is 

understandable and, to a certain degree unavoidable, given Australia’s commitments under 

international conventions such as MARPOL (3.3 Direct Regulation).  Additionally, with a range 

of policy instruments as outlined under the five headings above, there is also scope for the 

following to become so-called quasi-regulators:  (i) industry, through the development of the 

national representative body working cooperatively with the independent boating impact 

management body, especially if self-regulation through the use of formal environmental 

management guidelines is pursued as a viable impact reduction tool; and (ii) non-commercial 

third parties, such as the various environmental and conservation oriented NGOs and 

community groups. 

Identify opportunities for consultation 

As stated in Gunningham et al. (1998), there are a variety of reasons to encourage participation 

and consultation, including equity considerations, more effective decision making and greater 

political acceptability of decisions, once made.  Under the abovementioned headings of 

‘Advocacy’ and ‘Networks’, several options exist to engage industry, various government 

bodies, NGOs and the community.  Again, the effectiveness of such consultation would be 

greatly enhanced by the development of the national representative industry body working 

cooperatively with the independent boating impact management body. 
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7.2.6.2 Principles 

Prefer policy mixes incorporating a broader range of instruments and institutions 

As previously stated, there are a range of potential instruments and institutions that may have a 

role to play in the overall reduction of the environmental impact of the Australian tour boat 

industry.  These range from the various educational initiatives, networking opportunities and 

financial incentives, through to the existing direct regulatory framework (inevitable, given 

Australia’s previously mentioned international commitments), which may be augmented with 

regulatory alternatives (or accompaniments) such as ‘Codes of Conduct’, ‘Standards’, and 

‘Third Party Certification’ as outlined in Chapter 3 (see summary in Table 3.3).  However, as 

Gunningham et al. (1998) argues, the benefits of the mutual application of a broad range of 

potential instruments needs to be considered systematically to avoid ‘smorgasboardism’ 

(i.e. including every conceivable policy instrument and institution, on the assumption that the 

magnitude of the problem is such that it justifies any level of resource input) and ensure that the 

correct mix is achieved.  Undoubtedly, effective consultation as outlined above, will aid in this 

area. 

Prefer less interventionist measures 

Intervention, as used in Gunningham et al. (1998), is largely a product of prescription (the 

extent to which external parties determine the level, type and method of environmental 

improvement) and coercion (the extent to which external parties or instruments place negative 

pressure on a firm to improve its performance).  For example, industry self-regulation may be 

more highly prescriptive than it is coercive (the requirement to adopt specific practices or 

address certain types of behaviour as prescribed in a code of practice with little external 

enforcement to ensure obligations are met) while some economic instruments, such as taxes and 

charges, may be more coercive than prescriptive (coercion through price, which although 

largely unavoidable, operators may endeavour to change their behaviour towards those that are 

taxed or charged less, and thus limit the financial impact of their actions) (Gunningham et al.  

1998).  Certain elements of the current regulatory framework are less interventionist as they 

predominantly state that the discharge of specified pollutants is an offence (i.e. merely stating 

that you cannot discharge and if you do you will be penalised through court action and a fine 

imposed) without being specifically prescriptive, while other are absolutely prescriptive.  For 

example, in Queensland (under TOMPA), the discharge of oil into coastal waters is generally 

prohibited (less prescriptive more coercive) while all vessels with a fixed toilet must be fitted 

with a macerator (totally prescriptive).  Again, effective consultation, especially through the 

networking opportunities provided by the establishment of a nationally representative industry 

body and boating impact management institution, regarding the proposed policy options (and 

potential regulatory alternatives, such as those listed in Table 3.3), should identify the scale of 
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least to most interventionist measures which may then be applied under a dynamic instrument 

pyramid approach as outlined below. 

Ascend a dynamic instrument pyramid to the extent necessary to achieve policy goals 

The rationale behind the concept of a dynamic instrument pyramid as suggested by 

Gunningham et al. (1998), is that there exists a regulatory enforcement pyramid comprising 

three faces, each respectively representing first parties (government), second parties (business) 

and third parties (commercial and non-commercial), that extend from a base of least to most 

intervention.  They state that such a model allows for escalation (by increased coercion) up any 

of the three faces (i.e. through government action, self-regulation or actions by commercial and 

non-commercial third parties) as necessary, using the instruments and institutions most suitable 

to the environmental issue at hand.  Gunningham et al. (1998) describes how such a scheme 

may be applied as follows:  (i) less intrusive instruments, such as business initiated voluntarism 

or education, may be introduced by second parties (i.e. pyramid base); (ii) as the desired 

response to such measures wanes, additional or alternative instruments may be implemented, 

such as third party audit or government mandated community right to know schemes 

(i.e. pyramid midpoint); and (iii) ultimately, highly coercive instruments, such as government 

enforcement of command and control instruments, are required to achieve the desired 

management outcome (i.e. pyramid peak).  Gunningham et al. (1998) suggests that facilitating 

second and third parties to climb their respective faces of the pyramid is a major role for 

government in this overall process.  In the case of the tour boat industry, such an approach may 

be aided by ‘Networks’ to provide initial emphasis on ‘Advocacy’ type measures, then a 

progressive escalation through increasingly prescriptive measures such as formal self-regulation 

through the development of an industry based ‘Code of Conduct’, and ultimately more stringent 

and highly prescriptive legislative measures that remove operator discretion as to how 

compliance may be achieved. 

Empower participants which are in the best position to act as surrogate regulators 

As outlined in Gunningham et al. (1998), the range of surrogate or quasi-regulators, may 

include industry associations (using self-regulatory initiatives), financial institutions and various 

environmental and other external third parties.  They suggest that the use of such third party 

quasi-regulation may benefit the overall ‘smart regulation’ process as:  (i) it may be more 

effective than government intervention; (ii) it may be perceived as being more legitimate by tour 

boat operators; (iii) it allows governments to target situations where no viable alternatives to 

direct regulation exist; (iv) governments do not possess the unlimited power and authority 

required to ensure absolute enforcement of government regulation (regardless of the level of 

resources available); and (v) it is more desirable to work with, rather than against, industry. 
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As Gunningham et al. (1998) suggest, government may seek to encourage greater second and 

third party participation through the provision of adequate information (e.g. mandatory collation 

and reporting of pollution inventories), the provision of funding and other support to third party 

NGOs (i.e. financial incentives), or the promotion of greater industry participation through 

formal industry wide self-regulation that may be linked to other aspects of their business 

(e.g. banks loans, licensing conditions, insurance). 

With regards to Australian tour boat operators, this overall process may be greatly aided by the 

identification of internal environmental leaders (i.e. from within industry ranks) to create and 

promote the concept of ‘environmental champions’ (which may be aided by the provision of 

financial incentives).  These champions may then serve as effective internal regulators by 

providing an elevated environmental performance benchmark that other operators may strive to 

reach.  Additionally, such champions may also work with government and third party NGOs to 

facilitate greater public awareness (especially passengers education, which most operators claim 

to already provide, see 6.3.3 Education) and thereby, potentially, vigilance and community 

based monitoring.  As stated by Gunningham et al. (1998), care should be taken to avoid the 

potential issue of smorgasboardism that may result from trying to incorporate too many quasi-

regulators into the regulatory process.  Once again, appropriate ‘Advocacy’ measures delivered 

through effective ‘Networks’, would substantially benefit this overall approach. 

Maximise opportunities for win-win outcomes 

There needs to be some form of incentive for operators to pursue improved environmental 

performance, that they are getting something in return for their efforts such as improved 

marketing, government assistance or decreased government intervention, for example.  

Operators also need to be, and feel that they are, an active and necessary part of the 

environmental impact reduction equation, that there are legitimate avenues for their input and 

that ultimately they have a valuable role to play in the reduction of their overall environmental 

impact and ensure a more sustainable industry. 

While it may be argued that it is in the interest of business to go beyond simple environmental 

compliance and proactively exceed the minimum performance requirements set by regulation, 

the reality is that such behaviour is rare, which Gunningham et al. (1998) attributes largely to an 

emphasis on short term profits (i.e. the return on most environmental investments are medium to 

long term while the initial investment for the required measures are principally in the short 

term).  Put simply, ultimately the bottom line of ‘green’ is ‘black’ (i.e. business will only be 

‘green’ if it is economically viable and hence they remain in the ‘black’ and not end up in the 

‘red’). 
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One of the major ways to promote win-win outcomes, as outlined in Gunningham et al. (1998), 

is the provision of information, such as demonstrations of technologies that have less 

environmental impact, technical support and databases, for example.  As mentioned many times 

above, appropriate ‘Advocacy’ measures delivered through effective ‘Networks’ may provide 

valuable assistance in this area.  Gunningham et al. (1998) also caution that care should be 

taken to avoid developing environmental regulations that promote ‘end-of-pipe’ solutions 

(i.e. those designed to treat at the point of discharge) rather than less polluting technologies 

when striving for ‘win-win’ situations (e.g. further investment in coal fired power stations 

utilising ‘end-of-pipe’ carbon capture and storage, rather than investment in ‘less polluting 

technology’ such as solar or wind generated electricity).  A potential boating related example of 

where ‘end-of-pipe’ solutions may be avoided could include investment in less polluting four 

stroke outboard engine technology rather than persisting with more highly polluting two-stroke 

outboards (especially older models) and using so-called ‘biodegradable’ two-stroke oil for the 

oil/fuel mix to reduce the environmental impact of exhaust emissions. 

7.3 POTENTIAL ENVIRONMENTAL MANAGEMENT IMPROVEMENTS 
One possibility that may have a significant effect on the overall environmental performance of 

Australian tour boat operators is the development of a single national representative body.  Such 

a body may have various state (and territory) chapters and representations by each of the major 

activity types (i.e. dive operators, fishing operators, sailing operators and hire vessel operators – 

which may be further divided into ‘Small’ (for tinnies, BBQ boats, etc.) and ‘Large’ (for 

houseboats, bareboat yacht/motor boat charters, etc.)).  This could help to foster the idea 

amongst tour boat operators that, although they may all be individual operators that may be 

relatively small in size, they are all part of the ‘Australian tour boat industry’.  Such a move 

would bring several advantages with regards to various aspects of their operations and their 

concept of boating related environmental impact management, such as a single clear voice to 

regulatory authorities, an effective means to deliver and disseminate information and a better 

understanding of the scale of their potential environmental impact. 

While a substantial proportion of operators already consider themselves to be part of such an 

industry, there remains a considerable number of operators that don’t (i.e. 30%).  These 

operators need to be brought on board to gain a sense of ownership and a greater appreciation of 

their overall potential environmental impact as an industry whole. 

The formation of such a body, and operator buy in via industry association membership 

(especially those operators (33%) not currently associated with any industry bodies), would 

provide an ideal mechanism for the delivery of information, especially that which is relevant to 
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boating related environmental impact management.  This aspect is particularly relevant if 

seeking to use industry-based self-regulatory measures, such as through the use of 

environmental management guidelines or simple codes of conduct (which Rees  1988 in 

Gunningham et al.  1998, page 51, suggests may be considered to be the initial and simplest 

form of industry self-regulation), as a key supplementary measure for improved environmental 

management performance within the Australian tour boat industry (as previously suggested in 

3.4 Supplementary Environmental Management Measures).  Examples of management 

guidelines or codes of conduct implemented through some form of industry association 

membership include the Commercial Television Industry Code of Practice used by the 

Australian Communications and Media Authority (ACMA Code) and the Principles of Ethics 

and Code of Professional Conduct used by the American Dental Association (ADA Code).  The 

ACMA Code covers matters that relate to television program content in Australia such as 

program classifications, advertising times, commercials and programs promotions and the 

handling of complaints (Australian Communications and Media Authority (ACMA)  2011).  

The ADA Code outlines the aspirational goals of the American dental profession and specific 

types of conduct that members are either required to do or prohibited from doing.  Under the 

ADA Code, members voluntarily agree to abide by the code as a condition of membership (in 

recognition of the fact that continued public trust in the dental profession is based on the 

commitment of individual dentists to high ethical standards of conduct).  Violations of the ADA 

Code may result in disciplinary action (American Dental Association (ADA)  2011). 

While some boating related examples exist (such as Rainbow et al.  2001 in Appendix B for 

example), primarily related to interactions with charismatic mega-fauna such as whales and 

whalesharks, in general they tend not to cover the overall range of boating related activities nor 

do they contain or support similar levels of accountability or grounds for disciplinary action 

against violations as the ACMA and ADA Codes.  The lack of accountability or enforcement 

may lead to the type of problem encountered by Wiley et al. (2008) in their work on 

determining the levels of compliance with a voluntary conservation program for whale watching 

in the northeast region of the United States.  Their work found that operators felt justified in not 

complying with guideline requirements for vessel speed restrictions in the vicinity of whales 

(that were introduced through collaboration between industry, government and non-government 

organisations to avoid collisions with and harassment of endangered whales by commercial and 

recreational whale-watching vessels) when they were under pressure to provide tourists with an 

‘expected’ whale watching experience.  As stated by Kessler and Harcourt (2010, p.1353), ‘this 

highlights the weakness of voluntary guidelines as they can be easily ignored when they do not 

suit the operator’. 
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The formation a single national industry body would provide the ideal platform and/or 

mechanism to feed into the process of developing effective environmental regulation under the 

five policy instruments as outlined below.  However, it should be noted that due to the large 

number of industry organisations and associations already in operation, substantial background 

work would need to be carried out prior to introduction, and then some form of incentive may 

need to be applied to garner initial support for the concept. 

An ideal accompaniment to the development of a national representative tour boat operator 

body, would be the development of an independent institution or organisation that researches 

boating related environmental management measures and equipment (e.g. sewage treatment 

technology, environmentally friendly and effective antifouling paints, fuel efficient engine 

technology, etc.) to identify the best environmental practices and products available.  Such an 

organisation would need to function independently of, yet cooperatively with, of other bodies, 

such as tour boat operators, regulators and equipment manufacturers, to ensure that the 

information and advice provided was objective and not biased and, as such, maintain the trust of 

all key stakeholders.  The research work carried out by the independent institution (at least in 

the early stages of development) would largely relate to the critical review and collation of 

existing information (rather than empirical research through experiments and extensive 

laboratory testing) into a single, easily accessible source.  Again, extensive background work 

would need to be carried out to develop such an organisation especially in regard to resourcing 

(financial, personnel, infrastructure). 

7.3.1 Policy through Network 
The formation of the national representative organisation would provide the ideal platform to 

form effective network partnerships with relevant government bodies (federal, state and local), 

NGOs (e.g. environmental, boating) and other industry bodies (e.g. equipment manufacturers, 

marina operators).  A single, clear voice providing a strong and consistent message to the 

various stakeholders would ensure that a more positive outcome was achieved for all parties.  

For example, when developing rules, regulations and requirements regarding the operations of 

vessels and on board equipment, the representative body can provide direct input through the 

network of regulators, equipment manufacturers and boat builders to ensure that suggested 

measures are practically and operationally feasible and that they won’t place unreasonable 

burdens on the operators.  Results of this research lend support to this concept, with operators 

having an expectation that any environmental management guideline regulating their operations 

should be brief, practical and comprehensive (Figure 6.23) and expressing concerns that if they 

were to be developed by government bureaucrats, that they would create an unworkable 

situation (Figure 6.24).  Additionally, the independent boating impact management institution 

may provide valuable input by identifying the best environmental management practices 
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available to deal with emerging or ongoing environmental issues at the very early stages of the 

process.  They could also provide feedback to external organisations to initiate development of 

new technologies, equipment or processes that may help operators deal with emerging or 

ongoing environmental management issues. 

Networks can also be used to create and herald tour boat operator environmental champions 

(i.e. members of the industry that have a well developed understanding of the environmental 

problem and issues involved and are willing to implement and promote improved management 

measures).  These champions could then be given the necessary support to fulfil a role of 

surrogate regulator and work to raise awareness and promote environmental leadership and 

responsibility within the industry.  A substantial proportion of operators (89%) are willing to 

implement additional environmental management guidelines within their operations (refer back 

to Figure 6.22 for example).  Based on the assumption that this may be interpreted as an 

indication of a general willingness to undertake additional environmental management effort, 

then operators from within this group may be ideal candidates to perform a ‘champion’ role.  

Furthermore, approximately one third of operators already have ideas and suggestions on the 

types of measures that should be included in an industry based environmental management 

guideline (see Figure 6.26), so these may be exceptionally good candidates. 

Networks (in collaboration with the educational measures outlined below) would also be 

effective in raising the awareness of the need for waste reception facilities (particularly sewage) 

in marinas and at other boating facilities. 

7.3.2 Policy through Advocacy 
This policy option is potentially the most important weapon in the environmental managers 

arsenal towards improving the environmental management performance of Australian tour boat 

operators.  This may prove to be an exceptionally effective measure, especially when working 

cooperatively with the abovementioned national representative industry body and in 

collaboration with the independent research organisation. 

There are several aspects to the education paradigm.  Firstly, operators need to be educated to 

remove the perception that government regulation is the pinnacle of environmental practices 

that operators strive to meet, and replace it with the notion that it is in fact the baseline (absolute 

minimum) that their ‘distance above’ should be measured from.  The abovementioned network 

may prove particularly effective at ‘spreading the word’ using a trusted ‘word-of-mouth’ 

delivery method. 
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Operators need to be educated that they can’t just sit back and wait for government to do 

everything and that they must also be proactive and participate, for example, many operators 

claim that they don’t discharge ashore because the facilities are not available to do so (refer 

back to 6.3.2 Sewage Management), yet when nonchalantly queried with regard to submissions 

that they may have made to their respective marina operators (or other relevant authority) the 

answer is generally non committal (i.e. no such effort has been made, possibly due to a 

misguided understanding that things will ‘just happen’, or that government will have to provide 

all the necessary infrastructure, equipment and financial and human resources if they want 

compliance, although rarely is there recognition of the fact that they (the operators) are 

responsible for the environmental impacts (as a result of their commercial endeavours) and 

hence should be responsible for impact management).  Through the abovementioned network, 

operators may lobby respective marinas (and associated parties, such as LGAs) to have waste 

reception facilities (particularly sewage) installed. 

There also needs to be an ongoing education program to ensure that operators are well aware of 

the minimum legislative requirements with regard to boating related environmental impacts, 

that they should be using as their baseline for environmental management performance.  In 

many cases this needs to be expressly stated to paying customers, that are quite often novice 

seafarers and hence do not necessarily comprehend the consequences of their actions (socially, 

legally or environmentally).  For example, on board garbage management practices are 

particularly relevant, where garbage items were observed to be thrown overboard from 

approximately 60% of vessels subjected to an environmental audit.  However, incidences of this 

type of inappropriate behaviour were more than halved where passengers were expressly 

instructed not to throw anything overboard (refer back to 6.3.1 Vessel for detail). 

On many occasions, during non-formal discussions with operators as part of this research 

project, claims about the sewage discharged from municipal treatment plants being much 

greater than boating discharges was raised.  This led to comments that governments efforts to 

regulate their sewage management practices should be ignored until there were no longer any 

discharges from treatment plants (or at least until the tour boat industry discharges exceeded 

treatment plant discharges).  This may benefit from operator education to give a better 

understanding of relative scale (i.e. the number of people involved, the level of treatment that 

the sewage receives prior to discharge, elapsed time before discharge) and also the potential 

marketing pitfalls that this perspective may give the industry (i.e. would the tour boat industry 

really want to be marketed in relation to sewage discharges from a municipal treatment plant?). 
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For education to be effective overall, operators also need to feel that their knowledge and 

understanding of particular issues is also valued.  Hence education needs to work both ways to 

allow regulators to gain valuable feedback from operators that may have vast experience in 

particular issues related to potential environmental regulations. 

All of the advocacy options outlined above would gain huge benefits from the networking 

opportunities provided by the national representative industry body working in collaboration 

with the independent boating impact management body, as mentioned above. 

7.3.2.1 Impact Specific Operator Education 

Several aspects of this research identified or indicated that many operators (50%) are aware that 

their operations may have an environmental impact and have a basic understanding of what the 

major impacts are (see Figure 6.15 for example), were doing something to manage potential 

impacts (40%) (see Figure 6.18 for example), however, they did not appear to have a very good 

understanding of the finer details or specifics of any requirements (see Figure 6.26 for example).  

As such, the following sections outline the important information on the various practical and 

behavioural measures that may be implemented for each of the specific boating related 

environmental impacts (i.e. those outlined under 3.5 Self-Imposed ‘Common Sense’ Measures) 

that should be provided to tour boat operators and their passengers (when/where 

necessary/appropriate). 

Sewage 

Australian tour boat operators rate boat sewage in the top two of potential boating related 

environmental impacts (see Figure 6.15 and Figure 6.20), while on board sewage management 

practices are commonly mentioned for inclusion in an industry-based environmental 

management guideline (Figure 6.25).  Results from this research also appear to support the 

hypothesis that legislation is the major source of motivation for operators to adopt specific 

sewage management measures (e.g. see discussions on the use of treatment systems in Sydney 

Harbour and holding tanks but no onshore pumpout in the Great Barrier Reef Marine Park in 

6.3.2 Sewage Management).  Tour boat operators should be aware that the following practical 

measures (ranked from lowest to highest environmental impact potential) are available for on 

board sewage management (refer back to 3.5.1 Sewage for full details): 

(i) No toilet on board (i.e. ‘theoretically’ no discharge); 

(ii) An on board toilet connected to a holding tank (or a portable toilet) that is discharged 

ashore (a measure practiced by less than 18% of operators of vessels with on board 

toilets, see Figure 5.17); 

(iii) An on board toilet connected to a sewage treatment system; 
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(iv) An on board toilet connected to a holding tank that discharges overboard; and 

(v) An on board toilet that discharges directly overboard. 

Additionally, tour boat operators should be well informed of the following behavioural sewage 

management measures, predominantly related to when, where and how sewage is discharged 

(especially from holding tanks), that they can implement within their operation, regardless of 

whether or not there are regulations in place to prohibit such behaviour: 

(i) Avoid discharging in sensitive areas such as adjacent coral reefs, or in shallow, low 

energy, poorly flushed environments (e.g. marinas, naturally protected anchorages, 

etc.) or at places where/times when people are likely to be in the water; 

(ii) If the vessel is not fitted with on board sewage holding tanks, operators may request 

(direct) passengers to refrain from using the toilets when in the abovementioned 

sensitive areas (something that was never observed to occur during environmental 

audits); and, 

(iii) Where public toilets facilities are available adjacent to launch sites, operators should 

actively promote their pre-departure use by passengers to reduce the incidences of 

toilet use (and hence overall volumes of sewage generated and discharged) during any 

given trip (observations during environmental audits found that this rarely occurred, 

see discussion in 6.3.2 Sewage Management). 

Garbage 

Two interesting garbage related factors were uncovered during this research project.  First, 

operators rarely mentioned garbage as a boating related environmental impact (Figure 6.15), and 

even when provided with a list of seven boating related impacts (including garbage), they rated 

it relatively lowly (Figure 6.20).  Second, incidences of inappropriate overboard disposal of 

garbage was observed on a substantial number of audit trips (60%), being mostly cigarette butts 

and food scraps (see discussion in 6.3.1 Vessel), predominantly from passengers (paying 

customers) but on occasion, also from crew members (especially with regard to cigarette butts 

and fishing line off-cuts on fishing trips and leftover food items on catered trips).  This may 

suggest that: 

(i) There is a level of misunderstanding among tour boat operators regarding appropriate 

on board garbage practices, especially if subscribing to the theory that legal 

requirements form the baseline of environmental performance and that such 

legislation generally promotes ‘no overboard discharge’.  For example, section 1.3 of 

the Guidelines for the Implementation of Annex V of MARPOL (i.e. the Annex relating 

to garbage pollution), states that while it may be acceptable to dispose of some 
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garbage items into the sea under very specific conditions (see Table 3.1 for example), 

all garbage should be disposed of onshore whenever practical (International Maritime 

Organisation (IMO)  2006); and, 

(ii) There appears to be a substantial requirement for both operator and passenger 

education in regard to appropriate on board garbage management practices. 

As such, education in this regard should provide a comprehensive understanding of the 

minimum legislative requirements for garbage disposal and that two of the most common ways 

for boating related garbage to end up in the receiving marine waters is from:  (i) items being 

thrown (or if unsecured, blown) overboard (by both passengers and crew), especially true for 

cigarette butts and food scraps; and, (ii) vessel parts and/or equipment becoming dislodged or 

broken off during rough seas.  Garbage related education should focus specifically on the 

practical measures that can be implemented to reduce the likelihood of such incidences 

occurring, such as: 

(i) Ensuring that there are a suitable number of easily identifiable, clearly labelled 

garbage bins and/or ashtrays available on board (sentiments clearly reflected by 

operator claims during the survey phase of the research, however, not always 

supported by observations during environmental audits, where significantly less 

instances (zero in the case of labelling) of such measures were identified, see 

discussion in 6.3.1 Vessel); 

(ii) Ensuring that crew members provide clear instructions to passengers regarding the 

locations of garbage bins and/or ashtrays and that they are to be used for all garbage 

disposal (again, an opinion strongly supported by operator claims during the survey 

phase of the research that was not equivalently reflected in the on board practices of 

operators during environmental audits, where significantly less instances of such 

advice was identified (i.e. survey claims of approximately 90% versus audit 

observations of approximately 24%, see discussion in 6.3.1 Vessel); 

(iii) Ensuring that all on board garbage is collected and placed into appropriate storage 

containers for later disposal ashore at designated garbage collection points; and 

(iv) Ensuring that all on board items are safely stowed and/or securely fastened to avoid 

being blown overboard. 
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Additionally, garbage education should provide specific focus on the behavioural measures that 

may also be implemented to reduce garbage related environmental impacts, such as: 

(i) Reminding passengers throughout a trip not to throw any garbage items overboard, 

especially cigarette butts and food scraps (which observations during environmental 

audits identified more than halved the incidences of inappropriate overboard disposal 

of garbage (i.e. items thrown overboard from 30% of vessels that received such 

advice, versus 69% of vessels that did not, see discussion in 6.3.1 Vessel)); 

(ii) If providing on board refreshments during a trip, try to minimise packaging to reduce 

the likelihood of this type of garbage being blown/thrown overboard (either 

deliberately or accidentally) (e.g. food scraps were thrown overboard from 12 of the 

45 vessels audited, while plastic, paper and wooden items associated with catering 

were thrown form 3, 2 and 1 of the audited vessels respectively, see Figure 5.20); 

(iii) Ensure that crew members are suitably briefed on (and comprehend) the importance 

of providing passengers with an appropriate example of suitable on board garbage 

management practices (e.g. if passengers see crew members throwing cigarette butts, 

food scraps or fishing line off-cuts overboard they will invariably imitate such 

behaviour); 

(iv) If smoking is allowed on board, only allow it to occur in specified areas (with 

sufficient ashtrays, that observations during environmental audits showed to 

significantly reduce incidences of overboard disposal of cigarette butts, i.e. cigarette 

butts thrown overboard from 8% of vessels with an ashtray, versus 45% from vessels 

that did not have an ashtray, see discussion in 6.3.1 Vessel) that can be easily 

monitored to ensure appropriate smoker behaviour with regard to cigarette butt 

disposal (i.e. easier to monitor known smoking areas rather than an entire ship); 

(v) Ensure that a regular inspection and maintenance regime for the overall vessel and on 

board equipment is developed and followed to reduce the likelihood of parts 

becoming dislodged or broken off during rough weather; and, 

(vi) Operate vessels at suitable speeds and in an appropriate manner whilst maintaining a 

proper lookout to minimise the likelihood of accidents/incidents that may results in 

parts being broken off the vessel. 
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Oil 

Education regarding practical measures that may be implemented to reduce the oil related 

impacts of boating operations should start with a simple reminder of how oil from normal 

boating related activities (i.e. apart from major incidents and accidents that are usually highly 

visual and widely publicised) enters the water, including: 

(i) Leaks from poorly maintained engines; 

(ii) Spills during refuelling or other engine maintenance procedures; 

(iii) Leaking fuel tanks and/or lines; and, 

(iv) Unburnt fuel in engine exhaust gases which quite often vents from the engine directly 

under the waterline, especially (and almost exclusively) in the case of outboard 

engines (this is also especially so for two-stroke outboard engines that also have oil 

additives placed in their fuel system to aid with lubrication, of which approximately 

one third of operators are using, see 5.2.1.2 Engines). 

This should be followed by some of the simple practical measures that individual operators may 

implement on their vessel(s) to minimise the likelihood of such impacts occurring, including: 

(i) Place oil drip trays (also referred to as ‘catch-alls’) under engines to collect any oil 

that spills/leaks from engines (the fact that visible rainbow surface sheens were 

identified following half of the observable bilge pumpouts, suggests that such 

measures were not effectively in place (i.e. either not present or not operating 

correctly, such as being overfilled, leaking, or inappropriately placed, for example), 

see discussion in 5.4.1 Oil Related Impacts Associated with Fuel Spills and Leaks); 

(ii) Place specially designed hydrophobic absorbent materials (commonly referred to as 

sorbent pads, mats, socks or sausages) in areas where spilled/leaked oil is likely to 

either collect or be discharged directly such as under/around engines or in bilges (see 

comments following (i) above); 

(iii) Keep engines well maintained (any lubricating or fuel oil spills or leaks are more 

likely to be identified during a regime of regular observation that occurs as part of an 

ongoing maintenance program) (see comments following (i) above); 

(iv) Take care and maintain vigilance during re-fuelling procedures, e.g. monitor the fuel 

tank breather and the junction of the vessels fuel tank filler pipe and the re-fuelling 

line and nozzle (the major re-fuelling spill observed during the environmental audit 

process was a direct result of this not occurring, see discussion in 5.4.1 Oil Related 

Impacts Associated with Fuel Spills and Leaks); and, 
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(v) Move away from two-stroke outboard engine technology (especially older models) 

towards four-stroke (or newer improved emissions technology fuel injected two-

stroke) technology outboards (of which approximately one third of operators with 

vessels fitted with outboard engines are already doing (i.e. using four-stroke 

technology), see discussion in 5.2.1.2 Engines for example). 

Additionally, ensuring that operators are aware that all on board waste oil or oily water/waste 

(especially contaminated bilge water) should be collected and placed into appropriate vessel 

storage containers for later disposal ashore at designated waste oil collection points.  The 

following behavioural measures will assist the industry in reducing this type of impact: 

(i) Ensure that staff are well briefed (trained) on the importance of taking care and 

maintaining vigilance during re-fuelling procedures (a lack of vigilance was a 

contributing factor to the scale of the observed re-fuelling spill, in regard to the length 

of time that it took for the operator to respond to the incident, see discussion in 

5.4.1 Oil Related Impacts Associated with Fuel Spills and Leaks); 

(ii) Having a good understanding of what action to take in the event of a fuel/oil spill (and 

possibly some form of appropriate spill response equipment) (although not a legal 

requirement on many of the smaller vessels, the management plans for oil, sewage 

and garbage as outlined in Table 3.1, may provide assistance in this regard, even if 

only forcing operators to think about how they would manage the consequences of 

such an incident, should it occur); 

(iii) Ensure that all contaminated bilge water is collected and appropriately disposed of 

onshore (i.e. not discharged into the water); and, 

(iv) Operate vessels at suitable speeds and in an appropriate manner whilst maintaining a 

proper lookout to minimise the likelihood of accidents/incidents that may result in oil 

being spilled from a damaged vessel (e.g. collisions, groundings, etc.) (while this is 

generally paramount to the operation of a vessel to ensure the safety of the vessel and 

those on board, there was a relatively minor grounding incident identified during the 

environmental audit process, as discussed in 5.4.2 Substrate Related Impacts 

Associated with Anchoring and Vessel Groundings). 

Boat engine emissions were the most common boating related impact mentioned by Australian 

tour boat operators (Figure 6.15), placing second overall from a list of seven potential boating 

related environmental impacts (Figure 6.20) and were also considered for inclusion in an 

environmental management guideline as a basis for industry-based self-regulation (Figure 6.26). 
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Operators would also benefit from information regarding the potential to reduce their overall 

fuel consumption and thereby reduce their greenhouse gas emissions.  As previously stated, the 

major ways to achieve this are through individual engine efficiency and the efficiency of the 

overall hull design and engine combination.  Such information should highlight operator 

behaviour that discourages fitting vessels with over-powered engines that have excessively high 

fuel consumption rates and encourages operating the vessel in the most fuel efficient manner 

(e.g. cruising at lower speeds or using prevailing wind and ocean currents to assist movement). 

Antifouling Agents 

Australian tour boat operators rate antifoulants in the top three of potential boating related 

environmental impacts (see Figure 6.15 and Figure 6.20) and several operators believe that 

appropriate antifoulant use and disposal practices should be included in an industry-based 

environmental management guideline for boating related impacts (Figure 6.25). 

The response rate to the question regarding the type of antifoulant applied to vessels was 

extremely poor and hence was not reported in the results of this thesis (see question 25 (a) and 

(b) of the postal survey questionnaire).  Based on the assumption that the poor response rate was 

due to a lack of knowledge in this regard, this may suggest that better education in this regard 

may reduce the potential environmental impacts of antifouling agents.  Such education should 

focus on the fact that there may be more appropriate (and less environmentally harmful) 

alternatives available to combat fouling of a vessels underwater surfaces, such as the use of less 

toxic agents (e.g. lanolin) or highly polished polymer compounds.  Identifying and summarising 

such measures may be an ideal role for the independent research institution mentioned above.  

This information could then be made readily available to individual operators to aid them in 

their decision on the most suitable option in regard to minimising damage to non-target 

organisms (relatively) while still delivering the required operational outcome. 

Physical Disturbance of Habitats and Fauna 

Education to reduce boating related disturbances of habitats and fauna is predominantly related 

to operator behaviour.  As previously stated, one of the options to minimise the potential 

impacts associated with anchoring is for operators to position their vessels to ensure that they 

anchor on the lowest impact substrate available, such as sand rather than coral.  Observations 

during the environmental audit phase of this research identified several cases where operators 

anchored their vessels on coral when sand was available (Table 5.16).  If sand in such locations 

does not provide adequate vessel holding capabilities (i.e. prevailing weather and sea conditions 

may result in the vessel grounding on the reef) then perhaps the vessel may have to move off to 

an alternative location once passengers have alighted or work with relevant management 

authorities to have permanent moorings installed.  Such education may also include navigating 
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in a way that would have least impact on fauna such as bird roosting sites or when around 

charismatic megafauna (such as whales).  As outlined in the anchoring section of Chapter 5, 

operator behaviour regarding navigating in appropriate water depths and avoiding areas of 

seagrass occurs in most (>90%) cases.   

It is interesting to note that while a permit is required to collect specimens of coral for legitimate 

(and potentially beneficial) research purposes, outside specific ‘no anchor’ zones many coral 

species are exposed to extensive damage from the anchors and chains of boat operators 

(recreational, commercial or tourism). 

Operators more commonly mentioned anchor damage as a major boating related environmental 

impact, while wildlife disturbances were less commonly mentioned as an impact (Figure 6.15).  

Although physical disturbances rated relatively low overall (i.e. ‘Substrate Damage’ 3rd lowest 

and ‘Wildlife Disturbance’ lowest, see Figure 6.20), anchoring practices were mentioned for 

potential inclusion in a boating related environmental management guideline (Figure 6.26). 

7.3.3 Policy through Money 
There are two aspects of this approach, the ‘carrot’ and the ‘stick’.  The carrot provides financial 

encouragement to operators to implement positive environmental behaviour, such as subsidies 

to install better pollution management equipment, while the stick provides financial 

disincentives to discourage poor environmental behaviour, such as a pollution tax for operators 

with toilets that discharge directly overboard.  As such, subsidies may be provided to individual 

operators to fit garbage bins, ashtrays and sewage holding tanks and/or treatment systems to 

their vessels.  This may be a simple initial option as cost or money is always a substantial 

consideration in any business operation, especially for smaller and more financially marginal 

operators. 

There may also be an option to offer lower registration fees (or potentially a one-off waiver) to 

operators that can demonstrate that they have made an effort to fit improved on board 

environmental management equipment to their vessels, such as sewage holding tanks and/or 

treatment systems rather than a toilet that discharges directly overboard.  Ultimately, for 

reluctant (or in the extreme, recalcitrant) operators, there is the potential to introduce an annual 

pollution tax or fee for those that cannot suitably demonstrate that appropriate on board ship-

sourced pollution equipment has been fitted to their vessels.  This could be a tiered approach 

that sees a reduction in fees as better pollution equipment is fitted, for example, an operator with 

a vessel certified to carry a maximum of 200 people may be charged the following annual 

‘Sewage Management’ fees: 
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(i) $50 per person if the vessel is fitted with toilets that discharge raw sewage directly 

overboard (i.e. $10,000 per annum); 

(ii) $25 per person if the vessel is fitted with a Grade C (in Queensland under TOMPA) 

sewage treatment system (i.e. $5,000 per annum); 

(iii) $10 per person if the vessel is fitted with a MARPOL approved sewage treatment 

plant (i.e. $2,000 per annum); and, 

(iv) No charge if the vessel is fitted with sewage holding tanks discharges onshore only 

(which may necessitate some type of formal acknowledgement of sewage pumpouts, 

such as receipts from a pumpout operator, that could be audited if/as required). 

A similar approach, based on engine age and rated output, may also be used to help phase out 

older styled two stroke outboard engines, or perhaps a scheme that provides for tax rebates on 

annual fuel purchases which could also be tiered based on the efficiency rating of the engine, for 

example.  This style of approach may be necessary to provide the incentive to stimulate positive 

action in regard to better environmental performance.  For example, the global debate 

surrounding human induced climate change issues (especially carbon pollution) that has been 

ongoing for several decades resulted in attempts by the Australia government to introduce a 

‘Carbon Pollution Reduction Scheme’ (CPRS) whereby a price would be placed on carbon 

emissions to act as a driver for their reduction (see Australian Department of Climate Change 

and Energy Efficiency (DCCEE)  2010b for details).  In light of the global scale of this 

particular environmental issue, the fact that it receives significant public debate through major 

global initiatives such as the Kyoto Protocol (Kyoto, Japan 1997), the 2010 United Nations 

Climate Change Conference (Cancun, Mexico 2010) and the many other conferences, summits 

and meetings that occurred prior to and between (see United Nations Framework Convention on 

Climate Change (UNFCCC)  2010 for further details), and for which there is a large and vocal 

group of environmental activists, the likelihood of such action occurring for the boating related 

environmental impacts of Australian tour boat operators may be some time coming. 

A similar scenario (i.e. a feeling that something needs to be done but uncertain as to who and/or 

how it will be done) was also identified during this research project, where approximately one 

quarter of the operators that believe the operation of their vessel has the potential to cause an 

environmental impact, do not implement remediation measures as they believe that nothing can 

be done or that the impacts are too minor to be a concern (see discussion in 6.2.3 Trips and 

Environment). 
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Financial incentives may also be provided to operators of private boating facilities in an effort to 

encourage them to install and manage appropriate onshore waste reception facilities for the 

various ship-sourced pollutants, such as skip bins for garbage, waste oil tanks for contaminated 

bilge water residues and used engine oil, and pumpout facilities and portable toilet dump 

stations for sewage, for example.  Governments may also offer grants to various community 

and/or boating groups to help with the costs of installing facilities at club owned/operated 

boating facilities.  Conversely, governments may also impose charges on marina operators that 

do not have appropriate onshore waste reception facilities (similar to the previously mentioned 

‘Sewage Management’ fees for vessel operators) to encourage them to install appropriate 

facilities and discourage a laissez faire approach to ship-sourced pollution management. 

7.3.4 Policy through Direct Government Action 
One of the major areas where this option would be most beneficial would be in the provision of 

ship-sourced waste reception facilities.  While this would generally only occur on/at/in 

government owned (public) boating facilities such as marinas, boat harbours and boat ramps, it 

may also help encourage the provision of such facilities in privately owned and operated 

boating facilities (such as through an element of ‘shame’ that they are not providing a similar 

level of service to their paying clientele, or in the negative, that government is not providing 

such facilities so why should we).  This would help develop an enhanced national network of 

onshore waste reception facilities for all boat owners and operators (be they recreational, 

commercial or tourism vessels). 

From an individual operator perspective, one of the major areas where sewage management 

could be improved is to increase the number of operators that contain sewage in on board 

sewage holding tanks and discharge them ashore.  With regard to onshore discharge, one of the 

major impediments to this management measure that was identified by this research was that 

onshore pump-out facilities are not widely available (refer back to discussions in 6.3.2 Sewage 

Management).  Part of this problem relates to a reluctance by some local government authorities 

(LGAs) to accept (predominantly saltwater-based) ship-sourced sewage into their sewerage 

system due to its potential impact on their transport and treatment plant infrastructure, odour 

generation and the quality of their recycled water product Byrnes (2008).  However, this issue 

may be more a case of LGAs being overly cautious rather than ship-sourced sewage being the 

threat that it is perceived to be (see Byrnes  2008). 

Another area where direct government action may prove beneficial in reducing the 

environmental impact of tour boat operators may be that government may make a bulk purchase 

(with associated cost benefits) of boating appropriate waste management equipment 

(e.g. garbage bins, ashtrays) or signage (e.g. stickers, magnets) and provide them to operators as 
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part of their registration renewal process.  Similarly, in situations where various government 

bodies are unable to provide onshore sewage reception facilities directly (i.e. in private boating 

facilities) they may be able to provide the actual sewage pumpout unit that connects to the end 

of the plumbing (again depending on the scale and budget, a bulk purchase in this regard this 

may have additional cost benefits). 

Direct government action through the provision and ongoing maintenance of effective forums, 

platforms and outlets for the distribution of educational materials and other relevant information 

to boat owners and operators, support industry members, complementary regulatory bodies and 

general members of the community (i.e. the provision of a government service, such as the 

information about vehicle operations and road rules provided at various state transport 

departments vehicle motor registries).  Such information would be particularly beneficial to the 

public awareness issues outlined above in both the ‘Advocacy’ and ‘Networks’ sections.  

Additionally, government could also provide, or work collaboratively with a third party 

organisation to provide, specific training courses, perhaps initially to tour boat operators only 

then expand to the broader boating community, interested third parties (such as environmental 

and conservation NGOs) and members of the general public. 

7.3.5 Policy through Law 
There is a substantial amount of government legislation and regulation already in place 

throughout Australia for the management of boating related environmental impacts, much of 

which stems from MARPOL.  One of the major issues with legal requirements as they apply to 

boating related impacts is that they are not necessarily consistent across jurisdictions (especially 

for ship sourced pollution). 

One way to combat this hurdle would be to develop a single national approach to ship-sourced 

pollution legislation, similar to the process currently being undertaken for maritime safety 

legislation.  With regard to maritime safety legislation, the Australian Maritime Safety 

Authority (AMSA), in collaboration with State/Northern Territory maritime agencies and the 

National Marine Safety Committee (NMSC) (Australian Maritime Safety Authority (AMSA)  

2010b) is developing a common national standard for the design, construction, crewing and 

operation of commercial vessels, the National Standard for Commercial Vessels (NSCV), that 

will gradually replace the Uniform Shipping Laws (USL) Code (National Marine Safety 

Committee (NMSC)  2010).  Such an approach would be complementary to the development of 

a national representative industry body and would be further enhanced with effective 

consultation through the abovementioned networking opportunities. 
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An important (and seemingly simple) first step in this regard would be to amend the PSPPSA to 

remove reference to ships engaged in an international voyage only so that provisions apply to all 

ships.  For example, in the case of sewage, operators of vessels that may be over 400 gross 

tonnes or certified to carry more than 15 persons can legitimately go beyond state controlled 

waters (usually 3 n. miles seaward of the TSB) and discharge sewage contained in their holding 

tanks, unlike those engaged in an international voyage that must be beyond 12 nautical miles 

and discharge at a moderate rate when the ship is en route and proceeding at not less than four 

knots. 

A major hurdle to overcome when seeking to enforce (or ultimately prosecute offenders) is that 

most ship-sourced pollution legislation is related to discharge offences which are often hard to 

detect and prove.  As such, measures need to be implemented that either make it less likely (or 

impossible) for discharges to occur, or make them highly visible to enforcement officers and 

members of the general public.  For example, to help prevent unlawful discharges of sewage, 

mandate that all sewage discharge points are above waterline and are clearly labelled 

(i.e. ‘SEWAGE DISCHARGE’) to allow discharges to be both observed and identified as 

sewage.  Alternatively, could make it an offence to have plumbing on board that allows 

overboard sewage discharges unless the vessel is fitted with an appropriate sewage treatment 

system (i.e. vessels without treatment systems can only lawfully have a deck fitting suitable for 

onshore pumpout). 

Perhaps, in recognition of their potential industry-wide environmental impact, it may be 

desirable (in future) to consider specifically mandating vessels/operators as tour boats/tour boat 

operators to allow more stringent legislative powers, such as those required of much larger 

vessels (e.g. garbage, oil and sewage record books and management plans, refer back to 

Table 3.1 for further information).  However, this option would only be preferable as a last 

resort, or much further down the ‘smart regulation’ chain of development, due to the additional 

burdens this may place on both regulators and operators.  Similarly, there may be a requirement 

for increased regulation in the area of antifoulant application, whereby it could be made 

compulsory for ‘professional application’ and receipt of the quantity applied, and possibly even 

an ‘environmental’ charge placed on its application (which would also have its relative 

implications under both the advocacy and money options). 
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7.4 CONCLUSION 
This chapter indicated that there is scope for individual tour boat operators to alter their 

behaviour, equipment or practices to improve the environmental performance of the Australian 

tour boat industry as a whole, including: 

 Containing sewage in on board holding tanks and discharging ashore to reduce the 

quantity of sewage wastewater and N discharged directly overboard into the water; 

 Remain vigilant during refuelling procedures to ensure that fuel tanks are not overfilled, or 

that the nozzle does not dislodge from the filler pipe, and hence fuel is less likely to be 

spilled into the water; 

 Ensure that vessels are anchored on the least sensitive substrate available (e.g. sand rather 

than coral); and 

 Ensure that vessels are fitted with appropriate garbage bins and/or ashtrays and ensure 

(a) that they are clearly labelled, and (b) that clients are clearly advised of their location 

and the need for their use. 

It would appear that not all of the five policy types outlined above are currently being 

effectively implemented to positively influence operator behaviour with regard to their boating 

related environmental impacts.  The major focus of the current approach to boating related 

impact management seems to be the use of measures outlined under ‘Law’ and, to a lesser 

extent, those of ‘Advocacy’.  Greater use of the additional policy options, and how they might 

best work together, may be beneficial to the overall goal of reducing the environmental impact 

of the tour boat industry and increasing their overall environmental sustainability.  The research 

conducted as part of this thesis demonstrates how policies to promote the necessary changes can 

be effectively targeted.  The development of a single national representative body (and 

supporting educational/research institution) would assist with all five types of policy instrument 

and help meet the requirements of a smart regulatory regime. 
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8 CONCLUSIONS AND RECOMMENDATIONS 

The problem that this research addressed was that, under the status quo, increased boat-based 

tourism activities in the marine environment will see a concomitant increase in associated 

boating related environmental impacts (i.e. the release of chemical pollutants and the physical 

disturbance of habitats and fauna).  These impacts often occur in ecologically sensitive areas 

inherently susceptible to impacts, such as those found in marine protected areas (MPAs). 

While Australian commercial tour boat operators are potentially the major boating group 

operating in inshore and nearshore coastal areas (i.e. most trips relatively close to the coast, with 

relatively high numbers of people on board with a substantial number also engaged in the 

commercial exploitation of MPAs), our detailed understanding of the many inputs and 

interactions associated with their activities is somewhat limited.  However, the current lack of 

scientific evidence and certainty should not prevent government and industry from acting in a 

precautionary manner to ensure that boating related environmental impacts are effectively 

managed. 

A wide range of policy options exist to achieve this objective, such as education campaigns to 

encourage desired behaviour, taxes to discourage poor behaviour, and laws to establish a 

baseline of acceptable practices.  These should be applied under a regime of ‘smart regulation’ 

utilising a complementary mix of regulatory instruments to best achieve desired management 

outcomes.  In regard to reducing the environmental impact of the Australian tour boat industry, 

it is noted that the current management regime may not be ideal. 

Therefore, based on the initial understanding that:  (a) there are environmental impacts 

associated with vessel operations; (b) there are measures available for their effective 

management; (c) the overall environmental impact of the Australian tour boat industry and the 

management measures they use are generally poorly understood; and (d) not all of the available 

management options are being used to their fullest potential; this thesis addressed the following 

research questions: 

1. What are the environmental impacts of the Australian tour boat industry as a whole, 

particularly with regards to the volumes of (measureable) pollutants? 

2. Is there a relationship between tour boat operator activity and their overall environmental 

management performance? and, 

3. What measures could effectively reduce these impacts and improve the industry’s 

sustainability? 
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An extensive search of the literature conducted during this study regarding boating related 

environmental impacts identified that there are several aspects associated with vessel operation 

that have the potential to adversely affect human health and the environment (largely related to 

discharges and emissions of sewage, garbage, oil, greenhouse gases, antifouling agents and the 

physical disturbance of substrates, fauna and human beings caused by engine noise, anchoring 

and vessel wash, groundings and strikes).  While the specific characteristics of each individual 

impact are generally well known and widely documented, the overall environmental impact 

potential of the major vessel groups operating in Australia, particularly tourism vessels, is less 

well known (especially in a quantitative sense). 

The current understanding of reducing environmental impacts relating to boating activities/uses 

suggested that the major focus is aimed towards measures associated with direct regulation and 

that these may not necessarily be effective in isolation.  As such, various additional measures 

are also highlighted that are available to sustainably manage boating related environmental 

impacts, including those that may implemented by suitably motivated operators, regardless of 

overarching government or industry requirements. 

The literature also indicated that individual environmental issues have unique and complex 

characteristics that require the adoption and implementation of various measures for their 

effective management.  Hence, understanding environmental management by Australian tour 

boat operators requires a comprehensive understanding of the standards and practices they use 

and their individual level of environmental understanding. 

While such issues were highlighted within the literature, specific measures to effectively target 

tangible outcomes and solutions to reducing the environmental impacts of the industry, thus 

making it more sustainable, were poorly documented. 

This thesis provides the first account of the standards and practices of the Australian tour boat 

industry by undertaking an original survey and audit of commercial operators in Australian 

marine environments.  This thesis makes an original contribution to this field through the 

collection, presentation and interpretation of the new data (both quantitatively and 

qualitatively). 
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Within the limits of this research, the overall environmental impacts of the commercial tour boat 

industry in Australia were found to be the annual generation, discharge or emission of the 

following pollutant loads: 

 Approximately 98–150 ML of sewage wastewater (of which approximately 17–25% is 

currently discharged ashore) containing approximately 51–88 tonnes of N and up to 

5,030 tonnes of salt; 

 Approximately 366,314–432,135 tonnes of CO2-e from the burning of fossil fuels in boat 

engines; and, 

 Approximately 1.0–4.6 tonnes of Cu from the antifouling agents used on the submerged 

surfaces of vessels. 

Several potentially environmental harmful practices related to vessel operations, such as 

anchoring on corals and inappropriate overboard garbage disposal, were also identified during 

environmental audits of Australian tour boat operators. 

Within the limits of this study, dive operators were not found to exhibit better environmental 

management practices than fishing operators, with factors associated with better environmental 

behaviour generally exhibiting a stronger relationship with vessel size than operator activity.  

This was a somewhat surprising result.  Additionally, some indicators of better environmental 

performance were likely the result of legislative requirements rather than better environmental 

behaviour (such as holding tanks and sewage treatment systems, for example). 

Simple and immediate ways to reduce this impact were found to be for individual tour boat 

operators to alter their behaviour, equipment or practices, such as:  (a) containing sewage in on 

board holding tanks and discharging ashore to treatment facilities; (b) remaining vigilant during 

refuelling procedures to ensure that fuel is not spilled; (c) anchoring on the least sensitive 

substrate available (e.g. sand rather than coral); (d) fitting vessels with appropriate, clearly 

labelled, garbage bins and ashtrays; and (e) providing clear instructions to passengers (and 

crew) that all garbage is to be placed in the bins (ashtrays) provided and that ‘nothing’ is to be 

thrown overboard (especially cigarette butts and food scraps). 

The broader, overall and longer term approach to reducing the environmental impacts of the 

Australian tour boat industry hinges on a greater use of all the available policy options, and 

working to identify how they might best combine into a smart regulatory regime.  Ways to 

effectively target the necessary changes include:  (a) the development of a single national 
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representative tour boat operator industry body and supporting educational/research institution; 

and (b) the development of a single national approach to ship-sourced pollution legislation. 

Based on this research it was recommended that to reduce the environmental impact of 

Australian tour boat operators and make the overall industry more environmentally sustainable, 

the correct mix of regulatory instruments (and the major players) for a regime of smart 

regulation needs to be appropriately identified.  This would be greatly aided by industry, 

government and commercial and non-commercial third parties working cooperatively towards 

the development of a single national representative tour boat operator industry body, and 

supporting educational/research institution, and a single national approach to ship-sourced 

pollution legislation. 

The broader implications of these findings for environmental management and sustainability are 

that there appears to be a general understanding (misconception) that legislation provides the 

pinnacle for environmental performance rather than setting the baseline of minimum acceptable 

behaviour.  There needs to be some considerable efforts made in this area to see that this attitude 

is appropriately addressed to ensure that there are positive moves towards better environmental 

stewardship, especially commercial operators that generate income primarily from the ‘free’ 

environmental infrastructure provided by nature. 

Associated with this is the need to ensure that there is a very real threat that the ‘big stick’ will 

be wielded on operators found to be in breach of their legislative requirements and that the ‘big 

stick’ will increase with the number and/or severity of any such infringement.  If there is no 

threat of being caught then there is no real incentive to comply.  This can be doubly 

counterproductive for those that make the effort to do the right thing see those making no effort 

go unpunished then they will invariably be less inclined to keep making positive efforts in this 

regard.  A very good example of the simplicity of the whole monitoring approach positively 

modifying behaviour was observed during the survey and audit process of one particular 

operator during this research.  During the environmental audit the operator was observed to 

throw several cigarette butts overboard with impunity throughout the trip.  However, when the 

same operator participated in a personal interview on board his vessel, he made it painstakingly 

obvious that every cigarette butt was doused liberally in water and then placed into an on board 

garbage bin.  If observations by a university researcher can vastly modify such behaviour, it 

would be interesting to see what monitoring by a government authority and the threat of 

tangible penalties could achieve. 
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Although this research focussed on commercial tour boat operators in Australia, these findings 

are generally applicable to the broader boating community.  As such, the results of this research 

provide important information for all boat owners and operators to enable them to reduce their 

boating related environmental impacts and ensure that their activity is more environmentally 

sustainable. 

Future research could build on the findings of this thesis by collecting complementary data from 

recreational boaters and other commercial operators (especially commercial fisherman) to try 

and gain a greater appreciation of the environmental impacts of all boating groups operating in 

Australian marine environments.  However, this may prove problematic with regard to the 

environmental audit process which may need to be disregarded for these sections of the boating 

community.  Additionally, the sections of the current postal survey questionnaire that were 

poorly answered  in this project (especially ‘Section 6.  Legislation/Regulation’) would provide 

some highly useful information in determining the best mix of regulatory instruments in a 

regime of smart regulation. 

The data collection process undertaken during the current study could be improved by using the 

current data collection tools and refining them based on the lessons learned during this research.  

Due to the resource intensive nature of conducting personal interviews (for both researcher and 

operator) a postal survey of the entire industry, especially those areas not included in this study, 

could be carried out.  Following this, operators that have returned a completed survey 

questionnaire could be subjected to an environmental audit.  Finally, if further explanation of 

the responses was deemed necessary, operators in the immediate (or closest) vicinity of the 

researcher could be targeted for face-to-face personal interviews. 

Furthermore, audits need to be modified to include vital information for statistical analysis such 

as vessel dimensions, whether or not there were smokers on board, whether or not refuelling 

operations were observed, whether or not items were thrown overboard by crew members 

(especially cigarette butts and food scraps). 

Based on the significant differences between survey and audit information, especially for the 

more environmentally sensitive questions/aspects, there needs to be a greater effort applied to 

collecting data using environmental audits.  This is especially so for those variables used in the 

logistic analysis (especially vessel dimension data from audits) so that a comparison can be 

made between operator claims during surveys and actual observations in the field. 
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