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ABSTRACT
This study investigated the importance of aquatic ecosystems to tourism and recreation and assessed the potential
and current impacts of this resource use on the sustainability of aquatic ecosystems in Australia. Through
literature searches and the development of surveys we aimed to integrate current ‘on-the-ground’ activities with
what is known of the impacts of tourism and recreation on aquatic ecosystems worldwide. Targeted surveys were
developed and distributed to four key stakeholder groups; protected area managers, local councils, general tour
operators, and river tour operators (i.e. tour operators with a focus on activities in and around aquatic ecosystems
– e.g. rafting, canoeing, kayaking etc). We received completed surveys from all states of Australia and analysed
responses at the overall, state and regional (coastal versus inland) levels. Respondents indicated that despite their
relatively minor areal extents, aquatic ecosystems are extremely important components of the Australian
landscape. We found that for protected area managers and tour operators, natural values tend to be more
important than man-made (infrastructure) values in influencing visitor decisions on whether to visit a particular
site. In contrast, local council respondents indicated that infrastructure was as important as natural values for
visitors in their region. Our review of the published literature revealed that very little work has been done on
tourism impacts in aquatic ecosystems, despite the fact that aquatic ecosystems often form the main basis of
tourism and recreation in Australia. Across all respondent groups, there was a call for information on, and
funding support for, the development of visitor management strategies and tourist impact monitoring programs
to ensure that the activities of visitors do not adversely influence aquatic ecosystem health. We propose a suite of
research and development priorities and opportunities arising from this work that will enhance our understanding
of ecosystem responses to tourism and recreation and facilitate the sustainable management of Australia’s in
demand aquatic resources.
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SUMMARY
Objectives of Study
The proposal for this study was initially aimed at examining the potential and current impacts of tourism and
recreation in and around aquatic ecosystems in Australia. However, as we progressed through this task, we soon
realised that there was very little information available regarding the degree to which aquatic ecosystems are
used by visitors and local residents in most areas. Following on from discussion and recommendations from
team members and our industry reference group, we modified our goals to undertake an assessment of the
importance of aquatic ecosystems to tourism and recreation. We felt that, without some information on patterns
and perceptions of aquatic resource use, an analysis of impacts would be misleading and difficult to reconcile
with the breadth and intensity of activities undertaken in aquatic environments around Australia. This report
therefore addresses two key themes that we pursued in this study:
1. How important are aquatic ecosystems to tourism and recreation in Australia?
2. What, if any, are the impacts of tourism and recreation on aquatic ecosystems?
Within the context of these two themes, we also aimed to investigate regional differences in perceptions and
use of aquatic ecosystems for tourism and recreation. To this end, we analysed and compared survey responses
from inland and coastal respondents (across all target groups). In addition, we compared state-to-state
differences to examine the potential influence of statutory and agency-level differences in park and resource
management.

Methodology
We used two main methods to address the two themes of tourism and recreational use of aquatic ecosystems and
the impacts of these uses. First, we conducted a literature review to search for published records of tourist and
resident use of aquatic natural resources. As expected, there was little information in the published literature, so
our second approach was to use targeted surveys to collect the required information. Surveys were generated for
four main interest groups (surveys are shown in Appendices A, B, C and D):
1. Protected area managers
2. Local councils
3. Tour operators
4. River tour operators
Surveys aimed to assess the importance of aquatic ecosystems to tourism and recreation across Australia. In
addition, we aimed to gain an understanding of the awareness of these interest groups of potential and/or current
impacts of tourist use of aquatic ecosystems.
A total of 805 surveys were sent out to representatives from across the four target groups. Most surveys were
distributed within the states of research team members (Queensland, Victoria and Western Australia), although
surveys were sent to interest groups in all states and territories of Australia. At the completion of our data
collection phase, we had received 140 completed surveys, representing a response rate of 17.4%. Whilst this
overall response rate was not overwhelming, those that did respond were extremely interested in the study, with
more than 80% of the respondents requesting more information and a summary of results for their information.
Although this scoping project had a national scope, we appreciate that regional differences may yield
significantly different results. To this end, we collected data for analyses at regional, geographic and national
scales to examine the potential biases associated with pooling data from such a wide range of interest groups.
Specifically, analyses and comparisons were conducted for inland and coastal survey responses, as well as at the
state level (given differences in management at the state government level) and, finally, at the national level to
see if any general patterns could be revealed.

Key Findings
The key findings of this project were:
• Aquatic ecosystems are very important for tourism and recreation in Australia, even in semi-arid
landscapes where permanent water is not abundant.
• For protected area managers and tour operators, natural values tend to be more important than manmade (infrastructure) values in influencing visitor decisions on whether to visit a particular site. In
contrast, local council respondents indicated that infrastructure was as important as natural values for
visitors in their region.
• Unregulated tourism and recreation, trampling of vegetation and development within and outside of
park boundaries are the three most threatening activities in protected areas for aquatic ecosystem health.
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•
•
•

Very little work has been done on tourism impacts in aquatic ecosystems, despite the fact that aquatic
ecosystems are the basis for so much tourism and recreation in Australia.
Visitor management strategies and tourist impact monitoring programs are required to ensure that the
activities of visitors do not adversely influence aquatic ecosystem health.
There is a lot of interest in the issues raised by this study and protected area managers have identified
the need for more staff and funding to adequately monitor tourist impacts.

Future Action
The findings of this study add further weight to the growing call from protected area managers and tourism
industry professionals for research and development funds to support initiatives that focus on monitoring and
assessment of the activities of tourists and their implications for aquatic ecosystem health, particularly in
protected areas with high conservation values. In addition, this study highlights the importance of aquatic
ecosystems to tourism and recreation both within and outside of protected areas. Given the increasing strain on
existing water resources in this country, it is likely that future demands will compromise the health and appeal of
some aquatic ecosystems. As a result, further research is required to quantify the importance of these systems to
the sustainability of the tourism industry in Australia.
We propose a wide range of research and development opportunities and priorities that will enhance the
capacity of the Sustainable Tourism Cooperative Research Centre (STCRC) to assist the tourism industry in
using Australia’s aquatic resources sustainably. The recommended studies span a range of disciplines from
visitor and manager surveys to sophisticated ecological examination of ecosystem responses to tourist activities.
All projects will incorporate applicable reporting guidelines (like State of Environment Reports) and will be
conducted with a view to providing information that will facilitate the sustainable management of focal aquatic
sites that are fundamental to tourism and recreational pursuits.
The projects that need to be developed relate to the significant knowledge gaps currently limiting the
capacity of management agency and tourism industry members to manage natural resources for sustainable
tourism and recreation. The five important knowledge gaps that were identified include:
1.
Knowledge of the importance of aquatic sites to tourism and recreation, both within and outside of
protected areas.
2.
Knowledge of differences in how tourists and local residents value and use aquatic sites for
recreational purposes within protected/managed areas.
3.
Fundamental knowledge of the ecology of frequently visited aquatic sites and as a result, knowledge of
how these aquatic sites respond to tourism and recreation. Specifically, how do sites respond to
changes in visitation levels and/or specific recreational activities? Furthermore, we do not know if
there are physical, chemical or biological attributes of some sites that make them particularly
susceptible to degradation.
4.
Knowledge of the consequences of land use and management outside park boundaries on the quality
and appeal of aquatic sites within parks. For example, how does regulating the flow of a river influence
tourist appeal and recreational demand, particularly if key sites are flooded or left to dry? In addition,
can riparian management of aquatic sites protect the environmental health of a stream or are impacts
governed by processes at a larger (hierarchical) scale?
5.
Knowledge and understanding of the relationship between tourist activities and aquatic ecosystem
health in areas with multiple environmental stresses. On the basis of our knowledge of the temporal
and spatial scales at which tourist activities occur, can we detect tourist impacts in sites with
agricultural, urban and industrial effects?
The tourism industry in Australia is largely built around our natural resources. As a result, tourism in natural
and protected areas of Australia represents a substantial component of industry activities. Despite their appeal
and their importance to the economic development of tourism enterprises, we still have not quantified the nature
of the wilderness appeal of certain sites within protected areas to visitors. Furthermore, our knowledge of the
wide range of recreational activities undertaken in parks and how aquatic sites respond to visitation is scant. This
lack of fundamental and quantitative understanding limits our capacity to predict, plan and proactively manage
visitors to protected areas to ensure that their activities do not adversely compromise the conservation and
aesthetic values of popular sites.
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In this study we sought to investigate the level of awareness of tourism industry members, tourists and
resource managers as to the importance of aquatic ecosystems to tourism and recreation. Across all of these
interest groups, aquatic ecosystems have been identified as being highly sought after for recreation, including
picnics, bushwalks and swimming activities. Despite the proven appeal of aquatic sites, resource managers still
have very little data upon which management and understanding of these sites (and how they respond to visitors)
can be based. Given that harmful impacts of tourism have been reported in some pristine freshwater ecosystems
in Australia (wet tropics streams – Butler et al. 1996; Fraser Island lakes – Hadwen 2002; Hadwen & Arthington
2003; Hadwen, Arthington & Mosisch 2003; Hadwen, Bunn, Arthington & Mosisch 2005; Hadwen & Bunn
2005; freshwaters in general – Mosisch & Arthington 2004), it is important to establish a research program that
specifically investigates the relationships between tourist appeal, visitor loads and aquatic ecosystem health.
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Chapter 1

INTRODUCTION
Background and Scope
One of the greatest threats to sustainable tourism is the degradation of the natural resources upon which tourism
relies (Wang & Miko 1997; Newsome, Moore & Dowling 2002). Whilst the social, cultural and economic
impacts (and benefits) of tourism are reasonably well documented (Wang & Miko 1997), there has, to date, been
very little work focusing on the impacts of tourism and recreation on the structure, function and health of
ecosystems (however, see Buckley 2004). This absence of environmental data inhibits our capacity to assess the
impacts of tourism on ecosystems and proactively manage tourism operations to attain sustainable goals and
guidelines. Given the rapid growth in environment-focused tourism over the past couple of decades (Wang &
Miko 1997), it is timely that we review what is known and not known of the impacts of tourism on aquatic
ecosystems both to ensure that past mistakes are not repeated and, just as importantly, to identify areas of
research and development (R&D) that will facilitate the sustainable management of tourism in wilderness areas.
In this study we focused on the role of aquatic ecosystems in tourism and recreation. We propose that aquatic
ecosystems are disproportionately important as focal sites for tourism and recreation, particularly given that over
80% of Australian’s live close to the coast and 70% of Australia is arid or semi-arid. Jobling, Casey, RodgersGray, Oehlmann, Schulte-Oehlmann, Pawlowski, Baunbeck, Turner and Tyler (2004) reported that 42% of
domestic tourism and 50% of international tourism are now marine or coastal based, highlighting the appeal of
aquatic ecosystems as sites for leisure and recreation. Despite their undoubted appeal, very little is known about
the role that aquatic ecosystems play in supporting our growing tourism industry. This lack of knowledge has
implications for the sustainability of tourism ventures, particularly in the drier parts of the continent where
surface waters are likely to critically influence the success of businesses.
In contrast to the growing number of studies investigating the impacts of tourism and recreation on terrestrial
environments (Whinam & Chilcott 1999), only a handful of studies have touched on the potential for tourism to
adversely affect aquatic environments. In most of these reviews, assessment has focused on reduced water
quality due to boating activities (Liddle and Scorgie 1980; Murphy, Willby & Eaton 1995; Mosisch and
Arthington 1998; Mastran, Dietrich, Gallagher & Grizzard 1994) or soil erosion/loss of riparian vegetation
(Madej, Weaver & Hagans 1994; Liddle, 1997; Hammit and Cole, 1998) and pollution from tourist
accommodations (Wang & Miko 1997; Liddle 1997). The scale of these changes is much larger than many of the
impacts assessed in terrestrial ecosystems, such as assessments of the impacts of camping and trampling (Bridle
& Kirkpatrick 2003). Comparable investigations of site-specific impacts of tourism and recreation in aquatic
investigations are extremely rare. Nevertheless, concerns over the impacts of tourists swimming in pristine
waterbodies are growing (Hadwen & Arthington 2003) and several recent studies in Queensland have revealed
that tourists can have local effects on aquatic ecosystem processes (Butler, Birtles, Pearson & Jones 1996;
Mosisch & Arthington 1998; Mosisch & Arthington 2001; Hadwen et al. 2003; Hadwen & Bunn 2004). Despite
these recent studies, Wang and Miko (1997) revealed that the majority of National Park managers they surveyed
in the United States nominated threats to vegetation and wildlife as the principal areas of concern with regard to
the sustainability of tourism. To this end, the impacts (potential or current) of tourism and recreation on aquatic
ecosystems are largely unknown, unseen and certainly undocumented.
In this study, we aimed to assess the relationship between tourism and recreation and the presence (and
health) of aquatic ecosystems. Specifically, we wanted to identify existing knowledge and knowledge gaps upon
which a national research agenda for assessing the importance and impacts of tourism on aquatic environments
could be built. Identification of all potentially threatening tourism activities and their likely environmental
impacts on aquatic ecosystems was the central theme of this study, with the selection of focal threatened sites
and/or threatening processes for further detailed studies a necessary goal in the long term. Although our
emphasis was on the impacts of tourism and recreation on aquatic ecosystems, we also found it necessary to
establish the importance of healthy aquatic ecosystems to tourism and recreation, as demonstration of the
importance of these systems will justify increased effort to maintain their ecological structure and function.
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Methods
In this project we relied on two main methods of gathering information, namely literature reviews and targeted
surveys. We aimed to gather existing knowledge and concerns regarding tourism impacts on aquatic ecosystems
and, in turn, to assess the range and depth of research into these impacts to date.
A review of literature documenting tourism impacts on aquatic ecosystems was conducted using literature
searches, in a bid to assess the global level of knowledge regarding tourist use and impacts upon aquatic
resources. Referenced against the international review, a more thorough investigation of Australian aquatic
environments and their response to tourism activities was undertaken. We hoped that this approach might put the
Australian situation into context, as well as identifying areas where Australian research is falling behind
international efforts. As mentioned above, the emphasis in this project was very much to identify knowledge
gaps and establish a clear and cohesive R&D strategy for the STCRC.
In addition to the literature review, we developed a number of surveys to assess the importance, current
concerns and knowledge base surrounding the use of aquatic ecosystems by tourists and their potential
ecological impacts. Specific surveys were developed for tour operators (including a survey for river tour
operators), protected area managers (State Park and National Park field officers) and local councils. Dr Wade
Hadwen distributed most of the surveys throughout Australia; Prof. Paul Boon liaised with protected area
managers in Victoria; and Dr Muriel Lepesteur-Thompson distributed surveys throughout Western Australia.
The surveys aimed to gauge the perceived importance of aquatic ecosystems for tourism and recreation across
the four interest groups, as well as to gather information relating to activities and trends that threaten the
sustainable use of aquatic resources for tourism and recreation.
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Chapter 2

LITERATURE REVIEW
Impacts of Tourism and Recreation on Aquatic Ecosystems
In this review, we synthesise tourism impacts research across all near-shore aquatic ecosystems. As such, we
include works conducted in all manner of wetlands, lakes, billabongs, streams, estuaries, intermittently closed
and open lakes and lagoons (ICOLLs) and coastal bays. We intentionally adopt a broad approach to include
aspects of catchment development as well as social, cultural and economic considerations, as natural systems are
increasingly managed in this context and for multiple uses (McKercher 1992). Our primary focus is on systems
and communities in which tourism and recreation represent an important component of the region’s activity and
economy. In short, we are most interested in investigating the impacts of tourist and resident activities in regions
in which industrial and agricultural developments do not already drastically threaten the health of aquatic
environments. In many of these areas, the diffuse nature of tourist activities is unlikely to generate substantive
impacts that can be detected above the baseline level of degradation from other activities.

Tourism and Recreation in Aquatic Ecosystems
Despite the recognised financial and social dimension of tourism as an important industry, surprisingly little
focus has been given to the aquatic ecosystems that sustain and maintain the tourism industry. However,
regardless of the direct recreational importance of aquatic environments, there is growing recognition and
acceptance that activities in terrestrial environments can have harmful consequences for freshwater ecosystems
(Pringle 1997; Hammit & Cole 1998; Fry 1999; Newsome et al. 2002; Gafur, Jensen, Borggaard & Petersen
2003; Legesse, Vallet-Coulomb & Gasse 2003).
Only a handful of papers have hinted at the potential for tourism to adversely affect aquatic environments. In
most instances, reduced water quality has been attributed to boating activities and pollution from tourist
accommodations (Wang & Miko 1997). Increasingly, small scale impacts of tourists swimming in pristine
oligotrophic (plant nutrient poor) waterbodies have been identified as areas of concern (Butler et al. 1996;
Hadwen et al. 2003; Hadwen & Bunn 2004), as has the degree to which tourists and their activities rely on vast
quantities of potable water (Wang & Miko 1997). Significantly, water and power supply may rapidly become a
critical issue in remote areas, as previously observed in island settings (Jackson 1986; Gajraj 1988). Despite the
more recent studies, Wang and Miko (1997) found that the majority of national park managers they surveyed
nominated threats to vegetation and wildlife as the principal areas of concern with regard to the sustainability of
tourism.

On-site Impacts
Trampling – Terrestrial Vegetation
There is a growing body of literature investigating the impacts of trampling on terrestrial plant and animal
communities (Whinam & Chilcott 1999; Cole & Monz 2004). Studies of the impacts of campsites and hiking
tracks dominate the literature and most of these studies focus on the direct effects of trampling on terrestrial
vegetation, particularly in sensitive alpine areas (Whinam & Chilcott 1999; Cole & Monz 2004). Trampling has
been shown to lead to changes in species composition, soil structure and habitat quality in wilderness areas in
Tasmania (Whinam & Chilcott 1999; Cole & Monz 2004). Wardle (1992) observed that the loss of spore space
resulted in a decrease in the water holding capacity of soils. Smith (1998) reported that soil penetration
resistance in campgrounds required drainage trenches excavation in flat areas. Effects on the soil microflora
were also reported (Eldridge & Rosentreter 1999), resulting in a decrease in plant diversity (Gomez-Limon & de
Lucio 1995). To date, comparisons of trampling effects between vegetation types indicate that more severe
impacts tend to occur in Eucalyptus woodland and alpine areas more than in tropical regions (Liddle 1997;
Whinam & Chilcott 1999; Phillips 2000).
Few studies investigating the effects of trampling on terrestrial vegetation have made the obvious link
between these actions and the health of nearby aquatic ecosystems. However a few studies have described a
strong association between poor riverbank stability and recreation activity (Madej et al. 1994; Smith 1998)
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leading to depletion of riparian vegetation, bank erosion and ultimately degradation in water quality (Kuss &
Morgan 1984). As Bunn, Davies & Mosisch (1999) noted when assessing large scale effects of catchment
disturbance, the removal of vegetation and subsequent changes in soil characteristics can increase sediment and
nutrient loads in headwater streams, the consequences of which have been documented for a wide range of
aquatic taxa and ecosystem processes.

Trampling – Aquatic and Littoral Vegetation
Despite the absence of data documenting their importance, aquatic ecosystems undoubtedly play a key role in
increasing the quality of tourist activities in wilderness areas (Liddle & Scorgie 1980; NCDC 1986; Hadwen &
Arthington 2003). The environmental consequences of this appeal are evident in many natural areas with the
clearing and/or trampling of littoral vegetation to improve visitor access to streams, lakes and billabongs (Liddle
& Scorgie 1980; Mosisch & Arthington 2004). In some areas, particularly in those where these aquatic
ecosystems provide potable water, some removal of vegetation may be prescribed, but in many instances visitors
cut tracks to and from aquatic systems for improved access only. In terms of its impact on aquatic ecosystems,
the removal of riparian and littoral vegetation can have dramatic consequences. First, the removal of vegetation
can drastically influence the light regime of a waterbody, facilitating algal and/or macrophyte proliferation
(Bunn et al. 1999). This can also reduce the appeal of the site to tourists (Liddle & Scorgie 1980). Second,
vegetation plays an important role as habitat for aquatic and semi-aquatic fauna and its removal presumably
displaces native species (in some instances, in favour of exotic species). Third, unregulated trampling can
compromise bank stability, with bank slumping and changes in channel morphology the likely long-term
consequences. Very little is known of how aquatic organisms respond to these changes.
Recreational off-road vehicle activity can result in erosion of salt flats, destruction of algal mats and
restriction of the movement of tidal waters (Gordon 1987). By degrading the vegetation and changing ecological
conditions, this activity was found to ultimately reduce dune stability. This may have dramatic consequences
when dune habitats are used by shorebirds as breeding sites (Poland, Hall & Smith 1996). Similarly, the
suitability of mechanical cleaning of beaches, which can be useful in some instances, has been questioned for
rural beaches as it may affect local ecology (Llewellyn & Shackley 1996).
Recent work on coastal rocky shores has indicated a strong effect of human trampling on marine macroalgal
communities, with substantial consequences for animal species that rely on algae as food and/or habitat
(Milazzo, Badalamenti, Ceccherelli & Chemelo 2004). In some instances trampling is related directly with
recreational fishing activities (e.g. Broad, Townsend, Closs & Jellyman 2002), the consequences of which will
be addressed later in this review.
Tourism and recreation on coastal beaches has led to the development of policies to remove naturally
occurring wastes to improve aesthetics for visitors. Malm, Raberg, Fell and Carlsson (2004) investigated the
microbial and macroinvertebrate consequences of removing large aggregations of marine algae from a beach in
Sweden, noting that despite improved water quality, microbial food webs and littoral macrobenthos suffered as a
consequence of these beach ‘cleaning’ practices. Daby (2003) reported a similar ecological response to
significant habitat modifications in intertidal sand flats in Mauritius. In that study, tourism operators (who
believe that seagrasses are unsightly and harbour organisms that are dangerous to humans) actively removed
seagrasses to improve the aesthetics of nearshore areas for tourists. Significantly, not only were the
consequences of seagrass removal dramatic and destabilising in ecological terms, but the long-term
consequences of these activities were also likely to destabilise the tourism industry in the region (Daby 2003).

Invasive Species
In any area visited by humans, visitors are likely to encounter weeds. Little is known of the role of tourism and
recreation in the spread of invasive species, although data from terrestrial systems suggests that tourists may be
able to transport weed species propagators within and between suitable habitats (Lovejoy 1992; Mosisch &
Arthington 1998; Hill, Roy & Thompson 2002). Significantly, weeds still rank lowly in the literature of tourism
impacts in wilderness areas, despite the fact that some environmental pests have greater potential to threaten the
conservation of wild areas than do the more typically documented physical impacts of tourism and recreation
(Lovejoy 1992). Despite the absence of empirical data linking recreation to the spread of invasive species, there
is a growing body of evidence in aquatic ecosystems to suggest that invasive species can threaten ecosystem
health and the conservation of biodiversity (Vander Zanden, Casselman & Rasmussen 1999; Stachowicz, Fried,
Osman & Whitlatch 2002; Beisner, Ives & Carpenter 2003; Ross, Johnson & Hewitt 2003). Given the scale of
these threats, closer examination of the role of tourism and recreation in facilitating the spread and success of
invasive species is essential.
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Nutrients
Tourists can directly influence aquatic ecosystems through the addition of nutrients in the form of wastes and/or
detergents (Butler et al. 1996; Hadwen 2002; Hadwen et al. 2004). Whilst few studies have empirically assessed
the impacts of nutrient additions from tourists on aquatic ecosystems, there is some data relating terrestrial
vegetation responses to human waste additions. For example, studies of human waste disposal in remote
terrestrial ecosystems have reported a range of vegetation responses to human activities. Bridle and Kirkpatrick
(2003) found that, while digging holes for waste disposal had a negative impact on native vegetation, urine
increased growth in nine native plant species. Significantly, they also reported that non-native species did not
respond significantly to artificial urine, despite their likely competitive advantage over native species (Bridle &
Kirkpatrick 2003).
Despite the paucity of direct investigations of low-levels of tourist-mediated nutrient additions in aquatic
ecosystems globally, recent Australian studies have shown that oligotrophic systems are particularly responsive
to tourist-mediated inputs of nutrients (Butler et al. 1996; Hadwen et al. 2003; Hadwen et al. 2005). Nutrients
can enter oligotrophic aquatic ecosystems directly through urine and other wastes, but the role of tourists in the
resuspension of nutrient-rich sediments is also an important process whereby tourists can adversely affect the
health of an aquatic ecosystem simply by wading through it (Butler et al. 1996). In many oligotrophic
waterbodies, low-level nutrient additions by tourists can drive the system towards a higher trophic status
(Vadeboncoeur, Jeppesen, Vander Zanden, Schierup, Christoffersen & Lodge 2003). As noted by Kohonen
(2003), this cultural eutrophication is generally viewed as being an irreversible process, with potentially
devastating effects for the health of the system, through fundamental changes in system productivity and
community composition. Vadeboncouer et al. (2003) and Hadwen and Bunn (2004, 2005) have shown that
nutrients can significantly alter food web pathways in aquatic ecosystems, with increased algal growth and
palatability leading to shifts towards algal-dominated food webs in nutrient enriched lakes. Furthermore,
eutrophic waterbodies tend not to be desirable for recreation as a consequence of the proliferation of nuisance
and/or toxic algae (Anderson, Glibert & Burkholder 2002). As a result, unmitigated nutrient enrichment of
recreational waters is likely to lead to ecologically and sociologically undesirable outcomes (Vadeboncouer et al.
2003).

Contaminants
A wide range of contaminants (organic pollutants, heavy metals, dioxins etc) threaten the sustainability of
tourism and recreation in many aquatic ecosystems (Mosisch & Arthington 2001; Hamilton 2004; Jobling,
Casey, Rodgers-Gray, Oehlmann, Schulte-Oehlmann, Pawlowski, Baunbeck, Turner & Tyler 2004). Particularly
in instances where recreational fishing and hunting activities lead to the consumption of contaminated game, the
human health risks of recreation can be significant (Courval, DeHoog, Stein, Tay, He, Humphrey & Paneth
1999; Falk, Hanrahan, Anderson, Kanarek, Draheim, Needham, Patterson & Consortium 1999; Johnson, Hicks
& De Rosa 1999; Yilmaz 2003). Because of increased water solubility and a reduced loss via volatilisation at
lower temperature (Zuccarello, Ganske & Green 2003), some of these organic compounds may then be detected
in streams and urban stormwater in colder months. Zuccarello et al. (2003) reported concentrations of methyl
tert-butyl ether (MTBE) ranging from 0.2 to 18 mg.l-1 in a recreational harbour, closely related to recreational
boating as a primary source of contamination. A correlation between concentration of aromatic compounds and
powerboat activity was also reported by Mastran et al. (1994).
In addition to the effects of bioaccumulating contaminants in humans, numerous groups of aquatic taxa have
shown adverse physiological responses to contaminants likely to be present in the waste waters from tourist
activities. Jobling et al. (2004) report marked physiological responses to environmental oestrogens by molluscs
and fish in estuarine environments. A recent review by Fleeger, Carman & Nisbet (2003) highlighted both the
direct (fatal) and indirect (changes in competitive ability) effects of a wide range of contaminants on aquatic
biota. Inadequate disposal of human solid waste, whilst affecting quality of visitor experiences (Morin, Moore &
Schmidt 1997), may also pose the threat of water contamination (Temple, Camper & Lucas 1982), as observed
by Ongerth, Hunter & Dewalle (1995) in their research in remote wilderness areas. Recently, contamination
from sunscreens and soaps from bathers have been implicated in degradation of water quality in pristine areas
(Butler et al. 1996; Newsome et al. 2002).

Human-Wildlife Interactions
Human-wildlife interactions commonly influence the behaviour of aquatic mammals (Beale & Monaghan 2004;
Constantine, Brunton & Dennis 2004; Corkeron 2004; Kelly, Glegg & Speedie 2004; King & Heinen 2004). In
studies of human-wildlife interactions with terrestrial fauna, there is evidence that some animal species flourish
in response to these activities, often to the detriment of the wider assemblage of species and to the environmental
integrity of the area (Warnken, Hodgkinson, Wild & Jones 2004). Whilst feeding wildlife is often strongly
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regulated in terrestrial systems, the ecological effects of more diffuse activities such as whale watching and
turtle/fish/duck feeding in aquatic ecosystems have not been fully investigated. Disturbance from torches and
flash photography can cause turtles to return to sea without laying their eggs (Jacobson & Lopez 1994). More
indirectly, breeding populations of terns in the Great Barrier Reef have been impacted by gulls attracted to
tourist sites (Edington & Edington 1986).
In addition, the presence of humans can influence behaviour independently of feeding activities, such that the
establishment and management of buffer zones are increasingly suggested (Beale & Monaghan 2004).
Unfortunately even when these buffer zones and regulations are in place, the disturbance of wildlife by tourists is
difficult to police and measure (Kelly et al. 2004). Regardless of the activities in question, human-wildlife
interactions have been shown to strongly influence the behaviour of the species in question. Even when marinemammal educational programs are implemented, there remains insufficient quantitative information pertaining to
species’ responses to disturbance (Luck 2003). In addition, ecosystem level consequences, like eutrophication,
from increased resources from feeding activities may eventuate. In a worst-case scenario, these changes are
likely to be irreversible and therefore ecologically unsustainable.

Recreational Fishing
Recreational fishing represents a socially and economically important activity in many regions of the world
(Toivonen, Roth, Navrud, Gudbergsson, Appelblad, Bengtsson & Tuunainen 2004). Nevertheless, this activity
has the potential to influence the structure and ecology of aquatic ecosystems, both through modifications to
trophic structure and predator regimes (Blaber, Cyrus, Albaret, Ching, Day, Elliott, Fonseca, Hoss, Orensanz,
Potter & Silvert 2000; Boese 2002; Contessa & Bird 2004; Guidetti & Boero 2004) as well as through changes
to the systems brought about by artificial stocking and exotic species invasions (Gucu 2002; Morey, Breffle,
Rowe & Waldman 2002).
The effects of recreational fishing extend to more than the target catch species, as recent studies have shown
that bait-pumping in tidal mudflats can significantly affect populations of popular bait species such as the Ghost
Shrimp (Trypaea australiensis) (Contessa & Bird 2004). Excessive extraction of bait species in certain areas
threatens their sustainability as a fisheries resource, but as importantly, can have dramatic influence on the
composition and ecology of mudflat communities. Ultimately, exploitation of sediment-dwelling bait species can
threaten the ecological health of the fisheries they are harvested to provide for (Contessa & Bird 2004).
Some recreational and commercial fisheries have the potential to significantly alter habitat for aquatic
organisms. This process is exemplified by the study of Guidetti and Boero (2004) which found that destructive
removal of date-mussel from rocky substrates had significant adverse consequences for adult and juvenile fish.
Other studies have also indicated that environmentally and culturally sensitive harvesting mechanisms promise
to facilitate a sustainable fishery in coastal and estuarine environments (Zetina-Rejon, Arreguin-Sanchez &
Chavez 2004). Westera, Lavery and Hyndes (2003) provide evidence for decrease in abundance and biomass in
open versus marine protected areas for a range of recreationally sought fish species. They suggest that this
pattern is primarily driven by the removal of target species by recreational fishers. Furthermore, these findings
highlight the potential for recreational fishing to significantly alter marine ecosystems and trophic pathways
(Westera et al. 2003).
Whilst non-harvest or catch-and-release recreational fishing is a growing past-time in many wilderness areas,
there have, until recently, been relatively few investigations into the mortality associated with this activity.
Significantly, Millard, Welsh, Fletcher, Mohler, Kahnle and Hattala (2003) found that hook-caught striped bass
had higher mortality rates than fish caught using electrofishing techniques. They concluded that more work was
required to quantitatively assess the effects of non-lethal catching of fish and other biota, in order to maintain a
well-managed recreational fishery.
Recreational fishing and fish consumption has significant consequences for human health in some aquatic
ecosystems, as evidenced by the contaminant, heavy metal and estrogen loads reported for highly sought after
species in many estuarine and freshwater systems (Yilmaz 2003).

Shooting and Hunting
Shooting of waterfowl in wetland areas has been shown to influence the distribution of heavy metals in
sediments when lead shot is used (Darling & Thomas 2003; Migliorni, Pigino, Bianchi, Bernini & Leonzio
2004). A recent study on a shooting range by Migliorni et al. (2004) indicated that pellets containing Pb, Sb, Ni,
Zn, Mn and Cu can influence the structure of arthropod soil communities. Darling and Thomas (2003) assessed
the likelihood of soil and water contamination in outdoor shooting ranges in Ontario, Canada. Not only did they
find that the number of shotgun sport-accommodating shooting ranges was much higher than previously
reported, but that the number of ranges for which soil and water data was available was less than 25%. However,
assessments of soil types and maps of shooting ranges indicated that 94% of those assessed were likely to have
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surface waters that could potentially receive shot fall out, indicating a substantial potential for lead
contamination across all sites. Whilst they did not assess actual contaminant concentrations across sites,
evidence from other studies indicates that contaminants are likely to be abundant at sites used for hunting or
shooting (Migliorni et al. 2004). The capacity of some of the study sites to mobilise lead and other contaminants
for export to nearby waterways is high (Darling & Thomas 2003), although no empirical data exists to assess the
impacts of shooting ranges on nearby waterbodies. Whilst comparative studies are scarce for wetland and other
aquatic environments where shooters are active, it seems likely that heavy metals from ammunition have
substantial potential to influence the ecological integrity of aquatic ecosystems (Darling & Thomas 2003;
Migliorni et al. 2004). Further studies of these likely impacts are required in areas where duck shooting occurs.
In addition to having ecological consequences, birds shot with lead shot can pose a risk to human health
through consumption, owing to high levels of lead in their tissues (Johansen, Asmund & Riget 2004). In addition
to the obvious consequences for bird species population structure and soil and sediment contaminants and
macroinvertebrates, these human health risks indicate that shooting activities are generally not environmentally
sustainable. However, shifts away from lead shot are likely to reduce risks of poisoning. Further research is
required to examine the human and ecological health differences between different types of ammunition.

Boating
Anti-fouling chemicals
Few activities have had a greater impact on aquatic ecosystems than boating. As the list of contaminants from
antifouling paints on recreational vessels continues to grow, there remains no doubt that these chemicals can
accumulate to highly toxic concentrations in sediments of freshwater and estuarine ecosystems (Schiff, Diehl &
Valkirs 2004). In addition to pollution from anti-fouling paints (such as tri-butyl tin - TBT), power boating
activities in marine and freshwater environments have been shown to have significant impacts on biota and
ecological processes (Mosisch & Arthington 1998;, Mosisch & Arthington 2001; Constantine et al. 2004;
Mosisch & Arthington 2004).

Fuel contaminants
Fuel from recreational boats has been shown to adversely affect algal assemblages in intertidal sand flat areas of
estuaries (Piehler, Winkelmann, Twomey, Hall, Currin & Paerl 2003). Polycyclic aromatic hydrocarbons (PAHs)
from the incomplete combustion of fuels used by powerboats accumulate in sediments and fish tissues in aquatic
ecosystems (Mosisch & Arthington 1998; Vives, Grimalt, Fernandez & Rosseland 2004). In addition to local
effects from on-site activities, recent studies in high mountain lakes have provided evidence that airborne PAHs
can contaminate sediments and biota in remote aquatic ecosystems (Vives et al. 2004).

Injuries to wildlife
From damaging wildlife through direct hits (Poland et al. 1996; Mignucci-Gannoni, Monyoya-Osoina, JimenezMarrero, Rodriguez-Lopez, Williams & Bonde 2000; Nowacek, Wells, Owen, Speakman, Flamm & Nowacek
2004) or anchor-damage (Millazzo et al. 2004) to the effects of erosion from wash (Mosisch and Arthington
1998) and delivery of contaminants to sediments (Schiff et al. 2004), power boats threaten the sustainability of
many components of aquatic systems.

Anchors and dredging
Seagrass beds and benthic corals are particularly susceptible to impacts from anchors in estuarine and nearshore
areas (Milazzo et al. 2004). Significantly, Milazzo et al. (2004) found that particular anchor types are more
damaging to seagrass meadows than others, indicating that, in addition to anchoring bans, improved boater
education and provision of moorings, damage can be reduced through the deployment of less destructive
anchors. In addition to impacts from anchors, seagrass beds have suffered from dredging activities for tourism
developments in estuarine environments (Sheridan 2004).

Other disturbances
Recent studies of the ecological impacts of water skiing in a small oligotrophic lake suggest that powerboats can
significantly affect the health of sediment and water quality (Mosisch & Arthington 1998; Mosisch & Arthington
2001). Waves generated by powerboats have a detrimental effect on emergent macrophytes and riparian
vegetation, increase bank erosion and reduce water quality (Liddle & Scorgie 1980). The resulting increased
turbidity has been linked with a decrease in fish populations (Murphy, Willby & Eaton 1995). Noise from
boating activity has also been associated with a reduction in bird population sizes (Batten 1977; Tuite, Hanson &
Owen 1984; Galicia & Baldassane 1997).
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Construction of marinas, boat ramps and other infrastructure influence bank stability. Furthermore,
concentrations of contaminants and nutrients in marina sediments (Schiff et al. 2004) indicate that boats can
significantly alter sediment characteristics and biota across a wide range of environments. Dredging activities are
often required to sustain boating activities in riverine environments. The environmental consequences of these
practices are well understood, although links between sustaining tourism operations and dredging practices and
their ecological effects are limited (but see Sheridan 2004). Boating activities may also result in the proliferation
of weed species (Johnstone, Coffey & Howard-Williams 1985).

Cultural Impacts
In addition to the environmental and socio-economic impacts of tourism, there is increasing awareness of the
cultural implications for indigenous communities. This is particularly relevant in protected areas, World Heritage
Areas and indigenous reserves, where traditional owners still have a strong and, in many cases, legally
recognised connection with the land. In these instances, an improved understanding of the beliefs and
perceptions of traditional land owners is required to ensure that tourism and recreation do not compromise the
cultural values of the area. We do not have the time or the resources to discuss the range of issues relating to
cultural impacts of tourism in this review, but we do raise this issue as one of growing and significant
importance in the management of wilderness areas. We note that despite World Heritage listing, sacred and
culturally significant sites are rarely protected from tourism and the cultural damage of unregulated tourism to
important aquatic sites is difficult to measure and has often been largely ignored.
A recent study of water skiing and power boating on a small oligotrophic lake undertaken by Mosisch and
Arthington (2001) represents an example where evidence of the cultural implications of exploitative recreation in
natural areas was collated. The findings of their study led to the elimination of power boating activities in a lake,
largely on the basis of potential environmental and evident cultural impacts. The sensitive issue of cultural
implications of tourism and recreation requires increasing attention as more traditionally significant waterbodies
come under increasing tourist pressure.

Economic Impacts
Tourism and recreation represent substantial economic benefits to many local communities, particularly in light
of the growing economic importance of tourism in many regions (Gormsen 1997; Walpole, Goodwin & Ward
2001). Kingsford (2000) demonstrated the significance of river modification to actual and potential natural area
tourism resources such as wetlands, which depend on floodwaters. Significantly, despite the absence of data and
explicit mention of the role of aquatic ecosystems in sustaining tourism and recreation activities in many areas,
recent studies indicate that unhealthy waterways can be economically devastating to tourism industries
(Hoagland, Anderson, Kaoru & White 2002). In particular, with increased demands on recreational water
resources, problems of microbial contamination of surface waters have become an emerging public health
concern. Contamination of recreational water resources could potentially have an economic impact on recreation,
tourism and livelihoods of communities, which are all important issues for water resource management (Rose,
Epstein, Lipp, Sherman, Bernard & Patz 2001). Closure of recreational areas following pollution could result in
losses of millions of dollars in tourism income to business communities and in investigation fees. Moreover, the
look, taste, smell and feel of recreational water, while they may or may not affect human health, are important
elements in people's enjoyment of beaches, streams and lakes. Problems that affect the aesthetic quality of water
bodies can also, therefore, have economic impacts through their effect on tourism (World Health Organisation
2001).

Human Health Risks
Human health risks have been studied in a wide range of recreational waterbodies and reflect an anthropocentric
view of tourism and recreation in the environment. Numerous studies suggested that bathing, windsurfing and
other activities in contaminated waters could result in an excess of risk of gastroenteritis and respiratory, ear, eye
and skin ailments (Kay, Fleischer, Salmon, Jones, Wyer, Godfree, Zelenauch-Jacquotte & Shore 1994; Fleischer,
Kay, Wyer & Godfree 1998; Pruss 1998; Levesque, Brousseau, Bernier, Dewailly & Joly 2000; Lopez-Pila &
Szewzyk 2000; Crowther, Kay & Wyer 2001; Efstratiou 2001; Henrickson, Wong, Allen, Ford & Epstein 2001;
Prieto, Lopez, Juanes, Revilla, Llorca & Delgado-Rodriguez 2001; Rose et al. 2001; Bradley & Hancock 2003;
Parkin, Soller & Olivieri 2003; Wade, Pai, Eisenberg and Colford 2003; Lepesteur, Pond, Wegner, McComb, Ho
& Moore 2002; Lepesteur, Pond, McComb, Ho, & Moore 2003; Lepesteur, Moore & McComb submitted).
Many studies have reported a causal relationship between gastrointestinal and/or respiratory symptoms and
recreational water quality as measured by indicator-bacteria concentration, although in the majority of reported
cases the complaints were mild upsets rather than life threatening or serious disease. Outbreaks of gastroenteritis
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associated with recreational water exposure are recognised with increasing frequency. Recent reports confirmed
that, from 1991 to 1992, 1,825 people from 21 US states became ill in outbreaks involving recreational waters
(Moore, Calderon, Craun, Herwaldt, Highsmith & Juranek 1993). Since 1989, approximately 170 outbreaks
associated with recreational water venues have been reported in the US with almost half resulting in
gastrointestinal illness (Anonymous 2000). Most outbreaks occurred during summer (peak swimming season),
and 45% of cases were directly related to lake and river water exposure.
Most outbreaks occurred in very small, shallow bodies of water that were frequented by children.
Epidemiological investigations of these, and similar, outbreaks suggest that the source of the etiological agent
was usually the bathers themselves, most likely children (Keene, McAnulty, Hoesly, Williams, Hedber, Oxman,
Barrett, Pfaller & Fleming 1994; Cransberg, van den Kerkhof, Banffer, Stijnen, Wernars, van de Kar, Nautal &
Wolff 1996; Voelker 1996; Ackman, Marks, Mack, Caldwell, Root & Birkhead 1997; Kramer, Sorhage,
Goldstein, Dalley, Wahlquist & Herwaldt 1998; Barwick, Levy, Craun, Beach & Calderon 2000).
A great part of microbial contamination load is linked to the total human population in the catchment. In
many recreational water use areas however, population peaks are likely to occur during weekends and local
holidays over the summer season (WHO 2001; Lepesteur et al. submitted). In some areas, several discharges into
a single river course are likely to occur and smaller sources (including septic tank discharges) may represent the
principal source of concern.
While bather shedding is generally of lesser importance than sewage or riverine discharge, pollution is direct
and fresh, and therefore potentially of great public health significance (Gerba 2000). Several studies have
demonstrated accumulation of faecal coliforms during the course of a day, despite potentially enhanced die-off
due to sunlight. Small volume areas of limited turnover are especially affected, such as bays and coastal and
estuarine areas constrained by sandbars (National Health Management and Research Council 2004).
Indirectly, attraction of gulls to refuse tips can transmit disease when they congregate at picnic and bathing
areas (Iveson & Hart 1983; Levesque et al. 2000; Lepesteur et al. submitted).
Some concern has been expressed about a risk to bathers from the presence of chemicals in recreational
waters. Very few studies have been found in the literature that equate a hazard to the health of swimmers and
others to skin absorption of contaminants present in river or lake water or that identify health effects resulting
from recreational activities in chemically contaminated river or lake water (Brown, Bishop & Rowan 1984).
Aquatic life is considerably more sensitive to most toxic chemicals than are humans. It is very unlikely that the
presence in water of inorganic chemicals will result in a hazard to people engaged in recreational activities in
and around rivers and lakes. It is generally believed that ecosystem pollution signs, including notices of fish
kills, will be observed long before sufficient concentrations of inorganic chemicals pose a risk to human health.
In addition to biological threats to human health, many studies have investigated the health consequences of
consuming animals hunted and caught from water bodies with high levels of contaminants and heavy metals.
Sustainable harvests of fish and other food items are seriously threatened by these contaminants, particularly
those that have shown a high potential for bioaccumulating in human tissues, with consequences for altering
physiological functions (Kawaguchi, Porter, Bushek & Jones 1999). A detailed appraisal of human health
consequences of consumption of contaminated foods lies beyond the scope of this study, as it represents an issue
with extremely broad community ramifications. Nevertheless, since recreational fishing and hunting represent
economically and socially important pursuits in many regions of the world (Lackey 1999; Willis & Garrod 1999;
Arlinghaus & Mehner 2003), it is likely that contaminant loads will have potentially devastating effects on the
sustainability of recreational harvesting and consumption of wildlife.

Off-site Impacts
Off site impacts relate to regional impacts that are caused by periodic and often predictable booms in visitor
numbers at certain times of the year. These impacts are often felt well beyond the area where tourists aggregate
and they typically relate to the exceeded capacity of infrastructure resulting from booms in regional population
sizes and densities.

Nutrients
Tourism can mediate the timing and consequences of off-site eutrophication. Regions with seasonal climate or
visitation patterns can struggle to cope with massive surges in visitation levels at certain times of the year, with
the result being infrastructure malfunctions. For example, sewage treatment facilities in small coastal towns in
Australia often struggle to cope with mass tourism at Christmas and Easter. The resultant pollution in waterways
is likely to have massive ecological and human health implications. In addition, particularly in regional areas,
peaks in tourism can overload septic waste systems. In some areas, overflows can compromise the human and
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ecological health of beaches and estuaries, forcing their closure and strongly affecting the region’s potential to
achieve the goal of sustainable tourism ventures and opportunities.

Conclusions
There is a growing body of evidence highlighting the relationship between tourism and recreation and
environmental health in aquatic ecosystems (Butler et al. 1996; Mosisch & Arthington 2001; Hadwen et al.
2004; Hadwen et al. 2005). Significantly, appreciation of the recreational value of aquatic resources has been
shown by Willis and Garrod (1999) to improve sustainable management practices, indicating that recreation and
sustainable management are not mutually exclusive goals. However, until a greater appreciation of the
recreational use of aquatic resources and their potential impacts is reached (which is the aim of this scoping
project), ongoing exploitation of aquatic ecosystems has the capacity to threaten their conservation value in
many regions around the world (Hadwen et al. 2004).
Visitors to wilderness areas respond remarkably well to signage (Mallick & Driessen 2003) and through
education and interpretation programs it is likely that the impacts of tourists on aquatic ecosystems may be
reduced. Nevertheless, there are numerous instances in which activities that are not obviously impacting on the
environment have been overlooked. Current evidence suggests that many of these activities have the potential to
deleteriously affect aquatic ecosystems, particularly in oligotrophic wilderness areas.
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Chapter 3

GENERAL SUMMARY OF SURVEY RESPONSES
Response Rate
We distributed 805 surveys to a wide range of potential recipients. At the end of the survey period, we had
received 140 completed surveys, representing a response rate of just over 17% (Table 1). Response rate differed
substantially between the different target groups, with protected area managers and local councils being
generally more responsive than tour operators. However, across all groups, more than two-thirds of respondents
were very interested in the study and asked to be contacted with details of the outcomes of the research project
(Table 1).
Table 1: Survey response rate and level of respondent interest in further involvement
Focus group

# Surveys
sent

# Surveys
returned

Response
rate

Respondent
interest

River Tour Operators

36

7

19.5%

71.4%

General Tour Operators

152

17

11.2%

64.7%

All Tour Operators

188

24

12.8%

68.1%

Local Councils

350

64

18.3%

89.1%

Protected Area Managers

267

52

19.5%

76.9%

TOTAL

805

140

17.4%

80.7%

Although our response rate was lower than expected, it reflects the extremely broad distribution of surveys
throughout Australia. By sending surveys to potential interest groups across all states and geographic regions, we
hoped to canvas a wide range of opinions on the role of aquatic ecosystems in supporting visitor activities and
the potential consequences of this use on the sustainability of aquatic resources. Whilst the outcome of this broad
approach was a low response rate, we feel that our approach was more valid than a targeted, location-specific
approach would have been in characterising the importance of aquatic environments to tourism and recreation.
Given the wide range of respondents and environments canvassed in this study, we do not feel that there is
substantial response bias from the surveys that were returned. Obviously stakeholders not interested in the study
did not complete and return the surveys, but numerous tour operators, local councils and protected area
respondents were from exceptionally dry parts of Australia with no surface waters for extended periods of each
year. To this end, we feel that the responses we received did in fact canvas the broad range of opinions that we
hoped to attract through our geographically broad distribution. Furthermore, a considerable number of
respondents indicated that tourism and recreation currently had no impact on aquatic ecosystems in their regions,
further refuting the claim that responses were biased by pro-tourism impact respondents. Another possible
explanation for the low response rate observed in this study was the method of survey distribution. We mailed
out all surveys to potential respondents, but did not include a stamped, self-addressed envelope for survey
returns. In retrospect this may have reduced response rates. Future survey efforts will also use online websurvey
or person-to-person approaches, to ensure that response rate is not adversely affected by survey delivery and
submission logistics.

How Important are Aquatic Ecosystems for Tourism and Recreation?
There was general agreement across all four survey groups that aquatic ecosystems represent significant
components of the landscape, despite their rarity in many regions. For example, 74.5% of protected area
manager respondents were from inland regions where aquatic systems, or at least surface waters, are seasonally
rare. This intermittency of surface water presence is reflected by the fact that 80% of the protected area managers
indicated that aquatic ecosystems represent less than 25% of their area. Nevertheless, despite their rarity and
intermittency, 94% of protected area respondents nominated aquatic ecosystems as a significant component of
their protected area.
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For local councils, roughly equivalent numbers of inland and coastal councils responded to this survey.
Around two-thirds of these nominated aquatic ecosystems as a significant component in their region, despite the
fact that 92% indicated that less than 25% of their region was comprised of rivers, streams, lakes and wetlands.
The importance of aquatic ecosystems to local councils is lower than that for the protected area respondents and
this probably reflects the multi-faceted view of any given region by local councils. However, given the apparent
rarity of surface waters in many regions, these results further support the disproportionate importance of aquatic
ecosystems to tourism and recreation throughout Australia.

What Features Attract Visitors to Particular Regions?
Survey respondents from protected areas and tour operators nominated natural values (scenery,
streams/rivers/lakes, plants, animals and forests) as being more important influences over a visitor’s decision to
come to a region than infrastructure and the built environment (toilet and camping facilities, nearby towns,
nearby accommodation, boating facilities and bushwalking trails) (Figure 1). This finding highlights the
importance of wilderness values to domestic and international visitors to Australia. Hadwen and Arthington
(2003) reported similar results in their study of visitor perceptions and values around dune lakes in the Fraser
Island World Heritage Area. Specifically, they found that the quality of visitor experiences would decline
substantially if the number and size of boardwalks and built amenities around lakes were to increase. To this end,
resource managers and tour operators need to be mindful of the balance required between provision of amenities
and the protection of natural values of heavily visited sites within protected areas.
4
Nature

Infrastructure

Mean Score

3

2

1

0
Protected Areas

Local Councils
General Tour Operators River Tour Operators
Survey Group

Figure 1: Importance of nature and infrastructure to visitors
Mean (± SE). Scores ranked on a scale of 1-4 (1 = not at all important, 2 = not very important, 3 = very important, 4 = extremely important).

In contrast to the responses by tour operators and protected area managers, local council respondents
indicated that natural and infrastructure features were equally appealing (and important) to visitors. Given that
local governments manage their regions for a wide variety of uses, it is not surprising that aspects of the built
environment were viewed as important components of the landscape that can influence visitor and resident
decisions and motivations. However, the equal value attributed to nature and infrastructure by local council
survey respondents is likely due to a reduced availability and importance of natural features, rather than a
relative increase in the importance of the built environment (Figure 1). Perhaps this reflects the degree to which
natural components of the landscape have disappeared in some regions, or the disproportionate area of modified
environments in some shires. As noted previously, 92% of local council respondents indicated that aquatic
environments comprised less than 25% of the area of their shire. If, as expected, members of local councils value
their most abundant resources, then it stands to reason that natural components of the landscape are slightly less
important than evidenced in the groups that work in protected areas, like protected area managers and tour
operators.

What Activities Do Visitors Partake In?
The most common activities undertaken by visitors were consistent across all survey groups. Bird watching,
relaxing, picnicking, hiking and bushwalking and swimming were nominated as the key activities undertaken by
visitors in over 60% of all returned surveys (Table 2). A wide range of less common activities was also
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nominated by survey respondents (Table 2). Local council survey respondents tended to nominate less ‘natural’
activities like power boating, water skiing, water sports, land-based sports, sailing and jet skiing much more
frequently than tour operators and protected area managers (Table 2), again reflecting the importance of
infrastructure and man-made facilities within council jurisdictions.
Table 2: Responses to visitor activities questions sent to all survey groups
Data presented as percentage of the respondents nominating listed responses, except for questions marked with *, where ranked responses
(1=not at all important, 2=not very important, 3=somewhat important, 4=extremely important) were required. Respondents were protected
area managers (PAMs), local councils (LCs), general tour operators (GTOs) and river tour operators (RTOs)

Question
Number of respondents
What types of aquatic environments are there in your region?
Beaches and ocean
Streams and rivers
Wetlands
Estuaries
Coastal lagoons
Lakes
Billabongs
Coastal or Inland? (NB some are recorded as being both coastal and
inland)
Coastal
Inland
Are aquatic environments a significant component of your
region?
Yes
What percent of the region is comprised of aquatic
environments?
< 5%
5-10%
10-25%
25-50%
> 50%
How many visitors does your region receive annually?
< 1,000
1,000-5,000
5,000-20,000
20,000-50,000
50,000-200,000
200,000-500,000
> 500,000
How long do visitors spend in your region?
1 day
1-2 days
3-5 days
> 5 days
How do visitors come to your region?
2WD vehicles
4WD vehicles
Commercial bus
Bicycle / walking / hiking
Boat (includes powered and non-motorised)
Plane
Train

PAMs

LCs

GTOs

RTOs

52

64

17

7

27.45
90.20
39.22
21.57
13.73
27.45
13.73

47.83
86.96
71.01
39.13
17.39
52.17
14.49

33.33
74.51

53.62
57.97

94.12

63.77

37.25
21.57
21.57
11.76
7.84

33.33
31.88
27.53
7.24
0.00

5.88
9.80
31.37
21.56
11.76
11.76
5.88

1.45
7.24
15.94
8.69
23.18
15.94
14.49

37.25
49.01
13.73
0.00

36.23
34.78
18.84
7.24

37.50
12.50
31.25
18.75

85.71
14.29
0.00
0.00

85.35
94.11
58.82
47.05
49.01
0.00
0.00

76.81
97.10
75.36
28.98
21.74
26.08
26.08

11.76
58.82
52.94
0.00
17.64
0.00
0.00

57.15
28.58
71.43
0.00
28.57
14.29
0.00
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What activities do visitors partake in during their visit to your
region?
Bird watching
Relaxing
Hiking and bushwalking
Picnicking
Camping
Swimming
Fishing or hunting
Kayaking / canoeing
Sunbathing
Rock hopping
Power boating
Water skiing
Water sports
Land-based sports
Sailing
Jet skiing
Wildlife feeding
Are visitors generally environmentally aware?
Yes
Do any visitor activities influence the health of aquatic
ecosystems in the region?
Yes
How important are the following features in attracting visitors to
your region? *
Scenery
Streams / rivers / lakes
Resident plants
Resident animals
Bushwalking trails
Forests
Toilet and camping facilities
Nearby towns
Nearby accommodation
Boating facilities
Culture and entertainment
With respect to water-based activities, how important are the
following factors? *
Water quality (absence of odours)
Accessibility to water
Local plants and animals
Water clarity
Recreational fishing opportunities
Number of other visitors
Land-based facilities
Water temperature
Lack of weeds in water
Lack of tree stumps in water
Presence of jetties / boardwalks
Lack of emergent plants
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88.23
88.23
84.31
82.35
70.58
66.67
52.94
37.25
25.49
23.52
13.72
9.81
9.81
7.84
5.88
3.92
3.92

76.81
89.85
81.15
86.95
69.56
69.56
76.81
46.37
42.02
13.04
36.23
34.78
43.47
50.72
39.13
26.08
18.84

70.59
76.47
94.12
70.59
na
58.82
17.65
11.76
29.41
17.65
0.00
0.00
5.88
5.88
0.00
0.00
11.76

42.86
57.14
28.57
28.57
na
57.14
14.29
28.57
0.00
0.00
0.00
0.00
28.57
0.00
0.00
0.00
14.29

78.43

77.36

89.35

85.71

59.18

60.00

76.47

85.71

3.29
3.09
2.92
2.90
2.66
2.64
2.37
2.23
2.11
1.09
na

3.34
2.95
2.50
2.07
2.55
1.92
2.18
2.42
2.63
2.23
2.31

3.71
3.47
3.31
3.41
3.62
3.60
3.26
2.21
2.78
1.50
na

3.57
3.86
3.00
3.14
2.20
3.20
2.83
2.33
3.14
3.00
na

2.82
2.45
2.45
2.31
2.05
2.05
1.67
1.62
1.51
1.45
1.03
na

3.24
2.97
2.44
2.57
2.31
2.08
2.61
2.00
2.27
2.04
2.26
na

3.46
3.31
3.37
3.21
na
3.20
2.53
2.64
2.20
2.37
1.87
2.18

3.85
3.67
2.83
3.00
na
2.67
2.75
2.50
2.33
3.00
2.25
3.33

RIVERS, STREAMS, LAKES AND ESTUARIES
Which of the following activities influence the health of aquatic
ecosystems in your region?
Trampling and removal of shoreline vegetation
Erosion and poor water quality
Increased nutrients and algal blooms
Camping
Infrastructure and development within parks
Fishing or hunting
Oil and petrol pollution
Wildlife feeding
Noise pollution
Power boating (including jet skis and water skiing)
Canoeing / kayaking
Sailing
Not answered
How important are the following factors in influencing the health
of aquatic ecosystems in your area?*
Tourism and recreation
Development within park boundaries
Development outside park boundaries
Trampling of shoreline vegetation
Fire (prescribed and wild fires)
Nutrient inputs from camp grounds
Camping
Fishing
Nutrient inputs from swimmers
Feeding of fish / turtles / waterbirds
Power boating
Hunting
Sailing and canoeing
Which of the following activities occur within your region?
Littering
Trampling of vegetation by hikers and bushwalkers
Camping in undesignated areas
Swimming
Fishing and hunting
Addition of soaps/detergents/nutrients to waterways
Mistreatment of toilet and camping facilities
Non-motorised boating
Power boating

50.98
49.01
37.25
33.33
25.49
25.49
13.72
11.76
11.76
9.80
1.965
0.00
29.41

50.72
36.23
37.68
20.28
23.18
23.18
24.63
14.49
8.69
26.08
2.89
2.89
34.78

41.18
41.18
17.65
29.41
29.41
23.53
17.65
17.65
23.53
29.41
5.88
5.88
29.41

66.67
83.33
50.00
na
83.33
33.33
33.33
16.67
50.00
33.33
0.00
0.00
16.67

2.65
2.62
2.56
2.39
2.35
1.88
1.80
1.54
1.45
1.17
1.05
0.88
0.86

2.39
2.04
2.27
2.48
na
1.72
1.78
1.79
1.34
1.42
1.79
1.27
1.27

3.41
3.66
3.07
3.46
3.00
3.26
3.07
2.38
2.75
2.50
3.00
2.90
2.00

2.00
2.75
3.00
3.00
3.67
2.50
2.33
2.75
2.50
3.00
3.50
2.00
1.67

82.35
70.58
66.67
60.78
52.94
47.05
45.09
31.37
27.45

84.05
69.56
72.46
60.86
47.82
34.78
39.13
56.52
59.42

Across survey groups, protected area manager, local council and tour operator respondents all nominated
more than 75% of visitors as being environmentally aware (Figure 2 – Awareness), highlighting the perception
that domestic and international travellers tend to be well informed and mindful of their activities and the
environment around them. Despite this high level of confidence in visitor awareness, more than 60% of
respondents indicated that tourist activities currently degrade the ecological values of aquatic ecosystems.
Significantly, more than three quarters of the tour operators surveyed suggested that tourist activities influence
ecosystem health (Figure 2 – Damaging), yet most attributed these impacts to independent tourists (i.e. those not
on the tours that they run).
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Figure 2: Surveyed groups’ perceptions of awareness and the damaging influence of visitor activities on
aquatic ecosystem health

What Visitor Activities Influence Aquatic Ecosystem Health?
There was some variability across survey groups with regard to the activities driving trends towards decreased
health of aquatic ecosystems. More than a third of protected area managers nominated trampling and removal of
shoreline vegetation, erosion and poor water quality, increased nutrients and algal blooms, and camping as the
major threats to ecosystem health. In contrast, local council respondents did not rate camping as a threat,
although more than a third nominated the other three processes as significant in their regions. Tour operators
tended to agree with protected area managers, but added power boating (including jet skis and water skiing) as a
significant threat to aquatic ecosystem health within the regions they visit.
Survey respondents were asked to score a list of threatening processes and activities in terms of their
influence on aquatic ecosystem health. Tour operators consistently rated all of the threatening processes higher
than did protected area managers and local councils (Table 2). Nevertheless, there were some clear trends across
all groups. Significantly, tourism and recreation was the most threatening activity for protected area managers,
the second most threatening for local councils and the third most threatening for tour operators. Other potentially
significant activities include trampling of shoreline vegetation, camping and development within and outside
park boundaries. For protected area and local council respondents, more than two thirds indicated that littering,
trampling and camping in undesignated areas are common within their regions (Table 2). Together these
activities have the potential to significantly influence aquatic ecosystem health and function.

Responses of General Tour Operators versus River Tour Operators
The majority of tour operators who responded from both categories were small businesses, with two-thirds of
respondents indicating that they had less than ten staff.
There was some difference in the number of tours taken by general tour operators versus river tour operators.
Overall, the river tour operators tended to take more tours per year, but this result is skewed by the fact that the
duration of river tours was often less than that of the general tours (Table 3). Eighty-five percent of river
operators ran tours that lasted less than one day, whilst more than half of the general tour operators had tours that
lasted longer than three days. Despite differences in frequency and duration of tours, the average size of tour
groups between the two categories of tour operators was not different. This is largely due to the skew provided
by river tour operators on the Murray River, who can carry very large numbers of visitors on their paddle
steamers.
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Access to tour operators varied between general and river tour categories. General tour operators tended to
use company 4WD vehicles and buses to collect and transport their clients. In contrast, private (2WD and 4WD)
and commercial (buses) vehicles were more commonly relied upon by the river tour operators, as clients
generally had to find their own way to the tour departure points.
Table 3: Responses to surveys sent to GTOs and RTOs
Data presented as percentage of the respondents nominating listed responses, except for questions marked with *, where ranked responses
(1=not at all important, 2=not very important, 3=somewhat important, 4=extremely important) were required

Question
Number of respondents
How large is your company?
Sole trader (< 2 staff)
2-10 staff
> 10 staff
How many tours do you take each year?
1
2-4
5-10
10-20
21-50
> 50
What is the average size of your tour groups?
< 5 people
6-12 people
13-20 people
21-30 people
31-50 people
> 50 people
What is the average duration of your tours?
1 day
1-2 days
3-5 days
6-10 days
> 10 days
How do you get your clients to sites?
Company 2WD
Company 4WD
Company bus
Commercial bus
Private 2WD
Private 4WD
Boat
Plane
What percentage of trips, on a day-to-day basis, have stops at aquatic
sites?
0-25%
26-50%
51-75%
76-100%

GTOs

RTOs
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41.18
29.14
29.14

42.86
28.57
28.57

5.88
5.88
11.76
5.88
17.65
52.94

0.00
0.00
0.00
0.00
14.29
85.71

17.65
35.29
23.53
11.76
5.88
0.00

28.57
28.57
14.29
14.29
0.00
14.29

37.50
12.50
31.25
6.25
12.50

85.71
14.29
0.00
0.00
0.00

5.88
47.06
41.18
11.76
5.88
11.76
11.76
0.00

14.29
14.29
28.57
42.86
42.86
14.29
28.57
14.29

17.65
17.65
5.88
58.82

0.00
0.00
0.00
100.00
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How important are the following features in influencing the quality of
visitor experiences? *
Scenery
Bushwalking trails
Forests
Streams / rivers / lakes
Resident animals
Resident plants
Toilet and camping facilities
Nearby accommodation
Nearby towns
Boating facilities
What activities do visitors partake in during their visit to your
region?
Bird watching
Relaxing
Hiking and bushwalking
Picnicking
Swimming
Fishing or hunting
Kayaking / canoeing
Sunbathing
Rock hopping
Other
Power boating
Water skiing
Water sports
Land-based sports
Sailing
Jet skiing
Wildlife feeding
With respect to water-based activities, how important are the
following factors? *
Water quality (absence of odours)
Local plants and animals
Accessibility to water
Water clarity
Number of other visitors
Water temperature
Land-based facilities
Lack of tree stumps in water
Lack of weeds in water
Lack of emergent plants
Presence of jetties / boardwalks
What information do you provide your clients?
Brochures
Talks and presentations
National parks talks
Not applicable
In your opinion, are your clients generally environmentally aware?
Yes
Do any visitor activities influence the health of aquatic ecosystems in
the region?
Yes
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3.706
3.625
3.600
3.471
3.412
3.313
3.267
2.786
2.214
1.500

3.571
2.200
3.200
3.857
3.143
3.000
2.833
3.143
2.333
3.000

70.59
76.47
94.12
70.59
58.82
17.65
11.76
29.41
17.65
5.88
0.00
0.00
5.88
5.88
0.00
0.00
11.76

42.86
57.14
28.57
28.57
57.14
14.29
28.57
0.00
0.00
0.00
0.00
0.00
28.57
0.00
0.00
0.00
14.29

3.467
3.375
3.313
3.214
3.200
2.643
2.538
2.375
2.200
2.188
1.875

3.857
2.833
3.667
3.000
2.667
2.500
2.750
3.000
2.333
3.333
2.250

41.18
82.35
5.88
17.65

14.29
85.71
0.00
14.29

89.35

85.71

76.47

85.71
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Which of the following activities influence the health of aquatic
ecosystems in your region?
Erosion and poor water quality
Trampling and removal of shoreline vegetation
Infrastructure and development within parks
Camping
Power boating (including jet skis and water skiing)
Fishing or hunting
Noise pollution
Increased nutrients and algal blooms
Wildlife feeding
Oil and petrol pollution
Sailing
Canoeing / kayaking
Not answered
How important are the following factors in influencing the health of
aquatic ecosystems in your area? *
Development within park boundaries
Trampling of shoreline vegetation
Tourism and recreation
Nutrient inputs from camp grounds
Development outside park boundaries
Camping
Fire (prescribed and wild fires)
Power boating
Hunting
Nutrient inputs from swimmers
Feeding of fish / turtles / water birds
Fishing
Sailing and canoeing
What management concerns do you have with regard to the
recreational use of the natural resources you visit?
Insufficient zoning of tourist activities
Too many tour operators
Too many visitors
Lack of facilities and infrastructure
Difficult access to focal sites
Insufficient quality and quantity of visitor information
Ongoing degradation of local ecosystems
Too many boats

41.18
41.18
29.41
29.41
29.41
23.53
23.53
17.65
17.65
17.65
5.88
5.88
29.41

83.33
66.67
83.33
na
33.33
33.33
50.00
50.00
16.67
33.33
0.00
0.00
16.67

3.667
3.467
3.417
3.267
3.071
3.071
3.000
3.000
2.909
2.750
2.500
2.385
2.000

2.750
3.000
2.000
2.500
3.000
2.333
3.667
3.500
2.000
2.500
3.000
2.750
1.667

28.57
28.57
35.71
28.57
21.43
35.71
50.00
na

0.00
0.00
0.00
14.29
14.29
57.14
57.14
28.57

For the general tour operators, the majority of tours featured stops at aquatic sites. In fact, 58% of the survey
respondents indicated that between three-quarters and 100% of their tours had daily visits to aquatic ecosystems.
Given that many of the tour operator respondents take tours into arid parts of the continent, these findings
highlight the appeal and reliance of tourism industry members on significant aquatic sites. As expected, 100% of
the river tour operators had stops at aquatic sites. Clearly, a sub-component of successful tourism industry
professionals can focus solely on aquatic ecosystems and their appeal to visitors.
As noted earlier, tour operators tended to rate natural values above those for infrastructure in terms of their
influence on client experiences. However, river tour operators tended to place a higher importance on
infrastructure development than general tour operators, presumably owing to their need for vessel access, storage
and loading facilities. Across all other factors, river and general tour operator responses were generally not
different (Table 3).
Visitors on general and river tours undertake a similar range of activities, although non-motorised boats and
water sports were nominated more often by river tour operators. Interestingly, sun bathing and rock hopping
were not nominated as activities undertaken by river tour operators. Given that some of the companies that
responded run rafting tours it seems strange that rock hopping was not an activity listed for their clients. Further
research is required to examine differences in activities between visits to aquatic sites by general tour operators
versus the water-focused tours run by river tour operators.
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Both general and river tour operators indicated that water quality, accessibility to water and water clarity had
a significant impact on the activities and experiences of their clients. General tour operators also rated highly the
influence of local plants and animals and the number of other visitors at visited sites. In contrast, the focus of
activities on the water by river tour operators was reflected by their nomination of lack of tree stumps and
emergent plants in the water. Interestingly, river tour operators did not rate the influence of weeds in the water as
highly as these two other factors, indicating that plants and structures that break the surface of the water (and
have the capacity to damage hulls and motors) tend to have a stronger influence on visitor perceptions and
activities than submerged features.
Over 80% of tour operators (from both categories) provided their clients with information through talks and
presentations about the systems they visit. Whilst the nature, accuracy and source of this information is
unknown, it is encouraging to learn that most tour operators do offer interpretative discussion of natural
environments.
Respondents indicated that there was a high level of environmental awareness displayed by their clients
(Table 3). Significantly, more than three quarters of all tour operators felt that visitor activities influence the
health of the aquatic ecosystems they visit. Interestingly, a number of the tour operators suggested that whilst
their own clients were not responsible for these adverse impacts, other tours and self-drive visitors were often
irresponsible and that the actions of these groups required closer scrutiny.
The frequency with which general tour operators nominated processes that threaten the health of aquatic
ecosystems was generally greater for the river tour operator group. This presumably relates to their greater
awareness of water quality issues, as they have a greater tendency to influence tour plans and the perceptions of
their clients. More than half of the river tour operators nominated erosion and poor water quality, trampling and
removal of shoreline vegetation, infrastructure and development within parks, increased nutrients and algal
blooms and noise pollution as ongoing threats to the aquatic ecosystems they visit with their clients. In contrast,
less than a third of all general tour operators nominated most of the listed threatening processes. Only erosion
and poor water quality and trampling and removal of shoreline vegetation were seen as a threat to aquatic
ecosystem health by more than 40% of general tour operators.
The importance of factors influencing the health of aquatic ecosystems also differed between general and
river tour operators. General tour operators rated eight of the thirteen listed factors as being significant in
influencing the health of aquatic ecosystems. In contrast, river tour operators only rated trampling of shoreline
vegetation, developments outside park boundaries, fires, power boating and feeding of fish/turtles/water birds as
significant.
With respect to the recreational use of natural resources, both groups of tour operators tended to express
concern relating to the ongoing degradation of local aquatic ecosystems. Respondents indicated that ecological
degradation, more than any other factor, threatens the sustainability of their tours to aquatic sites. Tour operators
also acknowledged that there was insufficient quality and quantity of visitor information in the areas they visited
with their clients. Research investigating where these information shortfalls exist and how to remedy them is
paramount if the goal of improving the ecological understanding and responsibility of visitor activities is to be
achieved.

Analyses of Coastal and Inland Survey Responses
To determine whether patterns of use and user values of aquatic ecosystems varied substantially between coastal
and inland regions of Australia, all survey responses, across the local council and protected area target groups
were categorised as being either 1) coastal or 2) inland. In instances where councils or protected areas had both
coastal and inland elements, the dominant element guided our classification into one of these two categories.

Distribution and Types of Aquatic Ecosystems
For the analyses of local councils, we identified 34 inland councils and 30 coastal councils. For protected areas,
there were 36 inland and 15 coastal survey respondents. Among all respondents a wide range of aquatic
ecosystems were nominated, with beaches, ocean, estuaries, coastal lagoons, streams and rivers, lakes, wetlands
and billabongs found within most park and shire council jurisdictions. These results highlight the ubiquity of
aquatic ecosystems in Australia, even in some of the driest inland regions. Given that Australia is the driest
inhabited continent in the world, this diversity and abundance of aquatic environments might come as a surprise.
Analyses of the distribution of types of aquatic ecosystems revealed some interesting differences between
coastal and inland respondents (from local councils and protected areas). As expected, coastal respondents
differed substantially from inland respondents in terms of the dominant aquatic ecosystems within their regions
(Table 4). These differences were driven largely by the absence of beaches and estuaries in inland regions.
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However, inland councils reported a substantial difference in the distribution of lakes, with a greater proportion
of inland councils reporting their presence than was the case for coastal councils (Table 4). Whilst anecdotal
evidence suggests that many of these inland lakes are saline and/or dry for extended periods of time, their
abundance in inland regions points to a potentially significant and different resource than that experienced by
residents and visitors to the coastal zone. Significantly, the responses of inland protected area managers did not
match the elevated frequency of standing waterbodies indicated by inland councils. This could be due to the
absence of water storages, including dams and weir pools, in most protected areas, at least relative to those found
within council jurisdictions. There might also be some differences in the categorisation of the term ‘lakes’
between protected area and local council respondents. Further research is therefore required to determine
whether the greater frequency of lakes within inland council boundaries is an artefact of different definitions, or
whether there are more standing waterbodies (albeit intermittent waterbodies in many instances) in inland
regions.
Table 4: Responses to surveys sent to local councils and protected area managers by coastal and inland
respondents
Data presented as percentage of the respondents nominating listed responses; local councils (LCs) and protected area managers (PAMs)

LCs

Question
Number of respondents
What types of aquatic environments are there in your
region?
Beaches and ocean
Streams and rivers
Wetlands
Estuaries
Coastal lagoons
Lakes
Billabongs
Are aquatic environments a significant component of your
region?
Yes
What percent of the region is comprised of aquatic
environments?
< 5%
5-10%
10-25%
25-50%
> 50%
How many visitors does your region receive annually?
< 1,000
1,000-5,000
5,000-20,000
20,000-50,000
50,000-200,000
200,000-500,000
> 500,000
How long do visitors spend in your region?
1 day
1-2 days
3-5 days
> 5 days

PAMs

Coastal

Inland

Coastal

Inland

30

34

15

36

93.33
83.33
70.00
63.33
30.00
40.00
16.67

5.88
88.24
73.53
14.71
2.94
67.65
14.70

86.67
80.00
80.00
66.67
46.67
46.67
6.67

2.78
97.22
22.22
2.78
0.00
19.44
16.67

82.76

50.00

93.33

94.44

20.69
27.59
37.93
13.79
0.00

44.12
35.29
17.65
2.94
0.00

13.33
20.00
33.33
20.00
13.33

47.22
22.22
16.67
8.33
5.56

0.00
7.41
22.22
11.11
29.63
14.81
14.81

3.71
10.71
17.86
10.71
21.43
17.86
17.86

0.00
13.33
33.33
6.67
6.67
40.00
0.00

8.33
8.33
30.56
27.78
13.89
2.78
8.33

20.00
43.33
13.33
6.67

40.63
28.13
9.38
3.13

33.33
40.00
26.67

36.11
55.56
8.33
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How do visitors come to your region?
2WD vehicles
4WD vehicles
Commercial bus
Bicycle / walking / hiking
Boat (includes powered and non-motorised)
What activities do visitors partake in during their visit to
your region?
Bird watching
Relaxing
Fishing or hunting
Hiking and bushwalking
Picnicking
Swimming
Camping
Kayaking / canoeing
Sunbathing
Land-based sports
Are visitors to your region generally environmentally
aware?
Yes
Do any visitor activities threaten the health of aquatic
ecosystems in your region?
Yes
Which of the following activities have an impact on aquatic
ecosystem health in your region?
Trampling or removal of shoreline vegetation
Erosion and poor water quality
Increased nutrients and algal blooms
Camping
Fishing or hunting
Infrastructure and developments
Power boating (including jet skis and water skiing)
Oil and petrol pollution
Are there management plans in place to limit or reduce the
threats of tourist activities on aquatic ecosystems in your
region?
Yes
Which of the following activities occur in your region?
Littering
Trampling of vegetation by hikers / bushwalkers
Power boating
Camping in undesignated areas
Fishing or hunting
Swimming
Addition of soaps/detergents/nutrients to waterways
Non-motorised boating
Mistreatment of toilet and camping facilities

96.55
72.41
65.52
13.79
24.10

97.06
76.47
85.29
44.11
20.51

73.33
93.33
66.67
73.33
37.78

86.11
94.44
55.56
36.11
9.24

73.33
93.33
93.33
73.33
80.00
93.33
66.67
53.00
76.67
46.67

76.47
85.29
58.85
82.35
91.18
44.12
73.53
41.17
11.76
55.88

86.67
86.67
80.00
80.00
73.33
66.67
66.67
46.67
40.00
6.67

88.89
88.89
41.67
86.11
86.11
66.67
72.22
33.33
19.44
8.33

73.33

79.41

86.67

74.29

70.00

52.94

64.29

58.82

77.27
40.91
45.45
31.82
40.91
40.91
45.45
40.91

71.43
71.43
66.67
28.57
28.57
33.33
33.33
38.10

84.62
53.85
53.85
53.85
38.46
15.38
23.08
15.38

62.50
75.00
50.00
41.67
33.33
45.83
8.33
20.83

56.67

35.48

78.57

70.59

80.00
76.67
73.33
80.00
50.00
76.67
30.00
66.67
43.33

85.29
67.65
44.12
61.76
44.12
41.18
41.17
44.12
35.29

86.67
80.00
73.33
66.67
60.00
60.00
53.33
46.67
40.00

85.29
70.59
8.82
70.58
52.95
64.71
47.06
26.47
50.00

As anticipated given the aridity of inland Australia, coastal and inland respondents tended to report different
spatial extents and distributions of aquatic environments. Inland respondents tended to report limited spatial
extent of aquatic ecosystems, with almost 80% of local councils and 70% of protected area managers indicating
that these systems occupied less than 10% of the area under their jurisdictions. Comparable values for coastal
respondents were almost 50% for local councils and just one third (33.33%) of protected areas. These findings
suggest that aquatic ecosystems tend to be more spatially abundant in coastal areas, although it should be noted
that the wet season extent of many inland wetlands and rivers is substantial.
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The observed differences in the distribution and intermittency of aquatic ecosystems between coastal and
inland respondents also led to a difference in the degree to which survey respondents valued these resources. For
example, over 80% of coastal council respondents nominated aquatic ecosystems as a significant component of
their region, whilst only 50% of inland councils shared this view (Table 4). In contrast, coastal and inland
protected area managers agreed in terms of the significance of aquatic ecosystems within their parks, with over
90% of both groups indicating that aquatic environments represent significant components of the landscape
(Table 4). Given this discrepancy between areal extents of aquatic ecosystems, the fact that inland protected area
managers valued them so highly is a significant result. We suggest that this high degree of importance reflects
both the environmental and aesthetic values of limited aquatic resources in inland regions. The use of these
resources for tourism and recreation is therefore a significant factor in their management, particularly in light of
the likely reliance of native terrestrial biota on these systems as vital drinking resources and their importance as
refuge habitat for aquatic biota during dry times.

Visitors’ Characteristics
Respondents from coastal and inland councils indicated that there were roughly similar visitor numbers to these
regions. Interestingly, both inland and coastal responses suggested a degree of bimodality, with more
respondents indicating that annual visitor numbers fall in the ranges of 5,000-20,000 and 50,000-200,000 than in
the 20,000-50,000 range (Table 4). In contrast, there was a marked difference in the distribution of visitor
numbers between coastal and inland protected areas. The majority of respondents from inland protected areas
indicated that between 5,000 and 50,000 visitors entered their parks each year (Table 4). In contrast, the coastal
protected areas demonstrated a bimodal distribution (similar to that seen in the local council results), with visitor
numbers peaking in the 5,000-20,000 and 200,000-500,000 ranges. This second peak represented the most
common response from coastal protected area managers and reflects the popularity and very high visitor loads of
several coastal National Parks within our survey (e.g. Great Sandy National Park – Fraser Island World Heritage
Area).
Survey respondents reported that short stays were typical in all regions. Whilst stays were typically a little
longer in coastal regions than in inland regions (from local council and protected area respondents), the majority
of visitors in both regions stayed less than two days. However, there was a tendency towards longer stays in
coastal protected areas (relative to inland protected areas) with one quarter of survey respondents indicating that
visits were typically three to five days long.
Across all surveys, 2WD and 4WD vehicular access to regions were the dominant modes of transport used by
visitors. However, substantially more inland council respondents nominated commercial buses as a key form of
transport for visitors (Table 4). This result highlights the greater distances between inland centres and also
suggests a different style of touring to that which dominates visits to the coastal zone. As expected, given the
greater proportion of aquatic ecosystems within park boundaries in the coastal zone, a greater number of coastal
protected area respondents nominated access by boat (powerboats and non-motorised boats) than inland
protected area respondents (Table 4). These forms of access to protected areas tend not to be well documented or
regulated and excessive access from offshore may have significant detrimental impacts in fragile areas with high
conservation habitats like seagrass meadows and coral reefs. Further research is required to quantify vessel
activities in and around protected areas, as well as their environmental impacts. Interestingly, one fifth of inland
council respondents indicated that visitors arrived via boat. This result is strongly influenced by the number of
Murray-Darling councils in our dataset, with paddle steamers and other vessels representing a significant mode
of transport in these regions.

Visitor Activities
Visitors tend to partake in a wide range of activities in both coastal and inland regions (Table 4). The major
differences between the proportion of respondents nominating listed activities revolved around water-based
activities, with substantially higher numbers of coastal respondents nominating swimming, fishing or hunting,
sailing, power boating and jet skiing than their inland counterparts. Despite these differences, water skiing was
nominated by roughly equivalent numbers of inland and coastal councils (Table 4). This result presumably
reflects the nature of aquatic ecosystems in inland regions, with large numbers of dams and weir pools being
used for water skiing. Further research is required to assess the importance of inland waterbodies for water
skiing versus other recreational activities. The other major difference between coastal and inland respondents
was for the activity of sun bathing. Over three-quarters of the coastal council respondents nominated sunbathing
as a key activity within their regions, whereas less than 12% of inland council respondents indicated that visitors
sunbathe during visits to their region. More research is required to determine the reason behind this substantial
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difference, although it presumably relates to the perceptions of coastal areas as sites of relaxation. This
suggestion is supported by results from protected area surveys, with bird watching and relaxing as the two most
nominated activities. The greatest dissimilarities between inland and coastal protected areas were evidenced with
regard to fishing and hunting and sun bathing. These activities were more common in coastal parks than in
inland parks (Table 4) and may be related to the shorter duration of visits in inland areas.

Visitor Impacts
Around three-quarters of all coastal and inland respondents indicated that visitors to their regions were generally
environmentally aware (Table 4). Despite this high level of awareness, respondents indicated that visitor
activities do threaten the health of aquatic ecosystems in both regions, although to a substantially higher extent in
coastal systems (70% versus 53% for councils and 65% versus 58% for protected areas).
Coastal protected area managers and coastal and inland councils nominated trampling and removal of
shoreline vegetation as the activities that threaten aquatic ecosystem health in their regions. Whilst this process
was also nominated as a significant threat in inland regions, erosion and poor water quality was the most
nominated threatening process (Table 4). Erosion and poor water quality and increased nutrients and algal
blooms are consistently viewed as threatening processes, and a range of other threats were also nominated (Table
4).
Despite concerns over key threatening processes in coastal and inland regions, surprisingly few councils have
implemented management plans to address the processes that influence aquatic ecosystem health in their region.
A little over half of the coastal councils have implemented management plans, whereas only about a third of
inland councils have implemented strategies to ameliorate threats to aquatic ecosystems (Table 4).
Approximately three-quarters of coastal and inland protected area respondents reported that they had
management plans and strategies in place to ameliorate the threats posed by tourist activities within their parks
(Table 4). This represents a substantially stronger response to the threats of tourism and recreation than that
reported by local councils, although given the narrower scope of responsibilities of protected area managers, this
result is not surprising.
In general terms, coastal and inland respondents listed similar activities within their parks that have the
potential to influence conservation values and ecosystem health. Camping in undesignated areas, littering,
trampling of vegetation by hikers/bushwalkers, swimming, power boating and non-motorised boating were
nominated as being popular and frequent activities by more than two-thirds of the coastal council respondents. In
contrast, only trampling of vegetation by hikers/bushwalkers and littering were identified by two-thirds of the
inland councils surveyed. This discrepancy presumably relates to differences in water-based activities between
coastal and inland councils (see previous). The most common threatening activities in protected areas were
littering, trampling of vegetation and camping in undesignated areas. As shown by the range of activities
nominated above, threats associated with power boating were nominated by many more coastal protected area
managers than inland protected area managers.

State-based Analysis of Survey Responses
In order to examine if user values and patterns of use of aquatic ecosystems varied substantially between states,
survey responses across the local council and protected area target groups were grouped by state. The spread of
coastal and inland respondents varied substantially from state to state and between protected area and local
council groups (Table 5). For example, the majority of protected area respondents in New South Wales,
Queensland and Victoria were from inland regions. In contrast, almost three-quarters of protected area
respondents from Western Australia came from coastal regions. Similar differences were evident in the local
council dataset, with all local council respondents in Victoria originating from inland regions and all in
Tasmania from coastal regions. The relatively greater contribution from inland regions in Queensland, New
South Wales and Victoria presumably relates to the comparatively higher population densities in these states
than in Tasmania, South Australia and Western Australia.
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Table 5: Responses to surveys sent to local councils and protected area managers by state.
Data presented as percentage of the respondents nominating listed responses; local councils (LCs), protected area managers (PAMs)
Please note that no PAM respondents were recorded for SA and TAS

NSW

Question
Number of respondents
Coastal or inland?
Coastal
Inland
Types of aquatic
environments?
Streams and rivers
Wetlands
Lakes
Billabongs
Beaches and ocean
Estuaries
Coastal lagoons
Are aquatic ecosystems a
significant component?
Yes
What percent of the region is
comprised of aquatic
ecosystems?
< 5%
5-10%
10-25%
25-50%
> 50%
How many visitors does your
region receive annually?
< 1,000
1,000-5,000
5,000-20,000
20,000-50,000
50,000-200,000
200,000-500,000
> 500,000
How long do visitors spend in
your region?
1 day
1-2 days
3-5 days
> 5 days
How do visitors come to your
region?
2WD vehicles
4WD vehicles
Commercial bus
Bicycle / walking / hiking
Boat (powered and nonmotorised)

QLD

VIC

WA

TAS

LCs

LCs

7

3

LCs

PAMs

LCs

PAMs

LCs

4

10

7

25

8

50.00
50.00

20.00
80.00

57.14
42.86

32.00
68.00

50.00 0.00 45.71 71.43
50.00 100.00 54.29 28.57

57.14 100.00
42.86 0.00

100.00
75.00
50.00
25.00
50.00
75.00
25.00

90.00 100.00 95.83 100.00 100.00 77.14 57.14
30.00 71.43 29.17 100.00 50.00 68.57 71.43
10.00 28.57 20.83 75.00 50.00 62.86 42.86
0.00 57.14 12.50 25.00 30.00 5.71 14.29
20.00 42.86 33.33 50.00 10.00 42.86 42.86
10.00 57.14 29.17 50.00 10.00 25.71 28.57
10.00 42.86 20.83 37.50 0.00 2.86 14.29

85.71 100.00
85.71 0.00
42.86 0.00
14.29 0.00
57.14 66.67
28.57 66.67
28.57 0.00

50.00

90.00

71.43

95.83

62.50 100.00 60.00 85.71

71.43 100.00

25.00
50.00
0.00
25.00
0.00

30.00
40.00
20.00
10.00
0.00

28.57
14.29
42.86
14.29
0.00

37.50
16.67
16.67
20.83
8.33

50.00
12.50
12.50
12.50
12.50

30.00 34.29 57.14
10.00 31.43 28.57
50.00 28.57 0.00
0.00 5.71 0.00
10.00 0.00 14.29

14.29
57.14
28.57
0.00
0.00

33.33
33.33
33.33
0.00
0.00

0.00
0.00
50.00
25.00
25.00
0.00
0.00

0.00
10.00
50.00
20.00
10.00
10.00
0.00

0.00
0.00
28.57
14.29
14.29
28.57
14.29

12.50
16.67
29.17
16.67
12.50
8.33
4.17

0.00
0.00
0.00
12.50
25.00
12.50
50.00

0.00
0.00
10.00
40.00
20.00
10.00
20.00

2.86 0.00
14.29 0.00
17.14 42.86
17.14 14.29
20.00 0.00
25.72 42.86
2.86 0.00

0.00
0.00
14.29
0.00
28.57
28.57
28.57

0.00
0.00
0.00
0.00
33.33
33.33
33.33

25.00
50.00
25.00
0.00

20.00
70.00
10.00
0.00

28.57
42.86
14.29
14.29

37.50
50.00
12.50
0.00

50.00
37.50
12.50
0.00

30.00 37.14 57.14
40.00 25.71 42.86
30.00 28.58 0.00
0.00 8.57 0.00

28.57
28.57
14.29
28.57

33.33
33.33
33.33
0.00

100.00
75.00
50.00
0.00

90.00 100.00 90.00 100.00
100.00 71.43 100.00 50.00
40.00 71.43 40.00 75.00
50.00 0.00 50.00 37.50

0.00

30.00

28.58

30.00

25.00

PAMs LCs PAMs

SA

10

100.00
80.00
80.00
60.00

35

94.29
80.00
82.86
40.00

7

100.00
100.00
100.00
57.14

50.00 17.14 14.29

85.71 100.00
71.43 66.67
71.43 33.33
28.57 0.00
57.15

0.00
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What activities do visitors
partake in during their visit
to your region?
Swimming
Fishing or hunting
Bird watching
Relaxing
Picnicking
Hiking and bushwalking
Sunbathing
Camping
Kayaking / canoeing
Land-based sports
Sailing
Power boating
Jet skiing
Water skiing
Water sports
Rock hopping
Wildlife feeding
Are visitors to your region
generally environmentally
aware?
Yes
Do any visitor activities
threaten the health of aquatic
ecosystems in your region?
Yes
Which of the following
activities have an impact on
aquatic ecosystem health in
your region?
Trampling of shoreline
vegetation
Power boating (+ jet skis /
water skiing)
Erosion and poor water
quality
Increased nutrients and
algal blooms
Oil and petrol pollution
Noise pollution
Sailing
Infrastructure and
developments
Camping
Fishing or hunting
Wildlife feeding
Kayaking / canoeing
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100.00
100.00
100.00
100.00
100.00
75.00
75.00
75.00
50.00
50.00
25.00
25.00
25.00
25.00
25.00
0.00
0.00

80.00 85.71 58.33 87.50 60.00 54.29 85.71
50.00 100.00 50.00 87.50 70.00 65.71 42.86
90.00 71.43 87.50 75.00 100.00 74.29 71.43
90.00 100.00 83.33 100.00 90.00 82.86 100.00
90.00 100.00 75.00 100.00 90.00 80.00 85.71
90.00 57.14 79.17 62.50 90.00 82.86 85.71
30.00 28.57 20.83 50.00 30.00 34.29 28.57
80.00 85.71 66.67 87.50 80.00 65.71 57.14
30.00 71.43 20.83 75.00 50.00 37.14 85.71
10.00 57.14 4.17 50.00 20.00 48.57 0.00
0.00 71.43 0.00 50.00 10.00 28.57 28.57
10.00 57.14 8.33 37.50 20.00 31.43 28.57
0.00 42.86 0.00 37.50 20.00 22.86 0.00
0.00 57.14 0.00 50.00 30.00 20.00 28.57
10.00 42.86 0.00 75.00 30.00 37.14 14.29
50.00 42.86 20.83 12.50 10.00 11.43 14.29
0.00 42.86 4.17 50.00 10.00 11.43 0.00

71.43
85.71
100.00
100.00
100.00
100.00
57.14
85.71
42.86
71.43
42.86
57.14
28.57
57.14
57.14
0.00
14.29

66.67
33.33
0.00
66.67
33.33
66.67
66.67
0.00
33.33
33.33
66.67
0.00
0.00
0.00
33.33
0.00
0.00

75.00

90.00 100.00 79.17

50.00

60.00 80.00 85.71

71.43

66.67

50.00

60.00

57.14

45.45

75.00

70.00 62.86 71.43

71.43

0.00

50.00

66.67

14.29

73.33

62.50

66.67 54.29 71.43

57.14

33.33

50.00

0.00

0.00

6.67

12.50

22.22 34.29 28.57

28.57

0.00

25.00

50.00

42.86

93.33

50.00

66.67 40.00 28.57

28.57

0.00

25.00
25.00
25.00
25.00

16.67
0.00
16.67
0.00

28.57
14.29
14.29
0.00

53.33
13.33
6.67
0.00

50.00
50.00
0.00
0.00

77.78 40.00 42.86
44.44 25.71 14.29
33.33 11.43 14.29
0.00 2.86 0.00

42.86
28.57
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

33.33
50.00
33.33
16.67
0.00

42.86
28.57
14.29
0.00
0.00

40.00
40.00
26.67
26.67
0.00

37.50
12.50
25.00
25.00
0.00

33.33
44.44
66.67
11.11
0.00

0.00
14.29
14.29
0.00
0.00

0.00
0.00
0.00
0.00
0.00

28.57 28.57
25.71 57.14
31.43 14.29
22.86 0.00
5.71 0.00
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Which of the following
activities occur in your
region?
100.00 80.00
Littering
100.00 80.00
Swimming
75.00 20.00
Power boating
Camping in undesignated
50.00 80.00
areas
Trampling of vegetation by
50.00 80.00
hikers
Addition of soaps /
25.00 50.00
detergents / nutrients
25.00 40.00
Fishing or hunting
25.00 30.00
Non-motorised boating
Mistreatment of
0.00 50.00
toilet/camping facilities

85.71
85.71
85.71

90.91
59.09
31.82

75.00
75.00
62.50

90.00 82.86 71.43
50.00 37.14 71.43
20.00 45.71 42.86

85.71 66.67
71.43 100.00
57.14 100.00

85.71

63.64

50.00

80.00 74.29 57.14

71.43

57.14

81.82

62.50

60.00 85.71 57.14

28.57 100.00

42.86
57.14
85.71

59.09
45.45
27.27

50.00
50.00
75.00

50.00 34.29 14.29
70.00 45.71 85.71
40.00 42.86 42.86

14.29 66.67
42.86 66.67
57.14 100.00

57.14

45.45

37.50

60.00 42.86 28.57

28.57

66.67

33.33

Distribution and Types of Aquatic Ecosystems
Streams and rivers were generally the most nominated aquatic ecosystems within protected areas and local
council boundaries (Table 5). Victorian survey respondents most frequently reported lakes and Queensland local
councils most often nominated billabongs within their parks. As highlighted previously, definitional differences
may contribute to differences in the reported frequency and distribution of aquatic ecosystems within regions.
This is likely to be particularly pertinent for ecosystems like wetlands that can be dry for extended periods of
time and may not look different to forests.
Despite the variability in the abundance and extent of aquatic environments throughout Australia, the vast
majority of all local council and protected area managers indicated that they were significant components of the
landscape (Table 5). Given that most respondents, across all states, indicated that aquatic ecosystems comprise
less than 25% of their region, this high level of significance attributed to aquatic environments reflects the
importance of water for tourism, recreation and other industries throughout Australia. This high value attributed
to aquatic ecosystems suggests that these systems are focal environments, either for wildlife, humans or
agricultural/industrial uses.

Visitor Characteristics
Despite large differences between states, there was general agreement between local council and protected area
respondents in the number of visitors to their regions each year (Table 5). Significantly, this general agreement
reflects the appeal of regions rather than specific sites within each state. To some degree, these results may also
reflect the resident populations in given regions, hence the consistently higher visitor numbers reported in New
South Wales, Queensland and Victoria relative to some of the less densely populated states. The consequences of
population density for tourism and recreational activities lie beyond the scope of this study, although Hadwen
and Arthington are currently working on developing a predictive model of tourist and resident use of National
Parks on the basis of their different perceptions, values and uses of protected areas. The discrimination between
residents and visitors to regions is an important component of tourism impacts research, as identified by Hadwen
and Arthington (2003) who characterised the demographics and perceptions of visitors to Fraser Island’s World
Heritage listed Lake McKenzie. In that study, there were two distinct groups of visitors (international visitors
and domestic travellers) to Lake McKenzie. The most abundant group was that of the international visitors. The
majority of the remainder of respondents were Queensland and New South Wales residents. Hadwen and
Arthington (2003) revealed that the values and perceptions of these groups, although similar, were different
enough to indicate that different management strategies might be required to adequately address their needs and
values.
Across all local council and protected area responses, there was a consistent message regarding the duration
of stays by visitors. In general, most regions and protected areas hosted visitors for less than three days (Table
5). Most visitors made their way to regions and protected areas in 2WD and 4WD vehicles, although, as shown
in the coastal versus inland analyses, commercial and company buses were often used to visit regional inland
areas.
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Visitor Activities
Not surprisingly, visitors to all of the states of Australia undertake an extremely wide range of activities. Overall,
there was some variability in the frequency at which certain activities were nominated, both between local
councils and protected areas and between the states. As expected, given agency-level regulations in most states,
the instances of fishing and hunting were generally lower in protected areas than in local council areas across all
states.
Despite the variability in responses, swimming, fishing or hunting, bird watching, relaxing, picnicking and
hiking were consistently the most nominated activities across local council and protected area respondents. The
major differences between states and local council and protected area surveys therefore lay with the less
frequently nominated activities. For example, water skiing was generally deemed to be a more common activity
within local council boundaries than within protected areas (Table 5). This clearly reflects differences in the
management objectives of these different survey groups, as well as the regulations in place within National
Parks. A similar pattern was observed for power boating, jet skiing and water sports.
In Queensland, Victoria and Western Australia, reported instances of wildlife feeding were higher in local
council responses than in protected area responses. It is uncertain as to whether or not this relates to the
educational programs implemented in protected areas to reduce the amount of wildlife feeding, but these results
certainly point to the capacity of wildlife feeding in non-protected areas to lead to changes in species abundance
and behaviour.

Visitor Impacts
Overall, there was a high degree of confidence shown by local council and protected area respondents with
regard to the environmental awareness of their visitors (Table 5). The notable exception to this generalisation
was Victoria, where local council and protected area respondents indicated a substantially lower level of
environmental awareness (50% and 60% of visitors respectively, compared to means from the other states 78.6%
for local councils and 84.9% for protected areas). Corresponding to this lack of environmental awareness, up to
75% of Victorian respondents indicated that visitor activities threaten the health of aquatic ecosystems in their
regions. This level is higher than that reported in other states, although most (generally between 50-70%)
respondents indicated that the activities of visitors do currently have an impact upon the ecological integrity and
health of aquatic ecosystems (Table 5). Despite the relationship between lower awareness and increased impacts
in Victorian responses, similar patterns were not evident in other states. In fact, for New South Wales and
Queensland, high levels of awareness corresponded with low levels of impacts (Table 5).
Councils and protected area managers reported a wide range of threatening activities within their regions, but
few activities were nominated by more than two-thirds of respondents from either group or any state. The only
exception was for Victorian protected areas, where more than three-quarters of respondents nominated increased
nutrients and algal blooms as a threatening process that currently degrades the health of aquatic ecosystems in
their parks (Table 5). Anecdotal evidence suggests that in some of these instances the management of
neighbouring agricultural lands is contributing to this problem, but this is not necessarily the case in all parks
citing this process as a threat. More work is required to identify the sources of these nutrients and also to
determine whether the frequency, intensity and duration of algal blooms are influenced by human disturbances in
and around parks, or whether these processes occur under natural conditions in the range of systems in which
they have been observed.
Activities that frequently occur within the boundaries of local councils that are consistent across states
include littering, power boating and camping in undesignated sites. Littering and camping in undesignated sites
are also commonplace in protected areas. However, strict regulations within National Parks probably explain the
low levels of power boating reported in protected areas in New South Wales, Queensland and Victoria. Although
swimming was a common activity in council and protected area responses from most states, results from local
councils in Western Australia suggest that visitors tend not to swim on visits to the predominantly coastal
regions that responded to the survey. This is a somewhat surprising result, particularly given the extent of the
coastline and the fact that almost three-quarters of protected area respondents indicated that swimming was a
common activity. We suggest that the lower numbers of surveys reporting swimming as a major activity may
reflect differences in water temperature and/or the degree to which many coastal regions are relatively
unpopulated and dangerous for swimming. Further research is required to examine the importance of aquatic
resources for swimming in Western Australia compared to the other states of Australia.
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Our analyses revealed that swimming is less common in protected areas than within local council boundaries
in Queensland. However, we suggest that this result is biased by responses from tropical Queensland where
crocodiles and box jellyfish inhibit swimming activities. Whilst these represent natural components of the
landscape that influence visitor behaviours, we caution that comparisons of the prevalence of swimming without
considering these components may lead to incorrect conclusions. When tropical protected areas are removed
from the analyses, swimming is nominated by over 80% of the respondents, revealing that this activity is very
common in regions where it is not prohibited by potentially lethal biota.
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Chapter 4

DISCUSSION AND IMPLICATIONS
In this study, we have established the importance of aquatic ecosystems to tourism and recreation in Australia.
Significantly, most survey respondents indicated that aquatic ecosystems were disproportionately important
given their limited abundance in most areas, highlighting their role as focal sites for recreation.

Research Outcomes
There are a number of key research outputs from this project. Specifically, the major output will be this final
report, which includes a detailed research and development strategy for the STCRC and a comprehensive review
of what is known of tourism impacts in aquatic ecosystems, both from our knowledge of the literature and the
responses to our surveys. Additional outputs include numerous applications for further research funding into the
area of tourism in protected areas and its implications for aquatic ecosystem health. Specifically, a Tourist
Pressure Index project (funded by STCRC), a Smart State monitoring and ecosystem health project (developed
with support from Green Globe Asia Pacific Pty Ltd), a Griffith University Post Doctoral Fellowship application
and a variety of suggested PhD projects (see STCRC website) and an upcoming STCRC EOI for more detailed
examination of tourist impacts and monitoring in aquatic ecosystems in protected areas, all build on the
knowledge gained from this study.

Research Diffusion and Research and Development Priorities
Broad Research Theme: The roles of aquatic ecosystems in sustaining tourism
and recreation across Australia
Despite the rapid growth of tourism based around natural resources in Australia over the past couple of decades,
surprisingly little attention has been given to the role of aquatic ecosystems in sustaining this growth. Results
from this study indicate that even in some of our driest regions, aquatic ecosystems play a vital role in
influencing tourist and local resident activities. As a result, we propose a STCRC research and development
program devoted to investigating (in substantial detail) this relationship between aquatic ecosystems and
sustainable tourism and recreation in Australia.
We propose two broad research projects to investigate this field, with one focusing on the importance of
aquatic ecosystems to tourism and recreation in Australia and the second investigating the potential and current
impacts of tourism and recreation on aquatic ecosystems. Together, these program areas would provide
invaluable information relating to the importance and sensitivity of aquatic ecosystems in light of the growing
tourism and recreational demand. These projects will also enable us to assess and predict the kinds of aquatic
ecosystems most popular for recreation, as well as the systems that are most threatened either through
exploitation or their natural sensitivity to human disturbances. Through an improved knowledge of the values
and perceptions of people engaged in outdoor recreation and the potential ecological consequences of tourism
and recreation, we should also be able to identify sites that are currently underutilised for tourism and recreation
purposes that have both the aesthetic and ecological characteristics upon which tourism and recreation can be
based and sustained. To this end, research projects undertaken in this field will facilitate growth in tourism
enterprises without compromising the ecological integrity that underpins the sustainability of activities and the
tourism industry as a whole.
All of these research questions require a multi-disciplinary approach that combines sociological and
ecological research. In particular, assessments of the importance of aquatic ecosystems to tourism and recreation
in Australia will benefit greatly from coordinated collections of site and use data. Specifically, tailored surveys
of tour operators, local councils, resource managers, local residents and tourists promise to provide a wealth of
information relating to the frequency of use of these aquatic sites as well as the range of activities that visitors
like to partake in whilst at these sites. In association with this social data, concurrent measures of environmental
variables will help to determine whether there is a particular suite of characteristics that make certain aquatic
sites more appealing to visitors than others. Furthermore, the collection of scale-appropriate ecological data
across a range of sites will aid in the identification of key variables against which the impacts of visitation and
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recreational activities can be assessed. Tailored and adequately sensitive monitoring programs for the wide range
of aquatic ecosystems that exist in Australia would be one of the most useful outcomes of this research program.

Research Program 1: The importance of freshwater and marine ecosystems to sustainable
tourism and recreation in Australia
This research program aims to quantify features of aquatic ecosystems that appeal to visitors (tourists and local
residents), in a bid to develop predictive models of resource use and likely impacts of that use. By combining
social and environmental research elements in a multivariate approach, this research will facilitate the
development of recreational resources in underutilised natural areas such that their appeal will not be
compromised. At the same time, the findings will assist in ensuring that ecological and conservation values are
retained, even in the most popular sites.
Primary Research Questions
1. How important is water as a renewable resource (for drinking and other human uses as well as recreation)
to tourism and recreation throughout Australia?
2. How important are aquatic ecosystems as focal sites for tourism and recreation across Australia?
3. How important are estuaries and beaches to tourism and recreation across Australia?
4. What features of the different aquatic ecosystems make them popular for tourism and recreational
activities? Can we predict which sites are likely to be heavily visited on the basis of their physical,
chemical and/or biological characteristics? Can we predict the vulnerability of particular ecosystem types?
5. Are there any differences in the way that tourists and local residents use and value aquatic ecosystems for
recreational activities?
6. What information is provided to tourists and local residents with regard to the ecology of aquatic
ecosystems and the potential consequences of their recreational activities? How useful is this information in
influencing recreational behaviours? Is there evidence that better education leads to less environmental
impact?
Primary Research Goals
1. Quantify the importance of aquatic ecosystems to tourism and recreation throughout Australia.
2. Identify the features of aquatic ecosystems that make them popular sites for tourism and recreation.
3. Identify aquatic ecosystems that are or may be threatened by tourism and recreation, and determine likely
remediation tools for impacted sites.
4. Identify future sites for aquatic recreation based on data of tourist values and ecological sensitivity.
5. Determine value and perception differences between tourists and local residents in terms of recreational use
of aquatic ecosystems.
6. Assess the type and influence of information provided to tourists and local residents with regard to the
ecology of aquatic ecosystems and the potential consequences of their recreational activities.

Research Program 2: Aquatic ecosystem responses to tourism and recreation
This research program addresses the development and ground-truthing of indicators of tourism impacts in
aquatic ecosystems. Recent initiatives by the STCRC to develop indicators for monitoring and assessment of
tourism in protected areas go some way towards meeting some of these important objectives. However, given the
inherent complexity of natural systems, it is likely that more resources will be required to tailor monitoring
programs and indicators for assessment of impacts across the wide range of aquatic ecosystems identified in this
study.
Primary Research Questions
1. Are there thresholds to tourist and local resident use of freshwater and estuarine aquatic ecosystems beyond
which the ecosystem shows signs of stress or deterioration? In other words, how many visits (from tourists
and/or local residents) are required before signs of ecosystem degradation are evident?
2. Do lake and stream environments and freshwater and marine environments respond differently to tourism
and recreation pressures? In other words, do all aquatic ecosystems respond to tourism and recreation in the
same way, or do their physical, chemical or biological features influence responses? For example, given
their hydrological differences, do flowing waters have higher visitation thresholds than still waters?
3. What tourist and local resident recreational activities threaten the health and sustainable use of aquatic
ecosystems? How do these activities vary across sites and regions and how might their impacts be
mitigated?
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Primary Research Goals
1. Determine links between aquatic ecosystem structure and function and system response to tourism and
recreation.
2. Quantify the response of aquatic ecosystems to use by tourists and local residents across a range of
recreational activities.
3. Highlight differences in aquatic ecosystem sensitivity to recreational activities and recommend strategies
for mitigating the effects of tourism and recreation in particularly sensitive sites.
4. Provide resource managers with social and ecological data, as well as a suite of appropriately scaled and
sensitive monitoring tools, which they can use to monitor and assess the sustainability of tourism and
recreation focused on specific aquatic ecosystems.

Research Theme 3: Spatial and temporal modelling of tourist activities and their
implications for ecosystem health
Primary Research Questions
1. Are the activities and behaviours of tourists in and around aquatic ecosystems consistent?
2. Can we model tourist behaviour given known parameters at a given site?
3. Can tourist impacts be identified, on the basis of their temporal and spatial characteristics, at sites with
multiple environmental stressors?
4. Building on existing knowledge (Tourist Pressure Index, Monitoring Programs etc), can robust conceptual,
empirical, deterministic and predictive models be constructed to establish the likely environmental
consequences of tourist activities in protected areas?
Primary Research Goals
1. To identify the types of models that may be applicable to tourism developments and their impacts on the
natural environment.

Research Theme 4: Restoration goals at degraded tourist sites
Primary Research Questions
1. If tourist activities significantly degrade the health of an aquatic ecosystem, will tourists keep coming?
2. What restoration can occur whilst a site is being exploited?
3. What restoration goals (from a tourism perspective) should be set that will see visitors return to any given
site? What restoration goals (from an ecosystem health perspective) should be set that will see species
and/or ecosystem health recover?
4. Are some sites too precious to allow visitors? How can we establish conservation versus tourism goals in
protected areas?
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APPENDIX A: SURVEY FOR PROTECTED AREA MANAGERS
The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
Survey Coversheet
Research Team:
Dr Wade Hadwen
Professor Angela Arthington
Professor Paul Boon
Dr Muriel Lepesteur-Thompson
Professor Arthur McComb
Contact: Dr Wade Hadwen

Griffith University, Queensland
Griffith University, Queensland
Victoria University, Victoria
Murdoch University, Western Australia
Murdoch University, Western Australia
Phone +61 7 3875 3987
Email w.hadwen@griffith.edu.au

Survey Aims:
This survey forms part of a research project funded by the Sustainable Tourism Cooperative Research Centre.
The project aims to determine the importance of aquatic environments for tourism and recreation in Australia,
with particular emphasis on establishing what we do know and do not know about the potential impacts of
tourism and recreation on freshwater and estuarine ecosystems. This particular survey is designed to assess the
range of recreational activities within your region / National Park / Protected Area, with particular emphasis on
the potential of those activities to adversely affect the ecological health of aquatic ecosystems.
Confidentiality and Risk:
Your responses to the questions in this survey will be treated as confidential. There is no risk of the information
you provide in this survey being reported in any way in a manner that will identify you.
Your Participation is Voluntary:
Please note that your participation in this survey is voluntary and you are free to withdraw from the survey at any
time. Completion and return of the survey reflects your consent to participate in the research.
Ethical Conduct of Research:
This survey is distributed through Griffith University. Griffith University conducts research in accordance with
the National Statement on Ethical Conduct in Research Involving Humans. If you have any concerns or
complaints about the ethical conduct of this research project please contact the Manager, Research Ethics on +61
7 3875 5585 or research-ethics@griffith.edu.au
Survey Return:
Please return the completed survey by mail to:
Dr Wade Hadwen
Centre for Riverine Landscapes
Faculty of Environmental Sciences
Griffith University
Nathan, Queensland 4111
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The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
A Survey for Protected Area Managers
1.

Name of National Park / Protected Area

___________________________

2.

Office Location and District

3.

What types of aquatic environments occur within the park that you manage? (Please tick all relevant
answers).
Lakes
Streams and Rivers
Billabongs
Wetlands
Coastal lagoons
Estuaries
Beaches and Ocean
Mound Springs
Other (please specify) _________________________

4.

Is your protected area coastal or inland?

___________________________

Coastal
Inland
5.

Are aquatic environments (lakes, rivers, streams, wetlands) a significant component of the park?
No
Yes

6.

In total, approximately what percentage of the park area is comprised of aquatic environments?
< 5%
10-25%
> 50%

7.

Approximately how many visitors does the park receive annually?
< 1,000
5,000 – 20,000
50,000 – 200,000
> 500,000

8.

1,000 – 5,000
20,000 - 50,000
200,000 – 500,000

How long do visitors generally spend in the park?
< 1 day
3-5 days
> 10 days

9.

5-10%
25-50%

1-2 days
6-10 days

How do visitors enter the park? Please rank (1-3) the following in order of numerical importance:
____ Private groups
____ Organised tour groups
____ Community groups

10. How do visitors gain access to the park? (Please tick all relevant modes of access)
Powerboat
Canoe or kayak
Private Car
4WD vehicles
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Sailing boat
Bicycle / Walking / Hiking
Commercial Bus
Other (please list) _______________
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11. What activities do visitors partake in during their visit to the park?
(Please tick all relevant options)
Swimming
Bird Watching
Rock-hopping
Power Boating
Water skiing
Land-based sports
Hiking and bushwalking
Relaxing
Picnicking

Fishing or Hunting
Kayaking/Canoeing
Sailing
Jet skiing
Water Sports
Wildlife feeding
Sunbathing
Camping
Other (please list)

_______________

12. How important are the following features in attracting visitors to the park?
(1 = not at all important, 2 = not very important, 3 = not applicable, 4 = very important, 5 = extremely
important)
Resident animals
Resident plants
Streams / rivers / lakes
Forests
Scenery
Toilet and camping facilities
Boating facilities
Bushwalking trails
Nearby accommodation
Nearby towns

1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5

13. With respect to water-based activities, how important do you think the following traits are to visitors?
(1 = not at all important, 2 = not very important, 3 = not applicable, 4 = very important, 5 = extremely
important )
Water quality (absence of odours)
Water clarity
Water temperature
Lack of submerged plants
Lack of tree stumps in water
Land-based facilities
Presence of jetties / boardwalks
Accessibility to water
Recreational fishing opportunities
Number of other visitors
Local plants and animals

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5

14. In your opinion, are visitors to the park generally environmentally aware?
No
Yes
15. Do any visitor activities threaten the health of aquatic ecosystems in the area?
Yes
No

- move on to question 16
- move on to question 17
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16. In your opinion, which of the following activities have an impact on the health of aquatic ecosystems
within your area? (Please tick all relevant options)
Infrastructure and development within Park
Erosion and poor water quality
Increased nutrients and algal blooms
Trampling or removal of shoreline vegetation
Camping
Fishing or hunting
Wildlife feeding
Power boating (including jet skis and water skiing)
Oil and petrol pollution
Noise pollution
Sailing
Canoeing/Kayaking
Other (please list) ________________________
17. Are there management plans in place to limit or reduce the threats of tourist activities on aquatic
ecosystems in your region?
Yes
No

- move on to question 18
- move on to question 19

18. What measures are currently being taking to protect the environment from tourist-mediated impacts?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

19. In your opinion, how important are the following factors in influencing the health of aquatic
environments in the park? (1 = not at all important, 2 = not very important, 3 = not applicable, 4 = very
important, 5 = extremely important)
Development outside park boundaries
Development within park boundaries
Nutrient inputs from camp grounds
Nutrient inputs from swimmers
Trampling of shoreline vegetation
Camping
Fire (prescribed burning and/or wild fires)
Fishing
Power Boating
Sailing and canoeing
Feeding of fish/turtles/water birds
Hunting
Tourism/Recreation
Other (please list) __________________
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1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
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20. Are there any activities within nearby catchments that threaten the health of aquatic ecosystems within
the park?
No
Yes
If yes, please list:
_________________________________________________
_________________________________________________
_________________________________________________
21. Is restoration of degraded aquatic ecosystems a high priority in your region?
Yes
No

- move on to question 22
- move on to question 23

22. Is restoration currently occurring?
No
Yes
If yes, please list restoration sites and briefly describe restoration efforts:
_________________________________________________
_________________________________________________
_________________________________________________
23. To the best of your knowledge, which of the following activities occur within the park? (Tick all
relevant activities)
Camping in undesignated areas
Trampling of vegetation by hikers/bushwalkers
Addition of soaps/detergents/nutrients to waterways
Littering
Legal removal of wildlife (hunting or fishing) or flora
Mistreatment of toilet and camping facilities
Power boating
Non-motorised boating
Swimming
Other (please list)
______________________
24. What, if any, management concerns do you have with regard to tourist use of natural resources in the
area?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

25. What do you feel are the main knowledge gaps with regard to understanding the relationship between
tourism and recreation and the health of aquatic ecosystems?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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26. What do you see as the key Research and Development (R&D) areas for ensuring sustainable
recreational use of the region? Please be specific in your recommendations.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

27. What are the greatest threats to sustainable management of the park?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

28. Do you see any emerging issues/problems that will threaten the sustainable management of the park?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
29. Are there any aquatic sites or systems particularly threatened by tourism and/or development in your
park?
No
Yes
If yes, please name them (e.g. Precious River near Cape Ville) and briefly describe the nature of the
threats:
_____________________________________________________________
30. Would you be willing to further discuss with us your responses to this survey and your R&D needs?
No
Yes
If yes, please nominate a name and contact details (e.g. phone number and/or email address):
____________________________________
____________________________________
____________________________________
31. Would you like to receive a copy of the summary findings of this study?
No
Yes
If yes, please nominate a name and mailing address:
____________________________________
____________________________________
____________________________________
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32. Any other comments?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

Thank you for taking the time to complete this survey.
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APPENDIX B: SURVEY FOR LOCAL COUNCILS
The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
Survey Coversheet
Research Team:
Dr Wade Hadwen
Professor Angela Arthington
Professor Paul Boon
Dr Muriel Lepesteur-Thompson
Professor Arthur McComb
Contact: Dr Wade Hadwen

Griffith University, Queensland
Griffith University, Queensland
Victoria University, Victoria
Murdoch University, Western Australia
Murdoch University, Western Australia
Phone +61 7 3875 3987
Email w.hadwen@griffith.edu.au

Survey Aims:
This survey forms part of a research project funded by the Sustainable Tourism Cooperative Research Centre.
The project aims to determine the importance of aquatic environments for tourism and recreation in Australia,
with particular emphasis on establishing what we do know and do not know about the potential impacts of
tourism and recreation on freshwater and estuarine ecosystems. This particular survey is designed to assess the
range of recreational activities within your region / National Park / Protected Area, with particular emphasis on
the potential of those activities to adversely affect the ecological health of aquatic ecosystems.
Confidentiality and Risk:
Your responses to the questions in this survey will be treated as confidential. There is no risk of the information
you provide in this survey being reported in any way in a manner that will identify you.
Your Participation is Voluntary:
Please note that your participation in this survey is voluntary and you are free to withdraw from the survey at any
time. Completion and return of the survey reflects your consent to participate in the research.
Ethical Conduct of Research:
This survey is distributed through Griffith University. Griffith University conducts research in accordance with
the National Statement on Ethical Conduct in Research Involving Humans. If you have any concerns or
complaints about the ethical conduct of this research project please contact the Manager, Research Ethics on +61
7 3875 5585 or research-ethics@griffith.edu.au
Survey Return:
Please return the completed survey by mail to:
Dr Wade Hadwen
Centre for Riverine Landscapes
Faculty of Environmental Sciences
Griffith University
Nathan, Queensland 4111
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The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
A Survey for Local Councils
1. Name of Council

____________________________________

2. Office Location and State

____________________________________

3. Is your shire coastal or inland?
Coastal
Inland
4. What types of aquatic environments occur within your region? (Please tick all relevant answers).
Lakes
Streams and Rivers
Billabongs
Wetlands
Coastal lagoons
Estuaries
Beaches and Ocean
Mound Springs
Other (please specify) _________________________
5. Are aquatic environments (lakes, rivers, streams, wetlands) a significant component of the area governed
by your council?
No
Yes
6. In total, approximately what percentage of the area of your Shire is comprised of aquatic environments?
< 5%
10-25%
> 50%

5-10%
25-50%

7. Approximately how many visitors does your region receive annually?
< 1,000
5,000 – 20,000
50,000 – 200,000
> 500,000

1,000 – 5,000
20,000 - 50,000
200,000 – 500,000

8. How long do visitors generally spend in your region?
1 day
Week
Don’t know

Weekend
Longer than 1 week

9. How do visitors come to your region? (Please tick all relevant modes of access)
Power boat
Sailing boat
Bicycle / Walking / Hiking
2WD vehicles
4WD vehicles
Commercial Bus
Plane
Train
Other (please list) _____________________
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10. What activities do visitors partake in during their visit to your region?
(Please tick all relevant options)
Swimming
Bird Watching
Rock-hopping
Power Boating
Water skiing
Land-based sports
Hiking and bushwalking
Relaxing
Picnicking

Fishing or Hunting
Kayaking/Canoeing
Sailing
Jet skiing
Water Sports
Wildlife feeding
Sunbathing
Camping
Other (please list)

_______________

11. How important are the following features in attracting visitors to your region?
(1 = not at all important, 2 = not very important, 3 = not applicable, 4 = very important, 5 = extremely
important)
Resident animals
Resident plants
Streams / rivers / lakes
Forests
Scenery
Toilet and camping facilities
Boating facilities
Bushwalking trails
Culture and Entertainment
Accommodation
Townships

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5

12. In your opinion, are visitors to your region generally environmentally aware?
No
Yes
13. With respect to water-based activities, how important do you think the following traits are to visitors? (1
= not at all important, 2 = not very important, 3 = not applicable, 4 = very important, 5 = extremely
important)
Water quality (absence of odours)
Water clarity
Water temperature
Lack of weeds in water
Lack of tree stumps in water
Land-based facilities
Presence of jetties / boardwalks
Recreational fishing opportunities
Accessibility to water
Number of other visitors
Local plants and animals

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4

14. Do any visitor activities threaten the health of aquatic ecosystems in the area?
Yes
No
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5
5
5
5
5
5
5
5
5
5
5
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15. In your opinion, which of the following activities have an impact on the health of aquatic ecosystems
within your Shire? (Please tick all relevant options)
Infrastructure and development within Parks
Erosion and poor water quality
Increased nutrients and algal blooms
Trampling or removal of shoreline vegetation
Camping
Fishing or hunting
Wildlife feeding
Power boating (including jet skis and water skiing)
Oil and petrol pollution
Noise pollution
Sailing
Canoeing/Kayaking
Other (please list) ________________________
16. Are there management plans in place to limit or reduce the threats of tourist activities on aquatic
ecosystems in your region?
Yes
No

- move on to question 17
- move on to question 18

17. What measures are currently being taken to protect the environment from tourist-mediated impacts?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
18. In your opinion, how important are the following factors in influencing the health of aquatic
environments in your region? (1 = not at all important, 2 = not very important, 3 = not applicable, 4 = very
important, 5 = extremely important)
Development outside park boundaries
Development within park boundaries
Nutrient inputs from camp grounds
Nutrient inputs from swimmers
Trampling of shoreline vegetation
Camping
Fishing
Power Boating
Sailing and canoeing
Feeding of fish/turtles/water birds
Hunting
Tourism/Recreation
Other (please list) __________________

1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5

19. Are there any aquatic sites or systems particularly threatened by tourism and/or development in your
region?
No
Yes

If yes, please name sites and describe the threats:
_____________________________________________________________

20. Is restoration of degraded aquatic ecosystems a high priority in your region?
Yes
No

- move on to question 20
- move on to question 21

43

Hot spots for cool recreation and tourism in Australia
21. Is restoration currently occurring?
No
Yes
If yes, please list restoration sites and briefly describe restoration efforts:
__________________________________________________________
__________________________________________________________
22. To the best of your knowledge, which of the following activities occur within your region? (Tick all
relevant activities)
Camping in undesignated areas
Trampling of vegetation by hikers/bushwalkers
Addition of soaps/detergents/nutrients to waterways
Littering
Legal removal of wildlife (hunting or fishing) or flora
Mistreatment of toilet and camping facilities
Power boating
Non-motorised boating
Swimming
Other (please list)
______________________
23. What, if any, concerns do you have with regard to tourist use of natural resources in your Shire?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

24. What do you feel are the main knowledge gaps with regard to understanding the relationship between
tourism and recreation and the health of aquatic ecosystems?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
25. What do you see as the key Research and Development (R&D) areas for ensuring sustainable
recreational use of the region? Please be specific in your recommendations.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
26. What are the greatest threats to sustainable management of your region?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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27. Do you see any emerging issues/problems that will threaten the sustainable management of your region?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
28. Would you like to receive a copy of the summary findings of this study?
No
Yes
If yes, please nominate a name and mailing address:
____________________________________
____________________________________
29. Any other comments?
_____________________________________________________________
_____________________________________________________________

Thank you for taking the time to complete this survey.
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APPENDIX C: SURVEY FOR GENERAL TOUR OPERATORS
The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
Survey Coversheet
Research Team:
Dr Wade Hadwen
Professor Angela Arthington
Professor Paul Boon
Dr Muriel Lepesteur-Thompson
Professor Arthur McComb
Contact: Dr Wade Hadwen

Griffith University, Queensland
Griffith University, Queensland
Victoria University, Victoria
Murdoch University, Western Australia
Murdoch University, Western Australia
Phone +61 7 3875 3987
Email w.hadwen@griffith.edu.au

Survey Aims:
This survey forms part of a project funded by the Sustainable Tourism Cooperative Research Centre. The project
aims to determine what we do know and do not know about the importance of freshwater and estuarine
ecosystems to tourists in Australia. This particular survey is designed to gather information regarding the
importance of aquatic ecosystems to your operations. In addition, we hope to gain information on the range of
recreational activities undertaken by tourists and the potential of those activities to adversely affect the
ecological health of aquatic ecosystems.
Confidentiality and Risk:
Your responses to the questions in this survey will be treated as highly confidential. There is no risk of the
information you provide in this survey being reported in any way in a manner that will identify you.
Your Participation is Voluntary:
Please note that your participation in this survey is voluntary and you are free to withdraw from the survey at any
time. Completion and return of the survey reflects your consent to participate in the research.
Ethical Conduct of Research:
This survey is distributed through Griffith University. Griffith University conducts research in accordance with
the National Statement on Ethical Conduct in Research Involving Humans. If you have any concerns or
complaints about the ethical conduct of this research project please contact the Manager, Research Ethics on +61
7 3875 5585 or research-ethics@griffith.edu.au
Survey Return:
Please return the completed survey by mail to:
Dr Wade Hadwen
Centre for Riverine Landscapes
Faculty of Environmental Sciences
Griffith University
Nathan, Queensland 4111
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The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
A Survey for Tour Operators
1. Name of Company _____________________________________________
2. How large is your Company?
Sole trader (< 2 staff)
< 10 staff
> 10 staff
3. Names of Regions / National Parks / Protected Areas that you regularly take your clients (e.g. Waterfall
NP near Water Town):
____________________________________________________________
____________________________________________________________
____________________________________________________________
4. In total, how many tours do you take to the nominated regions (above) each year?
1
5-10
21-50

2-4
10-20
> 50

5. How do you get your clients to these regions?
Company Bus
Company 2WD vehicle
Company 4WD Vehicle
Commercial Bus
Private 2WD vehicle
Private 4WD vehicle
Boat
Plane / Helicopter
Other (please list) _____________________
6. What is the average size of your tour groups?
< 5 people
13-20 people
31-50 people

6-12 people
21-30 people
> 50 people

7. What is the average duration of your tours?
< 1 day
3-5 days
> 10 days

1-2 days
6-10 days

8. In your opinion, are your clients generally environmentally aware?
No
Yes
9. What information do you provide for your clients with regard to the nature, sustainability and
management of aquatic resources in the park?
Not applicable
Brochures and handout materials

Talks/Presentations
Other (please specify)
_____________________
10. What percentage of your trips on a day-to-day basis, have stops at aquatic sites? i.e. Designated visits to
lakes, reservoirs, lagoons, creeks, wetlands, rivers, estuaries, ocean etc.
0-25%
51-75%

26-50%
76-100%
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11. Based on your experiences, how important are the following features in influencing the quality of visitor
experiences within Protected Areas? (1 = not at all important, 2 = not very important, 3 = not applicable, 4 =
somewhat important, 5 = extremely important)
Resident animals
Resident plants
Streams / rivers / lakes
Forests
Scenery
Toilet and camping facilities
Boating facilities
Bushwalking trails
Nearby accommodation
Nearby towns

1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5

12. What water based activities do your customers partake in during their visit to this region / National Park
/ Protected Area? (tick all relevant options)
Swimming
Fishing or Hunting
Bird Watching
Kayaking/Canoeing
Rock-hopping
Sailing
Power Boating
Jet skiing
Water skiing
Water Sports
Land-based sports
Wildlife feeding
Hiking and bushwalking
Sunbathing
Relaxing
Picnicking
Other (please list) ________________________________
13. With respect to water-based activities, how important do you think the following traits are to visitors? (1
= not at all important, 2 = not very important, 3 = not applicable, 4 = somewhat important, 5 = extremely
important)
Water quality (absence of odours)
Water clarity
Water temperature
Lack of underwater plants
Lack of emergent plants
Lack of tree stumps in water
Land-based facilities
Presence of jetties / boardwalks
Accessibility to water
Number of other visitors
Local plants and animals

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5

14. Do you feel that any human activities threaten the health of the aquatic ecosystems you visit?
Yes
No
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15. In your opinion, which of the following activities have an impact on the aquatic ecosystems you
regularly visit? (Please tick all relevant options)
Infrastructure and development within Parks
Erosion and poor water quality
Increased nutrients and algal blooms
Trampling or removal of shoreline vegetation
Camping
Fishing or hunting
Wildlife feeding
Power boating (including jet skis and water skiing)
Oil and petrol pollution
Noise pollution
Sailing
Canoeing/Kayaking
Other (please list) ________________________
16. In your opinion, how important are the following factors in influencing the health of aquatic
environments in the areas you take your clients? (1 = not at all important, 2 = not very important, 3 = not
applicable, 4 = somewhat important, 5 = extremely important)
Development outside park boundaries
Development within park boundaries
Nutrient inputs from camp grounds
Nutrient inputs from swimmers
Trampling of shoreline vegetation
Fire (prescribed burning and/or wild fires)
Camping
Fishing
Power Boating
Sailing and canoeing
Feeding of fish/turtles/water birds
Hunting
Tourism/Recreation
Other (please list) __________________

1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5

17. What, if any, management concerns do you have with regards to the recreational use of the natural
resources you visit? (please tick all relevant issues)
Insufficient zoning of tourist activities
Too many tour operators
Too many visitors
Lack of facilities and infrastructure
Difficult access to focal sites
Insufficient quality and quantity of visitor information
Ongoing degradation of local ecosystems
Other (please list) _____________________________
18. On your trips, have you noticed any specific aquatic sites or systems that are threatened by tourism
and/or development?
No
Yes
If yes, please name the sites and describe the threats:
____________________________________________________________
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19. What do you see as the key Research and Development (R&D) areas for ensuring sustainable
recreational use of the region? Please be specific in your recommendations.
______________________________________________________________
______________________________________________________________
______________________________________________________________

20. Do you see any issues/problems emerging that will threaten the sustainable management of the parks
you visit with tour groups?
No
Yes (please list) ____________________________________
____________________________________
____________________________________
21. Would you like to receive a copy of the summary findings of this study?
No
Yes
If yes, please nominate a name and mailing address:
____________________________________
____________________________________
____________________________________

22. Any other comments?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

Thank you for taking the time to complete this survey.
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APPENDIX D: SURVEY FOR RIVER TOUR OPERATORS
The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
Survey Coversheet
Research Team:
Dr Wade Hadwen
Professor Angela Arthington
Professor Paul Boon
Dr Muriel Lepesteur-Thompson
Professor Arthur McComb
Contact: Dr Wade Hadwen

Griffith University, Queensland
Griffith University, Queensland
Victoria University, Victoria
Murdoch University, Western Australia
Murdoch University, Western Australia
Phone +61 7 3875 3987
Email w.hadwen@griffith.edu.au

Survey Aims:
This survey forms part of a project funded by the Sustainable Tourism Cooperative Research Centre. The project
aims to determine what we do know and do not know about the importance of freshwater and estuarine
ecosystems to tourists in Australia. This particular survey is designed to gather information regarding the
importance of aquatic ecosystems to your operations. In addition, we hope to gain information on the range of
recreational activities undertaken by tourists and the range of activities in and around the systems you visit that
have the potential to adversely affect the ecological health of aquatic ecosystems.
Confidentiality and Risk:
Your responses to the questions in this survey will be treated as highly confidential. There is no risk of the
information you provide in this survey being reported in any way in a manner that will identify you.
Your Participation is Voluntary:
Please note that your participation in this survey is voluntary and you are free to withdraw from the survey at any
time. Completion and return of the survey reflects your consent to participate in the research.
Ethical Conduct of Research:
This survey is distributed through Griffith University. Griffith University conducts research in accordance with
the National Statement on Ethical Conduct in Research Involving Humans. If you have any concerns or
complaints about the ethical conduct of this research project please contact the Manager, Research Ethics on +61
7 3875 5585 or research-ethics@griffith.edu.au
Survey Return:
Please return the completed survey by mail to:
Dr Wade Hadwen
Centre for Riverine Landscapes
Faculty of Environmental Sciences
Griffith University
Nathan, Queensland 4111
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The Importance of Freshwater and Estuarine Ecosystems to Tourism and Recreation in Australia
A Survey for River Tour Guides
1. Name of Company ____________________________________________
2. How large is your Company?
Sole trader (< 2 staff)
< 10 staff
> 10 staff
3. Please list the names of the Rivers / Streams / Lakes / Estuaries / Bays that you regularly take your clients
(e.g. Precious River at Magic Town):
____________________________________________________________
____________________________________________________________
____________________________________________________________
4. In total, how many tours do you take to the nominated regions (listed in 3, above) each year?
1
5-10
21-50

2-4
10-20
> 50

5. How do your clients get to these aquatic systems? Please tick all relevant options.
Company Bus
Company 2WD vehicle
Company 4WD Vehicle
Commercial Bus
Private 2WD vehicle
Private 4WD vehicle
Boat
Plane / Helicopter
Other (please list) _____________________
6. What is the average size of your tour groups?
< 5 people
13-20 people
31-50 people

6-12 people
21-30 people
> 50 people

7. What is the average duration of your tours?
< 1 day
3-5 days
> 10 days

1-2 days
6-10 days

8. In your opinion, are your clients generally environmentally aware?
No
Yes
9. What information do you provide for your clients with regard to the nature, sustainability and
management of the aquatic systems they visit?
Not applicable
Brochures and handout materials
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Other (please specify)
_____________________
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10. Based on your experiences, how important are the following features in influencing the quality of visitor
experiences on your trips? (1 = not at all important, 2 = not very important, 3 = not applicable, 4 =
somewhat important, 5 = extremely important)
Resident animals
Resident plants
Streams / rivers / lakes
Forests
Scenery
Toilet and camping facilities
Boating facilities
Bushwalking trails
Nearby accommodation
Nearby towns

1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5

11. What activities do your customers partake in on your tours? (Please tick all relevant options)
Swimming
Fishing
Bird Watching
Kayaking/Canoeing
Rafting
Land-based sports
Rock-hopping
Water Sports
Photography
Wildlife feeding
Hiking and bushwalking
Sunbathing
Relaxing
Picnicking
Other (please list) ________________________________
12. With respect to water-based activities, how important do you think the following traits are to your
clients? (1 = not at all important, 2 = not very important, 3 = not applicable, 4 = somewhat important, 5 =
extremely important)
Water quality (absence of odours)
Water clarity
Water temperature
Lack of underwater plants
Lack of emergent plants
Lack of logs/rocks in water
Land-based facilities
Presence of jetties / boardwalks
Accessibility to water
Number of other visitors
Local plants and animals

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5

13. For trips with planned stops (e.g. lunch breaks and/or overnight stays), what features influenced your
decision on where these stops should be located?
Access to toilet facilities
Access to lodgings
Mooring and/or disembarking characteristics of the site
Presence of a sandy beach
Water clarity
Swimming conditions (e.g. presence of a deep waterhole)
Fishing opportunities
Scenery and/or flora
Wildlife
Distance from start and/or finish of the trip
Absence of other tour groups and/or local residents
Other (please list) ________________________
14. Do you feel that any human activities threaten the health of the aquatic ecosystems you visit?
Yes
No

- move on to question 14
- move on to question 15
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15. In your opinion, which of the following activities have an impact on the health of the aquatic ecosystems
you visit? (Please tick all relevant options)
Infrastructure and development within catchments
Erosion and poor water quality
Increased nutrients and algal blooms
Trampling or removal of shoreline vegetation
Camping
Fishing or hunting
Wildlife feeding
Power boating (including jet skis and water skiing)
Oil and petrol pollution
Noise pollution
Other (please list) ________________________
16. In your opinion, how important are the following factors in influencing the health of aquatic
environments in the areas you take your clients? (1 = not at all important, 2 = not very important, 3 = not
applicable, 4 = somewhat important, 5 = extremely important)
Development outside park boundaries
Development within park boundaries
Nutrient inputs from camp grounds
Nutrient inputs from swimmers
Trampling of shoreline vegetation
Fire (prescribed burning and/or wild fires)
Camping
Fishing
Power Boating
Sailing / Rafting / Canoeing / Kayaking
Feeding of fish / turtles / water birds
Hunting
Tourism / Recreation
Other (please list) __________________

1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5

17. What, if any, management concerns do you have with regards to the recreational use of the aquatic
ecosystems you visit with your clients? (Please tick all relevant issues)
Insufficient zoning of tourist activities
Too many tour operators
Too many visitors
Lack of facilities and infrastructure
Difficult access to focal sites
Insufficient quality and quantity of visitor information
Ongoing degradation of local ecosystems
Other (please list) _____________________________
18. On your trips, have you noticed any specific aquatic sites or systems that are threatened by tourism
and/or development?
No
Yes
If yes, please name the sites and describe the threats:
_________________________________________________
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19. What do you see as the key Research and Development (R&D) areas for ensuring sustainable
recreational use of the aquatic sites you regularly visit? Please be specific in your recommendations.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
20. Do you see any issues/problems emerging that will threaten the sustainable management of the systems
you visit with tour groups?
No
Yes (please list) ____________________________________
____________________________________
____________________________________
____________________________________
21. Would you like to receive a copy of the summary findings of this study?
No
Yes
If yes, please nominate a name and mailing address:
____________________________________
____________________________________
____________________________________

22. Any other comments?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

Thank you for taking the time to complete this survey.
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