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Abstract.  The value of aquatic systems for biodiversity, agriculture, 17 

pastoralism and mining is widely recognized, whereas their significance for tourism 18 

and recreation is often poorly acknowledged. We surveyed protected-area managers, 19 

local governments and tour operators (river and general) to determine how aquatic 20 

systems are used in inland Australia for tourism and recreation and the perceived 21 

impacts of those uses. Inland waterbodies were reported by all respondent groups to 22 

be highly significant foci for visitors. Natural features were rated as more important to 23 

visitors than infrastructure by protected-area managers and river-tour operators, 24 

whereas all respondent groups identified water clarity, water quality and accessibility 25 

to water as important aspects of visitor appeal.  Although >75% of respondents 26 

nominated visitors as being environmentally aware, visitors were reported to have a 27 

range of negative effects on the ecological condition of inland waterbodies, especially 28 

on  water quality, erosion and the loss of fringing vegetation.    Managing the 29 

recreational use of inland waterbodies will become increasingly important as demand 30 

from all sectors intensifies and climate-change impacts become more severe. 31 

Management must take into account variations in perceptions by different stakeholder 32 
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groups and the paradox of inappropriate visitor behaviour despite visitors’ apparent 33 

environmental awareness.  34 

 35 
Keywords: protected areas, visitor impacts, ecological condition, local government, 36 

arid zone  37 
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Running head: Inland waterbodies vital for tourism and recreation 39 

 40 

Introduction 41 

 42 

Australia is the driest inhabited continent, having a higher proportion of arid (49%) 43 

and semi-arid regions (20%) than Africa (20% and 17%, respectively) or even the 44 

Middle East (50% and 16%, respectively) (Williams 1998).  In such a dry and 45 

expansive environment, reliable bodies of freshwater play a crucial role, both in the 46 

ecology of terrestrial and aquatic ecosystems and in the utilization of biotic and 47 

abiotic resources by human populations (Box et al. 2008).  Stimulated by concerns 48 

about potential impacts of inappropriate land-use and excessive water extraction, a 49 

growing body of research has examined the ecological structure and function of 50 

aquatic systems in inland Australia (e.g. Boulton and Brock 1999; Arthington and 51 

Pusey 2003; Kingsford 2006; Sheldon et al. 2010). ).  52 

The increasing utilization of aquatic resources has similarly generated a 53 

growing body of research on the social, political and management implications of 54 

water scarcity and on the values that inland freshwater aquatic systems have for the 55 

Australian population (Smith 1998; Wishart 2006; Cathcart 2009). Reliable fresh 56 

waterbodies have been, and still are, of great cultural significance to inland Aboriginal 57 

communities (Smith 1998; Box et al. 2008), and their location and permanence often 58 

determined whether the early European exploration of inland Australia was a triumph 59 

or a tragedy (Cannon 1999). Anecdotally, it is clear that aquatic systems have retained 60 

a critical importance into more modern times. Along the highway from Alice Springs 61 

to Darwin, for example, the very names of the townships –  Barrow Creek, Tennant 62 

Creek, Newcastle Waters, Daly Waters, Pine Creek, Adelaide River – indicate the 63 

value placed on aquatic systems by European colonizers of inland Australia. 64 

Similarly, many iconic 4WD tracks and destinations in inland Australia, such as the 65 

Canning Stock route in Western Australia and the Oodnadatta Track in South 66 
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Australia, largely follow the presence of waterholes, artesian mound springs or other 67 

sources of permanent freshwater (Johnson and de Courcy 1998). 68 

 69 

Although attention on the values and utilization of reliable water resources in 70 

inland Australia has focussed mainly on agriculture, pastoralism and mining (e.g. 71 

Smith 1998; Yencken and Wilkinson 2000; Aplin 2002), one widespread and vital 72 

activity has been largely neglected by researchers: tourism and recreation. In 2007-73 

2008, tourism Australia-wide directly accounted for 3.6% of gross domestic product, 74 

>10% by value of total exports and 4.7% of total employment (Department of 75 

Resources, Energy and Tourism 2010b). Although tourist expenditure in Australia is 76 

centred on the capital cities and the Gold Coast, in regional areas nature-based 77 

tourism is a highly significant economic and social activity (Department of Resources, 78 

Energy and Tourism 2011).  In arid central Australia, for example, tourism accounts 79 

for nearly 25% of the economic output of the region (Department of Resources, 80 

Energy and Tourism 2011). Tourism activities such as participation in outback safari 81 

tours have seen an average increase of 17% per year between 1989 and 1995 (Blamey 82 

and Hatch 1996) and, more generally, nature-based tourism accounts for almost two-83 

thirds of all international tourist activities in Australia (Department of Resources, 84 

Energy and Tourism 2010a). 85 

 86 

It is highly likely – and one of the aims of this paper is to investigate –  that 87 

aquatic systems play a crucial role in tourism and recreation in inland Australia and, 88 

in turn, are affected by visitation and by management interventions that seek to 89 

minimize adverse ecological impacts. Whilst the broad cultural and aesthetic appeal 90 

of aquatic systems to humans is well-documented (e.g. Carr 2006; Tuohino 2006; 91 

Pitkanen 2008; Prideaux and Cooper 2009), surprisingly little is known of their 92 

significance to tourism and recreation in inland Australia. However, given the extent 93 

of arid and semi-arid environments across Australia (Williams 1998) and the patchy 94 

distribution of reliable waterbodies in these regions (Box et al. 2008), it is likely that 95 

aquatic systems are critical foci for tourism and recreation. 96 

 97 

The appeal of aquatic systems for tourism and recreation in arid and semi-arid 98 

regions is multifaceted. On one level, there is a real sense of mystery and relaxation 99 

associated with waterbodies (Bricker and Kerstetter 2002; Tuohino 2006; Pitkänen 100 
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2008; Mullins 2009). McComb and Lake (1990) noted that the Australian population 101 

– both Aboriginal and European – has a deep-seated appreciation of inland 102 

waterbodies that has almost ethical overtones. Mosisch and Arthington (1998, 2004) 103 

argued that ease of accessibility, smoothness of the water and high perceived levels of 104 

safety were factors responsible for the growing trend for recreational boating 105 

activities to occur on inland rather than coastal waterways. They noted also a growing 106 

public demand for the development of more reservoirs, lakes and streams for 107 

recreation (Mosisch and Arthington 1998; 2004). Coupled with the anticipated drying 108 

out of the Australian continent under most climate-change scenarios (Schreider et al. 109 

1996; Chiew and McMahon 2002; Steffen et al. 2009) and the apparent rapidity of 110 

warming in inland Australia (Box et al. 2008), the demand and high appeal of aquatic 111 

systems for tourism and recreation in inland Australia is likely to continue to grow. 112 

 113 

Seemingly, no nation-wide study has examined the significance of aquatic 114 

systems for tourism and recreation in inland Australia, nor systemetically assessed the 115 

ecological impacts of visitor activities and their implications for management 116 

interventions to minimise those impacts. The few published investigations are mostly 117 

local or regional (e.g. Edmonds et al.1985; Hadwen et al. 2003; Hadwen et al. 2005). 118 

Indeed, the recent critique by Crase et al. (2010) of linkages betweeen water and 119 

tourism in Australia concluded that there was no clear understanding of the 120 

relationship between the two and that this knowledge gap limited the development of 121 

appropriate management actions and the formulation of improved policy.   122 

 123 

In this study, we examined the relationship between aquatic systems and 124 

tourism and recreation in inland Australia.  The study had three main aims. The first 125 

aim was to determine whether aquatic systems were focal points for tourism and 126 

recreation in inland Australia and, if so, how they were used. We predicted that 127 

waterbodies would be disproportionally important for tourism and recreation in inland 128 

Australia in comparison with their (generally limited) spatial extent. This prediction 129 

was based on the well-documented general appeal of aquatic ecosystems to humans 130 

(Carr 2006; Pitkanen 2008; Prideaux and Cooper 2009), an appeal that would be 131 

expected to apply especially strongly in arid and semi-arid climates, where surface 132 

water is scarce.  Second, we sought to determine whether visitor activities had adverse 133 

impacts on the ecological condition of inland waterbodies.  We predicted they would, 134 
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on the basis of similar impacts demonstrated for coastal aquatic ecosystems (Butler et 135 

al. 1996; Hadwen et al. 2005), and that impacts would revolve around issues related 136 

to visually obvious factors (e.g., water clarity) and access-related factors such as 137 

erosion and trampling of riparian vegetation. Indeed, it is possible that recreational 138 

impacts would be even greater in inland aquatic systems than in coastal settings, 139 

because of the limited number of aquatic sites and access points available for 140 

visitation. Third, we sought to determine how the different groups involved in 141 

providing or managing water-based tourism and recreational activities in inland 142 

Australia perceived the factors that made aquatic ecosystems attractive to visitors, the 143 

ecological impacts of those uses, and the imperatives that limited the effective 144 

management of the resource. We predicted that there would be significant differences 145 

in perceptions across different stakeholder groups with, for example, managers of 146 

protected areas being particularly concerned about biodiversity impacts. Moreover, 147 

we predicted that the management of inland aquatic ecosystems would be reported as 148 

not being adequately resourced to manage visitors and their potential impacts on 149 

waterbodies. As the scope of the investigation was nation-wide, field-based empirical 150 

analyses across the entire country were not feasible. Instead, we undertook a series of 151 

detailed, stakeholder-specific surveys to obtain information from the four major 152 

groups involved in the management and use of inland aquatic systems for tourism and 153 

recreation across all States and Territories of the country.  154 

 155 

Methods  156 

 157 

General approach and survey design 158 

 159 

Four survey instruments were developed to collect information on visitor use and the 160 

perceived importance of inland aquatic systems from four stakeholder groups: i) 161 

managers of protected areas (including national parks, state forests and designated 162 

conservation areas); ii) local councils (i.e. local government, including city and 163 

regional governments); iii) general-tour operators (i.e. a generic group of tourism 164 

operators that did not have a specific emphasis on activities in or around aquatic 165 

environments); and iv) operators of river- and/or lake-tours (i.e. tourism operators 166 

with a specific focus on activities in or around aquatic environments). The protected-167 

area and local-council groups were selected because of their roles and responsibilities 168 
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in managing not only the different types of aquatic systems in inland Australia but 169 

also with tourism and recreation in these areas. In their survey, protected-area 170 

stakeholders were required to answer questions in light of experiences and 171 

perceptions within their jurisdiction, which mostly include natural aquatic systems 172 

such as lakes, wetlands, streams and rivers. In contrast, local councils are often 173 

responsible for highly modified and artificial aquatic systems, including weir pools 174 

and dams, as well as some natural systems that lie outside of protected areas. Given 175 

these differences in jurisdictional boundaries and operations, we sought to collate 176 

information from on-ground natural-resource managers (in both protected-area 177 

management and local government) across all available aquatic systems in inland 178 

regions of Australia. The final two stakeholder groups (general and river-tour 179 

operators) were included to provide a stronger focus on the tourism and recreation 180 

industry and the activities of tourists in inland Australia. 181 

 182 

Each of the four surveys was designed with questions requiring a combination 183 

of box ticking (55–68% of the questions, depending on stakeholder group), Likert 184 

ranking (12–14% of questions) and open-ended, written-answer (18–33% of 185 

questions) responses. More written-answer questions were asked in the local council 186 

and protected-area manager surveys, as the respondents were asked specific questions 187 

relating to the ecological condition and management of the sites within their 188 

jurisdictions. The Likert-ranked responses were on a scale of 1–4 (where 1 = not at all 189 

important, 2 = not very important, 3 = important, 4 = extremely important, with a fifth 190 

option, 5 = not applicable). Whilst the questions varied for each target audience across 191 

the different surveys, numerous identical questions were asked of all groups, to 192 

facilitate cross-group comparisons. Thus, the local-council and protected-area 193 

manager surveys shared fourteen identical questions, of which nine were common to 194 

all four surveys. These shared questions all related to the core elements of this study 195 

in that they asked respondents for their perspectives on the appeal of aquatic systems 196 

to visitors, the activities visitors partake in, and the potential environmental 197 

consequences of visitation. The surveys were detailed and lengthy (~7 pages), and this 198 

complexity may have influenced the response rate (see Discussion). The pragmatic 199 

trade-off was between collating sufficient and detailed information with a detailed 200 

questionnaire versus higher response rates but with less useful information from a 201 

simpler instrument. We opted for the first compromise. 202 



 7 

 203 

For the purposes of the study, respondents across the local council and 204 

protected area groups who indicated that beaches, estuaries and/or coastal 205 

environments fell within their jurisdictions were not included in the analyses. This 206 

filtering ensured that the focus of the study remained on the role of inland aquatic 207 

systems in supporting tourism and recreation rather than on coastal systems. 208 

Similarly, the questions asked of the general and river tour operator groups focused on 209 

inland waterbodies and the degree to which tours made use of them.  Visitors 210 

themselves were not a target of the investigation, for two reasons.  First, the focus of 211 

the study was to examine the distribution, importance and management of tourism and 212 

recreation in and around inland aquatic systems as reported by a diverse range of on-213 

ground managers. Second, there was a pragmatic issue: given the huge geographical 214 

area covered in the study, coupled with the low population density and strong 215 

seasonality of visitation in much of arid and semi-arid Australia (Hadwen et al. 2011), 216 

it was not practicable to adequately canvas visitor perceptions as part of this study. 217 

 218 

Survey distribution and respondents 219 

 220 

A total of 574 surveys was sent out by mail to representatives from all four 221 

stakeholder groups in all States and Territories of Australia. Contact details were 222 

obtained from phone books and websites. The majority of surveys was sent to 223 

protected-area agencies and local councils (386 surveys), with the remainder sent to 224 

the general and river tour-operator groups. Surveys were distributed in mid-September 225 

2004 and the last completed survey was returned at the end of November 2004.  226 

 227 

Despite our targeting the four particular stakeholder groups, there were some 228 

instances when returned surveys had been completed by people outside of the targeted 229 

groups or across jurisdictions that were wider than expected. For example, for the 230 

protected-area surveys there were several occasions where a single individual (usually 231 

a manager from a regional office of a protected-area agency) completed surveys for a 232 

number of national parks within the region. Similarly, for local council surveys, the 233 

intention was to target the most appropriate section of the local government authority.  234 

In most cases, this involved directly contacting tourism and development and/or 235 

environmental services branches or their equivalents. However, for some of the 236 
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smaller local councils that did not have such specialist departments, surveys were 237 

usually returned directly from the mayor’s office. When this occurred, responses were 238 

generally from the upper levels of management. More detailed responses were 239 

typically provided by respondents from local councils with dedicated tourism and/or 240 

environmental branches than when responses came from senior management. Across 241 

both general and river/lake-tour operator groups, responses were routinely returned 242 

from company managers and owners, a response which perhaps reflects the small size 243 

of most operations. For these groups, the responses and their level of detail tended to 244 

be uniform regardless of the level of active involvement (in tours) of the respondent. 245 

 246 

Protected-area and local-council survey instruments 247 

 248 

The range of general information gathered for protected-area managers (PA) and local 249 

councils (LC) included size of region, types, distributions and importance of aquatic 250 

systems, annual visitor loads and normal duration of visits, accessibility issues and 251 

visitor activities. In addition, a series of questions aimed to assess how built features 252 

(e.g. infrastructure) and natural features (e.g. streams and rivers) influenced visitors’ 253 

decision-making processes. There were also questions relating to the importance of a 254 

wide range of physical, chemical and biological characteristics of aquatic sites in 255 

influencing visitor perceptions, motivations and behaviors. The remainder of the 256 

survey was designed to collate information relating to the perceived environmental 257 

awareness of visitors and the degree to which visitor activities currently and/or 258 

potentially affect the condition of aquatic ecosystems. In this section of the survey, 259 

respondents were encouraged to identify specific management objectives and 260 

operations as well as any knowledge gaps that currently inhibit their capacity to 261 

evaluate visitor impacts and sustainably manage the waterways under their 262 

management control.  263 

 264 

Tour-operator survey instruments 265 

 266 

For both the general-tour operator (GTO) and the river/lake-tour operator (RTO) 267 

surveys, data were collected on the size of the business, the range of trips undertaken 268 

and the number, duration and size of trips undertaken each year. Respondents were 269 

also asked to nominate the frequency of stops at aquatic sites across all the tours they 270 



 9 

offered. This question aimed to examine the relative importance of rivers, streams and 271 

lakes in tour itineraries, especially for the GTO group for which aquatic ecosystems 272 

presumably did not represent their primary interest. Tour operators were also asked to 273 

assess the influence of built (infrastructure) and natural features in influencing the 274 

visitor decision-making processes and to rank the importance of physical, chemical 275 

and biological characteristics of aquatic sites in influencing visitor behaviors. In 276 

addition, RTO respondents were asked to outline the reasons behind the selection of 277 

locations for rest stops and overnight stays on their trips, to assess the relative 278 

importance of visitor infrastructure and natural area aesthetics on the decision-making 279 

processes underlying their tour itineraries. 280 

 281 

Survey analyses 282 

 283 

We used three approaches to analyse the survey responses and draw comparisons 284 

across the four stakeholder groups. First, we collated responses from all groups, 285 

prepared basic statistical summaries, and sought to draw together common threads 286 

and obvious differences across the various groups using simple descriptive statistics.  287 

To this end, medians of responses of 1-4 were calculated to summarise responses to 288 

Likert-type questions.  For other questions, data were summarised as the percentage 289 

of total respondents nominating the listed responses. Summaries are shown in Tables 290 

1, 2 and 3, with supplementary information in the Accessory Publication Tables 1 and 291 

2. 292 

 293 

Second, this preliminary method of data analysis was supplemented by the use 294 

of non-metric multi-dimensional scaling (NMDS) to evaluate responses to questions 295 

common to all four survey groups, using the PRIMER multivariate software (Clarke 296 

and Gorley 2001). In addition to describing the distribution of responses across survey 297 

groups in multivariate space, we conducted pairwise comparisons, using the ANOSIM 298 

procedure in PRIMER, to determine whether responses across the different groups 299 

were significantly different from one another. When these pairwise comparisons were 300 

statistically significant (P<0.05), we determined which questions were driving the 301 

differences by using the SIMPER procedure in PRIMER.  We identified the questions 302 

that drove the observed differences up to a cumulative total of 25% of the variation 303 

between groups. 304 



 10 

 305 

Third, the open-ended written-answer survey questions were evaluated both 306 

qualitatively and quantitatively to identify important or common themes (if any) 307 

across the four survey groups. An initial inspection of the written-answer responses 308 

indicated that a number of themes was frequently expressed; in some cases, the same 309 

issues were common across a number of the different stakeholder groups.  To quantify 310 

which of these themes were common across groups and which were expressed by 311 

single groups only, we developed a numerical coding matrix to determine how often 312 

(by percentage of respondents) each of eight commonly reported themes was cited by 313 

each stakeholder group. Themes relating to increasing visitor numbers, litter, the 314 

amount and scale of development and infrastructure, education, coordination of 315 

management, funding and resources, the adequacy of environmental monitoring and 316 

water availability were frequently expressed and the written responses relevant to 317 

these themes are discussed qualitatively in the Results.   318 

 319 

Results 320 

 321 

Of the 574 surveys dispatched, 94 were returned, representing an overall response rate 322 

of just under 17% (Accessory Table 1). Responses were received from every State 323 

and Territory (Figure 1), although the response rate differed substantially across 324 

jurisdictions and different stakeholder groups. Protected-area managers and river-tour 325 

operators provided higher response rates (around 20 %) than local councils (16 %) or 326 

general-tour operators (11 %). This level of response – and the large total number (94) 327 

of detailed responses received – allowed us to make statistically valid comparisons 328 

across groups and draw strong conclusions as to the way aquatic ecosystems are used 329 

and managed with respect to tourism and recreation in inland Australia.  330 

 331 

Significance of inland aquatic ecosystems for tourism and recreation 332 

 333 

Protected-area and local-council respondents reported the presence of a wide range of 334 

aquatic environments in their area of jurisdiction (Table 1). Streams and rivers were 335 

the aquatic systems most commonly nominated, with > 85% of respondents from both 336 

groups indicating that lotic environments existed within their jurisdictions. 337 

Substantially more local-council respondents (relative to protected-area respondents) 338 
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stated that lakes and wetlands were common in their areas. Some respondents from 339 

the two survey groups indicated that coastal aquatic systems (especially estuaries, 340 

beaches and the ocean) also occurred within their region, reflecting the fact that some 341 

predominantly inland councils and protected areas also include small sections of 342 

coastline. 343 

 344 

Across local-council and protected-area survey groups, there were consistent 345 

responses regarding the areal extent occupied by aquatic systems, with respondents 346 

indicating that they most often occupied < 5% of the region (Table 1). The low areal 347 

extent nominated for aquatic ecosystems presumably reflects the scarcity, at least 348 

seasonally, of surface waters across much of inland Australia. Despite the rarity and 349 

intermittency of aquatic systems, > 94% of protected-area respondents stated that 350 

these systems represented a significant component of the landscape. The comparable 351 

value for local council respondents was considerably lower, at ~50%.  352 

 353 

Annual visitor numbers to locations in inland Australia were highly variable, 354 

with protected-area and local-council respondents indicating a wide range of annual 355 

visitor numbers to their regions (Table 1). Although both survey groups spanned a 356 

range from < 1 000 to > 500 000 visitors per annum, the distribution of responses 357 

across the annual visitor-number categories differed between the groups. Visitation 358 

information from protected areas was unimodal (almost 60% of respondents 359 

nominated the range between 5 000 and 50 000 annual visitors) whereas data from 360 

local councils was bimodal (around 20% of respondents indicated that annual visitor 361 

numbers were < 20 000 and 20% indicated that annual visitor numbers were > 50 362 

000). Additional information regarding visitors, including length of stay and modes of 363 

transportation, are provided in Accessory Publication Table 2. 364 

 365 

What features attract visitors and what activities do visitors partake in?  366 

 367 

Table 2 summarises responses to the Likert-type questions about visitor decision-368 

making and factors influencing the condition of aquatic ecosystems.  Natural and built 369 

features were reported as important factors in attracting visitors to inland Australia by 370 

all stakeholder groups. There were, however, differences across the groups in the 371 

degree to which the natural (scenery, streams/rivers/lakes, plants, animals and forests) 372 



 12 

and built environments (toilet and camping facilities, nearby towns, nearby 373 

accommodation, boating facilities and bushwalking trails) were reported as 374 

influencing visitors’ decisions to visit a particular region or destination. For example, 375 

natural features were rated as being more important to visitors than built features by 376 

both the protected-area manager and river-tour operator survey groups. Such 377 

differences were not evident among the general-tour operator and local-council survey 378 

groups; for both  these, the natural and built features were reported as being of equal 379 

influence to visitor decision-making. 380 

 381 

All four stakeholder groups indicated that water clarity, water quality and 382 

accessibility to the water were important factors that influence visitor perceptions of 383 

water-based activities (Table 2). Protected-area managers tended to rank all factors 384 

lower than did the other three survey groups, suggesting either that water-based 385 

activities were scarce or not important to this survey group, or that visitors to 386 

protected areas tended to have different perceptions (and associated acceptance) of 387 

natural ecosystems than did visitors on tours or in more modified areas. Apparent 388 

differences in visitor expectations were also revealed by the fact that local-council 389 

respondents tended to place greater relative importance on land-based facilities and 390 

the presence of boardwalks and jetties than did all other survey groups. This result 391 

indicates that local-council respondents consider infrastructure to be a component that 392 

can influence the tourism and recreation potential of aquatic ecosystems. The other 393 

important difference among survey groups found general-tour operators ranking the 394 

number of other visitors at a site as being more important to the enjoyment of their 395 

guests than was apparent from the other survey groups. 396 

 397 

The activities undertaken by visitors were generally similar across all four 398 

survey groups, with bird watching, relaxing, picnicking, hiking/bushwalking and 399 

swimming the most frequently nominated activities undertaken by visitors (Table 2). 400 

Even so, a wide range of other activities was also nominated, albeit at much lower 401 

frequencies than those listed above. Local-council respondents, for example, 402 

identified recreational activities that required equipment and infrastructure (e.g. power 403 

boating, water skiing, water sports, land-based sports, sailing and jet skiing) more 404 

frequently than did both tour operator groups and the protected-area managers (Table 405 

2). This result is consistent with the finding that natural and built features were 406 
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identified as equally important to visitors by local-council respondents (see above), 407 

reflecting the wide range of activities undertaken by residents and visitors within the 408 

large multiple-use areas under council jurisdictions. 409 

 410 

Visitor environmental awareness and ecological impacts 411 

 412 

Across all survey groups, > 75% of respondents nominated that visitors were 413 

environmentally aware (Table 3), suggesting a general belief that visitors were 414 

mindful of their activities and the environment around them. The highest rates of 415 

environmental awareness were reported in the two tour-operator groups (86% and 416 

89%), perhaps reflecting the efforts of many tour businesses to educate their clients 417 

about important environmental features and the sensitivity of aquatic systems to 418 

disturbance.  419 

 420 

Nevertheless, more than half of all respondents across the four stakeholder 421 

groups indicated that they believed tourist activities had degraded the ecological 422 

values of aquatic ecosystems in their regions (Table 3). The highest levels of impact 423 

were reported among the tour operators, although many respondents from these two 424 

groups suggested that adverse environmental impacts were attributable to independent 425 

tourists (i.e. those not on the tours). All stakeholder groups indicated that erosion and 426 

poor water quality were the main ecological impacts arising from tourism and 427 

recreation within their jurisdiction. Trampling and removal of shoreline vegetation, 428 

both strongly linked to erosion and water quality, were also frequently identified as 429 

threats to aquatic ecosystems across all groups. Moreover, all groups except the 430 

general-tour operators indicated that increased nutrients and algal blooms were 431 

significant problems in inland waterways. Notwithstanding the commonality of 432 

erosion, poor water quality and loss of fringing vegetation in the replies, <45% of 433 

respondents agreed on all of the listed threats (Table 3).  434 

 435 

One interesting result was that > 80% of river-tour operators indicated that 436 

infrastructure and development within protected areas represented a significant threat 437 

to the aquatic systems they used (Table 3). River-tour operators tended to agree with 438 

protected-area managers as to the critical environmental threats that degraded aquatic 439 

systems (e.g. erosion, poor water quality and trampling and removal of shoreline 440 
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vegetation), but also frequently nominated additional factors such as noise pollution 441 

and power boating (including jet skis and water skiing). 442 

 443 

Tourism and recreation were frequently nominated as activities that led to 444 

environmental degradation, and on the Likert scale were the third-most frequently 445 

nominated threat identified by protected-area, local-council and general-tour operator 446 

respondents (Table 3). Interestingly, river-tour operators did not rate tourism and 447 

recreation as a major threat, ranking it well below other factors such as fire, 448 

development within and outside of protected areas, and trampling of shoreline 449 

vegetation. More than two-thirds of protected-area and local-council respondents 450 

indicated that littering, trampling and camping in undesignated areas were common 451 

within their regions (Table 3).   452 

 453 

Multivariate analyses of survey data  454 

 455 

The NMDS analysis of the questions common to all the four sets of questionaires 456 

revealed several important differences across respondent groups (Figure 2). ANOSIM 457 

pairwise comparisons identified significant differences between i) local-council 458 

respondents and protected-area managers; ii) local-council respondents and general-459 

tour operator groups; and iii) protected-area managers and general-tour operator 460 

groups (Table 4). Subsequent analysis of these comparisons with SIMPER showed 461 

that similar questions were driving differences across the three statistically significant 462 

comparisons, most notably questions relating to feeding of wildlife,  the presence of 463 

infrastructure such as jetties and boardwalks and extractive human activities such as 464 

hunting and fishing (Table 5). Given that many of these activities and facilities tend to 465 

be absent in protected-area settings, it is no surprise that these elements were revealed 466 

as being influential in the SIMPER analyses. 467 

 468 

Responses to open-ended, written-answer responses 469 

 470 

Respondents from all survey groups provided written comments relating to current 471 

and required monitoring programs and visitor management actions, the potential 472 

environmental impacts around aquatic ecosystems of tourism and recreational 473 

activities, and other threats to sustainable visitor use of aquatic systems. There was a 474 
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wide range of detailed comments, and consistent themes were sometimes apparent 475 

across two or more different groups of stakeholders (Table 6). The most common 476 

themes included issues of increasing visitor numbers (raised by 85% of protected-area 477 

managers and 38% of general-tour operators, but not all all by river-tour operators), 478 

littering (also important to protected-area mangers but not to tour operators), 479 

development and infrastructure (most often raised by river-tour operators), education 480 

and knowledge, funding and resources, management coordination, monitoring and 481 

increasing visitor numbers (Table 6). In addition, over one-half of river-tour operators 482 

identified the lack of water and/or reliable flows as a major issue that affects their 483 

operations. The following sections report the major findings of the written 484 

components of the survey, across these theme areas, arranged by survey group.  485 

 486 

Protected-area respondents.  For this group, a recurring theme was lack of funding 487 

and staff to initiate and maintain monitoring activities. Some of these problems 488 

reportedly related to the operational structure of State-based natural-resource-489 

management agencies, with one respondent explicitly stating that ‘[senior] 490 

management is not funding management of increased recreational use’, highlighting 491 

the reluctance of some protected area agencies to recognize visitor use as a factor 492 

potentially contributing to environmental degradation and protected area management 493 

responsibilities.  494 

 495 

In addition to a general lack of resources to support effective management, 496 

many protected-area respondents indicated that there was insufficient knowledge of 497 

aquatic ecosystems, their biota and ecological processes to initiate an informed 498 

monitoring program. Indeed, one respondent commented that there is ‘little 499 

knowledge of aquatic life (freshwater) by visitors and park rangers’ and that ‘park 500 

rangers in general have poor knowledge of aquatic freshwater systems – therefore [it 501 

is] difficult to impart to visitors important messages’. These sentiments were 502 

frequently articulated across all protected area respondents, reflecting the terrestrial 503 

focus of many protected area management agencies and the limited capacity of 504 

existing organizations to adequately assess and monitor aquatic environments.  505 

 506 

Local-council respondents.  Local-council respondents identified similar themes to 507 

those from the protected areas, with lack of funds and resources for monitoring and 508 
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management listed as common problems. One respondent summed up the magnitude 509 

of the problem in a small regional community as: ‘Lack of funding - who is going to 510 

pay for it? With only a small number of rate-payers and little tourism industry, the 511 

task of managing is left to community volunteers and small communities. With 512 

limited funding for tourism infrastructure, the Council does not have the critical mass 513 

(7500 population base) to commit large funds. Little or no funding support from State 514 

and Federal bodies’. 515 

 516 

Whilst funding concerns were the dominant comment from local-council 517 

respondents, there was some variability in responses to the question regarding 518 

knowledge gaps. As one survey respondent suggested, ‘there is no knowledge gap, 519 

there is an educational and communication gap…what is required is a focus in 520 

schools, promotional literature and signage’. Comments such as these, relating to 521 

education and environmental understanding, were prominent in responses from local 522 

government, with numerous respondents providing comments like ‘[there is a] lack of 523 

general education into the impact of tourist activity in aquatic areas’. This comment 524 

presumably relates to the reported ‘lack of ongoing monitoring’, ‘lack of appropriate 525 

baseline data’ and the lack of understanding of the ‘connection between activity on 526 

land and [its] effect on aquatic ecosystems’.  527 

 528 

General-tour operator respondents.  Most of this group of respondents agreed that 529 

visitor numbers in protected areas were increasing and that high visitor loads at key 530 

sites were damaging those ecosystems. For example, one respondent commented ‘too 531 

many people visiting the same areas each year is destroying those areas’. In response 532 

to high visitor loads, GTOs were generally supportive of increased infrastructure and 533 

hardening, as pointed out by one respondent who commented that ‘recent 534 

improvements and ‘hardening’ of some high impact areas are steps in the right 535 

direction’ (underlining in original response). In addition to hardening at focal visitor 536 

sites, GTO respondents suggested that revision of accessibility and the 537 

implementation of visitor caps might also assist in minimising the impacts of visitors. 538 

Indeed, more than a third of GTO respondents suggested that resource-management 539 

agencies should investigate the potential of restricting public access to certain sites or 540 

sections of protected areas. These sentiments are consistent with the prevailing tour 541 

operator belief that the broader public (i.e. free independent travelers, rather than 542 
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those involved in commercial, organized tours) were more likely to damage aquatic 543 

ecosystems than were visitors on their tours. As one respondent commented, ‘as a tour 544 

operator – we are passionate and committed to environmental sustainability. Private 545 

travelers are likely to be less committed…perhaps [we need] research into this?’ 546 

 547 

Lake- and river-tour operator respondents. Consistent with the scarcity of surface 548 

water in many parts of inland Australia, more than half of the river-tour operator 549 

respondents highlighted the lack of water and concerns over changes in flow regimes 550 

as critical management concerns and threats to the environmental and economic 551 

sustainability of their operations. This is significant in that at the time of survey, much 552 

of south-eastern Australia was in the grip of a severe drought.  As one respondent 553 

from a river-rafting operation indicated, ‘lack of even/reliable water flows – makes 554 

trip scheduling difficult and probably adversely affects biota’. Based on their 555 

comments, it was obvious that the RTO respondents were acutely aware of the impact 556 

that flow variability/climate change and other non-tourism water issues (and users) 557 

can have, not only on their business interests, but also on the condition of the aquatic 558 

systems they use. 559 

 560 

Discussion 561 

 562 

Significance of aquatic systems for tourism and recreation in inland Australia 563 

 564 

Our results provide multiple lines of evidence to support our prediction that aquatic 565 

ecosystems in inland Australia play a disproportionately important role in supporting 566 

tourism and recreation by attracting and concentrated visitors and their activities. 567 

Although aquatic systems almost usually occupied only a small area of a given 568 

jurisdiction (typically <5%), they were rated by 50% of local-government respondents 569 

and 94% of protected-area respondents as being significant components of their 570 

region (Table 1).  Similarly, the median response to Likert-type questions for the 571 

importance of aquatic features (e.g. streams, rivers, lakes) in a region by the four 572 

stakeholder groups ranged from 3.2–3.9, not only considerably above the value of 2.5 573 

indicating neutrality but also consistently higher than scores for a range of other 574 

attributes, such as the presence of bushwalking trails, forests, and built infrastructure 575 

(Table 2).  Finally, the written respondents to open-ended questions across all four 576 
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stakeholder groups consistently indicated that the diversity, abundance and aesthetic 577 

qualities of aquatic systems made them critical features of the landscape.   578 

 579 

This conclusion highlights the appeal of surface water as a backdrop for 580 

general land-based recreational activities in inland Australia (e.g. bushwalking: see 581 

Blamey and Hatch 1996), as a specific focus for water-based recreation (e.g. 582 

swimming, boating, fishing: see Mosisch and Arthington 1998, 2004), and the 583 

presence of water as a significant element in its own right for tourism (e.g. tours that 584 

track along and between rivers; see Prideaux and Cooper 2009). Whilst some 585 

components of this appeal may stem from a subliminal need for a refuge from the hot 586 

and dry conditions common in inland Australia and the need for a reliable source of 587 

drinking water, there is also evidence that the aesthetic appeal of aquatic systems 588 

plays an important role in attracting visitors and facilitating recreation (Bricker and 589 

Kerstetter 2002; Carr 2006; Tuohino 2006; Pitkänen 2008). In addition to the 590 

historical importance of inland aquatic ecosystems in both Aboriginal and European 591 

settlements (McComb and Lake 1990; Box et al. 2008; Cathcart 2009), the appeal of 592 

inland waterbodies has flowed into the contemporary tourism industry, as evidenced 593 

by the high proportion of promotional materials and tours now focusing on these sorts 594 

of habitats (Hadwen and Arthington 2003; Tuohino 2006). To conclude, the findings 595 

of our study indicate strongly that inland waterbodies are highly significant sites for 596 

tourism and recreation in Australia. 597 

 598 

What features attract visitors and what activities do visitors partake in? 599 

 600 

Irrespective of survey group, natural values were consistently nominated as factors 601 

that influenced where visitors go in inland Australia, a result that further supports the 602 

degree to which the natural environment underpins tourism and recreational activities 603 

in Australia (Sun and Walsh 1998; Buckley 2002b). Critical features, such as scenery, 604 

forests, aquatic systems and the local fauna and fauna, were consistently viewed as 605 

highly influential determinants of visitor decision making processes across the survey 606 

respondents. Hadwen and Arthington (2003) reported similar findings from surveys 607 

conducted on the World Heritage-listed Fraser Island, where freshwater lakes are 608 

prominent features and tourism icons. In that study, visitors placed a very high value 609 

on wilderness aesthetics at popular lake sites and expressed distaste for the presence 610 
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of visually intrusive infrastructure (including boardwalks, toilets and shower 611 

facilities).  612 

 613 

Whilst local-council respondents noted the appeal of natural features to 614 

visitors, they also indicated that built features, such as toilet and shower amenities, 615 

site-hardening infrastructure (boardwalks, concrete paths, fences) and nearby 616 

accommodation and entertainment opportunities, were often equally as important as 617 

natural features in influencing visitors’ decision-making processes. This result reflects 618 

the wide range of activities undertaken by visitors at sites managed by local councils; 619 

many of the activities nominated by local-council respondents require more 620 

infrastructure than that which is typically provided within protected areas. These 621 

responses are not particularly surprising, as the importance of recreation opportunities 622 

and the associated infrastructure costs is reflected in local-government expenditures 623 

(Wong 1996; Dredge 2006). In addition, many of the waterbodies falling under the 624 

jurisdiction of local-government authorities are artificial aquatic systems, such as 625 

dams, reservoirs and weir pools. Given this context, it is not surprising that built 626 

values were assessed as being of equal importance as natural values by the majority of 627 

respondents from the local-council survey group. 628 

 629 

The appeal of aquatic systems as focal sites for inland tourism and recreation 630 

in Australia is further underscored by the very large number of visitor activities 631 

reported as being routinely undertaken at aquatic sites. Whilst many of these activities 632 

did not directly rely on the aquatic systems themselves (e.g. hiking and bushwalking, 633 

picnicking, relaxing), it appears that undertaking these activities near a waterbody is 634 

highly appealing to visitors. As Carr (2006) and Tuohino (2006) noted, the aesthetic 635 

appeal of waterbodies might play an important subliminal role in attracting visitors to 636 

a destination. Furthermore, given that bird watching was the most commonly 637 

nominated activity across all four of our survey groups, the mere fact that the 638 

presence of a waterbody in inland Australia might increase the diversity and 639 

abundance of wildlife (e.g. Caughley et al. 1985; Box et al. 2008) may also play an 640 

important role in attracting visitors interested in viewing Australian wildlife. 641 

 642 

Ecological impacts and environmental awareness 643 

 644 



 20 

Most respondents suggested that visitor activities adversely affected the ecological 645 

condition of aquatic ecosystems (Table 2). Respondents reported a wide range of 646 

ecological impacts, but erosion and poor water quality were commonly mentioned 647 

issues. Trampling and removal of shoreline vegetation, which are both strongly linked 648 

to erosion and water quality, were also frequently identified as important issues. With 649 

the exception of general-tour operators, all stakeholder groups indicated that increased 650 

nutrients and algal blooms were significant problems in inland waterways. 651 

 652 

These findings support the prediction that visitor use is likely to have 653 

deleterious consequences in focal aquatic sites and mirrors the findings from 654 

numerous other studies, often on coastal systems, that have shown that visitors can 655 

degrade the condition of aquatic ecosystems, particularly influencing the water quality 656 

in oligotrophic (low-nutrient) water bodies such as dune lakes and rainforest streams 657 

(Butler et al. 1996; Outridge et al. 1988; Hadwen et al. 2005). As noted by Hadwen et 658 

al. (2007), icon sites like aquatic ecosystems often receive unsustainably high visitor 659 

loads, so links between site appeal and visitor impacts are not unexpected.  660 

 661 

A paradox in these findings is that, across all four survey groups, respondents 662 

consistently reported that visitors were thought to have high levels of environmental 663 

awareness. This result may be a reflection of the strong appeal of nature and 664 

wilderness in influencing visitor decision-making processes in Australia, where the 665 

natural environment is the major theme of the tourism industry’s imagery and 666 

marketing effort (Bushnell et al. 2001; Aplin 2002; Worboys et al. 2005). 667 

 668 

Management of inland aquatic ecosystems in light of tourism and recreational use 669 

 670 

The third of our aims related to how the different groups involved in providing 671 

or managing water-based tourism and recreational activities in inland Australia 672 

perceived the value of aquatic ecosystems, their use by visitors and the imperatives 673 

that limited effective management of the resource. Our hypothesis that there would be 674 

significant differences in perceptions across the different stakeholder groups was 675 

supported,  and respondents from the four different survey groups often had quite 676 

different perceptions and responsibilities about visitor activities and their impacts in 677 

and around aquatic systems (Figure 2, Tables 2, 3, 4 and 6).  In protected areas such 678 
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as national parks, resource managers and tour operators tend to be especially mindful 679 

of the balance required between providing amenities and protecting the natural values 680 

of heavily visited sites (Aplin 2002; Jamal 2004; Worboys et al. 2005). In contrast, 681 

particularly around reservoirs and artificial waterbodies, local councils often try to 682 

enhance recreational opportunities by providing built amenities that make access 683 

easier or safer and visitors’ experiences more pleasant, within the constraint of the 684 

primary need of these facilities to provide water for potable, stock-and-domestic or 685 

irrigation use. Ultimately, and depending on the ecological system and management 686 

objectives (e.g. provision of clean water, conservation objectives etc), a range of built 687 

and natural features may provide the kinds of experiences that visitors are looking for 688 

within any given region. In addition, the equivalent values attributed to natural 689 

features and infrastructure by local council survey respondents may be due to the 690 

reduced presence and therefore lower rank given to the importance of natural features, 691 

rather than a relative increase in the importance of the built environment per se. 692 

Perhaps this reflects the degree to which natural components of the landscape have 693 

disappeared in many heavily modified regions, and/or the disproportionate area of 694 

built and managed environments within the boundaries of some local government 695 

authorities.  696 

 697 

Tour operators responding to our survey frequently reported that site 698 

hardening (i.e. the development of infrastructure to reduce environmental impacts of 699 

visitors) and/or restrictions on access represented the best ways to sustainably manage 700 

tourism and recreation in protected areas. Other studies have also shown that this is a 701 

common belief among tour operators, with hardening serving to increase site carrying 702 

capacity and reduce the visibility and perceived severity of visitor impacts (Smith and 703 

Newsome 2006). However, there is also some evidence to suggest that hardening and 704 

provision of amenities at icon aquatic sites may result in a downturn in visitor loads, 705 

as ‘naturalness’ has been shown to be an essential feature that attracts visitors to 706 

particular sites (Hercock 1999; Hadwen and Arthington 2003; Petrosillo et al. 2007). 707 

Nevertheless, in public spaces outside of protected areas, hardening and/or site access 708 

restrictions may be appropriate management strategies to limit visitor impacts and/or 709 

increase site carrying capacity. Conversely, as indicated by Waitt et al. (2003), a 710 

number of  types of water infrastructure (e.g. weirs and irrigation structures) are 711 

generally not seen in a positive light by visitors, so local governments looking to 712 
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maximize tourism and recreational opportunities may need to carefully balance 713 

aspects of site utility with those of site aesthetics. 714 

 715 

A second important difference between local-council and protected-area 716 

respondents reflects the fact that protected-area managers do not always view tourism 717 

in a positive light, as visitors can detract from the natural values of the protected areas 718 

and negatively affect the conservation goals of these areas (Cole and Landres 1996; 719 

Buckley 2002a). In contrast, many local councils have responded to increasing 720 

tourism interest in their regions by actively promoting their towns and natural assets 721 

(Richins and Pearce 2000; Sorenson and Epps 2003; Jackson and Murphy 2006; 722 

Nepal 2008). Considering the significantly broader scope of responsibility of local 723 

councils compared with those of protected-area managers, coupled with the wide 724 

range of threatening processes outside of protected areas, many local-council 725 

respondents likely consider tourism and recreation more of an economic opportunity 726 

than an environmental threat. Evidence of the opportunities tourism can bring to 727 

regional centres and local communities is widespread and growing, especially in light 728 

of the creation of strong destination images and tourism clusters in regional Australia 729 

(Richins and Pearce 2000; Dredge and Jenkins 2003; Mules 2005). However, 730 

numerous researchers, such as Hohl and Tisdell (1995) and Gossling (2001), have 731 

found that the development and management of tourism in remote communities was 732 

hampered by a suite of economic, environmental and social issues. We did not 733 

examine the role played by remoteness, yet it could well be that some of the more 734 

remote towns in inland Australia are the most heavily influenced by visitor 735 

seasonality and demand. More research is required to determine the willingness and 736 

capacity of local governments to support tourism initiatives and whether these 737 

motivations are influenced by their distance from other population centres.  738 

 739 

The results of multivariate analyses revealed considerable differentiation 740 

between the various respondent groups, with ANOSIM identifying significant 741 

differences between i) the local council and protected area respondents, ii) the local 742 

council and general tour operator respondents, and iii) the protected area and general 743 

tour operator respondents.  The factors driving the differences across respondent 744 

groups tended to revolve around the presence of extractive activities, such as fishing 745 

and hunting and other illegal activities within protected areas – like feeding aquatic 746 
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wildlife. The perceived importance of jetties and boardwalks was also an important 747 

discriminator between the some of the survey groups, with protected-area respondents 748 

always valuing these built aspects of the landscape lower than did local-council and 749 

tour-operator respondents. The significance of infrastructure and the built 750 

environment is an important consideration around waterbodies and numerous studies 751 

have advocated for a hardening around fragile sites (Smith and Newsome 2006). 752 

However, Smith and Newsome (2006) identified the risks associated with ‘impact 753 

creep’ around the edges of hardened structures, so careful planning and maintenance 754 

is required to support infrastructure. This may be a significant issue in inland 755 

Australia, where distances are vast and resources are limited to provide and maintain 756 

the necessary built facilities. Furthermore, care must be taken that recreation and 757 

tourism does not detract from the aesthetics of natural sites, particularly since many 758 

visitors to protected areas do not want their experience compromised by 759 

anthropogenic structures such as hardening of sites (Hadwen and Arthington 2003).  760 

 761 

Most survey respondents recognised the need for monitoring and management 762 

of the condition of waterbodies used for recreation and tourist activities, supported by 763 

adequate funding and sufficient knowledge of aquatic systems to design effective 764 

monitoring and management programs. In broad terms, the respondents provided 765 

evidence supporting the second and related hypothesis, that the current management 766 

of inland aquatic ecosystems would be reported as not being adequately resourced to 767 

manage visitors and their potential impacts on waterbodies. This problem of 768 

insufficient resourcing for monitoring visitor activities and impacts is not restricted to 769 

aquatic ecosystems (Hadwen et al. 2007). However, the large number of respondents 770 

who indicated (mostly in the open-ended, written-answer section of the survey 771 

instrument) that aquatic systems are generally less well understood, and more poorly 772 

managed, than their terrestrial counterparts, highlights a fundamental shortfall in the 773 

capacity of resource managers to appropriately manage and assess the sustainability 774 

of use of aquatic sites in inland Australia. Managers charged with the responsibility of 775 

managing aquatic resources clearly understand that a wide range of potential impacts 776 

may result from visitor activities. However the precise nature of impacts and their 777 

consequences and how best to monitor them effectively depends upon the types of 778 

activities, the visitor loads and the timing and duration of visitation at particular sites 779 
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(Hadwen et al. 2007). Unfortunately, this detailed information is lacking in most 780 

jurisdictions. 781 

 782 

Validity of the conclusions  783 

 784 

Since our results have a number of significant implications for the way inland 785 

waterbodies are used by and managed for tourism and recreation, it is appropriate to 786 

consider briefly the limitations of the methods we used and the strength of the 787 

conclusions we draw.  Fundamentally, the results hinge on the validity of the survey 788 

approach. We sent out 574 surveys to representatives from four major stakeholder 789 

groups in all States and Territories of Australia. Ninety-four surveys were returned, 790 

which represents an overall response rate of just under 17%.  This is better than the 791 

<10% commonly reported for medium-length surveys with no incentives and not 792 

dissimilar to the 15–30% range reported for medium-length surveys with incentives 793 

and follow-up (PeoplePulse 2011). The response rate was likely to be influenced 794 

strongly by the detailed nature of the surveys (7 pages) and the considerable thought 795 

and time investment they required for completion. Whilst a simpler survey instrument 796 

with incentives for completion (e.g. cash payment) would likely have yielded a better 797 

response rate, the more detailed proformas were required to generate the data needed 798 

for us to answer the diverse research questions outlined in the Introduction. Moreover, 799 

there is good evidence that valid conclusions can be drawn from surveys with 800 

response rates of around 20% if the questions are appropriate and well framed 801 

(Vissner et al. 1996; Keeter et al. 2006).  802 

 803 

The critical point is that we had a large number of highly detailed responses 804 

(94 in total) to analyse. This number resembles or exceeds those in a number of 805 

broadly similar studies of the way natural-resource managers or tourism operators 806 

perceive, use or manage natural systems (e.g. 17 and 31 in Burton (1998); 26 in 807 

Kasim (2009); 42–104 in Spenceley (2008); 49 in Page and Thorn (1997); 130 in 808 

Bousset et al. (2007)).  Inevitably, there may be a bias in that we received replies only 809 

from respondents who were interested enough to answer the survey; such a limitation 810 

applies to all survey approaches unless respondents are compelled to reply. We 811 

conclude, therefore, that it is possible to use these data to make statistically valid 812 

comparisons across groups and draw strong conclusions as to the way aquatic 813 
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ecosystems are used and managed with respect to tourism and recreation in inland 814 

Australia 815 

 816 

Conclusions and implications 817 

 818 

Our study reveals the critical importance of aquatic systems as foci for recreation and 819 

tourism across all the States and Territories of inland Australia. It is surprising that 820 

such nation-wide information on a critical natural resource has not been collected 821 

before, given the Australia’s high proportion of arid and semi-arid lands, the cultural 822 

and economic significance of aquatic ecosystems in Aboriginal and European 823 

societies, and the role played by permanent water in the ecology of arid and semi-arid 824 

landscapes (Box et al. 2008). The information collated and analysed here should 825 

contribute towards better understanding of the currently turbulent relationship 826 

between the water and tourism/recreation industries in inland Australia (Crase et al. 827 

2010). Although visitors were perceived to be aware of the ecological sensitivity of 828 

the environments they visited and used for active, water-based recreation and tourism, 829 

many respondents indicated that increases in visitor numbers to waterbodies were 830 

threatening the ecological condition of these sites, and, directly or indirectly, their 831 

conservation values. These findings suggest that the condition of inland waterbodies 832 

is not only threatened by broad-scale land uses such as agriculture, pastoralism and 833 

mining (e.g. Smith 1998; Yencken and Wilkinson 2000; Aplin 2002) and the effects 834 

of water extraction and regulation for irrigation (Kingsford et al. 1998; Sheldon et al. 835 

2002), but also from visitor activities at focal waterbodies arising from tourism and 836 

recreation. 837 

 838 

The need for an informed and well-resourced approach to the monitoring and 839 

management of aquatic ecosystems was highlighted by all sectors surveyed and has 840 

been the topic of numerous other studies (e.g. Mosisch and Arthington 2004; Hadwen 841 

et al. 2008). Furthermore, the strong desire of the survey respondents to better 842 

understand responses of aquatic systems to visitor-based activities highlights some of 843 

the knowledge deficiencies that scientific investigation must address in the near 844 

future, as well as highlighting the managerial responsibilities of existing 845 

organizations, especially with regard to ecological monitoring and visitor 846 

management. Explicitly linking human demands for water, which include tourism and 847 
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recreation demands, with what we know of the ecology of inland waterbodies, is a 848 

critical element in ensuring that these systems are sustainably managed. Ultimately, 849 

the identification of particular inland waterbodies that could support increasing visitor 850 

loads and still provide other ecosystem services to local communities is paramount to 851 

ensure that such systems are managed sustainably. Identifying refugial inland 852 

waterbodies has been the focus of many studies in the ecological literature (Box et al. 853 

2008; Sheldon et al. 2010). This could become even more important in light of the 854 

anticipated changes in climate, altered river flow regimes, and other developments 855 

(agriculture, pastoralism, mining and tourism) in inland Australia that would be 856 

expected to have adverse effects on freshwater ecosystems and ecosystem services in 857 

future.  858 
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Table 1. Summary of responses to questions relating to the type, significance and 1106 

extent of aquatic systems and the number of annual visitors by protected-area (PA) 1107 

and local council (LC) survey respondents.  Data are presented as per cent of total 1108 

respondents nominating the listed responses. 1109 

Question PA LC 
Number of respondents  36 34 
What types of aquatic environments are there in your region? 

Lakes 
Streams and rivers 
Billabongs 
Wetlands 
Coastal lagoons 
Estuaries 
Beaches and ocean 
Mound springs 

 
19 
97 
17 
22 
0 
3 
3 
3 

 
68 
88 
15 
74 
3 

15 
6 
6 

What percent of the region is composed of aquatic environments? 
<5% 
5–10% 
10–25% 
25–50% 
>50% 

 
47 
22 
17 
8 
6 

 
44 
35 
18 
3 
0 

Are aquatic environments a significant component of your region? 
Yes 

 
94 

 
50 

How many visitors does your region receive annually? 
<1000 
1000–5000 
5000–20 000 
20 000–50 000 
50 000 –200 000 
200 000 –500 000 
> 500 000 

 
8 
8 

31 
28 
14 
3 
8 

 
4 

11 
19 
11 
21 
18 
18 

 1110 

1111 
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Table 2. Median responses to Likert-ranked questions about visitor decision making 1112 

and factors influencing the condition of aquatic ecosystems as reported by protected-1113 

area (PA), local council (LC), general-tour operator (GTO) and river/lake-tour 1114 

operator (RTO) survey respondents. Likert ranks were 1 = not at all important, 2 = not 1115 

very important, 3 = somewhat important, 4 = extremely important, 5 = not applicable. 1116 

* denotes questions that were not asked across all survey groups, hence the blanks in 1117 

the table.  1118 

Question PA LC GTO RTO 
Number of respondents 36 34 17 7 
How important are the following features in attracting 
visitors to your region? 

    

Resident animals 3.0 3.0 4.0 3.0 
Resident plants 3.0 3.0 3.0 3.0 
Streams / rivers / lakes 3.0 3.0 4.0 4.0 
Forests 3.0 3.0 4.0 4.0 
Scenery 3.0 4.0 4.0 4.0 
Toilet and camping facilities 3.0 3.0 3.0 3.0 
Boating facilities 1.0 2.0 1.0 3.0 
Bushwalking trails 3.0 3.0 4.0 2.0 
Nearby accommodation 2.0 3.0 3.0 3.0 
Nearby towns 2.0 3.0 2.0 2.5 
Culture and entertainment*  3.0   

With respect to water-based activities, how important 
are the following factors? 

    

Water quality (absence of odours) 3.0 4.0 3.0 4.0 
Water clarity 3.0 3.0 3.0 3.0 
Water temperature 2.0 3.0 3.0 2.5 
Lack of underwater plants 2.0 3.0 2.0 2.0 
Lack of emergent plants 2.0 3.0 2.0 3.0 
Lack of logs/rocks in water 2.0 3.0 2.0 3.0 
Land-based facilities 1.0 3.0 3.0 2.5 
Presence of jetties/boardwalks 3.0 3.0 2.0 2.5 
Accessibility to water 3.0 3.0 3.0 4.0 
Number of other visitors 3.0 3.0 3.0 3.0 
Local plants and animals 3.0 3.0 3.5 4.0 

How important are the following factors in influencing 
the health of aquatic ecosystems in your area? 

    

Development outside park boundaries 3.0 3.0 3.0 3.0 
Development within park boundaries 3.0 3.0 3.0 2.5 
Nutrient inputs from camp grounds 3.0 3.0 3.0 2.5 
Nutrient inputs from swimmers 2.0 2.0 3.0 2.5 
Trampling of shoreline vegetation 3.0 3.0 3.0 4.0 
Fire (prescribed burning and/or wildfires)* 3.0  3.0 4.0 
Camping 3.0 3.0 3.0 2.5 
Fishing 2.0 3.0 3.0 2.5 
Power boating 1.0 3.0 3.0 3.5 
Sailing and canoeing 1.5 2.0 2.0 2.0 
Feeding of fish/turtles/water birds 2.0 2.0 3.0 3.0 
Hunting 2.0 2.0 4.0 2.0 
Tourism/recreation 3.0 3.0 3.0 2.0 

1119 
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Table 3. Summary of visitor activities, environmental awareness and current impacts 1120 

on the condition of inland waterways reported by protected-area (PA), local council 1121 

(LC), general-tour operator (GTO) and river/lake-tour operator (RTO) survey 1122 

respondents. All responses are presented as the percentage of total respondents 1123 

nominating the listed responses. NA = not applicable. NB: the final question was not 1124 

asked in the GTO and RTO surveys. 1125 

Question PA LC GTO RTO 
Number of respondents  36 34 17 7 
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 

 
 

89 
89 
86 
86 
72 
67 
42 
33 
19 
25 
6 
8 
8 
8 
3 
6 
6 

 
 

77 
85 
82 
91 
74 
44 
59 
41 
12 
15 
27 
35 
32 
56 
21 
15 
18 

 
 

71 
77 
94 
71 

NA 
59 
18 
12 
29 
18 
0 
0 
6 
6 
0 
0 

12 

 
 

43 
57 
29 
29 

NA 
57 
14 
29 
0 
0 
0 
0 

29 
0 
0 
0 

14 
Are visitors generally environmentally aware? 

Yes 
 

74 
 

79 
 

89 
 

86 
Do any visitor activities influence the health of aquatic 
ecosystems in the region? 

Yes 

 
 

59 

 
 

53 

 
 

77 

 
 

86 
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 

 
 

63 
75 
50 
42 
46 
33 
21 
13 
13 
8 
0 
0 

33 

 
 

71 
71 
67 
29 
33 
29 
38 
24 
9 

33 
8 
0 

38 

 
 

41 
41 
18 
29 
29 
24 
18 
18 
24 
29 
6 
6 

29 

 
 

67 
83 
50 

NA 
83 
33 
33 
17 
50 
33 
0 
0 

17 
Which of the following activities occur within your region? 

Littering 
Trampling of vegetation by hikers and bushwalkers 
Camping in undesignated areas 

 
47 
71 
71 

 
85 
68 
62 

 
NA 
NA 
NA 

 
NA 
NA 
NA 
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Swimming 
Fishing and hunting 
Addition of soaps/detergents/nutrients to waterways 
Mistreatment of toilet and camping facilities 
Non-motorised boating 
Power boating 

27 
53 
47 
52 
27 
9 

41 
44 
41 
35 
44 
44 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

 1126 

1127 
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Table 4. Pairwise ANOSIM comparisons from the non-metric multi-dimensional 1128 

scaling (NMDS) analyses evaluating differences in responses to common questions 1129 

asked of the protected-area, local council, general-tour operator and river-tour 1130 

operator survey groups. (P = 0.001; 999 permutations). 1131 

Groups for pairwise comparisons R statistic Significance level 

Local council vs. protected-area manager 0.085 0.001* 

Local council vs. general-tour operator 0.540 0.001* 

Local council vs. river-tour operator 0.312 0.030  

Protected-area manager vs. general-tour operator 0.450 0.001* 

Protected-area manager vs. river-tour operator 0.229 0.088 

General-tour operator vs. river-tour operator 0.094 0.262 

 1132 
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Table 5. Output from SIMPER analyses of drivers of differences between local 1133 

council, protected-area and general-tour operator survey groups on the basis of their 1134 

responses to questions asked of all four groups.   1135 

Comparison Average 
abundance 

Average 
abundance 

Cumulative 
% 

Local council vs. protected-area manager    
Sailing and canoeing 2.83 3.31 3.40 
Hunting 3.23 3.73 6.69 
Feeding of fish/turtles/water birds 3.17 3.43 9.90 
Presence of jetties/boardwalks 3.39 3.10 13.09 
Boating facilities 3.60 3.06 16.28 
Nutrient inputs from swimmers 2.81 2.92 19.40 
Power boating 3.41 3.80 22.44 
Fishing 3.31 3.22 25.40 
Local council vs. general-tour operator    
Development within park boundaries 3.36 0.06 5.21 
Nutrient inputs from swimmers 2.81 1.82 8.62 
Feeding of fish/turtles/water birds 3.17 1.94 11.86 
Fishing 3.31 1.76 15.09 
Nutrient inputs from camp grounds 3.22 2.00 18.31 
Power boating 3.41 2.12 21.34 
Hunting 3.23 2.47 24.37 
Sailing and canoeing 2.83 1.82 27.39 
Protected-area manager  vs. general- tour operators    

Development within park boundaries 3.22 0.06 4.93 
Sailing and canoeing 3.31 1.82 8.49 
Power boating 3.80 2.12 12.03 
Feeding of fish/turtles/water birds 3.43 1.94 15.52 
Nutrient inputs from swimmers 2.92 1.82 18.93 
Hunting 3.73 2.47 22.30 
Nutrient inputs from camp grounds 3.45 2.00 25.54 
 1136 
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Table 6 Results of simple coding of open-ended written-answer survey questions as 1137 

reported by protected-area (PA), local council (LC), general-tour operator (GTO) and 1138 

river/lake-tour operator (RTO) survey respondents. The reported values represent the 1139 

percentage of respondents, from each survey group, who raised the theme in their 1140 

written responses. 1141 

Theme Protected 
area 

Local 
council 

General-tour 
operator 

River-tour 
operator 

Increasing visitor numbers 85 14 38 0 
Education/knowledge 60 47 23 0 
Funding and resources 55 39 23 0 
Litter 35 28 0 0 
Monitoring 30 6 8 43 
Development and infrastructure 0 22 23 57 
Coordination of management 0 19 0 0 
Lack of water/reliable flows 0 0 0 57 

1142 
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Captions for Figures 1143 

 1144 

Figure 1. Distribution and numbers of completed surveys from protected-area 1145 

managers (solid line boxes), local councils (dotted line boxes), general-tour operators 1146 

(solid circles), and river/lake-tour operators (open circles) returned, sorted by State or 1147 

Territory. Numbers inside boxes and circles indicates the number of completed 1148 

surveys returned for that respondent group in that area.   1149 

 1150 

Figure 2. Non-metric multi-dimensional scaling (NMDS) plot for responses to survey 1151 

questions common to all four survey groups.   1152 

1153 
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Accessory Table 1. Survey response rate and level of respondent interest in further 1158 

involvement across the four target stakeholder groups. 1159 

Stakeholder group Number 
sent 

Number 
returned 

Response rate 
(%) 

Respondent 
interest (%) 

River/lake tour 
operators 

36 7 19 71 

General-tour operators 152 17 11 65 
Local councils 208 34 16 89 
Protected-area managers 178 36 20 77 
     
Total 574 94 17 81 

 1160 

 1161 

Accessory Table 2. Methods of transportation and duration(s) of stays of visitors, as 1162 

reported by protected-area (PA), local council (LC), general-tour operator (GTO) and 1163 

river/lake-tour operator (RTO) survey respondents. Data are presented as per cent of 1164 

total respondents nominating the listed responses. na = not applicable. 1165 

Question PA LC GTO RTO 
Number of respondents  36 34 17 7 
How do visitors come to your region? 

2WD vehicles 
4WD vehicles 
Commercial bus 
Bicycle / walking / hiking 
Boat (includes powered and non-motorised) 
Plane 
Train 

 
86 
94 
56 
36 

7 
na 
na 

 
97 
77 
85 
44 
10 
21 
32 

 
12 
59 
53 
0 

18 
0 
0 

 
57 
29 
71 
0 

29 
14 
0 

How long do visitors spend in your region/on your tours? 
1 day 
1-2 days 
3-5 days 
> 5 days 
Don’t know 

 
36 
56 

8 
0 
0 

 
41 
28 

9 
3 

19 

 
38 
13 
31 
19 
0 

 
86 
14 
0 
0 
0 

 1166 

 1167 
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