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Abstract 
Fraser Island, a natural World Heritage Area off the Queensland coast of Australia, 
receives in excess of 300 000 visitors every year. With visitor numbers expected to 
continue to grow in the foreseeable future, there is increasing concern that unregulated 
tourist activities may threaten the long-term conservation of the lakes on the island. In 
view of this concern, a tourist survey was conducted on five separate occasions 
between December 1999 and January 2001 to determine the importance of the lakes 
on the island as swimming and recreation sites for visitors.  
 
Although most of the respondents were first time visitors to Fraser Island, the 
majority had planned to visit Lake McKenzie before arriving. Clear lakes were the 
preferred swimming sites for 70% of respondents, highlighting the threat that tourist 
activities may pose to their conservation. Survey respondents were generally young 
wilderness seekers and many expressed disapproval of any further development of 
infrastructure on the island.  
 
Given the significance of clear lakes as swimming and recreation sites on the island, 
long-term management should aim to enable visitation whilst minimising the impacts 
of visits. Possible management options, such as regulating tourist numbers at the two 
clear lakes on the island, may therefore, be warranted in the future.  
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Introduction 
The growing desire for tourists to experience wilderness and adventure holidays is 
increasingly threatening the long-term preservation of natural areas (Gosselin 1998). 
In response to these pressures, several well-known National Parks in the United States 
have recently revised their management strategies to safeguard them from the tens of 
thousands of visitors they receive each year (Glick & Murr 1997). Whilst these 
interim measures are implemented to ameliorate the short-term effects of tourists on 
the natural environment (Sun 1985), the development and implementation of 
scientifically based management strategies is likely to be the best way of ensuring 
long-term preservation and sustainable tourist use of wilderness areas (Sun & Walsh 
1998).  
 
Unfortunately, however, the scientific information on which the development and 
implementation of management plans should rely is rarely available and so there tends 
to be a gap between current management strategies and long-term conservation goals. 
For instance, it was previously thought that increasing the numbers of tourists visiting 
a natural area would enhance the management of the area, since a profitable tourist 
industry can financially out-compete other commercial land uses (Anon. 1995; Wang 
& Miko 1997). Furthermore, tourists can directly generate funds for management 
bodies whilst concurrently increasing interest in the preservation of natural resources 
in the broader community (Norris 1992; Wall 1997; Gossling 1999; Tyler & 
Dangerfield 1999). Whilst these ideas seem fiscally sound, experience has taught us 
that increasing tourist numbers does not always equate to enhanced management and 
preservation of natural areas (Norris 1992; Glick & Murr 1997). As a result, the 
current goal for resource managers is to establish a sustainable balance between the 
protection of natural resources (meeting the philosophical aims of National Parks) and 
the promotion of tourism activities in natural areas (meeting commercial and funding 
needs) (Buckley & Pannell 1990; Anon. 1995; Butler et al. 1996; Buckley 1998).  
 
Environmental Impacts of Tourism 
Numerous reviews have detailed the diversity of studies investigating the biological 
and physical impacts of tourists on natural areas (Leung & Marion 2000; Weaver 
2001; Newsome et al. 2002; Page & Dowling 2002). However, whilst most have 
focussed their attention on human-wildlife interactions (Green & Higginbottom 2000) 
or the effects of trampling (Allison 1996; Whinam & Chilcott 1999; Monz 2002), the 
biochemical consequences of tourist activities in natural areas have been largely 
neglected. Despite this lack of representation in the literature, the long-term impacts 
of tourist activities on the chemistry of aquatic environments has the potential to be a 
far more deleterious disturbance than are spatially restricted instances of physical 
trampling (Arthington et al. 1990; Outridge et al. 1990; Ells 1997; Leung & Marion 
2000). Not only can nutrients from tourist wastes influence the ecology of freshwater 
systems (Leung & Marion 2000), but increases in faecal coliform counts can also 
affect the water quality in pristine areas (Ells 1997). Despite the significant changes 
that human waste products may have on aquatic environments, inputs often go 
undetected by virtue of their diffuse and invisible entry into waterways (Outridge et 
al. 1990). For example, Butler et al. (1996) found that tourists could alter the 
chemical composition of oligotrophic streams in tropical North Queensland through a 
combination of direct nutrient additions and sediment re-suspension. These findings 
highlight the importance of understanding the expectations of tourists visiting 
freshwater environments for recreational purposes, particularly with regards to the 
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establishment of effective monitoring programs (Leung & Marion 2000; Newsome et 
al. 2002).  
 
Tourist impacts on lakes on Fraser Island, Australia 
In light of the evidence reported by Butler et al. (1996), concern has grown over the 
potential of tourists to adversely affect the ecology of perched dune lakes on Fraser 
Island, a popular natural area off the East Coast of Queensland, Australia (Fig. 1). 
Since the designation of the island as a World Heritage Area in 1992, the increased 
domestic and international awareness of the island has fueled the expansion of 
tourism ventures in the region (Sinclair 2000). This expanded tourism market has had 
considerable economic benefits to the region both through the generation of jobs and 
the influx of tourists (Anon 2002), although with in excess of 300 000 tourists visiting 
Fraser Island annually, concerns over the sustainability of the industry have been 
raised (Sinclair 2000; Anon 2002). Since visitation levels are highly variable over the 
course of the year (with peaks of up to 10 000 people on the island concurrently 
during domestic holiday times around Christmas and Easter) the visible signs of the 
growing tourist presence on the island are similarly temporally variable (Sinclair 
2000). Nevertheless, the island’s fragile terrestrial environments appear to be 
adversely effected by the activities of tourists at these busy times, as testified by 
erosional processes along tracks and across foredune areas (Sinclair 2000).  
 
In addition to these visible signs of human impacts on terrestrial environments on 
Fraser Island, the potential threats that tourists pose to the long-term ecological health 
of dune lakes has also received some recent media attention (Steele 1999). Central to 
the concerns of residents and park managers comes the fact that these unique 
freshwater systems are the focus of much of the tourism activities in the region 
(Sinclair 2000; UNESCO 2001). For instance, the perched dune lakes were an integral 
part of the island’s successful bid for World Heritage nomination, by virtue of their 
number, elevation, beauty, unique wildlife and unusual morphology and hydrology 
(Bayly 1966; Bayly et al 1975; Arthington et al. 1986; Sinclair 2000; UNESCO 
2001). Whilst very little is known of the ecology of these systems, the appeal of these 
lakes to tourists, in conjunction with their unique ecological characteristics, make 
them particularly susceptible to environmental impacts from tourists (Arthington et al. 
1990; Outridge et al. 1990).  
 
Of particular concern to resource managers on Fraser Island are the likely ecological 
changes in these lakes in response to nutrient additions from tourists (Anon 2002). As 
Arthington et al. (1990) noted, changes driven by nutrient additions from tourists 
(especially from urine) are likely to particularly pronounced, since these systems are 
naturally oligotrophic, with phosphorus concentrations rarely exceeding 5 µg/L 
(Bayly 1966; Bayly et al. 1975; Arthington et al. 1986; Arthington et al. 1990). In 
addition to their anticipated responsiveness to nutrient inputs, perched lakes are 
hydrologically closed systems (i.e. there are usually no inflow or outflow streams and 
they are not connected to the regional aquifer), so added nutrients will accumulate 
over time (Bayly 1964; Bayly et al. 1975; James 1984; Arthington et al. 1990). In a 
worst-case scenario, the ongoing addition and subsequent accumulation of nutrients in 
these lakes could lead to increases in algal biomass (which may have flow on effects 
on food web dynamics), resulting in drastic declines in water quality and potential for 
local extinctions of rare fauna and flora (Arthington et al. 1990; Outridge et al. 1990; 
Proulx et al. 1996). 
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Figure 1. A) Location of Fraser Island off the East Coast of Queensland, Australia; B) Lakes and roads on Fraser Island; C) Detailed map of study site - Lake 
McKenzie - including location of the main beach and toilet and camping facilities.  
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In response to the threat of nutrient additions from tourists, the island’s management 
body (Queensland National Parks and Wildlife Service) has recently banned the use 
of sunscreens, soaps and detergents in these unique aquatic systems (Steele 1999). 
Despite the identification of the potential of tourists to adversely affect the lakes on 
Fraser Island, there have to date been no studies investigating the importance of 
perched dune lakes as swimming and recreation sites on Fraser Island. However, if the 
lakes on Fraser Island are to be adequately protected from these impacts from tourists, 
it is vitally important to identify the sites most threatened as well as to develop 
strategies to ameliorate the sources of likely nutrient additions (Buckley & Pannell 
1990; Leung & Marion 2000; Newsome et al. 2002). 
 
In conjunction with concurrent limnological investigations of tourist impacts on the 
perched dune lakes on Fraser Island (Hadwen pers. comm.), this paper presents the 
results of a tourist survey conducted at one of the most popular perched dune lakes on 
Fraser Island. The survey aimed to gain an understanding of the importance of the 
lakes as key recreational sites on the island, as well as to gain an insight into visitor 
activities, expectations and experiences of these unique systems.  
 
Study Area 
Lake McKenzie is arguably the most recognisable site on Fraser Island (Sinclair 
2000). The crystal-clear waters have featured in numerous advertisements and the 
lake is a common feature on Fraser Island souvenirs. This ongoing publicity ensures 
that Lake McKenzie is one of the most visited sites on the island, especially in the 
peak tour times throughout summer (Fig. 2). The central location of Lake McKenzie 
and its proximity to other tourist sites on Fraser Island undoubtedly contribute to this 
popularity, as it is accessible both to day-trippers and tourists spending more lengthy 
stays on the island (see Fig. 1.).  
 
Figure 2. Tourist’s swimming and sunbathing at Lake McKenzie on January 26, 2001. 

 
Study Methods 
Based on unpublished surveys used for similar purposes (Butler et al. 1996; Mosisch 
& Arthington 1996), a tourist survey was developed to collect information and 
demographic details from tourists at Lake McKenzie. Survey respondents were asked 
questions relating to the duration and nature of their visit to Fraser Island, the size of 
their travelling group and the activities undertaken whilst at Lake McKenzie. In 
addition, several questions gathered information on the quality of their experiences at 
the lake, both with regard to the facilities provided as well as the water quality of the 
lake and its significance to the quality of their experience. Surveys were conducted on 
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Tuesday 13 December 1999, Friday 17 March 2000, Wednesday 6 December 2000, 
Thursday 7 December 2000 and Friday January 26 2001 and on each occasion 
respondents were randomly selected along the main stretch of shoreline at Lake 
McKenzie (approximately 200m). Respondents were observed to fill in their surveys 
independently or in small groups.  
 
Results 
A total of 154 completed surveys were collected across the five sample days and 
almost 80% of the respondents were first time visitors to Fraser Island (Table 1). The 
duration of visits was variable, although most (64%) were on the island for a period of 
3-6 days (Table 1) and only 8% planned to stay on the island longer than 7 days.  
 
Among respondents staying on the island overnight, camping was by far the most 
nominated (68%) form of accommodation. Undeveloped campsites along the eastern 
shoreline of the island were more commonly utilised (38%) than were designated 
campsites (30%). Resorts and hotels on the island accommodated 26% of the 
respondents. Private houses on freehold land accounted for just 6% of those surveyed.  
 
Whilst many respondents were travelling in very large organised tour groups (often 
between 20-40 people travelling in large privately run 4WD buses), those travelling 
independently were also in reasonably large groups, averaging in excess of 5 adults 
(Table 1). Interestingly, children were under-represented (< 1 per group) despite the 
fact that 54% of respondents indicated that they were travelling with family and 
friends (Table 1). 
 
More than 75% of survey respondents indicated that they had planned to visit Lake 
McKenzie before coming to the island (Table 1). Since more than 78% of the 
respondents had never before been to Lake McKenzie, this statistic highlights the 
widespread popularity and publicity of this lake. 
 
Only 22% of those surveyed had been to Lake McKenzie more than once on their 
current visit. This result indicates, that despite its popularity, Lake McKenzie does not 
receive large numbers of repeat visitors, unless they return on subsequent visits to the 
island (approximately 20% of respondents had been to Fraser Island before). 
 
More than 95% of those surveyed expressed an interest in swimming in Lake 
McKenzie (Table 1). In addition, most respondents indicated a preference towards 
recreational activities based on relaxation, with more than 55% nominating relaxing 
and reading, more than 50% nominating sunbaking and more than 42% nominated 
general sightseeing and photography as activities planned for their time at Lake 
McKenzie. As such, the more active pursuits of hiking, playing sport and kayaking 
were less frequently nominated (approximately 19%, 15% and 1%, respectively). 
 
Whilst more than 88% of the respondents had swum in Lake McKenzie before 
answering the survey, most indicated that they had spent very little time in the water.  
More than 30% of all swimmers spent less than 10 minutes in the water and about 
three-quarters of all swimmers spent less than half an hour in the lake (Table 1). 
Despite this trend towards short swims, a small number of respondents (about 10%) 
indicated that they had spent more than 1 hour swimming in the lake.  
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Table 1. Summary of Results from Tourist Survey conducted at Lake McKenzie 
between December 1999 and January 2001. 
VISITATION  
First time visitors 79% 
Visits over 3-6 days 64% 
Camping  68% 
Hotels / Resorts 26% 
Group Size > 5 adults 
Group Structure 69% Friends and Tours 
  
LAKE McKENZIE  
A priori plan to visit  75% 
First visit 79% 
Interest in swimming 95% 
  
SWIMMING  
% swimmers 88% 
Less than 30 minutes  76% 
  
LAKE CHARACTERISTICS 
Influence on Enjoyment of Swim 

Average scores  
(1 = unimportant, 5 = very important) 

Clearness, purity of water 4.39 
Being in a natural setting 4.08 
Water temperature 3.32 
Accessibility from camping and amenities 3.19 
Number of people present 2.77 
Facilities at site 2.27 
  
WATER QUALITY  
Excellent 75% 
Added greatly to swim 78% 
  
FACILITIES PROVIDED  
Good 47% 
  
OTHER LAKES  
Visited other lakes 32% 
Swum in other lakes 26% 
  
PREFERRED SWIMMING LOCATIONS  
Clear lake 70% 
Ocean 24% 
Stream 3% 
Swimming Pool 2% 
Stained Lake 1% 
  
DEMOGRAPHICS  
Sex ratio 51% (male): 49% (female) 
Dominant Age group 81% between 19-34 years of age 
Australian residents 59% 
International visitors 41% 
 
For those who did swim in Lake McKenzie, a series of questions relating to water 
quality parameters were answered along a continuum from 1 to 5, with 1 indicating 
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that the variable was not at all important in influencing the respondent’s decision to 
swim in the lake and 5 indicating that the factor was very influential. For the majority 
of respondents, the clearness and purity of the water (average score 4.40) was the 
most important factor influencing their decision to swim (Table 1). Similarly, it was 
important to the majority of respondents that they were swimming in a natural setting 
(score of 4.08), free of constructed boardwalks and other built features. Water 
temperature and accessibility were generally only slightly important (scores of 3.32 
and 3.19 respectively) whilst the facilities provided and the number of people present 
at the site made very little difference (scores of 2.27 and 2.77, respectively) to 
people’s decisions on whether or not to swim in Lake McKenzie. In corroboration of 
the importance attributed to water clarity, all respondents suggested that the quality of 
the water at Lake McKenzie was fair or better, with most indicating that it was 
excellent (68%) and that it had added greatly (77%) to the satisfaction of their swim 
(Table 1).  
 
Most respondents felt that the number of people present at Lake McKenzie at the time 
they were surveyed was about right (63%), although 35% felt that there were too 
many people on the lake shoreline. Whilst four respondents (approximately 3%) felt 
that the facilities provided at Lake McKenzie were poor, 27% felt that the facilities 
provided were fair, 49% thought they were good and 21% thought that they were 
excellent. Whilst these statistics seem to indicate that tourist satisfaction with regards 
to facilities provided at Lake McKenzie is high, further questioning of respondents 
indicated that the apparent lack of facilities was at least partially responsible for 
generating this relatively high level of satisfaction. In other words, the absence of 
facilities meant that the site appeared to be more natural and in many cases, this was 
seen favourably by survey respondents. 
 
More than 68% of respondents had not visited any other lakes on Fraser Island at the 
time they were surveyed. The central location of Lake McKenzie suggests that this 
result may be a little misleading, however, as many of the survey respondents had just 
arrived on the island and had not yet had the chance to visit any other lakes. 
Nevertheless, several of the survey respondents did not have plans to visit any other 
lakes on the island (personal communication). For some respondents who had not 
planned on visiting other lakes during their stay on the island, the positive experience 
at Lake McKenzie encouraged them to consider further visits to lakes.  
 
Of the 49 individuals surveyed who had visited other lakes, the most visited lake was 
Lake Wabby (47 visits). Other lakes visited were Basin Lake (22 visits), Lake 
Birrabeen (12 visits) Lake Boomanjin (11 visits), Lake Jennings (6 visits), Ocean 
Lake (5 visits), Lake Benaroon (4 visits) and Lake Garawongera and Lake Allom with 
one visit each (see Fig. 1). Significantly, almost 60% of those who had visited other 
lakes had swum in at least one of them, indicating that many of the lakes on the island 
are used by tourists for swimming and recreation purposes.  
 
Despite the fact that most of the large and accessible lakes on Fraser Island do receive 
visitors, the clear lakes appear to be the most popular. More than 70% of respondents 
selected clear lakes as their most preferred swimming location, even when options of 
the ocean, clear streams, brown stained lakes and swimming pools were offered 
(Table 1). 
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Survey respondents were evenly distributed between the two sexes and the majority 
(> 81%) fell within the ages of 19-34 (Table 1), indicating that Fraser Island attracts a 
relatively young sub-section of the Australian tourist market. The most represented 
age group was the 25-34 year old bracket, with almost 50% of the survey respondents 
falling into this category. Only 7% of those surveyed were 45 years or older. Almost 
two-thirds of the respondents were visitors from overseas, with Australian residents 
comprising only 36% of those surveyed.  
 
Discussion 
Whilst the importance of Lake McKenzie as a focal recreation site on Fraser Island 
has always been assumed (Sinclair 2000), the data presented herein definitively 
identifies this lake as one of the most popular and most threatened systems within the 
World Heritage Area. The growing international awareness of Fraser Island as a 
tourist destination and the iconic nature of Lake McKenzie is borne out by the fact 
that the vast majority of survey respondents had planned to visit Lake McKenzie 
before arriving on the island (Arthington et al. 1990; Steele 1999; Sinclair 2000; 
Fullerton 2001). In addition, the popularity of and high visitation levels to Lake 
McKenzie are likely to be further enhanced by the lake’s central location on the island 
(Fig. 1, Sinclair 2000). For example, many of the survey respondents were in 
organised tour groups on day trips, which visit only the most popular sites on the 
island, including Lake McKenzie. 
 
As expected for a relatively isolated wilderness area, Fraser Island attracts young (< 
35 years of age) people seeking wilderness experiences (Newsome et al. 2002), most 
often in reasonably large groups of up to six adults. Across all age brackets, almost 
two-thirds of the respondents were overseas visitors to Australia, again highlighting 
the significance and awareness of the island as an international tourist destination. 
From a management perspective, these findings need to be taken into consideration, 
particularly since the continued development of the international tourism market in 
Australia is likely to see a further increase in the relative contribution of international 
visitors to Fraser Island in the forseeable future (Gosselin 1998; Park 1999; Sinclair 
2000).  
 
Fraser Island attracts visitors looking for a wilderness experience in a pristine natural 
setting (Sinclair 2000). The high demand for camping on the island rather staying at a 
resort and visitor’s appreciation of the relative lack of facilities around Lake 
McKenzie support this generalisation. Furthermore, since camping at undeveloped 
campsites was the most nominated type of accommodation by survey respondents, the 
absence of facilities appears to be an attraction more than a discomfort. As such, any 
moves to further develop infrastructure and to sanitise the island are likely to detract 
from the ‘wilderness’ experience that many of the tourists surveyed were seeking 
(Anon. 1995; Goodrich 1997).  
 
The clear lakes on Fraser Island are obviously some of the most important swimming 
and recreational sites on the island (Arthington et al. 1990; Tappin 1997; Sinclair 
2000). The results presented herein, coupled with recent limnological analyses 
(Hadwen pers. comm.) assessing the threats to the perched dune lakes on Fraser 
Island, suggest that Lake McKenzie and Lake Birrabeen (the two clear lakes on the 
island) are particularly threatened by tourist activities. In addition to their obvious 
aesthetic appeal, these lakes may suffer as a consequence of their accessibility (see 
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Fig. 1), and the high public awareness of them as a consequence of Fraser Island 
advertising campaigns (Hadwen pers. comm.). The unsafe swimming conditions in 
the ocean around Fraser Island (Sinclair 2000) are also likely to ensure that the lakes 
receive considerable attention from tourists, particularly throughout the hot summer 
months. 
 
Despite the high level of interest in swimming in Lake McKenzie expressed by most 
survey respondents, the length of time spent in the water for most was short. This 
result is likely to be at least partially an artifact of time constraints, particularly for 
tourists on organised day tours. In addition, the weather on some of the survey days 
was overcast and windy and the activities of tourists on those days reflected the 
conditions (personal observation). Despite the short duration of swims, it should be 
noted that the capacity for tourists to influence the system is not necessarily a function 
of the time in which they spend engaging with the environment (King and Mace 
1974). With regards to urination events in particular, immersion diuresis can occur 
within minutes of immersion (Sykes 1994; Holt 2000). As such, all swimmers in Lake 
McKenzie have the potential to adversely affect the system through the introduction 
of urine and other chemicals, regardless of the duration of their swim (King & Mace 
1974).  
 
Because of their appeal, the clear lakes on Fraser Island are likely to continue to 
receive large numbers of tourists in the future (Arthington et al. 1990; Nelson 1994; 
Anon. 1995; Wall 1997; Buckley 1998). If the management response to increased 
visitation levels at Lake McKenzie involves the provision of more facilities, then, on 
the basis of the findings in this study, the aesthetic appeal of the site to tourists 
seeking wilderness experiences may be reduced. On the other hand, improved 
facilities may sanitise the area around Lake McKenzie, thus promoting it to tourists 
who value the comfort that facilities bring to their holidays. Smart use of the natural 
environment and the use of unobtrusive buildings for the provision of facilities may 
ensure that the provision of additional and upgraded amenities does not interfere with 
the type of experience that many of the tourists to Fraser Island are seeking. 
Nevertheless, further promotion of Lake McKenzie may ultimately increase the risk 
of deleterious impacts from tourist activities on this naturally oligotrophic perched 
dune lake (Arthington et al. 1990; Outridge et al. 1990).  
 
The long term preservation of the perched dune lakes on Fraser Island is likely to 
require a balanced approach between the provision of natural resources for 
recreational purposes and the protection of those resources from impacts caused by 
over-exploitation from tourism (Buckley & Pannell 1990; Glick & Murr 1997). At 
present there is very little scientific information on which to base such a management 
strategy, although preventative measures already in place, particularly with regard to 
the regulation of sunscreen and detergent inputs in lakes, are a step in the right 
direction. In the meantime, the appeal of Fraser Island as a tourist destination will 
continue to increase and the subsequent increase in tourist pressure is likely to require 
the adoption of strict regulations as is the case in some of the extremely popular 
National Parks in the United States (Anon. 1995; Goodrich 1997; Honey 1999). 
Capping the number of visitors on Fraser Island at any one time and switching 
between alternate camping areas are a couple of the mechanisms currently being 
employed to mitigate the potential impacts of growing tourism pressures in wilderness 
areas (Glick & Murr 1997; Wang & Miko 1997). For the potentially fragile dune lakes 
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on Fraser Island, management strategies which regulate swimming activities as well 
as the number of visitors in particular catchments may offer the best approach to 
ensuring their long-term preservation.  
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