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ABSTRACT
Visitors to protected areas are often attracted to icon sites of particular note. In many protected areas, these sites
are aquatic ecosystems such as lakes, waterfalls, streams, rivers and wetlands. As visitor loads to protected areas
have risen over the past couple of decades, so too has the appeal of these sites as locations for tourism and
recreation activities. At these focal sites, visitors partake in a wide range of activities, including walking,
camping, picnicking, sight-seeing and swimming. All activities have the capacity to influence the functioning of
the aquatic ecosystem, and in this study, we sought to assess the range of activities general undertaken in and
around aquatic sites and the potential indicators that may assist us in detecting the effects of these activities.
To achieve these objectives, we needed to examine tourism and recreation literature and build on the
following key components:
1.

2.

3.

Building on previous studies, we have built a list of visitor activities, with emphasis on their spatial and
temporal representations, to examine aspects of visitor-mediated disturbances in and around aquatic
systems within protected areas.
To assess the applicability of existing aquatic indicators in detecting visitor impacts, we undertook a
desktop evaluation of ecological indicators which aimed to identify physical, chemical and biological
indicators that are likely to respond to visitor activities given their specific spatial and temporal
characteristics.
Finally, to understand the link between visitor perceptions and indicator performance, we sought to
identify the key ecosystem features that appeal to visitors and how the suggested indicators (from 1 and
2 above) might relate to the characteristics of ecosystems that visitors value.

The focus of this study was on scale, both temporal and spatial, as the effect size and duration are likely to be
strongly influenced by these scales. Furthermore, we sought to link, for the first time, the scales at which visitor
activities might be represented in the environment and, subsequently, how these activities and scales might
ultimately determine which indicators are most responsive and cost-effective.
In addition to assessing ecological indicators and their sensitivity and response to visitor activities, we also
assessed the applicability of visitor indicators, which tap into the perceptions of visitors and their expectations
and resource demands, as indicators that are able to respond to changes in the appeal of key sites. The coupled
implementation of scale-sensitive and relevant ecological and visitor indicators represents an informed way of
examining the social and ecological effects of visitor activities in and around key aquatic sites. We conclude that
site-specific initiatives, based on the approach presented in this study, offer resource managers with the
wherewithal to proactively manage and assess visitor activities and use of iconic aquatic ecosystems.
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EXECUTIVE SUMMARY
Despite being an important component of many regional monitoring programs throughout Australia, there has
been surprisingly little effort in developing aquatic indicators to assess the effect of visitors on aquatic
ecosystems in protected areas. In this study, we assessed the applicability of existing aquatic indicators as tools
for assessing visitor impacts in and around aquatic ecosystems within National Parks and other protected areas.
Our focus was on the spatial and temporal scales at which visitor activities (and their effects) are likely to occur,
with emphasis on choosing indicators that are likely to respond at these scales. Ultimately, by identifying
indicators with appropriate resolution and sensitivity, we can provide protected area managers with the tools and
knowledge required to proactively monitor and manage visitor use of aquatic sites within their parks.

Objectives of Study
Recent studies, like the STCRC-funded scoping project of Hadwen et al. (2005) Rivers, streams, lakes and
estuaries: hot spots for cool recreation and tourism in Australia, have shown that aquatic ecosystems often
represent focal sites for tourism and recreation in Australia. In light of their appeal and their use as sites for
recreational pursuits, it is timely that an investigation of visitor impacts and possible assessment and monitoring
tools be undertaken. In this study, we sought to evaluate: a) the range of activities undertaken by visitors to
aquatic ecosystems and the likely ecological consequences of those activities, and b) the sensitivity and scale of
response of existing aquatic indicators. By combining these two evaluations, we collated a list of aquatic
indicators that might be responsive to the spatial and temporal disturbances associated with visitor activities in
particular, and as such, might show considerable promise in being further developed and implemented in
monitoring and assessment programs within protected areas.

Methodology
There are many existing aquatic indicators that have been and are still used in assessments of water quality and
aquatic ecosystem integrity in freshwater, estuarine and marine ecosystems. Detailed reviews and method-testing
papers exist in the scientific literature, but in most cases, indicators have been used to examine the consequences
of point source or large scale catchment disturbances. Whist these studies have been proven to be highly
successful in developed catchments, there have been very few attempts at examining the effects of small-scale
disturbances on aquatic ecosystem condition. In this study, we evaluated the likely efficacy of a wide range of
aquatic indicators to detect change in response to visitor activities in and around aquatic ecosystems within
protected areas. In this case, visitor activities were viewed as a particular type of small-scale disturbance (with
unique spatial and temporal attributes) and the scale of response of each indicator was examined with reference
to these scale-related attributes.
Our approach to this research question was undertaken in three stages. First, we collated information on the
types of activities undertaken by visitors within protected areas, with an emphasis on activities in and around
aquatic ecosystems. This review of visitor activities enabled us to evaluate the temporal and spatial scales at
which activities are likely to occur, which is a necessary component of disturbance ecology, particularly when
trying to identify indicators that will respond to and monitor these disturbances. After evaluating visitor
activities, we conducted an extensive literature review to collate information on as wide a range of aquatic
indicators as possible. This literature search was primarily conducted in the primary scientific literature, across
freshwater, estuarine and marine environments. The collated list of aquatic indictors was then examined with
reference to the spatial and temporal resolution of indicator response and sensitivity, with a view to evaluating
the indicator’s likely performance in response to visitor activities. Finally, on the basis of our reviews of visitor
activities and indicators, we sought to examine the potential of social (visitor-focused) indicators to assess the
condition of aquatic ecosystems in protected areas. As many studies have shown that visitors can be quite
responsive to ecosystem deterioration, we undertook an evaluation of visitor perceptions and preferences to
examine whether visitor-based indicators might be able to provide important information regarding the status of
aquatic ecosystems to protected area managers.
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Key Findings
Our analyses revealed a suite of indicators that show potential for monitoring and assessment of visitor impacts
in and around aquatic ecosystems within protected areas. We have culled our original list of 50 ecological and 23
visitor indicators down to a subset of 33 ecological and 12 visitor indicators that show promise as indicators in
and around aquatic ecosystems within protected areas that may be sensitive to visitor activities. These indicators,
which are nominated for further evaluation and development, are:
Potential Ecological Indicators
•
filamentous algae—nutrient or shade limited
•
filamentous algae on artificial substrates
•
microbial processing in sediments
•
coliform counts
•
cryptosporidium counts
•
giardia counts
•
amino acids in algae
•
benthic metabolism
•
tracing sewage using stable isotopes of nitrogen (δ15N)
•
use of carbon stable isotopes (δ13C) as a surrogate for benthic metabolism
•
examining trophic structure using carbon and nitrogen stable isotopes (δ13C and δ15N)
•
nitrogen cycling—denitrification
•
chlorophyll a as a measure of algal productivity
•
depth of oxygen penetration in sediments
•
structure and function of in-stream habitat
•
structure and function of riparian vegetation
•
structure of benthic microbial community
•
structure and function of benthic algal community
•
structure and function of diatom community
•
blue-green algae—presence/absence
•
recreational fish catch and extent of fish stocking
•
presence of exotic species
•
riparian canopy—hemiphot assessment
•
barriers—road crossings, weirs—presence and effects
•
pins for measuring erosion
•
encroachment of terrestrial vegetation
•
encroachment of terrestrial and aquatic weeds
•
nutrient concentrations
•
nutrient flux from sediments
•
DO—snapshot and diel measurements
•
water temperature
•
turbidity
•
pesticides/chemicals—snapshot and integrative measures
Potential Visitor (Social) Indicators
•
non-biodegradable litter
•
biodegradable litter (food scraps)
•
human waste
•
track erosion
•
track widening
•
campsite compaction
•
campsite capacity and management
•
visitor numbers
•
visitor periodicity
•
visitor noise
•
visitor activities
•
modification of substrate and flow
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Some of these indicators are well known and are already widely used in monitoring programs outside of
protected areas, whilst others are particularly innovative and show great promise in responding to the temporal
and spatial scales at which visitor activities (and their impacts) are likely to occur.

Future Action
The indicators identified above as showing promise in terms of their spatial and temporal resolution and
sensitivity should now be field-tested in a scientifically rigorous ecological framework to test their applicability
and responsiveness to particular visitor activities. Much of this work will be undertaken in the remaining
components of the STCRC-funded research project awarded to Hadwen, Arthington and Boon (STCRC Project
# 80076).
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Chapter 1

A CATALOGUE OF VISITOR ACTIVITIES IN AND AROUND
AQUATIC ECOSYSTEMS WITHIN PROTECTED AREAS
Introduction
Visitors find aquatic ecosystems, like streams, lakes, rivers, estuaries and coasts, captivating components of the
landscape (Cole et al. 2005, Hadwen et al. 2005, Hall and Harkonen 2006). Indeed, as documented by Hadwen et
al. (2005), even when aquatic ecosystems are not abundant, as in arid regions of Australia, it is apparent that they
serve a vitally important role as focal sites for tourism and recreation.
Given the importance of aquatic ecosystems as focal sites for tourism and recreation, and prior to our detailed
evaluation of aquatic indicators in subsequent chapters of this report, it is necessary to examine the range and
scope of visitor activities that have the capacity to influence aquatic ecosystems.
In this chapter we aimed to conceptualise the scale at which visitor activities occur in and around aquatic
ecosystems. This is particularly important, as realisation of the scale of activities should underpin the
identification of the scales of impacts on natural ecosystem structure and function.

Approach
To examine the range of activities undertaken by visitors in and around aquatic ecosystems, particularly those in
protected areas, we examined existing literature. There are many sources of information relating to some aspects
of visitor use of sites (and the associated impacts), but most of these focus on camping and trampling and their
effects on terrestrial features of the landscape, most notable soil and vegetation characteristics. Whilst many of
the studies are applicable to aquatic ecosystems, in terms of likely runoff and buffering capacities of vegetation
around waterways, activities that are uniquely aquatic have been less well studied.
In this chapter, we go well beyond the normal range of actual activities undertaken by visitors to aquatic
ecosystems and try to examine the aquatic consequences of activities in ecological terms. For example, we
address issues of flow-mediation, through the construction of rock weir pools in swimming holes, and impacts
on the ecology of focal sites. Furthermore, we examine a suite of terrestrial actions that have an influence on
aquatic ecosystem function, including the effects of de-wooding swimming holes and riparian forests for
firewood.
After coming up with a long list of actions and activities that might influence aquatic ecosystem health and
function, we sought to characterise the spatial and temporal extent of the activities. This serves as an important
first pointer to the nature of the activity and whether long-term and generic, or short-term and specific
monitoring might be required to detect change. Our spatial extent categories were designed to take into account
two important characteristics, namely the areal extent of the activity and the intensity of the activity. To this end,
some activities were local in areal extent and intense in terms of their pressure, whereas others were broad in
spatial extent and patchy in terms of their intensity.
For categorisation of temporal extent of activities and their perceived capacity to influence aquatic
ecosystems, we characterised activities according to whether or not they were likely to be short-term or longlasting effects. In addition, we noted which activities were likely to lead to accumulatory effects, with impacts,
and their ecological consequences, building over time.
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Results and Conclusions
We determined 51 modifications to the environment in and around aquatic ecosystems that may occur in
response to visitor activities and their associated effects (Table 1). This list is by no means exhaustive, but we
have made an effort to focus predominantly on the major activities of visitors that have the potential to influence
aquatic ecosystems.
The spatial and temporal extents of visitor activities or actions are highly variable (Table 1). Some activities
are likely to cause only limited ecological responses in time and space. For example, nutrient inputs from
swimmers are unlikely to persist in the water column for extended periods of time and are likely to be spatially
focused around swimmers rather than being homogeneously dispersed throughout a system (Hadwen et al. 2005,
Hadwen and Bunn 2005). In contrast, some ongoing activities have the capacity to grow into more significant
impacts over time, with accumulating effects. For example, the effects of shoreline and littoral zone trampling
have the capacity to significantly and, in some cases, irreversibly affect the vegetation and soil characteristics at
a heavily visited site. For these types of actions, indicators may be developed to determine early warning signs
that indicate to natural resource managers that levels of existing use are excessively damaging to the soil and/or
vegetation. These kinds of guidelines and warnings have been developed for trail trampling assessments in many
different protected areas (Cole 1978, Cole 1995a, Cole 1995b, Dixon et al. 2004), but have not been exclusively
examined around aquatic ecosystems where wetting and drying cycles may have additional effects on the
manifestation of impacts.
The list of potential ecological implications of visitor activities presented in Table 1 represents the first
complete attempt at relating terrestrial and aquatic activities to the ecological function and status of aquatic
ecosystems, particularly those devoid of other uses. Previous studies have tended to focus solely on terrestrial
environments (Whinam and Chilcott 1999, Cole and Monz 2004, Dixon et al. 2004), or on activities within
aquatic ecosystems (Butler et al. 1996, Hadwen et al. 2003, Hadwen et al. 2005a). Despite this historical division
of effort and focus between ecosystem types, the greatest capacity for visitor-mediated ecological change in
aquatic ecosystems probably comes at the ecotone between terrestrial and aquatic environments. To this end,
emphasis on the interactions (and disruption to the interactions) between terrestrial and aquatic environments
should be the focus of future research efforts in this field.
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Spatial Extent
Local and intense

Local and intense

Local and patchy

Local and intense

Local and intense,
or dispersed and
variable

Local and intense

Broad and patchy

Broad and patchy

Activity or Action
Trampling—track erosion

Trampling—campsite
compaction and runoff

Trampling—riparian zone
vegetation

Trampling—littoral zone
vegetation

Trampling—bank stability

Trampling—sediment
transport at access points

Terrestrial weed dispersal

Aquatic weed dispersal

Long lasting with
gradual changes over
time

Long lasting with
gradual changes over
time

Long lasting with
gradual changes over
time

Long lasting

Long lasting

Long lasting, gradual
changes over time

Long lasting

Temporal Extent
Long lasting

Changed riparian zone structure and composition
and associated OM subsidies
Changed in-stream habitat due to loss of large
woody debris ( LWD)
Altered food webs due to modified OM inputs and
rates
Changed in-stream habitat and resources.
Changed flow and hydraulic characteristics

Sediment deposition can change in-stream habitat
Increased nutrient loads

Loss of buffer zone function
Increased nutrient loads
Increased sediment loads
Reduced in-stream habitat
Loss of in-stream habitat
Loss of sediment stability
Increased nutrient availability due to sediment
resuspension
Changed erosional processes
Changed channel morphology
Modified aquatic habitat

Loss of buffer zone function
Increased nutrient loads
Increased sediment loads
Reduced in-stream habitat

Potential Impact on Aquatic Ecosystems
Changed runoff characteristics; increased delivery
of sediment and possibly nutrients and organic
matter to waterbodies

Liddle and Scorgie 1980, Liddle
1997, Mosisch and Arthington 2004

Kelly et al. 2003, Pickering and
Buckley 2003, Pickering et al. 2003

Hadwen et al. 2005, Lane and
Sheridan 2002

Liddle 1997

Liddle and Scorgie 1980, Liddle
1997

Liddle and Scorgie 1980, Liddle
1997, Mosisch and Arthington 2004

Leung and Marion 1999, Marion
and Farrell 2002, Cole and Monz
2003, Cole and Monz 2004

Key References
Liddle and Scorgie 1980, Liddle
1997

Table 1: List of activities (and associated actions) undertaken by visitors that may influence the health of aquatic ecosystems within protected areas
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Spatial Extent
Local and intense

Broad and patchy

Local and intense

Local and intense

Local and patchy

Local and patchy

Local and intense

Local and patchy,
but possibly intense
within patches

Activity or Action
Camping—compaction of
soil

Camping—littering

Camping—human wastes

Camping—microbial
contamination

Camping—use of detergents
and soaps

Campfires—delivery of ash
to waterways

Campfires—removal of
wood and riparian
vegetation

Campfires—runoff from fire
pits

Short term peaks—
effects of residence
times and
bioaccumulation
capacity is largely
unknown
Nightly
contributions? Peaks
possible during busy
periods
Constant, or peaks
with increasing
demand during busy
periods
Intermittent
delivery—peaks
during storm events

Short term peaks, but
with some capacity
for lasting effects

Short term peaks,
particularly around
weekends and
holiday periods
Short term peaks, but
some capacity for
long lasting effects

Temporal Extent
Long lasting

High particulate organic matter (POM)—changes in
in-stream microbial productivity
Light attenuation due to increased turbidity—may
influence algal production
Increased light and nutrients, loss of buffer zone
function, increased sediment delivery.
Changes in in-stream habitat and loss of riparian
subsidies
Increased turbidity due to high particulate organic
matter loads.
Reduced light penetration and algal production.
Increased microbial production

Changes in water surface tension
Changes in DO dissolvability
Addition of nutrients, particularly phosphates
Toxicity to flora and fauna

Human and wildlife health concerns

Physical entrapment and killing of biota.
Deposition zones can collect high loads of garbage.
Chemical pollutants associated with plastics can be
toxic to organisms
Increased nutrients and associated algal growth.
Human health concerns—E. coli and other
microbial contaminants

Potential Impact on Aquatic Ecosystems
Increased runoff and nutrient delivery.
Loss of riparian zone habitat and structure.

Reid and Marion 2005

Hall and Farrell 2001, Reid and
Marion 2005

Reid and Marion 2005

Buckley et al. 1998, Van Ess and
Harding 1999, Bridle and
Kirkpatrick 2003, Bridle and
Kirkpatrick 2005
Butler et al. 1996, Bridle and
Kirkpatrick 2003

Ells 1997, Buckley et al. 1998,
Bridle and Kirkpatrick 2003, Bridle
and Kirkpatrick 2005

Key References
Cole 1993, Leung and Marion
1999, Marion and Farrell 2002,
Cole and Monz 2003, Cole and
Monz 2004
Bridle and Kirkpatrick 2003,
Claereboudt 2004, Bridle and
Kirkpatrick 2005
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Spatial Extent
Local and patchy

Local and patchy,
but intense at
access points.

Local and patchy

Local and broader
(contaminants may
spread)

Local

Local and intense

Local and patchy

Local

Local and patchy

Activity or Action
Campfires—litter and
unburnt matter

Swimming—sediment
resuspension

Swimming—nutrient
addition

Swimming—microbial
contamination

Swimming—water level
fluctuations and wave
generation

Swimming access—
trampling/scraping of
littoral surfaces

Swimming—removal of
LWD

Swimming—modification of
pool habitat (piling up rocks
to create a weir)

Swimming—rope swings

Variable—may be
long lasting but can
also be reset by
human activities and
high flow events
Long lasting but
variable, depending
on use patterns.
Likely to be daytime
only, with peaks in

Long lasting

Constant disturbance

Daily fluctuations,
with peaks in the
middle of the day?

Short term peaks
(pulses) with short
residence times

Constant (ramp or
press) with peaks
(pulses) during busy
periods
Short term peaks
(pulses) with short
residence times

Temporal Extent
Intermittent

Associated de-snagging reduces in-stream habitat
complexity and availability
Riparian impacts on tree and surrounding
vegetation
Turbulence and wave effects from entry points.

Water-level fluctuations, with littoral zone flooding
and conversion of riffle and run habitats to that of
pools
Reduced downstream flows

Loss of in-stream habitat

Change in algae/lichen/moss cover and composition

Change in littoral zone extent
Change in littoral zone structure

Human and wildlife health concerns.

May increase nutrient availability and algal
production
May decrease light penetration via increased
turbidity and therefore reduce algal production
Localised increase in algal production
Potential shift in food web resource base for
consumers

Potential Impact on Aquatic Ecosystems
Potential change in in-stream habitat
Delivery of contaminants and toxic pollutants

Hadwen and Arthington 2003

Allison 1996, Hadwen and
Arthington 2003, Milazzo et al.
2004a

Hamilton and Mitchell 1997, Doyle
2001, Morris et al. 2002, Bishop
and Chapman 2004

Outridge et al. 1989, Hadwen et al.
2003, Hadwen and Bunn 2004,
Hadwen and Bunn 2005, Hadwen et
al. 2005
Buckley et al. 1998, Van Ess and
Harding 1999

Allison 1996, Hadwen et al. 2005

Key References
Reid and Marion 2005
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Spatial Extent

Local and patchy

Local and intense

Local and intense

Local and patchy

Local and patchy,
but intense within
patches.

Local and intense

Local and intense
(most likely at
access points), but
may be patchy

Activity or Action

Picnicking—clearing of
picnic spots

Picnicking—compaction of
soil

Picnicking—littering

Picnicking—food wastes

Picnicking—interactions
with wildlife

Boating—noise pollution

Boating—oil pollution

Short term—low
residence times food wastes are likely
to be quickly
consumed by resident
biota
Short term peaks in
activity levels, but
with constant degree
of interaction
Short term—peaks on
weekends and
holiday periods when
numbers of boats
increases
Short term in water
column, long term in
sediments

Short term—rubbish
likely to be cleared
away intermittently

Long lasting

Long lasting

Temporal Extent
busy periods

Toxicity of oil pollutants to aquatic biota
Changes in surface tension, dissolved oxygen etc.

Disturbance of wildlife—reduced feeding and
fecundity

Increased wildlife presence
Reduced wildlife presence
Wildlife reliance on human food

Increased nutrients and potential algal growth
responses
Increased resources for aquatic consumers

Pollutants and chemicals from plastics etc might be
toxic
Depositional zones can accumulate rubbish.

Increased runoff and nutrient delivery
Loss of riparian zone habitat and structure

Soil compaction
Increased runoff and delivery of sediments and
nutrients to receiving waters

Potential Impact on Aquatic Ecosystems
Bank erosion and loss of littoral and riparian
vegetation at exit points?

Mosisch and Arthington 1998,
Mosisch and Arthington 2001,
Piehler et al. 2003, Mosisch and
Arthington 2004, Davenport and
Davenport 2006

Constantine et al. 2004, Davenport
and Davenport 2006

Constantine et al. 2004, King and
Heinen 2004, Mosisch and
Arthington 2004

Jim 1987, Taylor 1988, Kutiel and
Zhevelev 2001

Jim 1987, Taylor 1988, Kutiel and
Zhevelev 2001

Jim 1987, Taylor 1988, Kutiel and
Zhevelev 2001

Jim 1987, Taylor 1988, Kutiel and
Zhevelev 2001

Key References
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Spatial Extent
Local and intense

Local, but patchy,
with intense use in
high use areas.

Broad with some
intense local effects

Local and intense
use of access points

Broad and patchy

Local and intense

Broad and patchy

Broad and patchy,
but focused along
trails (if they exist)

Activity or Action
Boating—contaminants—
TBTs etc

Boating—anchor damage

Boating—wake creation and
effects

Boating—shoreline mooring
and access points

Boating—injuries to wildlife

Boating—sediment
resuspension

Boating—turbidity

Hunting—trampling

Likely to be peaks
during busy periods,
but in high traffic
areas, increased
turbidity may persist
Seasonal (for taxa
with defined hunting
seasons)

Short term peaks in
busy periods and/or
seasonal peaks based
on migration and
movement patterns of
organisms
Short term peaks in
resuspension

Constant heavy use in
popular areas
More peaks in less
well used areas

Daytime peaks? Long
lasting effects

Long lasting

Temporal Extent
Short term in water
column, long term in
sediments

Increased sediment and nutrient delivery to
receiving waters

Reduced light penetration and algal production
Increased microbial production
Effects on fish that feed visually

Resuspension of nutrients may stimulate algal
production
Increased turbidity may reduce algal production.

Erosion, increased nutrient and sediment delivery to
waterways
Increased turbidity
Loss of instream habitat
Loss of shoreline habitat
Mortality
Reduced fertility

Water level fluctuations and wave damage to
littoral zone vegetation and habitat

Habitat modification, loss of instream habitat
complexity
Reduced habitat quality

Potential Impact on Aquatic Ecosystems
Toxicity of oil pollutants to aquatic biota
Changes in surface tension, dissolved oxygen etc.

Mosisch and Arthington 2004,
Davenport and Davenport 2006

Davenport and Davenport 2006

Mosisch and Arthington 2004,
Davenport and Davenport 2006

Davenport and Davenport 2006

Bishop and Chapman 2004,
Davenport and Davenport 2006

Key References
Mosisch and Arthington 1998,
Mosisch and Arthington 2001,
Piehler et al. 2003, Mosisch and
Arthington 2004, Schiff et al. 2004,
Davenport and Davenport 2006
Milazzo et al. 2004b, Davenport
and Davenport 2006
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Spatial Extent
Local and intense

Broad and patchy

Local stocking, but
may have broad
extent over time.

Local stocking
effects, but may
have broader extent
over time.

Local and intense

Local

Local and intense

Activity or Action
Hunting direct impacts

Hunting—lead
contamination

Fishing—recreational
stocking of native fish

Fishing—recreational
stocking of introduced fish

Fishing direct impacts

Fishing—mortality from
handling and capture

Fishing—site access and
trampling

Short term peaks
during busy periods,
but with lasting
effects
Constant use, but
with peaks during
busy periods

Short term peaks, but
with lasting effects

Peaks during stocking
events, but may stay
high if stocking is
successful

Peaks during stocking
events, but may stay
high if stocking is
successful

Bioaccumulation
likely to be a long
lasting effect

Temporal Extent
Seasonal (for taxa
with defined hunting
seasons)

Increased delivery of nutrients and sediment
Increased algal growth
Changed riparian structure

Food and resource implications for local
populations
Intense competition for resources
Impacts due to predation
Addition of top-predators may have food web
implications
Food and resource implications for local
populations
Intense competition for resources
Introduced species may outcompete natives for
resources
Impacts due to predation
Addition of top-predators may have food web
implications
Mortality
Sub-lethal effects
Removal of top-predators may have food web
implications
Mortality
Loss of top-predators may have food web
implications

Potential Impact on Aquatic Ecosystems
Mortality
Reduced standing stocks
Reduced fecundity
Food web implications—killing down the food web
Toxicity of shot contaminants to aquatic biota
Changes in invertebrate and vertebrate
communities?

Boese 2002, Broad et al. 2002,
Contessa and Bird 2004

Blaber et al. 2000, Albaret and Lae
2003, Robinson and Frid 2003,
Westera et al. 2003, Contessa and
Bird 2004
Ayvazian et al. 2002

Lackey 1999, Morey et al. 2002,
Simon and Townsend 2003, Pusey
et al. 2006

Darling and Thomas 2003,
Johansen et al. 2004, Migliorni et
al. 2004

Key References
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Spatial Extent
Local and patchy

Local and intense

Local and intense

Local and intense

Activity or Action
Fishing—littering

Rubbish—site
contamination and disease

Wildlife disturbance

Wildlife feeding

Short term, but long
lasting behaviours
can be entrenched

Short term

Long term and lasting
effects in refuse
dumping areas

Temporal Extent
Short term peaks,
may persist in
depositional zones

Increased and reduced abundances of some taxa
Reliance on human food sources
Change in food web structure and function
Increase threat of attacks on humans

Reduced wildlife survival and fecundity
Disturbance may affect important distribution
patterns and movements across the landscape

Potential Impact on Aquatic Ecosystems
Pollutants and chemicals from plastics may be toxic
Entrapment of biota
Depositional zones may have high concentrations
of rubbish
Pollutants and chemicals
Nutrient delivery may stimulate algal production
Green and Higginbottom 2000,
Beale and Monaghan 2004,
Constantine et al. 2004, Kelly et al.
2004, King and Heinen 2004,
Mosisch and Arthington 2004
Orams 2002, Mallick and Driesen
2003, Warnken et al. 2004

Cole et al. 1997, Farrell et al. 2001

Key References
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DETECTING VISITOR IMPACTS IN AND AROUND AQUATIC ECOSYSTEMS
WITHIN PROTECTED AREAS

Chapter 2

EVALUATING THE SCALE AND SENSITIVITY OF AQUATIC
INDICATORS
Introduction
Several recent monitoring and assessment initiatives have sought to examine the sensitivity of environmental
indicators to specific disturbances, or disturbance gradients (DIBM 2000). One of the most heralded examples of
indicator performance assessment was that of the Design and Implementation of Baseline Monitoring 3 (DIBM)
study conducted in south east Queensland. The DIBM strategy was to assess indicator performance in response
to a pre-defined land use or clearing gradient, whereby reference sites situated in forested areas of catchments
and ‘treatment’ sites in varyingly cleared areas were assessed for changes in the nominated variables. This
approach showed a lot of promise and enabled the DIBM freshwater monitoring team to pare down an extensive
indicator list to a smaller range of more sensitive indicators that now form the basis of the ongoing Ecosystem
Health Monitoring Program (EHMP) in south east Queensland.
In light of the approach undertaken in DIBM/EHMP and in view of the need for specific indicators that
respond to the specific temporal and spatial disturbances driven by visitor activities in and around aquatic
ecosystems, we sought to use a similar approach in evaluating indicator performance. To this end, this chapter
presents an evaluation of aquatic indicators and nominates those that show promise in being appropriately scaled
and sensitive to the kinds of disturbances and impacts outlined in Chapter 1.

Approach
Following the identification of visitor activities and the potential disturbances they might cause both in and
around aquatic ecosystems, we assembled a list of indicators, including those that may or may not have been
extensively field trialled but may show promise in the context of the objectives of this study. Indicator lists have
been derived for other aquatic ecosystem monitoring programs and many indicators have already been assessed
for their sensitivity at various scales of disturbance. In Table 2, we list a wide range of generally accepted
aquatic indicators that have been put forward in a wide range of monitoring programs throughout the world. The
majority of these were the subject of review as part of the Design and Implementation of Baseline Monitoring
(DIBM3) project in south east Queensland that was the forerunner to the widely acclaimed EHMP initiative.
Additional indicators were sourced from a range of studies in the aquatic literature.

Results and Discussion
All listed indicators were evaluated to examine their applicability and sensitivity to disturbances similar to those
likely to occur in protected areas frequented by visitors (e.g. those presented in Chapter 1, Table 1). Our
emphasis in this component of the study was to identify scale-sensitive and applicable indicators; and to make a
first cut of the extremely long list of potential indicators identified in Table 2.
Indicators with low usefulness ratings (identified in Table 2) will be dropped from further consideration in this
project. It is anticipated that these indicators, whilst useful at broad spatial and temporal scales, are generally
unresponsive at the site or local level. Given that visitor impacts in protected areas are typically at the site level
and often develop over relatively short time periods, we focus on evaluating and potentially implementing those
with the greatest responsiveness to visitor activities as they occur at key sites within protected areas. To this end,
a revised list of indicators (those with medium to high usefulness) is provided in Table 3.
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Table 2: List of aquatic indicators and aspects of their scale (space and time) and likely usefulness in
detecting visitor impacts in and around aquatic ecosystems within protected areas
* DIBM3 indicator type categories.
Ŧ Spatial scale at which the indicator is responsive. For the purposes of this study, we have categorised the
spatial scale as either local (a particular location within a reach), reach (an entire section of the system) or system
(likely to affect more than just the visited reach of the system).
¥ Likely visitor activities that may lead to a change in indicator response. This feature examines whether visitor
activities (from Table 1, Chapter 1) are actually likely to yield a measurable change in indicator response.
§ Usefulness refers to the likely applicability of the indicator in a tourism/recreation context. Usefulness is a
function of activities (and their likelihood) and scales (spatial and temporal) of response. For the purposes of this
study, we have categorised indicator usefulness as either low, medium and high.
Spatial scale Ŧ

Timeframe

Activity ¥

Amino acids in
algae

Indicator
type*
Ecosystem
Processes

Local, reach,
system

2–3 weeks

Nutrient inputs
and/or
resuspension

Benthic
metabolism

Ecosystem
Processes

Local

< 1 week

Tracing sewage
δ15N

Ecosystem
Processes

Local, reach,
system

1–4 weeks

Tracking
catchment
disturbance using
δ15N
Use of δ13C as a
surrogate for
benthic
metabolism
Examining trophic
structure δ13C and
δ15N

Ecosystem
Processes

System

Years

Low

Ecosystem
Processes

Local

?

Medium

Fellows et al. 2006

Ecosystem
Processes

Local, reach

Months

Nutrient inputs
and/or
resuspension

Medium

Nitrogen cycling –
denitrification

Ecosystem
Processes

Local

Months

Nutrient inputs
and/or
resuspension

Medium

Filamentous algae
– nutrient or shade
limited

Ecosystem
Processes

Local, reach

4 weeks

Nutrient inputs
and/or
resuspension

High

Filamentous algae
on artificial
substrates

Ecosystem
Processes

Local, reach

~ 4 weeks

Nutrient inputs
and/or
resuspension

High

Hadwen and Bunn
2004, Hadwen and
Bunn 2005,
Hadwen and
Arthington 2007
Seitzinger 1988,
Bartkow and Udy
2004, Udy et al.
2006
Mosisch et al.
1999, Mosisch et
al. 2001, Hadwen
et al. 2005
Kevern et al. 1966,
Cattaneo and Kalff
1979, Fairchild et
al. 1985, Hadwen
et al. 2005,

Indicator

Usefulness
§
Medium

Key References

Nutrient inputs
and/or
resuspension

Medium

Fellows et al. 2006

Nutrient inputs
and/or
resuspension

Medium

Hadwen and Bunn
2004, Hadwen and
Bunn 2005,
Hadwen and
Arthington 2007
Udy and Bunn
2001

Udy and Bunn
2001
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Indicator
type*
Ecosystem
Processes

Spatial scale Ŧ

Timeframe

Activity ¥

Local, reach

~ 2–4
weeks

Nutrient inputs
and/or
resuspension

Microbial
processing in
sediments

Ecosystem
Processes

Local

< 1 week

Depth of O2
penetration in
sediments,
including depth or
volume of
anaerobic area of
pools/lakes
Macrophyte
biomass as a
measure of
productivity
Genetic structure
of populations

Ecosystem
Processes

Local

~ 4 weeks

Ecosystem
Processes

Reach, system

Biological
patterns

Structure and
function of instream habitat

Indicator

Usefulness
§
medium

Key References

Nutrient inputs
and/or
resuspension

High

Cairns 1974,
Bonde 1977,
Buckley et al. 1998

Nutrient inputs
and/or
resuspension

Medium

Finstein et al. 1978,
Bartkow and Udy
2004

Months to
years

Low

Bostrom et al.
2002, Mackay et al.
2003

System

Years

Low

Hughes et al. 1999,
Hughes et al. 2003

Biological
patterns

Local, reach,
system

Months to
years

Roni et al. 2006,
White et al. 2006

Structure and
function of
macrophyte
communities
Structure and
function of
riparian vegetation

Biological
patterns

Reach

Months to
years

Trampling

Medium, but
possibly
high where
there is a lot
of erosion,
sediment,
loss of
LWD, and
bank
damage
Low

Biological
patterns

Local, reach

Months to
years

Trampling

Medium

Structure and
function of
invertebrate
communities

Biological
patterns

Reach, system

Months to
years

Trampling,
nutrient and
sediment
inputs and
resuspension,
modification
of habitat

Low

Structure of
benthic microbial
community

Biological
patterns

Local

2–4 weeks

Nutrient inputs
and/or
resuspension

Medium

Wichert and
Rapport 1998,
Bunn et al. 1999,
Tabacchi et al.
2000, Nilsson et al.
2002, Pusey and
Arthington 2003
Furse et al. 1981,
Lenat 1988,
Metzling and
Miller 2001,
Chessman 1995,
Resh et al. 1995,
Growns et al. 1997,
Smith et al. 1999
Caron 1994,
Hessen et al. 1994,
Hall and Meyer
1998, Strauss and
Lamberti 2002

Chlorophyll a as a
measure of
productivity

10

Hadwen and Bunn
2005, Hadwen et
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Indicator
type*
Biological
patterns

Spatial scale Ŧ

Timeframe

Activity ¥

Local, reach

~ 4 weeks

Nutrient inputs
and/or
resuspension

Biological
patterns

Local, reach

~ 4 weeks

Structure and
function of frog
community

Biological
patterns

Reach

Months to
years

Blue-green algae –
presence/absence

Biological
patterns

Reach, system

Months to
years

Macrophyte
condition

Biological
patterns

Reach

Months to
years

Fish condition/fish
kills

Biological
patterns

Reach

Months to
years

Recreational fish
catch and extent
of fish stocking

Biological
patterns

System

Months to
years

Structure and
function of fish
communities

Biological
patterns

Reach, system

Health and
presence of
megafauna (eg
platypus)
Presence of exotic
species

Biological
patterns

Indicator

Usefulness
§
Medium

Key References

Nutrient inputs
and/or
resuspension

Medium

Modification
of in-stream
and riparian
habitats,
trampling
Nutrient inputs
and/or
resuspension

Low

Chessman et al.
1999, Bellinger et
al. 2006, Ponader
et al. 2007,
Potapova and
Charles 2007
Parris et al. 1999,
Hsu et al. 1995

Medium

Mohamed et al.
2006, Watzin et al.
2006

Modification
of in-stream
and riparian
habitats,
nutrient inputs
Nutrient
and/or
chemical
inputs
Fishing

Low

Mackay et al. 2003

Low

Munoz et al. 1994

Medium

Dauwalter and
Jackson 2005, Baer
et al. 2007

Months to
years

Fishing

Low

Reach, system

Months to
years

Fishing

Low

Kennard et al.
2005, Kennard et
al. 2006a, Kennard
et al. 2006b
Lunney et al. 2004,
Serena and
Pettigrove 2005

Biological
patterns

Reach

Months to
years

Fishing

Medium

Fluctuating
asymmetry/freque
ncy of deformities

Biological
patterns

Reach

Months to
years

Unknown

Low

Bioaccumulation
of
chemicals/toxins

Biological
patterns

Reach

> 6 Months

Nutrient and
chemical
inputs

Low

Coliform counts

Human
Health

Local, reach

< 1 week

On site
urination and
defecation

High

Structure and
function of
benthic algal
community
Structure and
function of diatom
community

Fellows et al. 2006

Kennard et al.
2005, Kennard et
al. 2006b

Cairns 1974,
Bonde 1977,
Buckley et al. 1998
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Indicator
type*
Human
Health

Spatial scale Ŧ

Timeframe

Activity ¥

Local, reach

< 1 week

On site
urination and
defecation

Giardia counts

Human
Health

Local, reach

< 1 week

Riparian canopy –
hemiphot
assessment

Physical
Measures of
Disturbance

Local, reach

Months to
years

Barriers – road
crossings, weirs –
presence and
effects
Hydrological
deviation

Physical
Measures of
Disturbance

Reach, system

Years

Physical
Measures of
Disturbance

System

Extent of flow
regulation

Physical
Measures of
Disturbance

Geomorphic
assessments of
channel integrity

Indicator

Usefulness
§
High

Key References

On site
urination and
defecation

High

Cairns 1974,
Bonde 1977,
Buckley et al. 1998

Trampling and
removal of
littoral and
riparian
vegetation
Pool habitat
modification,
trampling

Medium

Bunn et al. 1999,
Mosisch et al.
1999, Mosisch et
al. 2001

Medium

Lane and Sheridan
2002

Years

Low

System

Months to
years

Low

Prat 1981, DeBrey
and Lockwood
1990, Wood and
Petts 1994
Gehrke et al. 1995,
Gehrke et al. 1999

Physical
Measures of
Disturbance

System

Years

Low

Hortle and Lake
1983, Pusey et al.
1993

Pins (or other
devices) for
measuring erosion

Physical
Measures of
Disturbance

Reach, system

Months to
years

Camping,
trampling,
access to water

Medium

Brooks et al. 2006,
Hedrick et al. 2006

Encroachment of
terrestrial
vegetation

Physical
Measures of
Disturbance

Reach

Years

Medium

Bohn and King
2000, Choi et al.
2005

Local, reach

Years

Trampling,
modification
of natural flow
regime
Trampling,
seed dispersal

Medium

On site
urination and
defecation;
Nutrient inputs
and/or
resuspension
Nutrient inputs
and/or
resuspension

Medium

Bohn and King
2000, Choi et al.
2005, Hadwen et
al. 2005
Hadwen et al.
2003, Hadwen et
al. 2005

Urination,
defecation and
discharge of
waste water
into system

Low

Cryptosporidium
counts

Encroachment of
terrestrial and
aquatic weeds
Nutrient
concentrations

Water
Physicochemistry

Local, reach,
system

< 1 week,
but likely to
be highly
variable

Nutrient flux from
sediments

Water
Physicochemistry

Local

< 1 week

Water colour

Water
Physicochemistry

Reach, system

~ 4 weeks
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Spatial scale Ŧ

Timeframe

Activity ¥

Turbidity

Indicator
type*
Water
Physicochemistry

Reach, system

< 1 week

Salinity/conductiv
ity/ionic
composition

Water
Physicochemistry

System

Months

Sediment
resuspension
from trampling
and erosion
Nutrient and
electrolyte
inputs

Alkalinity/pH/har
dness

Water
Physicochemistry

System

Months

DO – snapshot
and diel
measurements

Water
Physicochemistry

Local, reach

Water temperature

Water
Physicochemistry

Pesticides/chemic
als – snapshot and
integrative
measures

Water
Physicochemistry

Indicator

Usefulness
§
Medium

Key References

Low

Poulson et al. 2006

Nutrient and
electrolyte
inputs

Low

Lin et al. 2004

2–4 weeks

Nutrient inputs
and/or
resuspension

Medium

Fellows et al. 2006,
Udy et al. 2006

Local, reach

~ 4 weeks

Medium

Reach

Daily
measureme
nts are
possible

Sediment
resuspension
from trampling
and erosion
Sunscreen,
insect
repellents

LeBlanc and
Brown 2000,
Lyons et al. 2000,
Harding et al. 2006
Schulz 2001,
Anbumozhi et al.
2005

Medium

Lane and Sheridan
2002, Palmer et al.
2005
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Table 3: Aquatic indicators for further evaluation – i.e. those that have potential to be responsive at
appropriate spatial and temporal scales and sensitive to the likely activities undertaken by visitors in and
around aquatic ecosystems within protected areas
Indicator

Usefulness

Systems

Applicability

Filamentous algae –
nutrient or shade
limited
Filamentous algae on
artificial substrates

High

Wetlands, lakes, rivers
and streams

High

Microbial processing
in sediments

High

Wetlands and lakes; some
application in streams and
rivers
All systems

Resource and time intensive experimental design,
but with major potential gains in ecosystem
understanding
Problems associated with artificial substrate
recovery make this indicator less powerful than it
might otherwise be
High spatial and temporal variability – only acute
impacts are likely to be detectable

Coliform counts

High

All systems

Cryptosporidium
counts

High

All systems

E. coli is a very reliable tracer of human presence,
but coliforms in general can be sourced from any
mammal
Not all catchments have Cryptosporidium

Giardia counts

High

All systems

Not all catchments have Giardia

Amino acids in algae

Medium

Wetlands, lakes, rivers
and streams

Insufficient algal biomass in heavily shaded streams

Benthic metabolism

Medium

All systems, but problems
with access and substrate

How to compare cobble streams with muddybottom systems; analytical problems

Tracing sewage δ15N

Medium

All systems;

Change from swimmer-derived nutrient inputs may
not be significant

Use of δ13C as a
surrogate for benthic
metabolism

Medium

All systems, but problems
with access and substrate

Examining trophic
structure δ13C and
δ15N
Nitrogen cycling –
denitrification

Medium

All systems

There is still considerable uncertainty surrounding
the use of this indicator. Furthermore, benthic
metabolism can be naturally high, so identification
of impaired condition is difficult
Need reference site for comparison

Medium

Tends to be most pronounced when nitrogen is
present in large concentrations, so probably not a
robust indicator in pristine environments

Chlorophyll a as a
measure of algal
productivity
Depth of oxygen
penetration in
sediments

Medium

Only works in soft
sediment systems; won’t
work in bedrock confined
streams
All systems

Probably more important in eutrophic systems with
relatively stable conditions

Structure and function
of in-stream habitat

Medium

Only works in soft
sediment systems; won’t
work in bedrock confined
streams
All systems

Structure and function
of riparian vegetation

Medium

Not likely to be directly influenced by visitors, but
may influence visitor perceptions of the site

Structure of benthic
microbial community

Medium

All systems, but possibly
more important in small
streams
All systems
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May not be a good indicator in heavily shaded
(light-limited) streams

Useful to examine changes in in-stream habitat in
response to recreational use of waterways

Problems with high spatial and inter-annual
variability
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Indicator

Usefulness

Systems

Applicability

Structure and function
of benthic algal
community
Structure and function
of diatom community

Medium

All systems

Problems with high spatial and inter-annual
variability

Medium

All systems

Problems with high spatial and inter-annual
variability

Blue-green algae –
presence/absence

Medium

All systems

Problems with high spatial and inter-annual
variability

Recreational fish
catch and extent of
fish stocking
Presence of exotic
species

Medium

Rivers and lakes (larger
systems)

Medium

All systems

An important component for evaluation in areas
where recreational fishing is a core component of
visitor activity
Not always likely to be an indicator of visitor use

Riparian canopy –
hemiphot assessment

Medium

All systems, but most
relevant for small streams

Not always likely to be an indicator of visitor use

Barriers – road
crossings, weirs –
presence and effects
Pins for measuring
erosion

Medium

Most relevant for flowing
water systems

Most relevant for swimming holes in small streams

Medium

Related to trampling and camping effects on soil

Encroachment of
terrestrial vegetation

Medium

Encroachment of
terrestrial and aquatic
weeds

Medium

Most systems, more
relevant for flowing water
systems
Most relevant for flowing
water systems, where
effects of flow
modifications are most
pronounced
All systems

Nutrient
concentrations

Medium

All systems

Low residence times, particularly in oligotrophic
systems, very temporally variable

Nutrient flux from
sediments

Medium

Soft bottom systems

DO – snapshot and
diel measurements

Medium

All systems

More relevant in eutrophic systems with high
nutrient concentrations and in systems with high
sediment resuspension rates driven by physical
(wind) or biological (benthic fish) processes.
Not likely to be influenced by visitor activities as
much as by larger scale and upstream activities

Water temperature

Medium

All systems

Not likely to be influenced by visitor activities as
much as by larger scale activities relating to
catchment clearing and loss of riparian vegetation

Turbidity

Medium

All systems

Likely to be related to trampling and campsite
effects on soil characteristics

Pesticides / chemicals
– snapshot and
integrative measures

Medium

All systems

Issues with low concentrations and residence times
in flowing waters.
Useful in systems with recreational boating

Long-term change, not necessarily likely to be the
result of, or influenced by, visitor activities

Associated with degree of trampling in riparian and
littoral zones.
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Key Considerations When Evaluating Indicators
Our evaluation of ecological indicators and their likely application to monitoring visitor impacts in and around
aquatic ecosystems revealed some important key points for protected area managers to consider. First, indicators
that have been nominated as being of high usefulness (Table 3) tend to be bacterial and algal indicators. These
components of aquatic ecosystems, which sit at the bottom end of food webs, are both highly responsive to, and
strongly indicative of changes in in-stream conditions (Buckley et al. 1998, Ramaiah et al. 2002). In addition,
these indicators have the potential to influence the human health of aquatic ecosystems, which, although beyond
the scope of this present study, represents an important consideration in the management of aquatic ecosystems
for tourism and recreational purposes (World Health Organisation 2001, Hickey and Cowie 2003, Webb 2003).
The second major point stemming from our assessment of aquatic indicators is the differences between
structural and functional indicators. Many traditional and currently applied indicators are structural in that they
represent a measure of ambient water quality, or the composition of algal and/or organismal communities. In
contrast, functional indicators measure processes within aquatic ecosystems and can provide more information
on the conditions at key sites and how changes, mediated by visitors, can influence how the site functions in an
ecological sense. Of the 33 aquatic indicators suggested for further evaluation, 15 are purely structural, four have
both structural and functional components and applications and the remaining 14 are purely functional
indicators. In contrast to many existing monitoring programs, this represents a significant increase in the number
of functional indicators that are nominated for field trials and this shift mirrors the trend started by the highly
commended and copied DIBM/EHMP framework developed for freshwater stream monitoring in southeast
Queensland.
The third issue arising from our desktop evaluation of indicators is that of the degree to which the nominated
indicators may require expert training for implementation. This is a key consideration that needs to be considered
in the context of this study, as protected areas are often under-staffed, under-funded and, particularly in the realm
of aquatic sciences, under-skilled (Hadwen et al. 2005b). To this end, simple indicators are likely to be taken up
more readily than those that are time consuming, complicated and/or expensive to undertake (Buckley 1998,
Buckley 2003). Of the 33 aquatic indicators nominated for further examination, quite a few require at least some
basic technical skill and understanding which might limit their uptake. Nevertheless, in the absence of some of
the alternative ‘cheap and easy’ indicators, many of which are not responsive to visitor activities at appropriate
spatial and temporal scales, there is still a strong case for the scientific investigation of the suitability of these
indicators and their responsiveness to activities of concern at key sites.

Protocol for Indicator Selection at Sites of Interest
Evaluation only represents the first step in indicator testing and development. To this end, selection and
application of indicators for implementation at sites of interest requires considerable additional attention.
Specifically, site characteristics may make some indicators more or less responsive and suitable for use. For
example, aquatic systems with bedrock channels are not always likely to have excessive sediment loads and in
those instances, assessment of ‘nutrient fluxes from sediments’ and ‘depth of 02 penetration in sediments’ may
be difficult to undertake and inappropriate given these site characteristics. Furthermore, many of the indicators
evaluated (and approved for further testing) require ‘control’ or ‘reference’ sites against which measures can be
compared. There is an extensive literature that relates to the establishment of reference sites, particularly in areas
where pristine sites no longer exist (Chessman et al. 2006, Kennard et al. 2006b), so the difficulties associated
with the application and interpretation of some of these indicators need to be addressed on a site-by-site basis. It
is not our intention to go into detail regarding the establishment and use of reference sites in this report, but
future work in the aquatic indicators sub-project (STCRC Project # 80076) will examine the challenges
associated with measurement and comparison of indicators at visited and unvisited (control) sites.
One further consideration is required prior to the site-specific testing of the indicators nominated in Table 3,
that being an assessment of the types and extent of visitor activities at the site in question. Although this topic is
covered in Chapter 1 (see above), it is necessary to make mention of it here, as application of an indicator that is
sensitive to nutrients entering the waterway is pointless if there are no activities at the site in question that might
facilitate that delivery of nutrients. To this end, indicator selection must be a function of the applicability to the
site in question and to the activities undertaken at that site. By undertaking this process of cross-checking with
site characteristics and activities, the suite of potential aquatic indicators outlined in Table 3 can be further culled
and refined.
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Chapter 3

TAILORING MONITORING AND ASSESSMENT PROGRAMS:
USING SCALE-SENSITIVE AND HIGHLY VALUED
INDICATORS.
Introduction
After reviewing all available aquatic indicators for their sensitivity and response to anticipated visitor
disturbances in and around aquatic ecosystems, we felt that an additional examination of features of aquatic
ecosystems and how visitors relate to them was required. For example, since aspects of the wilderness and scenic
amenity of aquatic ecosystems are often very appealing to many visitors (Hadwen and Arthington 2003, Hadwen
et al. 2005), we reasoned that inclusion of this information may facilitate an optimised decision making process
such that ecological indicators (and future management actions) with limited aesthetic impact would be preferred
over others that may be insensitive to the views of visitors to the site. Furthermore, there is considerable scope to
include visitor indicators in the assessment of impacts in and around aquatic ecosystems, for in some cases the
aesthetic and social consequences of visitor activities may be equally important to the ecological changes in
terms of influencing visitor loads and duration of visits to key sites. To this end, we sought to develop a range of
visitor indicators that attempt to relate visitor perceptions and expectations to aquatic site characteristics,
somewhat independently of ecological responses.

Approach
Features of aquatic ecosystems that appeal and do not appeal to visitors were drawn from two survey-based
studies (Hadwen and Arthington 2003 and Hadwen et al. 2005) and are listed in Table 4. Understanding of how
visitor activities can influence the values of these features (and how visitors may respond to changes) is an
important component of natural resource management for sustainable tourist use, as degraded systems are likely
to represent significantly less appealing sites for tourism and recreation use. To this end, we sought to
characterise the appeal of each feature, including what values are particularly important to visitors, before
examining the potential changes of the feature in response to visitor activities. For example, for water clarity is
an important feature of aquatic ecosystems, we know from previous research (Hadwen and Arthington 2003) that
visitors value high water clarity (i.e. water with no or low suspended solids and staining). We also weighted the
relative importance of each feature (High, Medium or Low) to capture the degree to which the state of the
feature might influence visitor loads and perceptions. To this end, water clarity was rated as being highly
important, as it has been shown to influence visitors and visitation levels at lakes on Fraser Island (Hadwen and
Arthington 2003). In contrast, water temperature was rated to be of medium importance, as although it can
influence visitor activities at a site, it is likely to have a lesser influence on visitor loads.
After ascertaining the values attached to each feature in Table 4, we hypothesised a) how each feature might
change, b) what visitor activities might affect such change, and c) how future visitor numbers and activities
might respond to the hypothesised change in feature characteristics. For some features, like an increase in water
temperature, changes have the capacity to increase future visitation. However, for the most part, and for most
features, the anticipated changes due to visitor activities were considered more likely reduce visitor numbers
than increase them. Together, these analyses assisted us in developing a rationale for evaluating the relative
importance of key site features and their influence on visitation and visitor activities in protected areas.
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Whilst not rated equally
by all respondents,
warmer water
temperatures are
favoured by most

Visitors tend to like easy
(short and safe) access to
waterbodies

Visitors are attracted to
protected areas to see
wildlife and flora

Accessibility

Local plants
and animals

High

High

Medium

High

Visitors prefer clear
(blue) water to turbid or
stained water

Water
temperature

High

Odours are not appealing

Water
quality
(absence of
odours)
Water clarity

Relative
Importance

Appeal

Feature

Increased
turbidity
Increased
staining
Loss of riparian
cover can
increase water
temperatures
Riparian weeds
may increase
shade and lower
temps
Access can be
facilitated
through changes
in management
of key sites,
either through
caps or road and
trail
modifications
Disturbance can
reduce species
diversity and
adversely
influence the
behaviour of
animals

Potential
Change to
Feature
Odours
increasing

Human-wildlife interactions
can increase wildlife
abundance (of some species)
but decrease diversity
High visitor traffic can
trample key flora during peak
visitor times

Increased visitor numbers can
lead to a need to change
accessibility (spatial and
temporal) at key sites

Sediment delivery – erosion
from access points and trails
Catchment disturbance can
increase DOC
Trampling and removal of
shoreline vegetation
Encroachment of riparian
vegetation (especially weeds)

Eutrophication (nutrient
delivery)

Processes that Change the
Feature

Although wildlife feeding enables visitor
interaction with wildlife, some visitors feel
that it detracts from the natural character of
an area

Some visitors will respond positively to
improved access.
Some visitors to protected areas prefer to
visit relatively inaccessible sites, so changes
in accessibility may detract from overall
appeal of some sites

Positive to increased temps; negative to
decreased temps

Negative – fewer swimmers and visitors are
anticipated

Negative – likely to lead to reduced
visitation; certainly expect a reduced number
of swimmers

Visitor Response(s) to Changes in Feature

Table 4: Features of aquatic ecosystems and their appeal to visitors within protected areas (data principally drawn from the studies of Hadwen and Arthington 2003
and Hadwen et al. 2005)
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A sub-group of visitors to
aquatic sites are excited
by recreational fishing
opportunities.

Although some visitors
feel that visitor numbers
make no difference,
substantial numbers do
not want their wilderness
experience to be ruined
by large visitor loads at
key sites
Particularly when visitors
are involved in waterbased activities, the
provision of land based
facilities can be quite
important
Water-based activities
are more commonly
undertaken at sites with
few or no aquatic plants.
However, aesthetic
appeal is often improved
by the presence of natural
aquatic vegetation
Water-based activities
are more commonly
undertaken at sites with
few or no tree stumps and
LWD. However, the
presence of this structure
may increase the
aesthetic appeal of sites
to bird watchers etc

Recreational
fishing
opportunities

Number of
other visitors

Lack of tree
stumps in
water

Lack of
weeds in
water

Land-based
facilities

Appeal

Feature

Low

Low

Low

High

Medium

Relative
Importance

Popular sites
may provide
more resources
(toilets, showers,
boardwalks,
carparks etc)
Increased
nutrient loads
and changed
flow regimes can
influence aquatic
macrophyte
growth and
abundance
Changes in
riparian zone
structure and
function (and
delivery of
LWD)

Potential
Change to
Feature
Fishing
opportunities
may increase in
some areas in
response to fish
stocking
As reputation of
sites are built,
visitor loads
grow

De-snagging activities by
visitors or resource managers.
Visitor trampling and other
activities within the riparian
zone may reduce the delivery
of LWD to sites

Visitor-mediated nutrient
inputs may stimulate plant
(and algal) growth.
Visitor trampling and other
activities may locally reduce
macrophyte abundance/health

Access point modifications
and changing facilities can
influence the use and loads at
key sites

Fishing opportunities may be
adversely influenced by high
demand during busy periods.
Fishing bans in some areas
may significantly reduce
visitor loads
Reputation can result in
changes to access and demand
that will ultimately lead to an
increase in visitor numbers at
key sites

Processes that Change the
Feature

Visitors may respond positively to desnagging activities, particularly if they want
to partake in water-based activities
However, bird watchers and fishers may
respond negatively to any loss of large
woody debris (LWD) and associated habitat

Visitors may respond positively to removal
of aquatic plants, particularly if they want to
partake in water-based activities
Bird watchers etc may respond negatively to
any loss of aquatic vegetation (habitat)

Site ‘hardening’ can reduce the potential
impacts of visitor use on focal sites.
However, some visitors do not like
hardening, as it detracts from their
wilderness experience

Negative – spatial use (and impacts) of key
sites is likely to spread in response to
increased visitor loads as some visitors try
and get away from the crowds

Recreational fishing opportunities really only
appeal to a sub-group of visitors and
depending on demographics, provision of
facilities may increase visitation levels or
have no real change

Visitor Response(s) to Changes in Feature
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Water-based activities
are more commonly
undertaken at sites with
few or no aquatic plants.
However, aesthetic
appeal is often improved
by the presence of natural
aquatic vegetation
Jetties and boardwalks
represent anthropogenic
constructions that can
provide or inhibit visitor
access to key sites

Lack of
emergent
plants in
water

Presence of
jetties/board
walks

Appeal

Feature

Low

Low

Relative
Importance

Potential
Change to
Feature
Increased
nutrient loads
and changed
flow regimes can
influence aquatic
macrophyte
growth and
abundance
Popular sites
may benefit from
‘hardening’ and
the construction
of raised
boardwalks and
jetties
Access point modifications
and changing facilities can
influence the use and loads at
key sites

Visitor-mediated nutrient
inputs may stimulate plant
(and algal) growth.
Visitor trampling and other
activities may locally reduce
macrophyte abundance/health

Processes that Change the
Feature

Site ‘hardening’ can reduce the potential
impacts of visitor use on focal sites
However, some visitors do not like
hardening, as it detracts from their
wilderness experience.
Nevertheless, provision of boardwalks for
bird watching uses etc. is a very popular
application of sustainable management

Visitors may respond positively to removal
of aquatic plants, particularly if they want to
partake in water-based activities.
Bird watchers etc may respond negatively to
any loss of aquatic vegetation (habitat)

Visitor Response(s) to Changes in Feature
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Following on from the tabulation and assessment of the importance of key features of aquatic sites, we
sought to develop a range of visitor indicators against which site characteristics could be evaluated (Table 5).
Our particular interest was to incorporate known visitor preferences and how site impacts might influence the
way these preferences are valued. To this end, we came up with a list of potential visitor indicators and sorted
these into indicator type groups in order to qualify the type of measurement required and the likely effect that
change in the level of the indicator might have visitor loads and visitor activities at specific sites. Furthermore,
and in line with our treatment of ecological indicators in earlier chapters, we assessed each indicator on the basis
of their temporal and spatial resolutions. Specifically, we sought to identify the likely frequency and spatial
extent of each indicator, to provide information regarding the appropriate monitoring strategy for collation of
suitable visitor-sensitive information. In addition, we reviewed the range of visitor activities (from Chapter 1)
that are most likely to change the measure of each indicator, thereby assessing their relevance to aquatic
ecosystems and their usefulness and applicability in the context of examining visitor impacts in and around key
aquatic sites.
The indicator type categories used in this analysis represent different sub-sets of site features that are known
to influence visitor behaviours and perceptions. To this end, we assigned each indicator to one or more of the
following indicator type groups: aesthetic, logistic, chemical or physical. Aesthetic indicators represent those
that relate strongly to the visual characteristics of the site; logistic indicators tap into aspects of accessibility and
comfort afforded at the site owing to infrastructure and other amenities; chemical indicators are those that are
likely to be smelt or felt by visitors, including aspects of waste disposal, changes in water quality and the
presence of algal blooms; and physical indicators are those that document changes in the physical nature of a
site, including aspects of the spatial extent of walking tracks, campsites and other site modifications.
Incorporation of visitor indicators in a monitoring and assessment program effectively formalises the
relationship between site features and visitor loads and perceptions. Furthermore, these indicators can capture the
visitation consequences of site management (or lack of management), through reduced aesthetic or logistic
appeal of key sites. Indeed, as highlighted by Hadwen and Arthington (2003), management actions can have
significant negative effects on future visitation.

Results and Discussion
The rationale behind this study was to examine the potential of known and novel indicators in responding to
visitor activities in and around aquatic ecosystems, principally within protected areas. To this end, we have felt
that it is necessary to include some assessment of visitor preferences and perceptions, as ultimately, many of
Australia’s protected areas are now significant destinations in their own right. Furthermore, given the goal of
maintaining visitor experiences in protected areas, whilst not degrading the ecosystems themselves, assessment
of visitor indicators, or the likely response of visitors to certain activities and management actions, is an
important component of their management. In this chapter, we have used our knowledge of visitor preferences,
perceptions and values to examine whether or not there are any visitor-specific indicators that will be able to
provide protected area managers with information relating to the status of key aquatic sites within their parks.
One of the key findings from studies of the perceptions and desires of visitors to protected areas has been that
aspects of site ‘naturalness’ or ‘wilderness’ are important components of site visits (Aplin 2002, Cole and Daniel
2003, Hadwen and Arthington 2003, Hadwen et al. 2005). To this end, visitor activities (and their impacts) and
management actions (and their impacts) have the capacity to reduce the naturalness, or wilderness appeal, of
some sites. Specifically, the desire of many visitors to experience true wilderness may result in a reduction in
visitation loads in some protected areas following the implementation of hardening infrastructure (construction
of paths, toilet blocks etc). An example of visitor response to hardening is documented by Aplin (2002), whereby
planned upgrades to the infrastructure at Wilsons Promontory, a protected area in Victoria that receives in excess
of 400,000 visitors each year, were strongly opposed by the public. In that case, only a small portion of the
planned upgrades went ahead, as the Victorian Government realised the degree to which some of their plans
were likely to reduce the appeal, or naturalness, of the area. In this report we make the case for developing and
implementing visitor indicators that tap into these naturalness/wilderness values as they may be able to aid in the
prioritisation of management efforts to ensure that the very features of sites that visitors come to enjoy are not
significantly degraded.
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Another consideration with regard to site hardening as a management tool to facilitate sustainable visitation
at popular sites is the phenomenon of ‘impact creep’. Recent STCRC-funded research by Smith and Newsome
(2006) found that ‘impact creep’ is quite common around hardened sites, whereby visitors continue to trample
and cause associated damage beyond the bounds of the hardened areas at popular sites. In these instances,
hardening does not protect that site, but rather serves to increase the spatial extent (and impact) of the visitor
footprint. The appeal of naturalness and the potential negative effects of hardening together highlight the fact
that management actions need to preserve the ‘naturalness’ values of icon sites. If this aspect of a site is
preserved, visitor interest in visiting and experiencing these sites will remain (Aplin 2002, Cole and Daniel
2003).
The real challenge facing protected area managers is getting this balance right—can high visitor loads be
sustainable and without having excessive impacts on the ecosystems that attract them? In light of this challenge
and given the overwhelming importance (to visitors) of ‘naturalness’ as a feature of sites within protected areas,
we suggest that some of the visitor indicators suggested in Table 5 may have potential as ‘early warning’
indicators that alert protected area managers when current visitor loads and/or activities are not sustainable.
Ongoing field testing and trials of these visitor indicators will focus on the establishment of thresholds of
concern for ‘naturalness’ values and examine the degree to which visitor indicators can compliment ecological
indicators in the assessment of visitor impacts in and around icon aquatic sites.

Implications for Visitor Monitoring and Impact Assessment in Protected
Areas
The selection of indicators to assess visitor impacts in aquatic ecosystems is a complex and challenging question
facing managers of all natural areas with heavily visited aquatic ecosystems. As this report has shown, traditional
water quality indicators may not be appropriate in the assessment of visitor impacts due to their spatial and
temporal extent and anticipated lack of response to visitor activities and disturbances. On the basis of our
findings in this review, we recommend that protected area managers follow a six step process to develop and
implement monitoring programs assessing visitor impacts in and around aquatic ecosystems, modified from
Hadwen et al. (2008), as follows:
1) Assess visitor activities and perceptions.
Profile visitors in terms of their demographics and tourism/recreation desires and perceptions and catalogue
visitor activities at sites of interest.
2) Assess the physical and chemical and biological characteristics of sites.
An understanding of the nature of the aquatic ecosystems that are visited will strongly dictate the types of
indicators selected. For example, bedrock dominated systems will have significantly different characteristics to
those of sediment dominated systems, so at a fundamental level as much chemical, physical and biological
information as possible should be included in the assessment and indicator selection process.
3) Propose indicators for use in a monitoring program on the basis of recommendations in this
report and in relation to the findings of 1) and 2) above.
On the basis of visitor demographics and activities and the natural characteristics of visited sites, it will be
possible to short-list the indicators nominated in this report for further investigation.
4) With the assistance of aquatic ecologists, design indicator performance trials.
A scientifically defendable experimental design of indicator response to visitor activities is required to assess
the appropriateness of indicators at each site before a comprehensive monitoring program is built around
particular indicators. Failure to undertake this step could lead to a significant waste of resources, especially if the
selected indicators do not respond to site-specific visitor activities as has been hypothesised in this report. We
recommend that protected area managers involve aquatic ecologists in this component of the process to ensure
both scientific rigour and defensibility of the indicator selection process.
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5) On the basis of indicator trials, select a suite of appropriate indicators for the specific site and
visitor activities and design a spatially and temporally defendable monitoring program around
these indicators.
Implementation of a monitoring program, built around indicators that have advanced through steps 1-4
requires considerable resources and forethought as spatial and temporal replication will ultimately determine the
strength of the monitoring program and its findings. Aquatic ecologists could also be involved in this stage of the
process to again ensure independence of monitoring objectives and design.
6) Examine spatial and temporal trends in all indicators (social and environmental indicators) to
examine the spatial extent and temporal persistence of visitor-mediated changes.
On the basis of indicator responses in space and time, protected area managers should adaptively manage
their visited sites to ensure that long-term visitor impacts do not damage the conservation and aesthetic
properties of iconic sites.
The above process represents a logical and defendable approach to assessing visitor impacts and
implementing ongoing monitoring programs both to examine the spatial and temporal characteristics of the
impacts and the response of indicators to management actions. We stress that although this approach is broadly
applicable (beyond aquatic ecosystems), site-specific conditions and patterns of use make it impossible for us to
recommend a standard suite of indicators across all visited sites. Ultimately, it is fundamentally important that
protected area managers keep this site-specificity in mind as they plan, monitor and manage iconic aquatic
ecosystems with high visitor access and appeal (Hadwen et al. 2007).
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Indicator type

Aesthetic

Aesthetic

Chemical

Chemical

Aesthetic, Physical and
Chemical

Aesthetic, Physical and
Chemical

Aesthetic, Physical and
Chemical

Aesthetic and Logistic

Aesthetic and Logistic

Aesthetic and Physical

Aesthetic and Physical

Aesthetic and Physical

Aesthetic and Physical

Indicator

Water colour

Water clarity

Water odour

Water taste

Non-biodegradable
litter

Biodegradable litter
(food scraps)

Human waste

Proximity of facilities
to key sites

Access to key sites

Track erosion

Track widening

Track compaction

Campsite compaction

Local, reach

Local

Local

Local

Local

Local

Local, reach

Local, reach

Local, reach

Local, reach,
system

Local, reach

Reach, system

Reach, system

Spatial scale

Monthly

Monthly

Monthly

Monthly

Monthly, yearly

Daily
measurements
possible
Daily
measurements
possible
Daily
measurements
possible
Yearly

Weekly,
monthly

Weekly,
monthly
Daily, weekly,
monthly

Timeframe for
monitoring
Monthly

Camping,
hiking

Hiking

Hiking

Camping,
picnicking, day
visits
Hiking,
camping,
picnicking
Hiking

Camping,
picnicking

Camping,
picnicking

Hiking,
swimming
Hiking,
swimming
Human waste,
hiking,
swimming
Human waste,
hiking,
swimming
Camping,
picnicking

Activity

High

High

High

High

Medium

Medium

High

Medium

Medium

High

High

High

Relevance to
aquatic ecosystems
High

High

Medium

High

High

Medium

Medium

High

High

High

Medium

Medium

Medium

Usefulness and
Applicability
Low

Table 5: List of potential visitor indicators and aspects of their scale (space and time) and likely usefulness in responding to visitor impacts in and around aquatic
ecosystems within protected areas.
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Removal of wood for
fires
Modification of
substrate and flow
Soaps

Spread of weeds along
tracks and around
campsites
Campfires

Visitor activities

Visitor noise

Monthly
Monthly
Daily, weekly,
monthly

Local, reach
Local, reach

Weekly

Monthly, yearly

Daily, monthly

Daily, monthly

Monthly

Monthly, yearly

Monthly, yearly

Timeframe for
monitoring

Local, reach

Local, reach

Aesthetic, Chemical,
Physical and Logistic
Aesthetic, Physical and
Logistic
Aesthetic, Physical and
Logistic
Aesthetic, Chemical and
Logistic

Local, reach,
system
Local, reach,
system
Local
Local, reach,
system
Local, reach,
system

Aesthetic, Logistic and
Physical
Aesthetic, Logistic and
Physical
Aesthetic and Logistic

Visitor numbers

Local, reach

Spatial scale

Aesthetic, Logistic and
Physical
Aesthetic, Logistic and
Physical

Aesthetic, Logistic and
Physical

Campsite capacity and
management

Visitor periodicity

Indicator type

Indicator

Swimming,
hiking
Swimming,
bathing

Camping

All activities at
key sites
All activities at
key sites
All activities at
key sites
All activities at
key sites
Hiking,
camping,
picnicking
Camping

Camping,
picnicking

Activity

High

High

Medium

Medium

Medium

High

High

High

High

Medium

Relevance to
aquatic ecosystems

Medium

High

Medium

Medium

Medium

High

High

High

High

High

Usefulness and
Applicability
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the outcomes from the relevant STCRC research; develops
them for market; and delivers them to industry as products
and services. EC3 delivers significant benefits to the STCRC
through the provision of a wide range of business services
both nationally and internationally.
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The Sustainable Tourism Cooperative Research Centre

The program emphasises collaboration between businesses

(STCRC) is established under the Australian Government’s

and researchers to maximise the benefits of research

Cooperative Research Centres Program. STCRC is the

through utilisation, commercialisation and technology

world’s leading scientific institution delivering research to

transfer.

support the sustainability of travel and tourism – one of

An education component focuses on producing graduates

the world’s largest and fastest growing industries.

with skills relevant to industry needs.

Introduction

STCRC’s objectives are to enhance:

The STCRC has grown to be the largest, dedicated tourism
research organisation in the world, with $187 million
invested in tourism research programs, commercialisation
and education since 1997.
The STCRC was established in July 2003 under the
Commonwealth Government’s CRC program and is an
extension of the previous Tourism CRC, which operated
from 1997 to 2003.
Role and responsibilities
The Commonwealth CRC program aims to turn research
outcomes into successful new products, services and
technologies. This enables Australian industries to be more
efficient, productive and competitive.

• the contribution of long-term scientific
and technological research and innovation
to Australia’s sustainable economic and social
development;
• the transfer of research outputs into outcomes of
economic, environmental or social benefit to Australia;
• the value of graduate researchers to Australia;
• collaboration among researchers, between researchers
and industry or other users; and efficiency in the use of
intellectual and other research outcomes.

