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Executive summary  

A combination of qualitative and semi-quantitative assessments was used to estimate the relative risk of water 
quality constituents to Great Barrier Reef ecosystem health from major sources in the Great Barrier Reef 
catchments, focusing on agricultural land uses. In this assessment, the risk was defined simply as the area of 
coral reefs and seagrass within a range of assessment classes (very low to very high relative risk) for several 
water quality variables in each natural resource management region. The variables included ecologically 
relevant thresholds for concentrations of total suspended solids and chlorophyll a from daily remote sensing 
observations, and the distribution of key pollutants including total suspended solids, dissolved inorganic 
nitrogen and photosystem II inhibiting herbicides in the marine environment during flood conditions (based on 
end-of-catchment loads and plume loading estimates). A factor related to water quality influences on crown-of-
thorns starfish outbreaks was included for coral reefs. The main finding was that increased loads of suspended 
sediments, nutrients (nitrogen and phosphorus) and pesticides all pose a high risk to some parts of the Great 
Barrier Reef. However, the risk differs between the individual pollutants, between the source catchments, and 
with distance from the coast. 
 

Supporting points: 

¶ Overall, nitrogen poses the greatest risk of pollution to coral reefs from catchments between the 
Daintree and Burdekin Rivers. Runoff from these rivers during extreme and early wet seasons is 
associated with outbreak cycles of the coral-eating crown-of-thorns starfish on the northern Great 
Barrier Reef shelf (15 to 17 degrees south) that subsequently generate secondary outbreaks throughout 
the central Great Barrier Reef. Great Barrier Reef-wide loss of coral cover due to crown-of-thorns 
starfish is estimated to be 1.4 per cent per year over the past 25 years, and a new outbreak is underway. 
It is estimated that crown-of-thorns starfish have affected more than 1000 of the approximately 3000 
reefs within the Great Barrier Reef over the past 60 years. 
 

¶ Of equal importance is the risk to seagrass from suspended sediments discharged from rivers in excess 
of natural erosion rates, especially the fine fractions (clays). Whether carried in flood plumes, or 
resuspended by waves, suspended solids create a turbid water column that reduces the light available 
to seagrass and corals. Increased sedimentation of fine particles interferes with many functions of 
benthic animal and plant communities. Runoff-associated risk decreases with increasing distance from 
rivers. High turbidity affects approximately 200 inshore reefs and most seagrass areas. On a regional 
basis, the Burdekin and Fitzroy regions present the greatest risk to the Great Barrier Reef in terms of 
sediment loads. Loss of seagrass habitat as a result of cyclones, floods and degraded water quality 
appears to be associated with higher mortality of dugong and turtles. 
 

¶ At smaller scales, particularly in coastal seagrass habitats and freshwater and estuarine wetlands, 
pesticides can pose a high risk. Concentrations of a range of pesticides exceed water quality guidelines 
in many fresh and estuarine waterbodies downstream of cropping lands. Based on a risk assessment of 
the six commonly used photosystem II inhibiting herbicides, the Mackay Whitsunday and Burdekin 
region are considered to be at highest risk, followed by the Wet Tropics, Fitzroy and Burnett Mary 
regions. However, the risk of only a fraction of pesticides has been assessed, with only six of the 34 
pesticides currently detected included in the assessment, and therefore the effect of pesticides is most 
likely to have been underestimated. 
 

¶ The ranking of the relative risk of degraded water quality between the regions in the Great Barrier Reef 
is (from highest to lowest): 
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o Wet Tropics 
o Fitzroy 
o Burdekin 
o Mackay Whitsunday 
o Burnett Mary 
o Cape York. 

 
Priority areas for management of degraded water quality in the Great Barrier Reef are Wet Tropics for 
nitrogen management; Mackay Whitsunday and the lower Burdekin for photosystem II inhibiting 
herbicide management; and Burdekin and Fitzroy for suspended sediment management.  
 

¶ From a combined assessment of water quality variables in the Great Barrier Reef (using the total area of 
habitat affected in the areas identified to be of highest relative risk) and end-of-catchment 
anthropogenic loads of nutrients, sediments and photosystem II inhibiting herbicides, the regional 
ranking of water quality risk to coral reefs is (from highest risk to lowest): 

o Wet Tropics 
o Fitzroy 
o Mackay Whitsunday 
o Burdekin 
o Cape York 
o Burnett Mary. 

 
The regional ranking of water quality risk to seagrass is (from highest risk to lowest): 

o Burdekin 
o Wet Tropics 
o Fitzroy 
o Mackay Whitsunday 
o Burnett Mary 
o Cape York. 

 
Importantly in the Mackay Whitsunday region, 40 per cent of the seagrass area is in the highest relative 
risk class compared to less than 10 per cent for all other regions. The highly valuable seagrass meadows 
in Hervey Bay, and the importance to associated dugong and turtle populations in the Burnett Mary 
Region, were not included in the analysis as they are outside the Great Barrier Reef Marine Park 
boundaries. 
 

¶ Both dissolved (inorganic and organic) and particulate forms of nutrients discharged into the Great 
Barrier Reef are important in driving ecological effects. Overall, increased nitrogen inputs are more 
important than phosphorus inputs. Dissolved inorganic forms of nitrogen and phosphorus are 
considered to be of greatest concern compared to dissolved organic and particulate forms as they are 
immediately bioavailable for supporting algal growth. Particulate forms of nitrogen and phosphorus 
mostly become bioavailable, but over longer time frames. Most dissolved organic nitrogen typically has 
limited and delayed bioavailability. 
 

¶ Little is known about the types and concentrations of contaminants bound to sediment discharged by 
rivers into the Great Barrier Reef and the risk that these pose to marine ecosystems. 
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Introduction  

The main water quality pollutants of concern for the Great Barrier Reef are identified in Chapter 4, Sources of 
sediment, nutrients, pesticides and other pollutants in the Great Barrier Reef catchment (Kroon et al., 2013) and 
include enhanced levels of suspended sediments, excess nutrients and pesticides. Until recently, there has been 
insufficient knowledge about the relative exposure to and effects of these pollutants to guide effective 
prioritisation of the management of their sources. In this chapter, we will review current knowledge of the 
relative risk of pollutants, including different nutrient species, suspended sediment (including different size 
fractions) and pesticides. These issues were not specifically addressed in the 2008 Reef Plan Science Consensus 
Statement (Brodie et al., 2008). 
 
This chapter specifically addresses the overarching question: (What are the relative risks to various parts of the 
Great Barrier Reef from degraded water quality?) with the following sub questions:  
 

a) What is current understanding of the ecological risk of individual pollutants to different components of 
the Great Barrier Reef marine ecosystems? 

b) Where are the risks highest or the benefits of improved management greatest? 
c) When are the risks highest or the benefits of improved management greatest? 
d) What are the consequences of the water quality impact and which pollutants pose the greatest risk? 

 
It is structured around these four questions. Questions a, b and c are largely supported by the most recent 
assessment of the relative risk of water quality to the Great Barrier Reef undertaken by Brodie et al., (2013a). 
 
Suspended (fine) sediments and nutrients (nitrogen, phosphorus) are referred to ŀǎ ΨǇƻƭƭǳǘŀƴǘǎΩ in this chapter.  
In this situation we explicitly mean enhanced concentrations of or exposures to these pollutants which are 
(directly or indirectly) derived from human activities in the Great Barrier Reef ecosystem or adjoining systems 
(e.g. river catchments).  Fine sediments and nutrients naturally occur in the environment; all living things in 
ecosystems of the Great Barrier Reef require nutrients, and many have evolved to live in or on sediment. 
Pesticides do not naturally occur in the environment. The natural concentrations of these materials in Great 
Barrier Reef waters and inflowing rivers can vary, at least episodically, over considerable ranges.  Pollution 
occurs when human activities raise ambient levels of these materials (time averages, or event-related) to 
concentrations that cause environmental harm and changes to the physical structure, biological communities 
and biological functions of the ecosystem.  
 
This chapter was led by TropWATER James Cook University with contributions from several representatives from 
the Australian Institute of Marine Science (AIMS), the Australian Bureau of Agricultural and Resource Economics 
and Sciences (ABARES), the Great Barrier Reef Marine Park Authority (GBRMPA), the Commonwealth Science 
and Industrial Research Organisation (CSIRO), Queensland Department of Environment and Heritage Protection 
(DEHP), Queensland Department of Science, Information Technology, Innovation and the Arts (DSITIA) and 
independent researchers.  
 
The chapter was prepared with the support of funding frƻƳ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ DƻǾŜǊƴƳŜƴǘΩǎ bŀǘƛƻƴŀƭ 
Environmental Research Program. The authors would also like to acknowledge the funding provided by the 
Queensland Department of Environment and Heritage Protection for the associated project reported in Brodie 
et al., (2013a). 
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Synthesis process  

The preparation of this synthesis was undertaken with financial support from the Queensland Department of 
Environment and Heritage Protection under the Reef Protection Package Science Program. The funding 
supported the completion of the most recent assessment of the relative risk of pollutants in the Great Barrier 
Reef region to Great Barrier Reef ecosystem health (Brodie et al., 2013a) which forms the basis of this chapter.  
 
Ecological Risk Assessment (ERA) is a term used for a variety of methods to determine the risk posed by a 
stressor, for example a pollutant, to the health of an ecosystem (AS/NZS, 2004). Risk is usually defined as the 
probability that an adverse effect will occur as a result of ecosystem exposure to a certain concentration of the 
stressor.  Risk is often quantified as the product of the likelihood of an event occurring (exposure) and the 
consequences (also measured as effects) of that event. Risk assessments are used as decision tools that rank 
risks to human values in order to prioritise management actions and investments (e.g. Burgman 2005; AS/NZS, 
2004). A number of methodologies are available to carry out the analysis with Bayesian techniques now often 
favoured by decision makers (e.g. Hart et al., 2005; Hart and Pollino, 2008).  
 
In this assessment the relative risk of degraded water quality among regions was determined by combining 
information on the estimated ecological risk of water quality to coral reefs and seagrass in the Great Barrier Reef 
and end-of-catchment pollutant loads. This approach attempts to relate the water quality conditions in the 
Great Barrier Reef to catchment based influences, albeit in a relatively crude way.  
 
Ecological risk is assessed using a relatively simple approach. The likelihood of exposure of a species or habitat to 
an impact is typically a function of the intensity of the impact (the concentration or load of a pollutant) and the 
length of time it is exposed to the impact. For example, a seagrass meadow may be exposed to a high intensity 
impact for a short period of time (acute), or to lower intensities for longer periods (chronic). When quantifying 
exposure, it is important to determine the threshold concentrations that lead to an effect on species or habitats, 
that is, the concentration that potentially leads to damage or mortality within hours or days, as well as 
understanding long-term average concentrations and the duration of exposure. This complicates the description 
of exposure thresholds given their values may change by one to two orders of magnitude between days, seasons 
and years. Hence, some key water quality variables such as suspended sediments are divided into different 
thresholds based on ecological responses and periods of exposure. To reflect this, each threshold is classified 
into several assessment classes to represent the potential differences between the duration and severity of the 
influence (from lowest to highest).  
 
The consequences are the measured effects of the water quality exposure. Current knowledge of the effects of 
degraded water quality on the health of the Great Barrier Reef are summarised in the 2013 Scientific Consensus 
Statement. The Great Barrier Reef Water Quality Guidelines reflect our knowledge of ecological thresholds for 
water quality variables for coral reefs in the Great Barrier Reef (GBRMPA, 2009). However, only limited 
information is available to draw conclusions on the effects of the exposure of sediments, nutrients and 
pesticides on seagrass health. Evidence shows that one of the greatest drivers of seagrass health is the 
availability of light, which is reduced by increased suspended sediment and the secondary effects of increased 
nutrients such as increased phytoplankton production and growth of epiphytes (Collier et al., 2012). However, in 
the absence of more regionally and species-specific knowledge of pollutant impacts on seagrass, the same 
threshold concentrations have been used for coral reefs and seagrass in this assessment. It is also recognised 
that the consequence of the exposure of species or habitats to a range of water quality conditions is 
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complicated by the influence of multiple pressures, and many external influences including weather conditions, 
however it is difficult to factor this into the risk assessment in any quantitative way. 
 
Given the above and recognising the inconsistencies in the spatial and temporal availability of the water quality 
data, our capacity to produce a true likelihood or true consequence estimate for this assessment is limited. It 
was therefore necessary to develop an effective, simple and standard methodology for the risk assessment that 
could be implemented with the available data, in a way that could be easily communicated and discussed with 
decision-makers and stakeholders. For this reason, ecological risk in the Great Barrier Reef is expressed simply as 
the area of coral reefs and seagrass within a range of assessment classes (very low to very high relative risk) for 
several water quality variables in each region in the GBR catchment. Our method for calculating risk essentially 
assesses the likelihood of exceedance of a selected threshold. This likelihood was set as one for a parameter and 
location if observations or modelled data indicate that the threshold was exceeded. Conversely, the likelihood 
was set as zero if observations or modelled data indicate that the threshold was not exceeded. As consequences 
are mostly unknown at a regional or species level, potential impact was calculated as the area of coral reef and 
seagrass (in square kilometres) within the highest assessment classes of the water quality variables (reflecting 
the highest severity of influence). The effects of multiplying the habitat area by one or zero for the likelihood 
mean that the final assessment of risk in this assessment is only an indication of potential impact - the area of 
coral reef and seagrass in which exceedance of an agreed threshold was modeled or observed. This becomes an 
ŀǎǎŜǎǎƳŜƴǘ ƻŦ ΨǊŜƭŀǘƛǾŜ ǊƛǎƪΩ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ŀǊŜŀǎ ƻŦ ŜŀŎƘ Ƙŀōƛǘŀǘ ŀŦŦŜŎǘŜŘ ōȅ ǘhe highest assessment classes 
ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜǎ ŀƳƻƴƎ ǊŜƎƛƻƴǎΣ ŀƴŘ ǿŀǎ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ΨaŀǊƛƴŜ wƛǎƪ LƴŘŜȄΩΦ 

Modelled end-of-catchment pollutant loads (generated from the Source Catchments model framework for the 
Reef Plan Paddock to Reef program) were obtained for each region for key pollutants, and only the 
anthropogenic portions were considered. The anthropogenic load is calculated as the difference between the 
long term average annual load, and the estimated average annual pre-European load. This information was used 
ǘƻ ŘŜŦƛƴŜ ŀ Ψ[ƻŀŘǎ LƴŘŜȄΩΦ 

Figure 1 illustrates the geographic boundaries of the assessment and the spatial distribution of the marine 
habitats in the assessment (coral reefs and seagrass), based on best available information. The area of Great 
Barrier Reef lagoon waters was also included as an ecological endpoint to represent the important pelagic 
ecosystems; however, the assessment was limited by associated knowledge of the likely impacts of water quality 
on these ecosystems and therefore not reported here. Qualitative conclusions were drawn about coastal and 
estuarine wetlands where information was available. The selection of the variables and methods used in the 
assessment were informed by several supporting studies reported in Brodie et al., (2013a) and by the reviews of 
current knowledge presented in the other chapters. Unlike the risk assessment undertaken for Reef Plan in 2004 
(Greiner et al., 2005), this assessment did not take into account the social and economic significance of the 
ecological assets, for example the value of coastal industries such as tourism and fisheries. 

A suite of water quality variables were chosen that represent the pollutants of greatest concern with regards to 
agricultural runoff and potential impacts on Great Barrier Reef ecosystems. Ecological impacts of terrestrial 
runoff on coral reefs and seagrass can be experienced as either acute, short term changes associated with 
formation of high-nutrient, high-sediment, low salinity flood plumes or the more chronic impacts associated 
with changes in long-term water quality concentration (Devlin et al., 2012). The ecological impact of catchment 
pollutants varies not only with the type of pollutant, the magnitude and extent of the riverine influence but also 
with the ecosystems being affected and the frequency and duration of plume occurrence (e.g. Devlin et al., 
2013b). Long time series of pollutant concentration data provides a way of assessing chronic stress, while river 
plume models can help to develop risk maps by defining areas which may experience acute or chronic high 
exposure to pollutants or stressors (Alvarez-Romero et al., 2013). Details of the pollutant movement and 
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frequency of inundation can be key measurements in attributing water quality decline to ecosystem change. 
This assessment uses a combination of variables that represent chronic and acute stress on Great Barrier Reef 
ecosystems. 

The selected variables are summarised in Table 2 and include ecologically relevant thresholds for concentrations 
of total suspended solids and chlorophyll a from daily remote sensing observations, and the distribution of key 
pollutants including total suspended solids, dissolved inorganic nitrogen and photosystem II inhibiting herbicides 
in the marine environment during flood conditions (based on end-of-catchment loads and surface water 
exposure estimates). A spatial variable was included that represents an area of the Great Barrier Reef lagoon 
where primary crown-of-thorns starfish outbreaks have most frequently been observed. Crown-of-thorns 
starfish outbreaks are an important cause of mid and outer shelf coral loss on the Great Barrier Reef ό5ŜΩŀǘƘ et 
al., 2012) and are, based on current understanding, a response to excess nutrient runoff from certain 
catchments that ǊŜŀŎƘŜǎ ǘƘƛǎ Ψcrown-of-thorns starfish ƛƴƛǘƛŀǘƛƻƴ ȊƻƴŜΩ όCŀōǊƛŎƛǳǎ et al., 2010). The relevance of 
each of these variables is described in further detail in Waterhouse et al., (2013), and more detailed information 
on pollutant impacts on Great Barrier Reef ecosystems is provided in the Scientific Consensus Statement 
Chapter 1 (Schaffelke et al., 2013). 
 
For each variable, thresholds above which potential impacts have been observed were defined and classified 
into three to five classes (from lowest to highest), largely on the basis of the time (or probability) the ecosystem 
is likely to be exposed to conceƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ ǘƘŜ ǘƘǊŜǎƘƻƭŘΤ ǘƘŜǎŜ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ΨŀǎǎŜǎǎƳŜƴǘ ŎƭŀǎǎŜǎΩΦ ¢ƘŜ 
selected variables represent long term conditions (chronic exposure) and wet season pollutant loadings in flood 
plumes (acute exposure).  
 
Additional variables were considered that have not been included here due to the current lack of data showing 
their temporal and spatial variability and ecological impacts. These include: phosphorus exposure, chronic 
exposure to photosystem II inhibiting herbicides and non-photosystem II inhibiting herbicides, and time series of 
pesticide concentration data. The decision to select dissolved inorganic nitrogen as primary nutrient variable 
within the assessment is supported by analysis of the relative importance of nutrient forms and of nitrogen and 
phosphorus in the Great Barrier Reef (Furnas et al., 2013b). The analysis indicates that dissolved inorganic and 
particulate forms of nutrients discharged into the Great Barrier Reef are both important in driving ecological 
effects but increased nitrogen inputs are more important than phosphorus inputs. Dissolved inorganic forms of 
nitrogen and phosphorus are considered to be of greatest concern compared to dissolved organic and 
particulate forms of nutrients, as they are immediately and completely bioavailable for algal growth (see Furnas 
et al., 2013b). Particulate forms mostly become bioavailable over longer time frames, and dissolved organic 
forms typically have limited and delayed bioavailability (see Furnas et al., 2013b). 
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Figure 1. Assessment boundaries considered in the risk assessment for Reef Plan 2013 and Reef Rescue phase two. Consideration of 
ecosystems is confined to the areas inside the Great Barrier Reef Marine Park. 
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Table 1. Summary of water quality variables, assessment classes and data sources considered in the marine risk assessment.  Refer to Waterhouse et al., (2013) for further explanation of 
the selected variables. 
 

Variables Assessment Class Data source/methodology 

 
Very Low 

1 
Low 
 2 

Medium 
3 

High 
4 

Very High 
5 

Refer to Waterhouse et al., (2013) for a more detailed description of the methods. 

Sediments       

TSS concentration 
(mg/L)  

Frequency of 
exceedance % 

     Based on daily observations of TSS in the period 1 November 2002 to 30 April 
2012. Data has been interpolated across reefs (which are masked during image 
processing) using Euclidean Allocation in ArcGIS. Classification of frequency of 
exceedance is based on the number of valid observations in the full observation 
period. Method for extraction is described in Brando et al., (2013).   

Threshold a: 2 mg/L <1 1-10 10-20 20-50 50-100 Threshold correlates strongly with declines in ecosystem condition such as 
increased macroalgal growth and declining diversity. Average annual threshold for 
TSS in the Great Barrier Reef Water Quality Guidelines.  

Threshold b: 7mg/L   

 

0 <1 1-10 10-20 20-100 Threshold is equivalent to a turbidity of 5 nephelometric turbidity units (NTU). 
Shown to have various ecosystem effects including coral reef stress, declines in 
seagrass cover (Collier et al., 2012), fish habitat choice, home range movement 
(Wenger and McCormick, in press) and (above 7.5 nephelometric turbidity units) 
foraging and predator-prey relationships (Wenger et al., in press).  

TSS Plume Loading  
(mean 2007-2011) 

Category 1 Category 
2 

Category 3 The frequency and extent of the influence of flood plumes containing differing 
concentrations of total suspended solids is used to provide an estimation of the 
extent of surface exposure of coral reefs and seagrass during wet season 
conditions. Modelled using an assessment of plume frequency from satellite 
imagery and monitored end of catchment loads in each wet season (November to 
May) from 2007 to 2011 (Devlin et al, 2013a). The mean of the five annual maps 
was selected as a way of factoring in inter-annual variability in river discharge, 
although it is recognised that this period was characterised by several extreme 
rainfall events.  

Nutrients       

Chlorophyll 
concentration (µg/L) 

Frequency of 
exceedance % 

     Assessment classes were based on daily observations of Chlorophyll 
concentrations over the period 1 November 2002 to 30 April 2012. Data was 
interpolated across reefs (which are masked during image processing) using 
Euclidean Allocation in ArcGIS. Classification is based on the number of valid 
observations in the full observation period. Method for extraction described in 
Brando et al., (2013).  
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Variables Assessment Class Data source/methodology 

 
Very Low 

1 
Low 
 2 

Medium 
3 

High 
4 

Very High 
5 

Refer to Waterhouse et al., (2013) for a more detailed description of the methods. 

  0.45 µg/L <1 1-10 10-20 20-50 50-100 /ƘƭƻǊƻǇƘȅƭƭ ƛǎ ŀƴ ƛƴŘƛŎŀǘƻǊ ƻŦ ƴǳǘǊƛŜƴǘ ŜƴǊƛŎƘƳŜƴǘ ƛƴ ƳŀǊƛƴŜ ǿŀǘŜǊǎΦ 5ŜΩŀǘƘ ŀƴŘ 
Fabricius (2008) identified 0.45 µg/L as an important ecological threshold for 
macroalgal cover, hard coral species richness, octocoral species richness. Annual 
average threshold for chlorophyll in the Great Barrier Reef Water Quality 
Guidelines. Significant benefits for the ecological status of reefs in the region are 
likely if mean annual chlorophyll concentrations remain below this concentration.  

DIN Plume Loading 
(mean 2007-2011) 

Category 1 Category 
2 

Category 3 Elevated DIN is an indicator of nutrient enrichment. High concentrations of DIN 
can reduce coral recruitment (Babcock and Davies 1991; Loya et al., 2004), 
enhance coral bleaching susceptibility (Wooldridge and Done, 2009) and change 
the relationship betweeƴ ŎƻǊŀƭ ŀƴŘ ƳŀŎǊƻŀƭƎŀƭ ŀōǳƴŘŀƴŎŜ ό5ŜΩŀǘƘ ŀƴŘ CŀōǊƛŎƛǳǎΣ 
2010).  Elevated concentrations can also be deleterious to seagrass by lowering 
ambient light levels via the proliferation of local light absorbing algae thereby 
reducing the amount of photosynthesis in seagrass, particularly in deeper water 
(Collier, 2013). 

Modelled using an assessment of plume frequency from satellite imagery and 
monitored end of catchment loads in each wet season (November to May) from 
2007 to 2011 (Devlin et al, 2013a). The mean of the five annual maps was selected 
as a way of factoring in inter-annual variability in river discharge, although it is 
recognised that this period was characterised by several extreme rainfall events.  

COTS Initiation Zone Out of the 
zone 

   In the zone Shows an area defined to be highest risk in initiating COTS outbreaks, defined as 
the area between Latitude 14.5°S and 17°S and described in Furnas et al., (2013a). 
Data from this area shows prolonged periods of high chlorophyll concentrations 
that exceed 0.8 µg/L, which is important for COTS larval survival.  

Pesticides       

PSII Herbicide 
modelled 
concentration (µg/L)  

0.025-0.1 0.1-0.5 0.5-2.3 2.3-10 >10 Based on an estimate of the relationship between Colour Dissolved Organic 
Matter (CDOM) and salinity, and then a salinity to PSII herbicide concentration 
relationship in a flood plume event in one river in each natural resource 
management region in 2009-2011. Data has been interpolated across reefs (which 
are masked during image processing) using Euclidean Allocation in ArcGIS. Risk 
posed was determined using a number of methods - some only assessed acute 
toxic effects, others both acute and chronic. Described in Lewis et al., (2013).  
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Variables Assessment Class Data source/methodology 

 
Very Low 

1 
Low 
 2 

Medium 
3 

High 
4 

Very High 
5 

Refer to Waterhouse et al., (2013) for a more detailed description of the methods. 

>0.025-0.1 µg/L: No observable effect; 0.1-0.5 µg/L: Photosynthesis is reduced by 
up to 10% in corals (Negri et al., 2011); seagrass (Haynes et al., 2000; Chesworth 
et al., 2004; Gao et al., 2011; Flores et al., in review) and microalgae (Magnusson 
et al., 2008, 2010). The effect on primary production is minor. 0.5-2.3 µg/L: 
Photosynthesis is reduced by between 10% and 50% in corals (Negri et al., 2011); 
seagrass (Haynes et al., 2000; Chesworth et al., 2004; Gao et al., 2011; Flores et 
al., in review) and microalgae (Magnusson et al., 2008, 2010).  The community 
structure of tropical microalgae can be affected by concentrations of diuron as 
low as 1.6 µg/L (Magnusson et al., 2012). The effect on primary production is 
moderate. 2.3-10 µg/L Photosynthesis is reduced by between 50% and 90% in 
corals (Jones and Kerswell, 2003; Negri et al., 2011); seagrass (Chesworth et al.,, 
2004; Gao et al., 2011; Flores et al.,, in review) and microalgae (Magnusson et al., 
2008, 2010).  A 50% reduction of growth and biomass of tropical microalgae was 
also reported in this concentration range (Magnusson et al., 2008).  The 
community structure of tropical microalgae is significantly affected and this 
causes significant changes in the tolerance of microbial communities to herbicides 
(Magnusson et al., 2012).  The effect on primary production is major. > 10 µg/L: 
reduced growth and mortality in seagrass (Gao et al., 2011) and loss of symbionts 
(bleaching) in corals (Jones et al., 2003; Negri et al., 2005).   

 
TSS: total suspended solids; DIN: dissolved inorganic nitrogen; COTS: crown-of-thorns starfish; PSII: photosystem II inhibiting herbicides; CDOM: coloured dissolved organic matter
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A three-step approach of estimating the relative risk of pollutants to the Great Barrier Reef at a regional level 
was applied (illustrated in Figure 2):  

1. Assessment of the relative importance of different pollutants on Great Barrier Reef ecosystems (coral 
reefs and seagrass). This identifies the areas where each water quality variable is considered to pose the 
greatest relative risk to coral reefs and seagrass between the regions. The output can be used to guide 
priorities for management of individual pollutants between regions.  

2. Combined risk of degraded water quality to Great Barrier Reef ecosystems. The combined assessment 
takes into account all assessment classes for each variable to generate a Marine Risk Index for coral 
reefs and seagrass. The areas within the Risk Index represent the areas of highest relative risk to 
degraded water quality in the Great Barrier Reef and identify the areas where coral reefs and seagrass 
are most likely to be under pressure from degraded water quality.  

3. The relative risk of degraded water quality to Great Barrier Reef ecosystems. This relates the results of 
Part One and Part Two to land based influences using an assessment of end-of-catchment 
anthropogenic loads and river discharges (Loads Index and Crown-of-thorns starfish Influence Index). 
These results inform the regional management priorities required to address the risks identified in Part 
One and Part Two in terms of where to focus effort on which pollutants.  

 
The detailed methods for the risk assessment are described in Waterhouse et al., (2013), and are summarised 
here.  
 
The relative importance of the three primary pollutants among regions was estimated by estimating the areas of 
coral reef and seagrass adjacent to each region ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ΨŀǎǎŜǎǎƳŜƴǘ ŎƭŀǎǎŜǎΩΦ In comparing the risks from 
sediments and nutrients between regions, only the areas in the highest assessment class were considered as 
these were agreed (through expert judgment) to be the most relevant for assessing potential ecological impact. 
For photosystem II inhibiting herbicides, the two highest assessment classes were used in recognition of the 
level of toxicity associated with these classes. It should be noted that this assessment does not account for the 
potential synergistic or antagonistic effects that these multiple stressors may have on ecosystems when acting 
together.  
 
The output is a map and a table showing the area (square kilometres) of coral reef and seagrass within each 
assessment class for all variables in all regions.  The results were then anchored for comparison, i.e. the 
maximum area across all regions is set as an anchor point and given a value of 100, and all other area 
calculations are then expressed as a proportion of the maximum (values between zero and 100).  
 
To estimate the combined risk of the selected water quality variables to marine ecosystems (Part 2), the results 
for the individual variables were summed at the one square kilometre pixel scale and normalised between zero 
and one using the Multi-Criteria Analysis Shell for Spatial Decision Support (MCAS-S). This essentially provides a 
weighting for each class of each variable, shown in Table Three. Pixels in the highest class category all received 
the maximum value of one.  For example, for dissolved inorganic nitrogen and total suspended solids plume 
loading between 2007 and 2011, with three relative classes pixels received a score of 0.33 (Low), 0.66 (Medium) 
or a one (High).  Anchoring and normalising the data to the uni-directional scale of zero to one ensures all 
variables are equally weighted and that the ranges in data values (very different among variables) can be 
justifiably averaged to produce a single index. Pixels with no data were not included in the final sum.  A number 
of options were tested for combining the variables including grouping the variables into sediment, nutrient and 
pesticides and then summing them, or summing of the individual variables.  
 
An important consideration of the assessment is the equivalency of the assessment classes for each variable. 
The classifications for this assessment were based on expert opinion and are shown in Table Three. Ideally the 
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classes for each variable would be scaled so that they are equivalent in terms of potential ecological impacts to 
provide comparable weightings between variables. However, it is recognised that this may not be the case for all 
variables given the inconsistencies in the temporal and spatial characteristics of the datasets. As temporal and 
spatial resolution of data increases and the knowledge of the impacts of sediments, nutrients and photosystem 
II inhibiting herbicides on Great Barrier Reef ecosystems is advanced, this capability can be improved in future 
assessments.  
 
Table 2. Summary of the weightings given to each assessment class and the overall weighting for the water quality variables used in the 
combined assessment. The variables are described in Table 2. The cells shaded in grey show the classes included in assessing the relative 
risk between variables (Part 1). Source: Waterhouse et al., (2013). 
 

Variables Overall 
weighting 

Assessment Class 

Very Low 
1 

Low 
2 

Medium 
3 

High 
4 

Very High 
5 

Total suspended solids (TSS) 
exceedance 2 mg/L  
Frequency of exceedance (%) 

  
<1 

 
1-10 

 
10-20 

 
20-50 

 
50-100 

MCAS-S weighting 1/7 0 0.25 0.5 0.75 1.0 

TSS exceedance 6.6 mg/L/ 5 
NTU 
Frequency of exceedance (%) 

  
0 

 
<1 

 
1-10 

 
10-20 

20-50 
50-100 

MCAS-S weighting 1/7 0 0 0.33 0.66 1.0 

TSS plume loading 
(mean 2007-2011) 

 Category 1 Category 
2 

Category 3 

MCAS-S weighting 1/7 0.33 
2
 0.66 1.0 

3
 

Chlorophyll a exceedance (0.45 
µg/L) 
Frequency of exceedance (%) 

  
<1 

 
1-10 

 
10-20 

 
20-50 

 
50-100 

MCAS-S weighting 1/7 0 0.25 0.5 0.75 1.0 

DIN plume loading 
(mean 2007-2011) 

 Category 1 Category 
2 

Category 3 

MCAS-S weighting 1/7 0.33 
1
 0.66 1.0 

2
 

PSII herbicide modelled 
concentration  
(2009-2011) (µg/L) 

  
0.025 

 
0.1 

 
0.5 

 
2.3 

 
10 

MCAS-S weighting 1/7 0 0.25 0.5 0.75 1.0 

COTS Initiation Zone  Outside 
COTS 

Initiation 
Zone 

   Within 
COTS 

Initiation 
Zone 

MCAS-S weighting 1/7 0    1.0 
1
 This class covers Very Low and Low; 

2 
This class covers High and Very High; TSS: total suspended solids; MCAS-S: Multi-Criteria Analysis 

Shell for Spatial Decision Support developed by ABARES, refer to http://www.daff.gov.au/abares/data/mcass; NTU: nephelometric 
turbidity units; DIN: dissolved inorganic nitrogen; PSII: photosystem II inhibiting; COTS: crown-of-thorns starfish. 

 
To calculate the relative risk of water quality to ecosystems and regions in the Great Barrier Reef (Part 3 in 
Figure 2) the results of the marine risk assessment were linked to pollutant loads. Anthropogenic end-of-
catchment loads were expressed as the proportion of total Great Barrier Reef load for each region to relate to 
the outcomes of the marine risk assessment (from Part 2 in Figure 2). Anthropogenic loads are calculated as the 
difference between modelled current long term annual average loads and modelled annual average pre-

http://www.daff.gov.au/abares/data/mcass
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European loads. This recognises that while the total Great Barrier Reef load is important in influencing the 
marine water quality conditions, it is only the anthropogenic proportion that can be factored into management. 
The regional proportional contributions of total suspended solids, dissolved inorganic nitrogen and photosystem 
II inhibiting herbicides anthropogenic loads were anchored (to normalise to a standard scale) and averaged to 
generate a Loads Index for each region. This assumes that the relative importance of each load is equal which 
may not be the case, although there is currently insufficient knowledge to weight the importance of the three 
pollutants relative to each other. 
 
It is recognised that assessment of the input of pesticides from each region can be expressed in a number of 
ways, and while loads allow comparison between regions, it is the toxicity and therefore concentration that is 
most relevant to the receiving environment. However, pesticide concentration data is currently limited across 
the Great Barrier Reef. Therefore, in the final conclusions relating to pesticide risk in this assessment, additional 
evidence is drawn from a combination of load and concentration data from specific locations, assessed in Lewis 
et al., (2013).  
 
An index specific to the potential influence of river discharges on the initiation of crown-of-thorns starfish 
primary outbreaks in the Great Barrier Reef was added (see Furnas et al., 2013a). Dissolved inorganic nitrogen 
runoff is considered to be an important factor as approximately 40 per cent of the loss of coral cover in the 
Great Barrier Reef since 1987 has been attributed to crown-of-thorns starfish ǇǊŜŘŀǘƛƻƴ ό5ŜΩŀǘƘ et al., 2012). A 
crown-of-thorns starfish outbreak initiation zone has been defined between Lizard Island (14.5 degrees south) 
and Cairns (17 degrees south). On total volumetric basis, most (86 per cent) of the estimated freshwater input 
(direct and indirect) to the zone comes from Wet Tropics rivers, with the remaining 14 per cent from the 
Burdekin River (Furnas et al., 2013a). These estimates were used to create a Crown-of-thorns starfish Influence 
Index. The normalised scores are 100 for Wet Tropics, 16 for Burdekin, and nil from all other regions. 
 
To provide an overall water quality risk ranking between the regions, the Marine Risk Index for coral reefs and 
seagrass, Loads Index and Crown-of-thorns starfish Influence Index (for coral reefs) were combined. For coral 
reefs, the Crown-of-thorns starfish Influence Index was included by summing with the Loads Index, however, 
only the Loads Index and the Risk Index were used for seagrass. The final Indexes for coral reefs and seagrass 
were then summed and normalized to give an overall assessment of the relative risk of degraded water quality 
to coral reefs and seagrass to generate a Relative Risk Index for each region. 
 
The distribution of coral reefs and seagrass in the Great Barrier Reef provide important context for the results of 
the risk assessment (see Figure 3; inset table shows the areas in each region). The Cape York region contains the 
greatest areas of coral reefs and seagrass in the Great Barrier Reef; it is also the largest area overall. The area 
coral reef and seagrass in all other regions are reasonably comparable, with the exception of Mackay 
Whitsunday and Burnett Mary.  The area of seagrass in the Mackay Whitsunday region is relatively low 
compared to other regions with only approximately 430 square kilometres. Deepwater seagrasses are sparse in 
the Mackay Whitsunday region, particularly south of Mackay, where tidal velocities are high and no major 
deepwater seagrass meadows exist (Coles et al., 2009). High current stress, low Secchi readings and coarse 
mobile sediments make this an unsuitable habitat for seagrass growth. 
 
The habitats of the Burnett Mary region are under estimated in this assessment, as the Great Barrier Reef 
Marine Park and World Heritage Area boundary does not include all of the habitat areas that would be affected 
by the catchments of the Burnett Mary region. In particular, there is a large area of seagrass to the south of the 
boundary in Hervey Bay which is known to provide important habitat, and foraging grounds, for species that also 
inhabit the Great Barrier Reef Marine Park.  
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Figure 2. Illustration of the primary steps in the assessment of the relative risk of water quality to Great Barrier Reef ecosystems. 

 
GBR: Great Barrier Reef; WQ: water quality; MCAS-S: Multi-Criteria Analysis Shell for Spatial Decision Support; TSS: total suspended 
solids; DIN: dissolved inorganic nitrogen; PSII: photosystem II inhibiting herbicides; NRM: natural resource management; COTS; crown-of-
thorns starfish. 
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Figure 1. Locations of coral reefs and seagrass used for the risk assessment.  Coral reef outlines used are per the Great Barrier Reef 
Marine Park Authority Spatial Data Centre official reefs spatial data layer 2013.  Seagrass areas are observed (composite of surveyed data 
as at June 2010) and modelled deepwater seagrass habitat after Coles et al., (2009). Inset table shows the area of coral reef and seagrass 
for each marine region.
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Previous Consensus Statement findings  

The 2008 Scientific Consensus Statement did not specifically address the relative risk of specific water quality 
pollutants in the Great Barrier Reef. None of the water quality risk assessments to date have attempted to rank 
pollutants as a basis for prioritising management effort. 
 
Exposure to land-sourced pollution has been identified as an important contributor to the world-wide decline in 
coral reef condition (Pandolfi et al., 2003; Burke et al., 2011). Different parts of the Great Barrier Reef World 
Heritage Area (GBRWHA) are exposed to very different levels of land-sourced pollutants. The degree of exposure 
is a function of factors such as the distance from the coast, the magnitude of river discharges, the distance from 
river mouths, physical forcing such as the strength and direction of wind and currents, and the mobility and 
persistence of different pollutant types. Differential exposure to land-sourced pollutants has important 
consequences for the likely degree of degradation that habitats such as coral reefs and seagrass may suffer and 
an assessment of exposure is required to prioritise management of such pollution on a regional basis.  
 
To date, the prioritisation of potential management responses for different pollutants, land uses and industries, 
and  regions has been supported by risk assessments using a Multiple Criteria Analysis (MCA) approach (Brodie 
and Waterhouse, 2009; Brodie et al., 2009; Cotsell et al., 2009; Greiner et al., 2005; Waterhouse et al., 2012). 
These assessments, although the best available at the time, are limited for reasons summarised in Table 1. While 
the analyses have proved useful for ongoing prioritisation of investment under Reef Plan (Queensland 
Department of the Premier and Cabinet, 2009), specifically as part of Reef Rescue and the selection of priority 
management areas under the Reef Protection Package, more sophisticated analyses are now needed to more 
confidently prioritise between pollutants and across catchments. 
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Table 3. Summary of the elements included in past and current assessments of the risk of degraded water quality to the Great Barrier 
Reef used to inform Reef Plan management prioritisation. 
 

Element Reef Plan 
Greiner et al., (2005) 

Reef Rescue 
Cotsell et al., (2009) 

Reef Protection 
package 
Waterhouse et al., 
(2012) 

Reef Plan 2013 / Reef 
Rescue phase two 
Brodie et al., (2013a) 

Method Multiple Criteria 
Analysis  

Multiple Criteria 
Analysis  

Multiple Criteria 
Analysis  

Multiple Criteria 
Analysis plus 
interpretive studies 

Data availability Very limited Limited Moderate Good 

Analysis end point Coral reefs and 
seagrass 

Coral reefs  Coral reefs, seagrass, 
water column 

Coral reefs, seagrass, 
plus freshwater to 
marine ecosystems 
for pesticides 

Relative importance 
of pollutants 

No No No Yes 

Pesticide data Very limited Limited Limited Yes, with limitations 

Marine exposure 
estimate 

Limited ς from Devlin 
et al., 2003 

Moderate ς from 
Maughan and Brodie, 
2009 

Moderate ς from 
Maughan and Brodie, 
2009 

Good ς from recent 
work by Devlin et al., 
2013a; Alvarez 
Romero et al., 2013 

Socio and economic 
values included 

Yes Yes No No 

Spatial coverage All Great Barrier Reef, 
however Burnett 
Mary marine area 
outside of Great 
Barrier Reef Marine 
Park excluded 

All Great Barrier Reef, 
however Burnett 
Mary marine area 
outside of Great 
Barrier Reef Marine 
Park excluded 

Cape York and Burnett 
Mary excluded 

All Great Barrier Reef 
however Burnett 
Mary marine area 
outside of Great 
Barrier Reef Marine 
Park excluded 

 

The most recent risk assessment in this chapter (Brodie et al., 2013a) still uses a Multi Criteria Analysis 
approach, however, with improved input data layers and more sophisticated spatial analyses. This reflects the 
current availability of long term water quality data for the Great Barrier Reef and recent studies of links between 
end-of-catchment pollutant loads and marine ecosystem health.  
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Current evidence on the relative risks of water quality po llutants to the G reat Barrier Reef 

Water quality within the Great Barrier Reef is influenced by many factors (see Chapters 1, 2 and 4 for detailed 
descriptions). The primary influences are the volume and timing of seasonal rainfall and subsequent runoff 
events which are determined by the monsoonal climate and extreme weather events (cyclones), tidal regimes 
and currents. These factors influence the relative risk of different pollutants at particular locations and to 
different habitats in the Great Barrier Reef.   

 
What is the current relative risk of priority pollutants to Great Barrier Reef marine systems? 

The conclusions herein draw primarily from the risk assessment process described above (Waterhouse et al., 
2013; Brodie et al., 2013a).  

Part 1: The relative importance of different pollutants to Great Barrier Reef ecosystems 
The relative importance of the three primary pollutants to coral reefs and seagrass (Part 1 in Figure 2) was 
estimated by calculating the areas of coral reef and seagrass adjacent to each region for each of the assessment 
classes (Table 4). To compare sediment and nutrient risks between regions, only the areas in the highest 
assessment class were considered. For photosystem II inhibiting herbicides, the two highest assessment classes 
were used in recognition of the level of toxicity associated with these classes.  

 
Table 4. Anchored scores for the area of coral reefs and seagrass for each region affected by the highest assessment classes for the water 
quality variables included in the risk analysis (final output of Part 1 in Figure 2).  In the case of photosystem II inhibiting herbicides, the 
two highest assessment classes ware used. The region that had the largest area affected was given a score of 100; all other regions were 
expressed as a percentage based on the area affected in each region relative to the area in the region with the maximum area affected. 
To highlight differences between regions, cells with the greatest and second-greatest areas affected are shaded dark and light grey 
respectively. Refer to Table 2 for further explanation of the variables. Source: Waterhouse et al., (2013). 
 

 Sediments Nutrients Pesticides 

Regions 
TSS 

exceedance 
2 mg/L 

TSS 
exceedance 

7mg/L 

TSS 
plume 
loading 
07-11 

Chlorophyll a 
exceedance 
0.45 µg/L 

DIN 
plume 
loading 
07-11 

COTS 
Initiation 

Zone 

PSII herbicide 
modelled 

concentration 

Coral reefs        

Cape York 0 0 0 0 0 100 0 

Wet Tropics 0 0 9 1 18 70 0 

Burdekin 100 4 100 26 39 0 0 

Mackay Whitsunday 14 0 6 22 6 0 100 

Fitzroy 61 100 32 100 100 0 0 

Burnett Mary 18 0 0 9 2 0 0 

Seagrass      N/A  

Cape York 0 0 0 5 0  0 

Wet Tropics 11 27 8 14 30  0 

Burdekin 100 100 100 100 100  0 

Mackay Whitsunday 2 0 1 7 8  100 

Fitzroy 5 27 5 62 81  0 

Burnett Mary 9 0 0 15 32  0 
TSS: total suspended solids; DIN: Dissolved inorganic nitrogen; COTS: crown-of-thorns starfish; PSII: photosystem II inhibiting.  
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Key findings: 

¶ The area of coral reefs at greatest risk from all of the sediment and nutrient variables (except for the 
crown-of-thorns starfish initiation zone) was highest in the Burdekin and Fitzroy regions (Table 4).  The 
other regions (Cape York, Wet Tropics, Mackay Whitsunday and Burnett Mary) each had approximately 
20 per cent or less of the coral reef area affected for each variable. 
  

¶ The area of seagrass at greatest risk from all of the sediment and nutrient variables was highest in the 
Burdekin region.  The area of seagrass within the Wet Tropics region is second greatest for all variables 
but the areas are less than one quarter of the areas affected in the Burdekin region in all cases.  The 
area of seagrass within the highest assessment classes of the nutrient variables is greatest in the 
Burdekin region and then the Fitzroy. 
 

¶ The crown-of-thorns starfish initiation zone straddles the boundary between the Cape York and Wet 
Tropics regions, with approximately 60 per cent of reefs within the zone located in the Cape York region.  
 

¶ Of the regions examined in the assessment, the Mackay Whitsunday region presents by far the highest 
ecological risk of pesticides with the photosystem II inhibiting ƘŜǊōƛŎƛŘŜ Ǌƛǎƪ ƻŦ ΨIƛƎƘΩ ŀƴŘ ΨaŜŘƛǳƳΩ 
ŜȄǘŜƴŘƛƴƎ ƻŦŦ ǘƘŜ ƳƻǳǘƘǎ ƻŦ ǘƘŜ tƛƻƴŜŜǊ ŀƴŘ hΩ/ƻƴƴŜƭƭ wƛǾŜǊǎ and Sandy Creek.  This is followed by the 
Burdekin (due to the Barratta Creek and Haughton Rivers but not the Burdekin River itself), Wet Tropics, 
Fitzroy and Burnett Mary regions. It should be noted that the risk of ΨǇŜǎǘƛŎƛŘŜǎΩ ƘŜǊŜ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ 
photosystem II inhibiting herbicides as these are the dominant pesticides detected in catchments, 
however a total of 34 pesticides (herbicides, insecticides and fungicides) have been detected. In 
addition, the high risks of photosystem II inhibiting herbicides to wetland, estuarine and coastal habitats 
which provide important ecosystem services to the Great Barrier Reef including fish nursery habitats, 
were not included in this stage of the assessment but recognised as important and considered in the 
overall assessment of risk (Table 9). 
 

An assessment of qualitative information on the potential risk of photosystem II inhibiting herbicides to other 
Great Barrier Reef ecosystems (Lewis et al., 2013) showed that a variety of coastal habitats (e.g. wetlands, 
estuaries, mangroves and seagrass) which provide important ecological services (including nursery habitats, 
primary productivity and nutrient cycling) to Great Barrier Reef biota are at risk. The assessment was based on 
two methods: one that compares the equivalent toxicities of different photosystem II inhibiting herbicides to 
coral reef, seagrass and microalgae species (Toxic Equivalence Quotient, e.g. Kennedy et al., 2012a; Smith et al., 
2012) and the second using the multiple substances potentially affected fraction (ms-PAF) method (Traas et al., 
2002) that assesses the toxicity of a mixture of substances to organisms that photosynthesise (phototrophs). 
Importantly both methods use the concentration addition model to determine the toxicity of mixtures of 
photosystem II inhibiting herbicides. 
 
The assessment classified the risk of pesticides in the Great Barrier Reef into five groups ranging from Very Low 
to Very High.   

¶ Within the freshwater reaches of rivers and freshwater/coastal wetlands, the risk of pesticides 
(photosystem II inhibiting herbicides and some non-photosystem II inhibiting pesticides) is rated in the 
Very High class (reduced growth and mortality in seagrass and loss of symbionts (bleaching) in corals; 
more than70 per cent of phototrophic species affected), High (reduction in photosynthesis by between 
10 per cent and 50 per cent in corals, seagrass and microalgae; 5ς40 per cent of phototrophic species 
affected) and Medium class (reduction in photosynthesis by between 10 per cent and 50 per cent in 
corals, seagrass and microalgae; 5ς40 per cent of phototrophic species affected) (depending on the 
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region and stream) particularly for the coastal stream networks that drain a relatively large area (more 
than 20 per cent) of intensive agriculture such as Barratta and Sandy Creeks.   

¶ In the estuarine reaches of the rivers, the risk of pesticides is largely in the High to Low category (major 
reduction in photosynthesis by between 50 per cent and 90 per cent in corals, seagrass and microalgae 
(High) to up to 10 per cent photosynthesis reduction (Low); 1ς70 per cent of phototrophic species 
affected). A similar risk occurs for the coastal marine environment including intertidal and subtidal 
seagrass.   

¶ Coral reefs and seagrass meadows on the inner shelf (includes but not limited to areas extending up to 
20 kilometres from the coast) generally fall into the Low (reduction in photosynthesis by between 10 per 
cent and 50 per cent in corals, seagrass and microalgae) to Very Low categories (no observed effect on 
corals, seagrass or microalgae; less than 40 per cent of phototrophic species affected) depending on the 
region and adjacent catchment(s).  

¶ The risk to coral reefs on the mid and outer shelf is considered Very Low to no risk (less than one per 
cent phototrophic species affected).   

Part 2: Combined risk of degraded water quality to Great Barrier Reef ecosystems 
A combined assessment of all of the water quality variables takes into account all of the assessment classes to 
identify the areas of highest relative risk to degraded water quality in the Great Barrier Reef (Part 2 in Figure 2). 
The result of combining the variables is shown in the map in Figure 4 and the area of coral reefs and seagrass 
within each of those five classes is shown in Table 5. A Marine Risk Index was calculated by adding the areas of 
coral reefs and seagrass in the Very High and High classes and normalising those areas relative to the maximum 
areas. This shows relative differences in risk between regions (see final column in Table 4) by comparing the 
total area of habitat at risk among regions. However, the proportion of coral reefs and seagrass in each region 
that is within the Marine Risk Index is also presented as this is most relevant for determining management 
priorities within a region.  

 
The risk was found to be greatest for coral reefs in the Fitzroy and Mackay Whitsunday regions, and for seagrass 
in the Burdekin and Fitzroy regions. The total areas within the Very High and High classes (forming the Marine 
Risk Index) are greatest in the Fitzroy, Mackay Whitsunday and Burdekin regions. In most cases, the proportion 
of the habitat area in each region within the High and Very High classes is less than 10 per cent, except in the 
case of seagrass in the Mackay Whitsunday region where 37 per cent of the area of seagrass in the region is 
within the Marine Risk Index area. It should be noted that this assessment does not account for the potential 
synergistic or antagonistic effects that these multiple stressors when acting together may have on ecosystems. 
 
While the areas of coral reef and seagrass within the highest assessment classes for individual variables and the 
Marine Risk Index are relatively small, they often include highly valued tourism and recreation sites of the Great 
Barrier Reef.  Examples include Fitzroy Island, Hinchinbrook Island, Magnetic Island, many of the islands in the 
Whitsunday Group and the Keppel Island group. In the case of seagrass, many of the highest risk areas overlap 
with dugong protection areas, which are assigned because of the large populations of dugongs feeding in the 
associated seagrass meadows. 
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Figure 2. Combined assessment (one square kilometre
 
resolution) of the relative risk of water quality variables (output of Part 2 shown in 

Figure 2).  The areas (in square kilometres) of habitat types within each class are shown in Table 4. The Marine Risk Index for coral reefs 
and seagrass is defined from the combined areas of the High and Very High relative risk classes. Inset bar chart shows reef and seagrass 
areas in the Marine Risk Index by Region; pie charts show affected coral reef and seagrass areas for each Region as a percentage of the 
total Great Barrier Reef coral reef and seagrass areas in the Marine Risk Index. Source: Waterhouse et al., (2013). 






















































