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Executive Summary 

A risk assessment method was developed and applied to the Burnett Mary Natural Resource Management 
(NRM) region in the Great Barrier Reef catchment (GBR) to provide robust and scientifically defensible 
information for catchment managers on the key land-based pollutants of greatest risk to the health of the two 
main GBR ecosystems (coral reefs and seagrass beds) in the region.  

The main water quality pollutants of concern for the whole GBR are enhanced levels of suspended sediments, 
excess nutrients and pesticides added to the GBR lagoon from the adjacent catchments. 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 addition, previous assessments have only incorporated the 
marine areas within the Great Barrier Reef Marine Park, excluding the important ecosystems that extend south 
into Hervey Bay adjacent to the Burnett Mary NRM region boundary. This assessment has attempted to utilise 
the best available information to assess the relative risk of pollutants on coral reefs and seagrass in the region, 
and estimate differences between the Burnett Mary river catchments in influencing coral reef and seagrass 
ecosystems. 

The relative risk of degraded water quality among the basins in the Burnett Mary region was determined by 
combining information on the estimated ecological risk of water quality to coral reefs and seagrass meadows in 
the region with end-of-catchment pollutant loads. The framework was based on that developed for the GBR 
wide relative risk assessment conducted by Brodie et al., (2013) to inform Reef Plan 3 priorities and modified 
where necessary to reflect issues and data availability in the Burnett Mary region. 

Ecological risk is generally defined as the product of the likelihood of an effect occurring and the consequences if 
that effect was to occur. However, in this assessment there is some inconsistency in our capacity across the 
variables to produce a true likelihood or true consequence estimate as mostly we have no or limited ability to 
produce these estimates right now. Therefore, ecological risk in the GBR is expressed simply as the area of coral 
reefs and seagrass meadows within a range of assessment classes (very low to very high relative risk) for several 
water quality variables in river zone of influence in the GBR lagoon. Our method for calculating risk essentially 
assesses the likelihood of exceedance of a selected threshold. This likelihood was set as 1 for a parameter and 
location if observations or modelled data indicate that the threshold was exceeded. Conversely, the likelihood 
was set as 0 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, 
seagrass meadows and area of GBR lagoon waters (in km2) within the highest assessment classes of the water 
quality variables (reflecting the highest severity of influence). The effects of multiplying the habitat area by 1 or 
0 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 meadows in which exceedance of an agreed threshold was modeled 
or observed. This becomes an assessment of ‘relative risk’ by comparing the areas of each habitat affected by 
the highest assessment classes of the variables within the Burnett Mary region, and was used to generate a 
‘Marine Risk Index’ for coral reefs and seagrass meadows. 

For assessment of the marine risk, a suite of water quality variables was chosen that represents the pollutants of 
greatest concern with regards to land-sourced pollutants and potential impacts on coral reef and seagrass 
ecosystems. These include exceedance of ecologically-relevant thresholds for concentrations of total suspended 
solids (TSS) and chlorophyll a obtained from daily remote sensing observations, and the distribution of key 
pollutants including TSS, dissolved inorganic nitrogen (DIN) and photosystem II-inhibiting herbicides (PSII 
herbicides) in the marine environment during flood conditions (based on end-of-catchment loads and plume 
loading estimates).  
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Modelled end-of-catchment pollutant loads (generated from the Source Catchments model framework for the 
Paddock to Reef Program) were obtained for each basin for key pollutants (TSS, DIN, PSII herbicides, Particulate 
Nitrogen, Dissolved Inorganic Phosphorus and Particulate Phosphorus), and only the anthropogenic portions of 
regional total pollutant loads were considered in relating the relative risk to the basins. The anthropogenic load 
is calculated as the difference between the long term average annual load, and the estimated pre-European 
annual load.  

The information was then combined in a qualitative way to make conclusions about the relative risk of degraded 
water quality to coral reefs and seagrass meadows among the basins in the Burnett Mary region. The key results 
are summarised below. 

Marine risk  

When all water quality variables are combined into the Marine Risk Index (Section 3.3), the areas in the Very 
High relative risk class were estimated to be located around Hummock Hill Island and Rodd’s Peninsula, the 
Burnett River mouth, the Burrum River mouth and the Mary River mouth extending into Hervey Bay. Further 
validation of the results around Hummock Hill Island are required, but may be associated naturally highly 
turbidity or uncertainties in the remote sensing results which have not been resolved.  The analysis showed that 
area of coral reef within the Very High and High relative risk classes is 18km2, which is 5% of the total estimated 
area of coral reef in the Burnett Mary marine area. In addition, the area of seagrass within the Very High and 
High relative risk classes is 556km2, which is 6% of the total estimated area of seagrass in the Burnett Mary 
marine area. The patterns of influence are largely driven by the Mary River discharging in the south of the 
marine region and flood plume waters moving from south to north. Therefore, the Mary plume influences the 
whole marine region, and is also constrained in offshore movement by the location of Fraser Island. 

The coastal reefs between Bundaberg and Woody Island only form a small proportion of the total reef area, but 
they are geographically located such that they are in the highest risk areas. It should be noted that the results 
present an underestimation of potential risk as many of these reefs actually fringe the coastline within areas 
where there are gaps in the remote sensing data, and therefore the final assessment layer. However, as 
described in Coppo et al. (2014) these reefs are of high ecological and social value. In the case of seagrass 
meadows, many of the highest risk areas overlap with areas of high dugong population density which rely on 
these seagrass meadows for feeding. 

End of catchment loads 

An assessment of end of catchment loads provides a link between the marine risk and land based pollutant 
delivery. The anthropogenic load was incorporated as a proportion of the total regional load, as it is only the 
anthropogenic portion that is assumed to be the ‘manageable’ component of pollutant loads. The Mary basin is 
the greatest contributor to export of all constituents (contributing more than 40% of the regional totals in all 
cases) in the region, with the exception of PSII herbicides for which the Burrum catchment is the largest 
contributor. The Baffle basin is the second highest contributor of TSS and particulate nutrients to the region, 
most likely due to its close proximity to the reef lagoon, absence of storages and relatively higher average 
rainfall. The Burrum and Burnett basins contribute similar amounts of dissolved constituents, and the Kolan and 
Baffle are relatively low compared to the other basins. 

These pollutant load estimates were combined into a Load Index which is based on the anthropogenic 
proportion of the regional load for each basin and pollutant. The proportional contributions for TSS, DIN, PSII 
herbicides, PN, DIP and PP are summed for each basin, and then normalised to the maximum to give a relative 
assessment. The assessment shows the greatest relative contribution of combined end of catchment pollutant 
loads to the Burnett Mary region is from the Mary basin, followed by the Burrum and Burnett basins. The Kolan 
and Baffle are relatively low compared to the other basins. 
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Combined assessment of the relative risk of degraded water quality in the Burnett Mary region to guide 
management priorities 

From these findings, it can be concluded that the greatest risk posed to coral reefs and seagrass from degraded 
water quality in the Burnett Mary region is from the Mary basin, followed by the Burrum and Burnett basins. 
The influence of the Kolan and Baffle basins is relatively low in comparison to these basins.  

These results can also be considered in the context of the dominant land uses and typical water quality runoff 
characteristics to further guide management priorities. TSS export from streambank erosion is by far the 
dominant source of TSS in the Burnett Mary region, accounting for 55% of the regional load. Grazing forested 
and grazing open contribute 29% of the TSS export from the Burnett Mary region. Most of the effort in reducing 
TSS export from the Burnett Mary region should, therefore, target streambank erosion prevention in the Mary 
catchment and management practice change in industries that are major contributors of TSS export.  

Sugarcane and point sources contribute 65% and 10% of the DIN export, respectively, with grazing open and 
grazing forested accounting for 7% and 6% of the DIN export, respectively. Therefore, it is important that 
measures be taken to reduce DIN export for these industries.  Sugarcane also contributes about 98% of the 
(baseline) PSII herbicide export; 34% of which was from the Burrum basin. 

The overall management priorities for addressing degraded water quality in the Burnett Mary are summarised 
below in Table (i). 

 

Table i. Summary of management priorities for reducing the relative risk of degraded water quality to the 
Burnett Mary region. 

Relative Priority Management Priorities 

Basin Pollutant Management Key land uses / land types 

1 Mary Sediment Streambank erosion in all land uses where riparian 
vegetation clearing has occurred 

Mary Nutrients Dissolved forms – Sugarcane and other intensive 
cropping 

Particulate forms – streambank erosion in all land 
uses 

2 Burrum Nutrients Sugarcane and horticulture 

Burnett Nutrients Sugarcane, horticulture and other cropping 

Mary Sediment, Nutrients 
(particulate forms) 

Urban stormwater runoff, particularly new urban 
areas. 

3 Kolan Nutrients Sugarcane 

All basins PSII herbicides  Sugarcane (however there is limited data for other 
land uses) 

 

It should be noted that the confidence in the results at this time is low due to limited validation of the remote 
sensing data, simple interpolation of the loading data, and limited availability of pesticide concentration data in 
rivers and the marine environment in this region during flood events to determine pesticide concentration 
mapping. However, the patterns of the results align with what might be expected intuitively given the influence 
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of the adjacent land uses and river discharge characteristics. Further effort is required to improve the 
confidence in each of the input datasets so that more a more robust assessment can be completed for the 
region that would be comparable in the context of the whole GBR. However, this assessment provides the first 
attempt to extent a regional water quality risk assessment into the coastal and marine areas of the Burnett Mary 
region. 
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1 Introduction 

Exposure to land-sourced pollution has been identified as an important factor in 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 different degrees of influence from land-sourced pollutants. The degree of 
exposure is a function of factors such as distance from the coast and river mouths, the magnitude of river 
discharges, wind and current directions, the mobility of different pollutant types, and the different land-uses in 
the Great Barrier Reef (GBR) catchment. This differential exposure to land-sourced pollutants results in varying 
levels of threats to coastal and marine ecosystems in the GBR including coral reefs and seagrass. Understanding 
these differences is important for prioritising investment between management areas.  

The Burnett Mary Natural Resource Management (NRM) region is one of 6 NRM regions in the GBR catchment 
(Figure 1.1). The region is part of the Great Barrier Reef World Heritage Area and Great Barrier Reef Marine Park.  

The Burnett Mary NRM region has an approximate catchment area of 53,000 km2 and is approximately 12% of 
the total GBR catchment area (423,122 km2) (Fentie et al., 2014). There are five Australian Water Resources 
Council Basins that make up the region (ANRA, 2002). From north to south they are Baffle, Kolan, Burnett, 
Burrum and Mary (Figure 1.1). The official marine NRM region (as defined by the Great Barrier Reef Marine Park 
Authority; see Figure 1.1) extends seawards from the northern and southern boundaries of the NRM region, to 
the outer edge of the Great Barrier Reef Marine Park, and has an area of approximately 37,000km2. However, 
this is an administrative boundary and does not reflect the extent of influence of the catchments on the marine 
environment in the region. Importantly, the catchment discharges extend south into Hervey Bay.  

The Australian Government is supporting the revision and development of regionally based Water Quality 
Improvement Plans (WQIPs) in some of the GBR NRM regions, including the Burnett Mary. Continued 
investment towards a water quality grant program for the region has also occurred through the Australian 
Government Reef Water Quality Programme (formerly Reef Rescue). These initiatives have driven the need to 
undertake an updated relative risk assessment of water quality issues in the Burnett Mary region, taking in 
consideration the broader area of influence that extends south of the GBRWHA boundary. The area defined as 
the marine boundary of the Burnett Mary WQIP, which forms the assessment area for this study, is shown in 
Figure 1.1. The total area within this boundary is around 46,000km2. 

The dominant agricultural land use in the regions is grazing (occupying ~70% of the catchment area), followed by 
forestry (14%) and conservation (~9%); intensive agriculture occupies ~5% of the region. Other important land 
uses include sugar cane, dryland and irrigated cropping, and urban areas. Horticultural crops are important in 
the coastal areas but only occupy a small area. The rainfall in the region is highly variable between years, and the 
annual average modelled flow (1986 – 2009) from the Burnett Mary region is 2.4 million ML, which accounts for 
3.8% of the total GBR catchments annual average flow (Fentie et al., 2014). Major population centres are 
located in Bundaberg, Maryborough, Gympie and Hervey Bay.  

Three WQIPs in the Burnett Mary region (Burnett-Baffle, Burrum and Mary WQIPs) have identified water quality 
issues in the region. These include: sediment runoff from grazing and streambank erosion, dissolved nutrient 
runoff from sugarcane, horticulture and urban land uses, and herbicide runoff from sugarcane, horticulture and 
cropping land uses. Nutrient rich runoff and drainage to shallow groundwater in cropping areas affects water 
quality through lateral water movement into the waterways (Fentie et al., 2014).  

The Burnett Mary NRM region has typically been identified as a low risk region in terms of the influence of 
degraded water quality on GBR ecosystems (e.g. Waterhouse et al., 2012). However, this has not taken into 
account the valuable coastal and marine ecosystems that extend south of the GBRWHA boundary, including 
Hervey Bay and the Great Sandy Straits. In the most recent relative risk assessment of degraded water quality on 
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the GBR (Brodie et al., 2013), the risk ranking of the Burnett Mary region was concluded to be ‘unknown’ due to 
limitations in the datasets and the restriction of the assessment to the GBRWHA.  

The wider Burnett Mary region contains a large area of seagrass to the south of the GBRWHA boundary in 
Hervey Bay which provides important habitat and foraging grounds for mobile species that also inhabit the 
region. The total estimate of seagrass area in the Burnett Mary marine NRM region (ie. within the GBRWHA) is 
6,300km2; the estimated area of seagrass in the broader marine region that extends south into Hervey Bay is 
around 9,000km2 (McKenzie et al., 2010). These seagrass areas in Hervey Bay support the highest density 
dugong habitat south of the Torres Strait (Grech et al., 2011; Coppo et al., 2014). These seagrass meadows have 
been severely impacted by several high discharge events from the rivers in the Burnett Mary region in 1992 
(Preen et al., 1995), again in 1999 (Campbell and McKenzie, 2004) and in 2011 (McKenzie and Unsworth, 2011; 
Coles et al., 2011). The loss of seagrass after these floods had dramatic effects on dugong mortality and 
migration (Preen et al., 1995). 

Mon Repos near Bundaberg supports the largest concentration of nesting marine turtles on the eastern 
Australian mainland. This is the most significant loggerhead turtle nesting population in the South Pacific Ocean 
region. Successful breeding here is critical for the survival of this endangered species. The Eastern Australia 
loggerhead turtle population is recognised as a single genetic stock, with most females nesting at one of five 
rookeries (Mon Repos, Wreck Rock, Wreck Island, Erskine Island and Tryon Island). Among these, Mon Repos 
currently supports the biggest nesting population, with ~300 females nesting per year (Limpus et al. 1994; 
Limpus and Limpus 2003a,b). The Mon Repos nesting site was badly damaged in the Burnett River floods of 
2011. 

There are important areas of coastal coral reef in the area south of the GBRWHA boundary (Zann, 2012; Coppo 
et al., 2014) that has been impacted by river discharge events from the Burnett Mary catchments. Finally, 
pesticides discharged from the Mary River have been found in estuarine and marine sections of Hervey Bay at 
concentrations potentially able to reduce photosynthesis in seagrass (McMahon et al. 2005). Given these 
considerations the conclusions of relative risk between regions to date are likely to be an underestimate for the 
Burnett Mary. Previous assessments of the relative risk of degraded water quality on GBR ecosystems have 
largely been undertaken at a GBR wide scale, with relative assessments between NRM regions (Brodie et al., 
2013; Waterhouse et al., 2012; Brodie and Waterhouse, 2009; Brodie et al., 2009; Cotsell et al., 2009; Greiner et 
al., 2005). A number of regionally specific assessments have also been completed (eg. Brodie et al., 2009), 
however, none of these have undertaken specific analysis for the Burnett Mary region. The results of these 
assessments have been used to to inform prioritisation across the NRM regions in terms of management effort 
(such as Reef Plan 2009 and 2013, the Queensland Great Barrier Reef Protection Amendment Act, 2009) or 
investment including the Reef Rescue initiatives.  

This report presents the results of a preliminary assessment of the relative risk of the influence of sediments, 
nutrients and pesticides on key GBR ecosystems in the Burnett Mary region. The assessment considers the most 
relevant pollutants for GBR water quality in the GBR, i.e. sediments, nutrients and pesticides - and is based on 
the framework developed in the relative risk assessment undertaken for the whole GBR in 2013 (see Brodie et 
al., 2013). The methods for the various input layers vary slightly due to data and time limitations (see Section 5). 
The full report prepared by Brodie and others can be downloaded for a full explanation of the assessment 
techniques used in that assessment.1 

 

                                                           

1http://research.jcu.edu.au/research/tropwater/publications/copy4_of_1328Assessmentoftherelativeriskofdegr
adedwaterqualitytoecosystemsoftheGreatBarrierReef.pdf 
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Figure 1.1. Map showing the Natural Resource Management regions in the Great Barrier Reef catchment, the assessment 
boundaries considered in the Brodie et al (2013) risk assessment, and the extended Burnett Mary WQIP marine 
boundary.  



 

Page 8 

As an important note, this report refers to suspended (fine) sediments and nutrients (nitrogen, phosphorus) as 
‘pollutants’. Within this report we explicitly mean enhanced concentrations of or exposures to these pollutants, 
which are derived from (directly or indirectly) human activities in the GBR ecosystem or adjoining systems (e.g. 
river catchments). Suspended sediments and nutrients naturally occur in the environment; indeed, all living 
things in ecosystems of the GBR require nutrients, and many have evolved to live in or on sediment. The natural 
concentrations of these materials in GBR waters and inflowing rivers can vary, at least episodically, over 
considerable ranges. Pesticides do not naturally occur in the environment. 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.  

 

2 Methods 

2.1 The water quality risk assessment framework 

In the GBR wide study conducted in 2013 (Brodie et al., 2013; referred to herein as the 2013 risk assessment) 
the relative risk of degraded water quality to coral reefs and seagrass was assessed by combining information on 
end-of-catchment pollutant loads of sediments, nutrients and pesticides with the estimated ecological risk of 
water quality to coral reefs and seagrass meadows for the GBR. Three primary indexes were developed in the 
original method (see Figure 2.1): 1) a Marine Risk Index that represents an estimate of ecological risk of water 
quality to coral reefs and seagrass; 2) a Loads Index that represents the contribution of pollutant loads from 
each basin; and 3) a crown-of-thorns starfish (COTS) Influence Index that represents the regional contribution of 
observed freshwater discharge to the area where primary outbreaks of COTS are known to occur. The three 
indexes were combined to generate a Relative Risk Index for coral reefs and seagrass meadows for each NRM 
region. This index ultimately ranked the relative risk of degraded water quality to coral reefs and seagrass in the 
GBR among NRM regions.  

To conduct a comparable assessment that just focused on the Burnett Mary region, separate areas of influence 
for each river discharging into the marine environment would need to be defined. This approach has recently 
been tested for the Wet Tropics region by defining zones of influence for each Wet Tropics basin using the 
eReefs hydrodynamic model (Waterhouse et al., in prep). However, the eReefs model only incorporates the 
Burnett River in this region. At this point we have developed the Marine Index for the extended Burnett Mary 
marine area, and have considered that in the context of the end of catchment pollutant loads to present a 
qualitative assessment of the relative risk of degraded water quality on coral reefs and seagrass in the Burnett 
Mary region. There is a significant amount of effort required to a) define separate zones of influence for each 
basin in the Burnett Mary region, and b) combine this extended assessment with the broader assessment 
presented in Brodie et al., (2013) to generate a new assessment for the Burnett Mary region in the context of 
other NRM regions. This is discussed further in Section 5. 

2.2 Estimating habitat area 

The habitats considered in the assessment were coral reefs and seagrass meadows, based on the best available 
information. The area of marine waters in the region is also included in the assessments as it contains other 
important habitats and biological populations such as phytoplankton, fish and benthic organisms. 

Coral reefs are mapped from two sources. The coral reefs within the GBRWHA are obtained from the GBRMPA 
Spatial Data Centre’s coral reefs spatial data file (December 2012). The coral reef mapping outside of the 
GBRWHA are obtained from Zann et al., (2012). Mapping was completed through acquisition of Quickbird 
imagery (2004, 2007) over the local mapping area. Field-derived dominant benthic substrate (living and non-
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living) provided a dataset to train supervised classification of Quickbird imagery (after Roelfsema and Phinn 
2009). This enabled live coral cover and geomorphic units to be discerned (Zann, 2012).  

Seagrass spatial data files were supplied by TropWATER James Cook University and encompass the full 
assessment area. The seagrass habitat map used is comprised of a composite of the survey data up to 2010 
(observed habitat) so the map essentially represents a maximum potential extent. A statistical model of seagrass 
present in GBRWHA waters >15 metres depth is used to predict the extent of deepwater seagrass (Coles et al., 
2009). In this model spatial distribution is a statistically modeled probability of seagrass presence (using 
generalised additive models with binomial error and smoothed terms in relative distance across and along the 
GBR), based on ground truthed points (Coles et al., 2009). Locations with seagrass habitat probability >0.5 were 
included in the assessment.  

2.3 Selecting and classifying variables for estimating ecological risk 

The same suite of water quality variables were selected as for the GBR wide assessment (Brodie et al., 2013) to 
represent the pollutants of greatest concern with regards to land-sourced pollutants and potential impacts on 
GBR ecosystems. These are summarised in Table 2.1, and include ecologically relevant thresholds for 
concentrations of total suspended solids (TSS) and chlorophyll a from daily remote sensing observations, and the 
distribution of key pollutants including TSS, dissolved inorganic nitrogen (DIN) and photosystem II-inhibiting 
herbicides (PSII herbicides) in the marine environment during flood conditions (based on end-of-catchment 
loads and surface water exposure estimates).  

More detailed information on pollutant impacts GBR ecosystems is provided in the recently completed Scientific 
Consensus Statement Chapter 1 Marine and coastal ecosystem impacts from degraded water quality (Schaffelke 
et al. 2013). The selected variables and thresholds represent long-term conditions (chronic exposure) and wet 
season pollutant loadings in flood plumes (acute exposure).  

For each variable, thresholds above which impacts have been observed or predicted were defined and classified 
into three to five classes (from lowest to highest). However, all of these datasets were only available for the 
extent of the GBRWHA. A major part of this study has been to extend these datasets into the marine areas south 
of the GBRWHA boundary to include Hervey Bay using the best available information and techniques within the 
resources available. 
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Figure 2.1. The risk assessment framework used in the GBR relative risk assessment (derived from Brodie et al., 2013) showing the components of the 
Marine Risk Index to represent marine water quality ecological risk to coral reefs and seagrass meadows, a Loads Index to represent catchment influences 
on GBR water quality using end of catchment anthropogenic pollutant loads and a COTS Influence Index to factor in the importance of river discharges on 
the COTS Initiation Zone for coral reefs. The Indexes that are not used in this assessment are shaded by grey boxes. 
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Coral Reef Relative Risk Index  = Coral Reefs Marine Risk Index + Loads Index + COTS Influence Index
Seagrass Relative Risk Index  = Seagrass Marine Risk Index + Loads Index
Relative Risk Index  =  Coral Reef Relative Risk Index + Seagrass Relative Risk Index
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Table 2.1. Summary of water quality variables, assessment classes and data sources included in the Burnett Mary marine risk assessment.   

Variables Assessment Class Data source/methodology 

 

Very Low 

1 

Low 

2 

Medium 

3 

High 

4 

Very 
High 

5  

Sediments       

Total Suspended 
Solids (TSS) 
concentration (mg/L)  

 

     Based on daily satellite observations of TSS in the period 1 Nov 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 used in Brodie et al., (2013). Note that the dataset is different to that 
extracted for Brodie et al., (2013) as it was re-processed in 2013 using a modified 
algorithm and set to a different higher-resolution grid. 

Frequency of 
exceedance % for a 2 

mg/L threshold (a) 

<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 (GBRMPA, 2009). 

Frequency of 
exceedance % for a 
7mg/L threshold (b) 

 

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 and 
(above 7.5 nephelometric turbidity units) foraging and predator-prey relationships 
(Wenger et al., 2013).  

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 to TSS loading during wet 
season conditions. Originally modelled using an assessment of plume frequency 
from satellite imagery and monitored end of catchment loads in each wet season 
(Dec to Apr, inclusive) from 2007 to 2011 (Devlin et al, 2013), this result has been 
interpolated into the extended Burnett Mary marine area. Refer to Section 2.3.2 
for a detailed explanation of the method. 
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Variables Assessment Class Data source/methodology 

 

Very Low 

1 

Low 

2 

Medium 

3 

High 

4 

Very 
High 

5  

Nutrients       

Chlorophyll a 
concentration (µg/L) 

 

     Assessment classes were based on daily observations of Chlorophyll 
concentrations over the period 1 Nov 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 used in Brodie 
et al., (2013). Note that the dataset is different to that extracted for Brodie et al., 
(2013) as it was re-processed in 2013 using a modified algorithm and set to a 
different higher-resolution grid. 

Frequency of 
exceedance % for a 
0.45 µg/L threshold 

<1 1-10 10-20 20-50 50-100 Chlorophyll a is an indicator of nutrient enrichment in marine waters. De’ath and 
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 (GBRMPA, 2009). Significant benefits for the ecological status of reefs in 
the Region are likely if mean annual chlorophyll concentrations remain below this 
concentration.  

Dissolved Inorganic 
Nitrogen (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 between coral and macroalgal abundance (De’ath and Fabricius, 
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 (Dec to Apr, inclusive) from 
2007 to 2011 (Devlin et al, 2013). 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.  
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Variables Assessment Class Data source/methodology 

 

Very Low 

1 

Low 

2 

Medium 

3 

High 

4 

Very 
High 

5  

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 modelled salinity to PSII herbicide concentration 
relationship in a flood plume event in 2012-2013. 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).  

No Risk: <0.025 µg/L; Very Low: >0.025-0.1 µg/L: No observable effect; Low: 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., 
2013) and microalgae (Magnusson et al. 2008, 2010). The effect on primary 
production is minor. Medium: 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., 2013) 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. High: 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., 2013) 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. Very High: > 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).  
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2.3.1 Remote sensing of TSS and Chlorophyll 

Using remote sensing imagery in the period 2002 to 2012, we defined the areas where the TSS and Chl 
concentration exceeded of the different ecologically-relevant threshold values at different frequency intervals 
(see Table 2.2). The method for the retrieval and processing of the remote sensing data is described in Brando et 
al. (2013) and is summarised below.  

Data collected by MODIS Aqua provide a time series from 1 November 2002 to 30 April 2012 of water quality 
estimates with spatial coverage at 1 km2 resolution for the whole-of-GBR lagoon, nominally on a daily basis 
(except overcast days). The water quality estimates were retrieved from the MODIS Aqua time series using two 
coupled physics-based inversion algorithms developed to accurately retrieve water quality parameters for the 
optically complex waters of the GBR lagoon (Brando et al., 2008; Schroeder et al., 2008; Brando et al., 2010a,b; 
Brando et al., 2012; Schroeder et al., 2012). This was necessary because chlorophyll concentrations retrieved 
with the MODIS standard algorithms provided by NASA are up to two-fold inaccurate in GBR waters, while 
CSIRO’s regionally parameterised algorithms account for the significant variation in concentrations of Colour 
Dissolved Organic Matter (CDOM) and TSS and achieve more accurate retrievals (Brando et al., 2010a,b). For this 
work the whole MODIS Aqua time series was reprocessed with the most recent updates in NASA’s software 
(SeaDAS version 6.4), incorporating the improved knowledge of instrument temporal calibration to improve 
temporal stability of the time series of the MODIS Aqua ageing sensor.  

For the GBR wide assessment (Brodie et al., 2013) the frequency of exceedance of the TSS and Chl thresholds 
were calculated by analysing ‘daily’ observations of TSS and Chl concentrations at a scale of 1 km2 pixels. The 
assessment classes were defined using the total potential number of observations, and the maximum number of 
valid observations in the assessment period (Table 2.2). The low number of valid observations is a result of the 
strict quality control criteria applied to the imagery: pixels with cloud or cloud shadow, low view and 
illumination angles (solar zenith and observer zenith higher than 60 degrees) are flagged and dismissed as are 
pixels where the atmospheric correction failed. In the wet season a valid observation is obtained approximately 
1 in every 5 days (23%), while for the dry season valid observations were obtained approximately 2 of every 5 
days (41%), equating to less than 2 valid observations every 5 days over the full year (32%). In a ten-year period, 
the total potential number of observations is 3,650. The assessment classes were defined using expert opinion, 
informed by Jenks natural breaks on the basis of the frequency of exceedance  of the thresholds (<1%, 10%, 
20%, 50% and 100%) as a proportion of the total number of valid observations.  

Table 2.2. Number of valid remote sensing observations (in the context of the total potential observations) throughout 
the assessment period, and the frequency of exceedances used to define assessment classes for the assessments. The 
selected variables are all Annual and highlighted in grey shading. 

Item 

Number of observations 
2002-2012 

Wet 
season 

Dry Season 
 

Annual 
 

No Pixels (maximum potential observations)  
1 pixel = 1 day 1825 1825 3650 

Valid observations (pixels with data in assessment period) 427 755 1182 

Actual as proportion of potential observations 23% 41% 32% 

Frequency of exceedance (based on valid observations)    

 <1% exceeding thresholds <4 <7 <10 

 10% exceeding threshold 43 76 118 

 20% exceeding threshold 85 151 236 

 50% exceeding threshold 214 378 591 

 100% exceeding threshold  427 755 1182 
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The data used in the 2013 water quality risk assessment were provided by CSIRO in November 2012 and only 
covered the extent of the GBRWHA. In the 18 months that followed, the data were re-processed and set to a 
different, higher-resolution grid. This is the ocean colour data that is now publically available for download 
through the e-Reefs Water Quality Dashboard (http://www.bom.gov.au/marinewaterquality/), and was 
therefore used for the current assessment. Therefore, the dataset is different to that used in the 2013 
assessment. For example, in 2012, the frequencies of exceedance thresholds were defined on a maximum 
number of observations of 1182. In the current dataset, the maximum number of observations is 1640 but the 
categories defined initially were used. The reality in both cases is that most pixels have far fewer than the 
maximum number of valid values.  

The effect of these differences is that the results typically show a lower risk classification in the offshore areas of 
the current assessment, and the result is not directly comparable to the 2013 assessment. The pattern of the 
exceedance classes is similar between the two datasets, except for Very Low class which typically commences at 
a shorter distance to the coast. However, the intent of this assessment was to repeat the methods applied for 
the 2013 water quality risk assessment (Brodie et al., 2013) where possible so that technique is maintained for 
the results. 

Following further consideration of the data, the project team recommends a different approach for classifying 
the remote sensing data for any further assessments either at a regional or GBR wide scale. With the current 
approach, sites where there are a low number of valid observations have a smaller pool of observations to draw 
on and therefore may be showing lower frequency of exceedance than is actually the case. Future assessments 
could be classified on the percentage of the valid observations that exceed the thresholds in each pixel. This will 
adjust the classification of many pixels, and in many cases, is likely to increase the severity of the classification 
for many pixels. However, the general patterns in the inshore areas where the highest exceedances are most 
likely to occur are not expected to change significantly. Alternatively, Álvarez-Romero et al. (2013) used weekly 
aggregated data to analyse exceedance characteristics and the frequency of occurrence was calculated by 
dividing this weekly value by the number of weeks in the considered period. This may avoid overweighing 
environmental conditions associated with clear sky. Given that the input of pollutants is mainly related to river 
discharge, which is expected to occur in bad weather, the situations when water quality is poor may be 
underestimated due to inability to retrieve a satellite image of satisfactory quality. 

Another limitation to the dataset is that the remote sensing data only extends to the mouth of the Mary River, 
and not to the most southern point of the Burnett Mary marine area near Tin Can Bay. 

2.3.2 TSS and DIN loading 

The original loading maps that were constrained to the boundary of the GBRWHA were developed using an 
assessment of plume frequency from satellite imagery and monitored end of catchment loads in each wet 
season (November to April, inclusive) from 2007 to 2011 (Álvarez -Romero et al., 2013; Devlin et al., 2013). The 
mean of the five annual maps was selected as a way of accounting for inter-annual variability in river discharge. 
However, it is recognised that this period was characterised by several extreme rainfall events. For the current 
extended Burnett Mary assessment, the mean 2007-2011 spatial layer was ‘interpolated’ for the extended 
Burnett Mary marine area by (1) calculating the mean 6 colour-classes in 2012 (and thus assumed that 2012 is 
an average hydrological year over the 2007-2011 wet seasons for the Burnett Mary region) (Figure 2.2a (B)), (2) 
overlaying this to the mean multi-annual TSS and DIN map (2007-2011) from the 2013 risk assessment (Figure 
2.2a (C)) and (3) adjusting thresholds (for the low, medium, high risk categories) on the 2012 mean colour class 
that "fit" the multi-annual TSS and DIN (Figure 2.2b).  

The high risk category for DIN (higher score, see Table 3.1) correlate with the Primary and Secondary plume 
water types (color classes 1-4 and 5, respectively in Figure 2.2.a). These water types are defined in, for example, 
Devlin et al. (2012) and Álvarez-Romero et al. (2013) and characterised by elevated nutrient concentrations. The 
high risk category for TSS correlate with the Primary plume water type (colour classes 1-4 in Figure 2.2.a) 
defined in Devlin et al. (2012) and Álvarez-Romero et al. ( 2013) and characterised by elevated TSS 
concentrations. While these loading maps produced for the Burnett Mary assessment are a reasonable estimate 

http://www.bom.gov.au/marinewaterquality/
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within the time and resources available, the outputs should be used with caution especially in quantitative 
analyses. Work is in progress to produce TSS and DIN load maps in Burnett-Mary NRM following method 
published in Álvarez-Romero et al. (2013). 

 

 

 

Figure 2.2 (a). Method for interpolating the DIN and TSS loading maps for the GBRWHA into the Burnett Mary WQIP 
marine boundary.  
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Figure 2.2 (b). Method for interpolating the DIN and TSS loading maps for the GBRWHA into the Burnett Mary WQIP 
marine boundary. Steps for final classification.  
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2.3.3 Pesticide concentration mapping 

To extend the assessment of pesticide concentrations beyond the GBRWHA boundary, we tried to adopt the 
same modelling approach as that used in the 2013 risk assessment (see Lewis et al., 2013), but relationship 
developed between satellite CDOM and in-situ sea surface salinity measurements rather than the  relationship 
of Schroeder et al. (2012). 

Pesticide concentrations were assessed at the end-of-catchment monitoring sites in the 2010-2011 and 2011-
2012 water years (Turner et al., 2012, 2013), 2002-2004 (McMahon et al., 2005) and flood plume monitoring 
from Burnett-Mary region in the 2012/13 wet season (Devlin, unpublished data).  The flood plume monitoring 
was conducted in the Mary River plume on the 8-9th February 2013 and a concentration of 0.025 µg.L-1 
(herbicide equivalent value) was detected with a salinity of 23 PSU.  Assuming linear mixing with seawater, this 
equates to a value of 0.066 µg.L-1 at a salinity of 0, which is comparable to previous monitoring programs.  We 
note that the concentration at the Mary River mouth is likely to have been higher as this monitoring was carried 
out approximately 1 week following the peak flow and so this value is conservative as herbicide concentrations 
are known to decline over the flood period.  Hence we focused the remote sensing analysis to the period of the 
highest flow ~ 1 week prior to this measurement and used the 0.066 µg.L-1 value.   

Moderate Resolution Imaging Spectroradiometer (MODIS) Level-0 data were acquired from the NASA Ocean 
Colour website (http://oceancolor.gsfc.nasa.gov) and were processed with the SeaWiFS Data Analysis System 
(SeaDAS). The semi-analytical model developed by Garvel-Siegel-Maritorena (GSM, Maritorena et al. 2002) 
implemented in SeaDAS was used to retrieve the absorption coefficient for dissolved and detrital material 
(hereafter CDOM, with 1 km2 resolution). CDOM maps were produced between the 29th of January and the 2nd 
of February 2013 when the Burnett river discharge was peaking and clouds / sun glint were limited (Figure 2.3), 
and were imported in ArcGIS for post-processing. The CDOM map of the 31st of January wasn’t produced as 
perturbations caused by sun glint were too strong in the study area on this date. Bio-optical algorithms often fail 
to retrieve correct information over reef bottom type. Pixels values corresponding to reef locations were thus 
masked out from the CDOM regional maps.  

 

 

Figure 2.3. CDOM maps produced between the 29th of January and the 2nd of February using the GSM algorithm. 

 

CDOM was extracted from the satellite images and a linear relationship was established between salinity 
measured in-situ and CDOM (Figure 2.4). This relationship was used to estimate sea surface salinity in the flood 
plumes. 

http://oceancolor.gsfc.nasa.gov/
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Figure 2.4. Relationship between salinity measured in-situ in the Burnett-Mary marine region (8 and 9th of Feb 2013) and 
the corresponding CDOM values. Only the satellite CDOM < 4m

-1
 were used to develop the algorithm in order to avoid 

overestimated satellite CDOM retrieval in the most turbid coastal waters.  

A salinity threshold of 23 PSU corresponding to PSII = 0.025 µg L-1 was applied on all maps (Figure 2.3) to 
categorize them into different levels of risk from PSII: PSII ≥ 0.025 µg L-1 corresponding to the Very Low category, 
and PSII < 0.025 µg L-1 corresponding to the No Risk category (Table 2.1).Maps were then cropped to the 
Burnett-Mary regional marine assessment boundary. The pesticide maps were merged together to reduce 
uncertainties linked to atmospheric perturbations or bio-optic limitations of the GSM algorithm and to take in 
account the spatio-temporal variability of the Burnett-Mary plumes (Figure 2.4). The merged map was further 
cleaned and missing information (related to atmospheric perturbations, cloud cover or reefs that were masked 
out) was interpolated in ArcGIS. Finally, the areas of reef and seagrass meadows at risk in the Burnett Mary 
marine region were quantified. 
 
2.3.4 Other variables 

Additional variables were considered that have not been included here due to the current lack of data showing 
their temporal and spatial patterns and ecological impacts. These include: phosphorus exposure, chronic 
exposure to PSII herbicides and non-PSII herbicides, and time series of pesticide concentration data.  

However, it is possible to include more pollutants in the loads assessment. For the loads assessment, while we 
consider nitrogen to be a more important nutrient than phosphorus with respect to effects in the marine 
environment (Furnas et al., 2013), we have limited certainty around this assumption. Similarly we consider 
dissolved inorganic nutrients to be of somewhat more important than particulate nutrients because they are 
immediately and completely bioavailable for algal growth (see Furnas et al. 2013). Particulate forms mostly 
become bioavailable over longer time frames, and dissolved organic forms typically have limited and delayed 
bioavailability (see Furnas et al. 2013). However, in our assessment in the ranking of end of catchment pollutant 
loads, we have considered PN, PP, DIN and DIP to be equally relevant given our current limitations in 
understanding. 

2.4 Assessment Indexes 

The variables described above shown in Figure 2.1 have been combined into a number of indexes related to 
marine ecological risk and end of catchment pollutant loads for the Burnett Mary region. 
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2.4.1 Marine Risk Index 

To estimate ecological risk, we followed the method of Brodie et al., (2013) combining the water quality 
variables described in Section 2.1 that represent key runoff-transported pollutants of greatest concern to two 
GBR ecosystems: seagrass meadows and coral reefs. To account for limitations in the available datasets (see 
Brodie et al., 2013b for further explanation), ecological risk was expressed as the area of these ecosystems 
within a range of spatially defined assessment classes (very low to very high relative risk) in the Burnett Mary 
marine area. The COTS variable was excluded as it is not directly relevant to this assessment as the initiation 
area is located in the northern GBR and was excluded in defining the Marine Risk Index for the Burnett Mary 
region. The method for combining these variables is described below.  

In recognition of the importance of the influence of catchment discharges in driving COTS outbreaks (see Furnas 
et al., 2013), an index of regional contributions of river discharges to the COTS initiation zone was also included 
for coral reefs in the 2013 risk assessment; the ‘COTS Influence Index’. This Index is not factored into this 
assessment, as the rivers in the Burnett Mary region have no influence on the COTS initiation zone. 

For each of the variables shown in Figure 2.1 and Table 2.1 a classified spatial data layer was prepared in ArcGIS. 
The classifications, scores and overall weightings for this assessment were customised using the expert opinions 
of the project team and are shown in Table 2.3. Ideally the 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 is not the case for all variables given the inconsistencies in the temporal and 
spatial characteristics of the datasets. As the temporal and spatial resolution of data increases, and the 
knowledge of the impacts of sediments, nutrients and PSII herbicides on GBR ecosystems is advanced, this 
capability can be improved in future assessments. After testing several approaches to weighting the variables, it 
was agreed to weight each spatial layer equally. The data layers were then combined using the Union tool in 
ArcGIS and the values of each coincident pixel were summed, divided by the highest combined score (6) and 
classified into five even break classes ranging from Very Low to Very High. An example of the process applied 
ArcGIS is shown in Figure 2.5. 

The area of coral reefs and seagrass meadows was calculated in each of the five assessment classes of the 
combined layer. However, since we are unable to distinguish the areas of influence from each basin into the 
marine region this time, it is not possible to undertake a comparison between basins.  
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Table 2.3. Summary of the classes for each variable and the weightings given to each assessment class for the combined 
relative risk assessment. The variables are described in Table 2.1.  

Variables Overall 

weighting 

Assessment Class 

Very Low 

1 

Low 

2 

Medium  

3 

High 

4 

Very High 

5 

TSS threshold exceedance 2mg/L  
Frequency of exceedance (%) 

  

<1 

 

1-10 

 

10-20 

 

20-50 

 

50-100 

Score 1/7 0 0.25 0.5 0.75 1.0 

TSS threshold exceedance 7 mg/L 
(5NTU) 
Frequency of exceedance (%) 

  

 0  

 

<1 

 

1-10 

 

10-20 

20-100 

Score 1/7 0 0 0.33 0.66 1.0 

TSS Plume Loading 
(mean 2007-2011) 

 Category 1 Category 2 Category 3 

Score 1/7 0.33 
2
 0.66 1.0 

3
 

Chl threshold exceedance 
(0.45µg/L) 
Frequency of exceedance (%) 

  

<1 

 

1-10 

 

10-20 

 

20-50 

 

50-100 

Score 1/7 0 0.25 0.5 0.75 1.0 

DIN Plume Loading 
(mean 2007-2011) 

 Category 1 Category 2 Category 3 

Score 1/7 0.33 
2
 0.66 1.0 

3
 

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

  

0.025-0.1 

 

0.1-0.5 

 

0.5-2.3 

 

2.3-10 

 

>10 

Score 1/7 0.25 0.5 0.75 1.0 No 
occurrence 

2
 This class covers Very Low and Low; 

3 
This class covers High and Very High. 
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Figure 2.5. Example of the results in one pixel (1km
2
) in ArcGIS. The result for coincident cells from each layer is summed 

to give a combined score, normalised and classified into five assessment classes (Very Low to Very High). In this example 
the combined score gives the cell a score within the High assessment class in terms of relative risk of degraded water 
quality.  

 

2.4.2 Loads Index 

To inform management priorities that aim to address the risks identified in the Marine Risk, it is necessary to 
understand the influence of river discharge in each of the basins, as these discharges carry a majority of the 
pollutants into the GBR lagoon.  

To relate the results of the Marine Risk Index (described in Section 2.4.1) to land based influences, 
anthropogenic end-of-catchment loads were expressed as the proportion of total regional load for each basin to 
generate a Loads Index for each basin. This recognises that while the total basin load is important in influencing 
the marine water quality conditions, it is only the anthropogenic proportion that can be factored into 
management. The basin proportional contributions were then anchored (to normalise to a standard scale) and 
averaged to generate a Loads Index for TSS, DIN, PSII herbicides, PN, DIP and PP for each basin. 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.  

End-of-catchment anthropogenic loads were obtained from the results of the Source Catchments model 
framework which have been produced as part of the Paddock to Reef Program (Waters et al., 2014; Fentie et al., 
2014). First, the Source Catchments modelling framework was used as a synthesis tool that incorporates new 
information on paddock modelling of TSS, speciated N and P, and PSII herbicides, plus spatially and temporally 
remote sensed inputs. This resulted in a consistent set of end of catchment pollutant loads for each of the 35 
GBR catchments. Anthropogenic load is calculated as the difference between the long term average annual load 
and the estimated pre-European annual loads. A fixed climate period was used (1986 to 2009) for all model runs 
to normalise for climate variability and provide a consistent representation of pre-development and 
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anthropogenic generated catchment loads. This therefore represents an ‘average’ year rather than the extremes 
such as those recorded in the period 2008 to the current wet season in 2013. In addition, functionality from the 
previous iteration catchment modelling, SedNet/ANNEX (for example see Cogle et al. 2006), was incorporated 
into Source Catchments to represent hillslope, gully and streambank erosion and floodplain deposition 
processes.  

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 GBR and particularly in the Burnett Mary region. 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). 

2.4.3 Relative Risk Index 

Using the information obtained through the above analyses for the marine water quality variables and end of 
basin pollutant loads, it is possible to make an assessment of the management priorities for minimising the risk 
of water quality impacts in the GBR. However, due to limitations with the input data, it is not possible to 
undertake a quantitative combined assessment to inform water quality management priorities across the basins 
Burnett Mary region as was completed in the 2013 GBR wide risk assessment. However, a qualitative 
assessment is offered in Section 4 based on the marine risk analysis and end of catchment pollutant load data.  

 

2.5 Recognising and assessing uncertainties in the data 

For all variables, any relative differences in uncertainty and hence our confidence in the data can only be 
assessed highly subjectively. If such qualitative assessments of uncertainty in our methodologies and data were 
undertaken, uncertainty would be assessed as varying as much within as among basins. As we compare results 
for basins in the final combined relative risk assessment, the various methodologies used to generate the data 
are considered to have roughly the same uncertainty and with the limited time and resources, no specific 
estimates were considered.  

The relative ranking of uncertainty in the input data for this studyhas been estimated from the literature and 
expert opinion. The results for this ranking are included in the description of each variable, and can be 
summarised as follows: 

 Remote sensing TSS – low/moderate certainty 

 TSS plume loading – low certainty 

 Remote sensing chlorophyll – low certainty 

 DIN plume loading –low certainty 

 PSII concentration model – low certainty 

 River loads – moderate/high certainty 

 Seagrass areas – low certainty 

 Coral reef areas – high certainty 

Further discussion of the uncertainties and limitations of the assessment are presented in Section 5. 
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3 Results 

3.1 Burnett Mary WQIP marine boundary and habitat areas 

The marine area defined for the WQIP is shown in Figure 3.1. This has been extended south beyond the 
GBRWHA to incorporate the coastal and marine ecosystems adjacent to the Kolan, Burnett, Burrum and Mary 
basins. The distribution of coral reefs and seagrass used in the risk assessment are shown in Figure 3.1, and 
Table 4.1 shows the area of coral reef, seagrass and area of GBR lagoon waters in the Burnett Mary marine area.  

The total area of coral reef in the GBR is estimated around 24,000km2. From the mapping data used in this 
assessment, the area of coral reef that is within the Burnett Mary marine area and inside the GBRWHA is 
~361km2 and the area that extends south of the GBRWHA includes ~40km2 of coral reef. Zann et al. (2012) 
identified 15km2 of coral communities from imagery along the Woongarra and Hervey Bay coastlines. The total 
estimate of area of coral reef in the Burnett Mary marine region is ~401km2.  

Approximately 35,000km2 of seagrass has been mapped in the coastal waters around Queensland and Torres 
Strait since the mid-1980s. The area of seagrass that is within the Burnett Mary marine area and inside the 
GBRWHA is ~6,300km2; the estimated area of seagrass in the broader marine region that extends south into 
Hervey Bay is ~9,200km2 (McKenzie et al., 2010). Of this total, ~2,500km2 are mapped from monitoring surveys, 
however the estimate is limited by surveyed extent which is evident in the map with the horizontal line that 
extends from the northern tip of Fraser Island; this boundary is associated with the survey extent rather than a 
true representation of seagrass presence.  

Data confidence: Coral reefs high certainty; seagrass low certainty. The low certainty of the seagrass mapping is 
associated with limited survey frequency, particularly in recent years. The areas presented are likely to be an 
underestimate of the probable extent of seagrass meadows in the Burnett Mary marine region. 
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Figure 3.1. Locations of coral reefs and seagrass meadows used for the risk assessment. Coral reef outlines used are per 
the GBRMPA Spatial Data Centre official reefs spatial data layer 2013 and Zann (2012). Seagrass areas are observed 
(composite of surveyed data as at June 2010) and modelled deepwater seagrass habitat after Coles et al. (2009).  

Table 3.1. The total area of the zone of influence, mapped coral reef, and mapped and modelled seagrass for each river 
basin in the Burnett Mary region. 

Dataset 
Area in GBR 

Marine Park (km
2
) 

Area beyond GBR 
Marine Park (km

2
) 

Regional 
Total  
(km

2
) 

Coral Reefs    

GBRMP reefs  283 18 301 

Zann (2012) (inshore coral reefs) 78 22 100 

Sub total 361 40 401 

Seagrass    

Modelled deepwater (>15 metres) 
seagrass  

6254 385 6,639 

Monitored seagrass (Composite as at 
June 2010) 

66 2495 2,561 

Sub total 6,320 2,880 9200 
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3.2 Relative differences between marine water quality variables and basin influences 

The following section presents the results of the individual variables considered in this assessment. This part of 
the risk assessment identifies the areas where each water quality variable is considered to pose the greatest 
relative risk to coral reefs and seagrass in the Burnett Mary marine region. The output can be used to guide 
priorities for management of individual pollutants but is not definitive and should be used in conjunction with 
expert opinion. 

The area of coral reefs and seagrass is shown for all assessment classes for all variables. Area calculations are 
rounded to the nearest whole km2 for ease of reporting but does include summed portions of some 1km2 pixels. 
For each variable there is a table of results, and a map shows the areas within each assessment class for each 
variable.  

a) Sediments 

Total suspended solids threshold exceedance, Threshold a – 2 mg/L 

As shown in Table 2.1, five assessment classes were used for TSS 2 mg/L based on the frequency of exceedance 
of this concentration (in days) in the period 2002 to 2012, expressed as a percentage of the total number of valid 
daily observations ranging from Very Low to Very High. The results of the assessment are shown in Table 3.2 and 
Figure 3.2. The areas of greatest exceedance are located around Hummock Hill Island and Rodd’s Peninsula, the 
Burnett River mouth, the Burrum River mouth and the Mary River mouth extending into Hervey Bay. Further 
validation of the results around Hummock Hill Island are required, but may be associated with naturally highly 
turbidity or uncertainties in the remote sensing results which have not been resolved. These inshore areas are 
locations with some of the highest use and visitation rates; this is a result common to all individual variables and 
is reviewed in the discussion.  

Data confidence: Low/moderate due to limited validation of remote sensing data in this region. 

Table 3.2. Area of coral reefs and seagrass meadows within the Very Low to Very High assessment classes for TSS 2 mg/L 
and the percent of the total habitat area in the region that the result represents. Results for the assessment are based on 
frequency of exceedance of TSS 2 mg/L using daily remote sensing data 2002-2012 (see methods in Section 2.3.1).  

TSS 2mg/L 
Exceedance 

Very Low Low Moderate High Very High 

Frequency of 
Exceedance  

0  1-10%  10-20%  20-50%  50-100%  

  
Area  
(km

2
) 

% of 
habitat 

in region 

Area  
(km

2
) 

% of 
habitat 

in region 

Area  
(km

2
) 

% of 
habita

t in 
region 

Area  
(km

2
) 

% of 
habita

t in 
region 

Area  
(km

2
) 

% of 
habitat in 

region 

Coral Reefs                     

Reefs outside 
GBRWHA (Zann, 2012) 

71   16   4   8   0   

Reefs within GBRWHA 277   15   6   4   0   

Total Reef 348 87% 31 8% 10 3% 12 3% 0 0% 

Seagrass                     

Deepwater 6536   93   9   1   0   

Composite 1380   893   116   119   15   

Total Seagrass 7915 86% 987 11% 125 1% 120 1% 15 0% 
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Figure 3.2. Results for the assessment of frequency of exceedance of TSS 2 mg/L using daily remote sensing data 2002-
2012. Results for the assessment are based on frequency of exceedance of TSS 2 mg/L (see methods in Section 2.3.1). 
Note that the assessment area only extends to the mouth of the Mary River as the remote sensing data for TSS and Chl 
does not extend beyond this point. 

 

Total suspended solids threshold exceedance, Threshold b - 7 mg/L (turbidity 5NTU) 

As shown in Table 2.1, five assessment classes were used for TSS 7 mg/L (5NTU) based on the frequency of 
exceedance of this concentration (in days) in the period 2002 to 2012, expressed as a percentage of the total 
number of valid daily observations ranging from Very Low to Very High, but only the results of the Medium to 
Very High classes are presented as the most relevant here. Note that the assessment classes are different from 
those for TSS 2 mg/L to reflect the greater severity of the higher concentration; however, there were no pixels 
where the frequency of exceedance was greater than 50%. The results of the assessment are shown in Table 3.3 
and Figure 3.3. There are very few areas within the Very High and High class but the results follow a similar, but 
reduced extent, to the TSS 2 mg/L exceedance threshold. The areas of greatest exceedance are located around 
Hummock Hill Island and Rodd’s Peninsula, the Burnett River mouth, the Burrum River mouth and the Mary 
River mouth extending into Hervey Bay. Further validation of the results around Hummock Hill Island are also 
required. 

Data confidence: Low/moderate due to limited validation of remote sensing data in this region. 
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Table 3.3. Area of coral reefs and seagrass meadows within the Low to Very High assessment classes for TSS 7 mg/L (5 
NTU) and the percent of the total habitat area in the region that the result represents. Results for the assessment are 
based on frequency of exceedance of TSS 7 mg/L (5 NTU) using daily remote sensing data 2002-2012 (see methods in 
Section 2.3.1).  

TSS 7mg/L Exceedance Low Moderate High Very High 

Frequency of 
Exceedance  

<1% 1-10% 10-20% 20-100%  

  
Area  
(km

2
) 

% of habitat 
in region 

Area  
(km

2
) 

% of habitat 
in region 

Area  
(km

2
) 

% of habitat 
in region 

Area  
(km

2
) 

% of habitat 
in region 

Coral Reefs                 

Reefs outside GBRWHA 
(Zann, 2012) 

86   14   0.1   0.0   

Reefs within GBRWHA 291   10   0.3   0.0   

Total Reef 377 94% 23 6% 0.3 0.00 0 0.00 

Seagrass                 

Deepwater 6629   10   0.0   0.0   

Composite 2307   161   46.4   8.1   

Total Seagrass 8936 97% 171 2% 46.4 0.01 8.1 0.00 

 

Figure 3.3. Results for the assessment of frequency of exceedance of TSS 7 mg/L using daily remote sensing data 2002-
2012. Results for the assessment are based on frequency of exceedance of TSS 7 mg/L (see methods in Section 2.3.1). 
Note that the assessment area only extends to the mouth of the Mary River as the remote sensing data for TSS and Chl 
does not extend beyond this point.  
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TSS plume loading (mean 2007-2011) 

As shown in Table 2.1, three assessment classes were used for TSS plume loading based on an interpolated map 
derived from plume frequency information from remote sensing and scaled river load data (Devlin et al., 2013). 
The results of the assessment are shown in Table 3.4 and Figure 3.4. The areas within the highest assessment 
class (High) are located in a narrow band along the coast south of Baffle Creek, and all of Hervey Bay (Figure 4.4). 
A majority of coral reefs (86%) and seagrass (80%) in the region are located in the Low class; less than 5% of 
coral reefs and seagrass are located in the High class. 

Data confidence: Low due to interpolation of the data from the 2007-2011 GBR TSS loading maps using true 
colour imagery only. In addition, load monitoring data was not available for all GBR rivers at the time of model 
development. However high risk category (higher score, see Table 3.1) do correlate with the Primary plume 
water types (colour classes 1-4 in Figure 2.2.a). This water types is defined in e.g.  Devlin et al. (2012) and 
Alvarez et al., (2013) as characterised by elevated TSS concentration. 

Table 3.4. Area of coral reefs and seagrass within the assessment classes for TSS mean plume loadings (derived from 
Brodie et al., 2013), and the percent of the total habitat area in the region that the result represents. The assessment 
classes are relative and derived from the interpolation of the 2013 risk assessment analysis that combined scaled river 
loads data and multi-year flood plume frequency analysis from remote sensing data (see methods in Section 2.1.2). 

TSS loading Zero Low Moderate High 

  
Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat in 

region 

Coral Reefs                 

Reefs outside GBRWHA 
(Zann, 2012) 

4   58   28   7.7   

Reefs within GBRWHA 2   286   4   0.0   

Total Reef 6 2% 344 86% 32 8% 7.7 2% 

Seagrass                 

Deepwater 48   5949   468   0.0   

Composite 108   1366   1060   131.6   

Total Seagrass 156 2% 7315 80% 1527 17% 131.6 1% 
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Figure 3.4. Results for the assessment of TSS plume loading (derived from Brodie et al., 2013). The assessment classes are 
relative and derived from the interpolation of the 2013 risk assessment analysis that combined scaled river loads data 
and multi-year flood plume frequency analysis from remote sensing data (see methods in Section 2.3.2). 

 

b) Nutrients 

Chlorophyll threshold exceedance 0.45 µg/L 

Chlorophyll (Chl) concentrations are relevant year round as an indication of nutrient enrichment in marine 
waters. As shown in Table 2.1, five assessment classes were used for Chl 0.45 µg/L based on the frequency of 
exceedance of this concentration (in days) in the period 2002 to 2012, expressed as a percentage of the total 
number of valid daily observations ranging from Very Low to Very High. The results of the assessment are shown 
in Table 3.5 and Figure 3.5. The areas within the Very High class are constrained to the coast, north of Rodds 
Peninsula and south of Baffle Creek to the Mary River mouth. Note that the extent of the available data stops at 
the Mary River mouth. As per the remote sensing results for TSS, further investigation is required to explain the 
higher Chl exceedance areas in the northern part of the assessment area. 

The area of coral reefs in the Very High and High exceedance classes is approximately 60km2, which is 15% of the 
coral reef area in the region. The area of seagrass in the Very High and High exceedance classes is approximately 
2,700km2 which is 30% of the seagrass area in the region.  

Data confidence: Low due to limited validation of remote sensing data in this region and probable limitations of 
the functionality of the algorithm in highly turbid waters. 
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Table 3.5. Area of coral reefs and seagrass meadows within the Very Low to Very High assessment classes for Chl 0.45 
µg/L and the percent of the region that the area represents. Results for the assessment are based on frequency of 
exceedance of Chl 0.45 µg/L using daily remote sensing data 2002-2012 (see methods in Section 2.3.2).  

Chl 0.45 g/L 
Exceedance 

Very Low Low Moderate High Very High 

Frequency of 
Exceedance   

0  1-10%  10-20%  20-50%  50-100%  

Area 
(km

2
) 

% of 
habitat 

in region 

Area 
(km

2
) 

% of 
habitat 

in region 

Area 
(km

2
) 

% of 
habitat 

in region 

Area 
(km

2
) 

% of 
habitat 

in region 

Area 
(km

2
) 

% of 
habitat 

in 
region 

Coral Reefs                     

Reefs out GBRWHA 
(Zann, 2012) 

54   8   10   11   17   

Reefs in GBRWHA 249   11   9   22   10   

Total Reef 303 76% 19 5% 19 5% 33 8% 27 7% 

Seagrass                     

Deepwater 307   5368   456   449   59   

Composite 56   19   223   1415   806   

Total Seagrass 362 4% 5387 59% 680 7% 1864 20% 865 9% 

 

Figure 3.5. Results for the assessment of frequency of exceedance of Chl 0.45 µg/L using daily remote sensing data 2002-
2012. Results for the assessment are based on frequency of exceedance of Chl 0.45 µg/L (see methods in Section 2.3.1). 
Note that the assessment area only extends to the mouth of the Mary River as the remote sensing data for TSS and Chl 
does not extend beyond this point.  
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DIN plume loading (mean 2007-2011) 

As shown in Table 2.1, three assessment classes were used for DIN mean plume loading based on an 
interpolated map derived from plume frequency information from remote sensing and scaled river load data 
(Devlin et al., 2013). The results of the assessment are shown in Table 3.6 and Figure 3.6. The areas within the 
highest assessment class (High) are constrained inshore (Figure 3.6) but extend along the full coastline of the 
assessment area.  

The area of coral reefs in the High class is approximately 40km2, which is 10% of the coral reef area in the region. 
The area of seagrass in the High class is approximately 1,200km2 which is 13% of the seagrass area in the region.  

Data confidence: Low due to interpolation of the data from the 2007-2011 GBR DIN loading maps using true 
colour imagery only. In addition, load monitoring data was not available for all Burnett Mary rivers at the time of 
model development; work is in progress to produce TSS and DIN load maps in Burnett-Mary NRM following 
method published in Álvarez-Romero et al. (2013). However, the high risk category (higher score, see Table 2.1) 
do correlate with the Primary and Secondary plume water types (colour classes 1-4 and 5, respectively in Figure 
2.2.a). These water types are defined in e.g. Devlin et al. (2012) and Álvarez-Romero et al. (2013) as 
characterised by elevated nutrient concentrations. 

Table 3.6. Area of coral reefs and seagrass within the assessment classes for DIN mean plume loadings (derived from 
Brodie et al., 2013), and the percent of the total habitat area in the region that the result represents. The assessment 
classes are relative and derived from the interpolation of the 2013 risk assessment analysis that combined scaled river 
loads data and multi-year flood plume frequency analysis from remote sensing data (see methods in Section 2.3.2. 

DIN loading Zero Low Moderate High 

  
Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat in 

region 

Coral Reefs                 

Reefs outside 
GBRWHA (Zann, 
2012) 

0   52   6   35   

Reefs inside 
GBRWHA 

0   258   29   3   

Total Reef 0 0% 311 77% 34 9% 38 10% 

Seagrass                 

Deepwater 231   5171   1020   217   

Composite 112   32   1516   1005   

Total Seagrass 343 4% 5203 57% 2536 28% 1222 13% 
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Figure 3.6. Results for the assessment of DIN plume loading (derived from Brodie et al., 2013). The assessment classes 
are relative and derived from the interpolation of the 2013 risk assessment analysis that combined scaled river loads 
data and multi-year flood plume frequency analysis from remote sensing data (see methods in Section 2.3.2). 

 

c) Pesticides 

PSII Herbicide modelled concentration, 2009-2011 

As shown in Table 2.1, five assessment classes were used for PSII herbicides based on the toxicity of diuron 
calculated in several studies on coral and seagrass species (see Lewis et al., 2013) ranging from No Risk to Very 
High. These were then used for assessing the results of an estimate of the relationship between additive PSII 
herbicide concentrations and CDOM (salinity proxy) in flood plume conditions; see Section 2.1.3). The results of 
the assessment are shown in Table 4.7 and Figure 4.7. All of the marine areas are in the Very Low or No Risk 
class. A majority (92%) of the coral reefs are located in the No Risk class, while 42% of the seagrass are located in 
the Very Low risk class. 

Data confidence: Low due to limited availability of pesticide concentration data in rivers and the marine 
environment in this region during flood events. 
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Table 3.7. Area of coral reefs and seagrass within the Very Low to Very High assessment classes for exposure to PSII 
herbicides in 2009-2011 and the percent of the NRM region that the area represents. Results for the assessment are 
based on the exposure assessment undertaken by Lewis et al. (2013) and described in Section 2.3.3.  

PSII Herbicide 
Concentration 

No Risk Very Low Low Moderate High Very High 

  <0.025 µg/L 
0.025- 

0.1 µg/L 
0.1 - 0.5 µg/L 0.5 - 2.3 µg/L 2.3 - 10 µg/L 

>10 µg/L 

  
Area 
(km

2
) 

% of 
habitat 

in 
region 

Area 
(km

2
) 

% of 
habitat 

in 
region 

Area 
(km

2
) 

% of 
habitat 

in 
region 

Area 
(km

2
) 

% of 
habitat 

in 
region 

Area 
(km

2
) 

% of 
habitat 

in 
region 

Area 
(km

2
) 

% of 
habitat 

in 
region 

Coral Reefs                         

Reefs out 
GBRWHA 
(Zann, 2012) 

77   23   0   0   0   0   

Reefs inside 
GBRWHA 

292   8   0   0   0   0   

Total Reef 369 92% 32 8% 0 0% 0 0% 0 0% 0 0% 

Seagrass                         

Deepwater 4785   1854   0   0   0   0   

Composite 516   2044   0   0   0   0   

Total Seagrass 5302 58% 3897 42% 0 0% 0 0% 0 0% 0 0% 

 

Figure 3.7. Results for the assessment of exposure to PSII herbicides based on an estimate of the relationship between 
additive PSII herbicide concentrations (2010-11 and 2011-12 water years) and CDOM (salinity proxy) in flood plume 
conditions (2012-13 wet season). Results for the assessment are based on the exposure assessment undertaken by Lewis 
et al. (2013a) and described in Section 2.3.3.   
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d) Comparisons among variables  

The assessment of individual variables presented above (a – sediment, b - nutrients and c - PSII herbicides) can 
be used to guide priorities for management of individual pollutants in the Burnett Mary region to some extent. 
However, it should be noted that the data for this assessment have limitations and in some cases, significant 
uncertainties, and should only be used as a guide to managers in conjunction with expert opinion. 

In the framework of the 2013 risk assessment, it was possible to compare the results among variables and NRM 
regions to draw conclusions regarding the differential risk between pollutants. In this method, the estimated 
area of coral reef and seagrass in the highest assessment classes were compared by anchoring the areas for each 
NRM region to the maximum result. This approach was tested for the Burnett Mary marine region and is 
included in Appendix 1. Without the zones of influence for each basin, it is only possible to compare the area of 
coral reefs and seagrass between variables. It was concluded that the low certainty of the current datasets 
results in an assessment that is too unreliable to guide management priorities at this time. 

 

3.3 Marine Risk Index: Combined risk of degraded water quality to coral reefs and seagrass 

The combined assessment takes into account all assessment classes for each variable to identify the areas of 
highest relative risk to degraded water quality in the Burnett Mary region and hence where coral reefs and 
seagrass are most likely to be under pressure from degraded water quality. It should be noted that the 
assessment only extends to the Mary River as the remote sensing data only extends to this point, and not to the 
most southern point of the Burnett Mary marine area near Tin Can Bay. 

As described in Section 2, five assessment classes were used for the combined assessment of relative risk 
ranging from Very Low to Very High. The results of the assessment are shown in Table 3.8, Figure 3.8. The key 
findings are: 

 The areas in the Very High class are located around Hummock Hill Island and Rodd’s Peninsula, the 
Burnett River mouth, the Burrum River mouth and the Mary River mouth extending into Hervey Bay. As 
noted for the remote sensing data, further validation of the results around Hummock Hill Island are 
required, but may be associated naturally highly turbidity or uncertainties in the remote sensing results 
which have not been resolved.  

 The area of coral reef within the Very High and High relative risk classes is 18km2, which is 5% of the 
total estimated area of coral reef in the Burnett Mary marine region. 

 The area of seagrass within the Very High and High relative risk classes is 556km2, which is 6% of the 
total estimated area of seagrass in the Burnett Mary marine region. 

 While the areas of coral reef and seagrass within the highest assessment classes for individual variables 
and the combined assessment are relatively small, they often include highly valued tourism and 
recreation sites of the Burnett Mary region including Hervey Bay and Woongarra Marine Park. In the 
case of seagrass meadows, many of the highest risk areas overlap with areas of high dugong population 
density which rely on these seagrass meadows for feeding.  

 The hydrodynamics and geography of Hervey Bay significantly drives the Mary River discharge influence 
on habitats in the region compared to the other rivers (refer to Figure 3.9). This is because the Mary 
River discharges into the southern-most part of the marine region, directly into the Great Sandy Straits 
bound to the east by the land mass of Fraser Island, which prevents plume movement to the south or 
east and restricts it to northern movement. The largest areas of seagrass and inshore coral reefs in the 
region are directly north of the river mouth. Hence the Mary River discharge influences the whole 
Burnett Mary marine region. Each river to the north of the Mary has a smaller influence on the marine 
region. River plume movement in the GBR is generally to the north driven by the south easterly wind 
regime and in the Burnett Mary region, the Coriolis effect (deflecting water to the left in the southern 
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hemisphere) is stronger compared to the northern GBR as Coriolis increases towards the poles (Devlin 
and Brodie, 2005).  

 The coastal reefs between Bundaberg and Woody Island only form a small proportion of the total reef 
area, but they are geographically located such that they are in the highest risk areas. It should be noted 
that the results present an underestimation of potential risk as many of these reefs actually fringe the 
coastline within areas where there are gaps in the remote sensing data, and therefore the final 
assessment layer. However, as described in Coppo et al. (2014) these reefs are of high ecological and 
social value. In the case of seagrass meadows, many of the highest risk areas overlap with areas of high 
dugong population density which rely on these seagrass meadows for feeding. 

Overall data confidence: Low to moderate due to limited validation of the remote sensing data, simple 
interpolation of the loading data, and limited availability of pesticide concentration data in rivers and the marine 
environment in this region during flood events to determine pesticide concentration mapping. In addition, the 
assessment area does not extend to the southern-most section of the Burnett Mary marine region, and there 
are gaps in pixelated spatial data along the coastline. This is likely to have implications for the results as there 
are mapped seagrass meadows and fringing coral reefs in these areas, resulting in an underestimate of relative 
risk to habitats in the region. However, the patterns of the results align with what might be expected intuitively 
given the influence of the adjacent land uses and river discharge characteristics. Further effort is required to 
improve the confidence in each of the input datasets so that more a more robust assessment can be completed 
for the region that would be comparable in the context of the whole GBR.  

Table 3.8. Estimated area of coral reefs and seagrass meadows within the five relative risk classes established for the 
Burnett Mary marine region.  

Relative Risk Very Low Low Moderate High Very High 

Habitat  
Area  
(km

2
) 

% of 
habitat in 

region 

Area  
(km

2
) 

% of 
habitat 

in 
region 

Area  
(km

2
) 

% of 
habitat 

in 
region 

Area  
(km

2
) 

% of 
habitat 

in 
region 

Area  
(km

2
) 

% of 
habitat 

in 
region 

Coral Reefs                     

Reefs out GBRWHA 
(Zann, 2012) 

46   27   9   16   1   

Reefs inside 
GBRWHA 

252   34   8   1   0   

Total Reef 298 74% 60 15% 17 4% 17 4% 1 0% 

Seagrass                     

Deepwater 
modelled 

4,436   1,801   402   15   0   

Survey composite 1   1,305   779   486   55   

Total Seagrass 4,437 48% 3,106 34% 1,182 13% 501 5% 55 1% 
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Figure 3.8. Combined assessment (1 km
2
 resolution) of the relative risk of water quality variables. The areas (in km

2
) of 

habitat types within each class are shown in Table 3.9. Note that the assessment area only extends to the mouth of the 
Mary River as the remote sensing data for TSS and Chl a does not extend beyond this point.  
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Figure 3.9. MODIS Aqua image 29 January 2013 showing the drivers of the influence of river discharge in Hervey Bay and 
the broader Burnett Mary marine region. Image supplied by TropWATER, JCU. 

In summary, the combined assessment of water quality variables can be used to guide overall management 
priorities for addressing the risks from degraded water quality to coral reefs and seagrass through qualitative 
assessments only at this point. The proportion of the habitat area that is within the High and Very High relative 
risk classes is less than 10% although this may increase (up to 15%) by extending the assessment to the southern 
sections of the Great Sandy Straits and the actual coastline. 

 

3.4 Loads Index: Assessment of end-of-catchment pollutant loads 

The pollutant load information allows managers to relate the Marine Risk to management priorities within 
catchments and land uses. To inform these decisions, further analysis of basin pollutant loads can be undertaken 
for TSS, DIN, PN, DIP, PP and PSII herbicides including comparisons of the total and anthropogenic load 
contributions from each basin to the total regional loads. The data is derived from the report of the Source 
Catchments modelling for the Burnett Mary region, prepared by Fentie et al., (2014). 

For PSII herbicides the concentrations are more ecologically relevant than loads. For determining risk to aquatic 
biota from PSII herbicides, assessing toxic effects from concentration data is a more ecologically relevant 
method than an assessment of the PSII load transported to the marine environment. These issues are illustrated 
with the most recent annual loads based on monitoring data from the 2010-11 monitoring year. By region, 
Fitzroy was the greatest contributor (66%), followed by Mackay Whitsunday (15%), Burdekin/Haughton (10%), 
Wet Tropics (6%) and Burnett (3%). However, the PSII modelled load does provide an indication of the 
contribution of PSII herbicides from each catchment based on an ‘average’ year, i.e. a long term average that 
adjusts for extreme weather conditions. Indeed when the ‘toxic herbicide loads’ are considered, the basins of 
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the Mackay Whitsunday region, Haughton Basin and several basins of the Wet Tropics become of higher 
importance than the Fitzroy and Burdekin Basins. 

The estimated pollutant loads for the basins in the Burnett Mary are shown in Table 3.9, and graphed in Figures 
3.10-3.15. It is important to note that the Burnett River contains several dams and water impoundments that act 
as sediment traps but do not effectively trap dissolved nutrients.  

Data certainty: Moderate/high due to considerable and ongoing improvements to the Source Catchments 
modelling. The available monitoring data in the Burnett Mary region shows reasonable correlation with the end-
of-catchment monitoring data. 

Table 3.9. Total and anthropogenic loads for TSS, DIN and PSII herbicides from Burnett Mary basins, and basin 
anthropogenic loads as a proportion of the regional total load. 

 TSS loads (kt.y
-1

)   

Basin Name 
Pre-

Development 
Total 

(08/09) 
Anthropogenic 

load 

Anthropogenic 
load % of Regional 

Total Load 
 Ranking 

Baffle Creek 20 56 36 7 2 

Kolan River 2 12 9 2 5 

Burnett River 3 20 17 4 4 

Burrum River 7 25 18 4 3 

Mary River 61 362 301 63 1 

Regional total 93 475 381 80 
 

    

 DIN loads (t.y
-1

)   

Basin Name 
Pre-

Development 
Total 

(08/09) 
Anthropogenic 

load 

Anthropogenic 
load % of Regional 

Total Load 
Ranking  

Baffle Creek 12 31 19 3 4 

Kolan River 2 22 19 3 4 

Burnett River 31 121 90 16 3 

Burrum River 17 119 102 18 2 

Mary River 60 271 211 37 1 

Regional total 122 564 441 78 
 

    

 PSII loads (kg.y
-1

)   

Basin Name 
Pre-

Development 
Total 

(08/09) 
Anthropogenic 

load 

Anthropogenic 
load % of Regional 

Total Load 
Ranking 

Baffle Creek 0 24 24 2 5 

Kolan River 0 267 267 17 4 

Burnett River 0 279 279 18 3 

Burrum River 0 530 530 34 1 

Mary River 0 456 456 29 2 

Regional total 0 1556 1556 100 
 

 



 

Page 40 

 

Figure 3.10. Annual load estimates for TSS from the basins in the Burnett Mary region. The graphs show (a) Total (08/09) 
and anthropogenic loads (kilotonnes), and (b) the proportion that the anthropogenic TSS from each basin contributes to 
the regional Total TSS Load. 

 

Figure 3.11. Annual load estimates for DIN from the basins in the Burnett Mary region. The graphs show (a) Total (08/09) 
and anthropogenic loads (tonnes), and (b) the proportion that the anthropogenic DIN from each basin contributes to the 
regional Total DIN Load. 

 

 

Figure 3.12. Annual load estimates for PSII herbicides from the basins in the Burnett Mary region. The graphs show (a) 
anthropogenic loads (kg), and (b) the proportion that the anthropogenic PSII herbicides from each basin contributes to 
the regional Total PSII herbicides Load.  
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Table 3.10. Total and anthropogenic loads for PN, DIP and PP loads from Burnett Mary basins, and basin anthropogenic 
loads as a proportion of the regional total load. 

 

 PN loads (t.y
-1

)   

Basin Name 
Pre-

Development 
Total 

(08/09) 
Anthropogenic 

load 

Anthropogenic 
load % of Regional 

Total Load 
 Ranking 

Baffle Creek 63 96 33 3 4 

Kolan River 8 31 23 2 5 

Burnett River 19 97 78 8 2 

Burrum River 27 80 53 5 3 

Mary River 210 697 487 49 1 

Regional total 327 1001 674 67  

    

 DIP loads (t.y
-1

)   

Basin Name 
Pre-

Development 
Total 

(08/09) 
Anthropogenic 

load 

Anthropogenic 
load % of Regional 

Total Load 
Ranking  

Baffle Creek 3 7 4 5 3 

Kolan River 1 3 2 3 5 

Burnett River 10 14 4 5 3 

Burrum River 5 10 5 7 2 

Mary River 16 41 25 33 1 

Regional total 35 75 40 53 
     

 PP loads (t.y
-1

)   

Basin Name 
Pre-

Development 
Total 

(08/09) 
Anthropogenic 

load 

Anthropogenic 
load % of Regional 

Total Load 
Ranking 

Baffle Creek 25 39 14 4 4 

Kolan River 3 10 7 2 5 

Burnett River 8 38 30 9 2 

Burrum River 8 23 15 4 3 

Mary River 73 225 152 45 1 

Regional total 117 335 218 65   
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Figure 3.13. Annual load estimates for Particulate Nitrogen (PN) from the basins in the Burnett Mary region. The graphs 
show (a) Total (08/09) and anthropogenic loads (tonnes), and (b) the proportion that the anthropogenic PN from each 
basin contributes to the regional Total PN Load. 

 

Figure 3.14. Annual load estimates for Dissolved Inorganic Phosphorus (DIP) from the basins in the Burnett Mary region. 
The graphs show (a) Total (08/09) and anthropogenic loads (tonnes), and (b) the proportion that the anthropogenic DIP 
from each basin contributes to the regional Total DIP Load. 

 

 

Figure 3.15. Annual load estimates for Particulate Phosphorus (PP) from the basins in the Burnett Mary region. The 
graphs show (a) Total (08/09) and anthropogenic loads (tonnes), and (b) the proportion that the anthropogenic PP from 
each basin contributes to the regional Total PP Load. 
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In summary, the annual average pollutant load results show the following differences between the basins: 

 TSS: The Mary basin contributes the greatest total and anthropogenic TSS loads in the region, estimated 

at 362,000 tonnes and 301,000 tonnes per year respectively. The anthropogenic contribution accounts 

for 63% of the total regional load. Compared to other basins in the region, the Mary basin contributes 

significantly greater loads than all other basins (Figure 3.10); all other basins contribute less than 10% 

combined. The lowest contribution is from the Kolan River (<2%). In comparison to all other GBR basins, 

the Mary basin is the fourth largest contributor of TSS to the total GBR TSS load, however, the Burnett 

Mary contributes ~5% of the total GBR TSS load. 

 DIN: The Mary basin contributes the greatest total and anthropogenic DIN loads in the region, estimated 

at 271 tonnes and 211 tonnes per year respectively. The anthropogenic contribution accounts for ~37% 

of the total regional load. The Burnett (16%) and Burrum (18%) basins contribute almost half the load of 

the Mary basin (Figure 3.11). The Baffle and Kolan basins contribute minor loads (~3%). In comparison to 

other NRM regions, the total DIN load from the region is relatively low (~5%). 

 PSII herbicides: The Burrum basin contributes the greatest PSII herbicide loads in the region, estimated 

at 530 kilograms per year (note that the total load is equal to the anthropogenic load). This accounts for 

approximately 34% of the regional load. The Mary basin also contributes 30% to the regional load 

(Figure  3.12), followed by the Burnett and Kolan basins. The Baffle basin only contributes a minor load 

(~2%). In comparison to other NRM regions, the PSII load from the region is relatively low (~10%). 

 PN: The Mary basin contributes the greatest total and anthropogenic PN loads in the region, estimated 

at 697 tonnes and 487 tonnes per year respectively. The anthropogenic contribution accounts for 

approximately 49% of the total regional load (Figure 3.13). In comparison all other basins only 

contribute a small proportion to the regional anthropogenic load. In comparison to other NRM regions, 

the total PN load from the region is relatively low (~8%). 

 DIP: The Mary basin contributes the greatest total and anthropogenic DIP loads in the region, estimated 

at 41 tonnes and 25 tonnes per year respectively. The anthropogenic contribution accounts for 

approximately 49% of the total regional load. All other basins contribute a small proportion to the 

regional anthropogenic load (Figure 3.14). In comparison to other NRM regions, the total DIP load from 

the region is relatively low (~6%). 

 PP: The Mary basin contributes the greatest total and anthropogenic PP loads in the region, estimated 

at 225 tonnes and 152 tonnes per year respectively. The anthropogenic contribution accounts for 

approximately 45% of the total regional load (Figure 3.15). In comparison all other basins contribute a 

small proportion to the regional anthropogenic load. In comparison to other NRM regions, the total PP 

load from the region is relatively low (~11%). 

These pollutant load estimates were combined into a Loads Index which is based on the anthropogenic 
proportion of the regional load for each basin and pollutant (described further in Section 2.3), shown in Table 
3.11. This recognises that while the total load is important in affecting marine ecosystems, it is only the 
anthropogenic portion that is assumed to be the ‘manageable’ component. The proportional contributions for 
TSS, DIN, PSII herbicides, PN, DIP and PP are summed for each basin, and then normalised to the maximum to 
give a relative assessment. The assessment shows the greatest relative contribution of combined end of 
catchment pollutant loads to the Burnett Mary region is from the Mary basin. The anchored score indicates that 
the contribution from the Burrum basin is approximately 28% of that from the Mary basin, and the contribution 
from the Burnett basin is approximately 23% of that of the Mary. The Kolan and Baffle are relatively low 
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contributors to regional pollutant loads compared to the other basins (approximately 10% of that contributed by 
the Mary basin). 

Table 3.11. Loads Index for TSS, DIN, PSII Herbicides, PN, DIP and PP derived from the sum of the proportion of the basin 
anthropogenic load contributions to the total regional load. The basin that had the largest summed contribution was 
given a score of 1; all other basins are expressed as a proportion. Loads data derived from Fentie et al. (2014). 

  
Basin 

Basin Anthropogenic load as % of Burnett Mary Regional Total Load     

TSS DIN PSII PN DIP PP Sum Loads 
Index 

Loads 
Index 
Rank 

Baffle Creek 8 3 2 3 5 4 25 0.10 5 

Kolan  2 3 17 2 3 2 29 0.11 4 

Burnett  4 16 18 8 5 9 60 0.23 3 

Burrum  4 18 34 5 7 4 72 0.28 2 

Mary  63 37 29 49 33 45 257 1.00 1 

            MAX 257     

 

3.5 Combined assessment: Relative Risk  

Using the information obtained through the above analyses for the marine water quality variables and end of 
basin pollutant loads, it is possible to make an assessment of the management priorities for minimising the risk 
of water quality impacts in the GBR. However, due to limitations with the input data, it is not possible to 
undertake a quantitative combined assessment to inform water quality management priorities across the basins 
Burnett Mary region as was completed in the 2013 GBR wide risk assessment. However, a qualitative 
assessment is offered in Section 4 based on the marine risk analysis and end of catchment pollutant load data.  
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4 Management prioritisation for the Burnett Mary region based on pollutant loads and potential 

influences 

This section summarises the outcomes of the risk assessment using additional evidence from the supporting 
studies to draw conclusions about the relative risk of water quality to coral reef and seagrass ecosystems in the 
Burnett Mary region.  

4.1 Additional information to support the risk analysis 

Several limitations to the quantitative assessment are identified in Section 6; however a number of these can be 
overcome by incorporation of new knowledge in a qualitative way to make conclusions about the relative risk of 
degraded water quality to the GBR. Supplementary evidence that is important the conclusions of our 
assessment are also included below. 

Land use in the Burnett Mary region 

Land use characteristics of the Burnett Mary region are shown in Table 4.1, and mapped in Figure 4.1, based on 
the QLUMP 2009 dataset. The dominant land uses by area are grazing (~69%), forestry (~14%), conservation 
(~8%), urban (~2%). Other land uses including sugarcane, dryland cropping, irrigated cropping and horticulture 
are all less than 2% of the regional land use area.  

It should be noted that mixed cropping including horticulture mixed with sugarcane is common in the region. 
This makes it difficult to draw specific conclusions regarding either of these land use types in isolation.  

Horticultural crops in the region can be divided into tree crops (e.g. macadamias but also avocadoes) and field 
crops such as capsicum, tomatoes, and other vegetables. The tree crops are perennial with long life cycles, 
whereas the other crops are annual and can be grown between sugarcane crops. 

The area and land use characteristics of the basins are quite different. To summarise: 

 The Baffle basin is relatively small (404,000ha) accounting for only 8% of the region area. The dominant 
land use in the Baffle basin is grazing (67%, 271,000ha), followed by conservation (19%, 75,000ha). The 
remaining land uses are all less than 7% of the basin area.  

 The Kolan basin is also relatively small (296,000ha) accounting for only 6% of the region area. The 
dominant land use in the Kolan basin is grazing (~69%, 203,000ha). The remaining land uses are all less 
than 10% of the basin area, although the basin has a reasonable area of sugarcane (~15,000ha). 

 The Burnett basin is by far the largest basin the in region (3,304,000ha), accounting for 63% of the total 
region area. The dominant land use in the Burnett basin is grazing (77%, 2,500,000ha), followed by 
forestry (12%, 405,000ha). The remaining land uses are all less than 10% of the basin area. There are 
~20,000ha of sugarcane, and the greatest areas of dryland cropping (~81,000ha), irrigated cropping 
(~41,000ha) and horticulture (~10,000ha) are in the Burnett basin. The Burnett Basin contains several 
water impoundments including Paradise Dam. 

 The Burrum basin is also relatively small (345,000ha) accounting for only 7% of the region area. The 
Burrum basin has a mixed land use profile with grazing (37%, 129,000ha), forestry (22%, 77,000ha) and 
conservation (21%, 72,000) as the dominant land uses. The remaining land uses are all less than 10% of 
the basin area. The Burrum basin has the greatest area of sugarcane (32,000ha). 

 The Mary is the second largest basin in the region (934,000ha), accounting for 18% of the total region 
area. The dominant land use in the Mary basin is grazing (51%, 472,000ha), followed by forestry (21%, 
193,000ha) and conservation (18%, 166,000ha). The remaining land uses are all less than 10% of the 
basin area. The Mary basin has the greatest area of urban land uses (54,000ha) with the major centre of 
Hervey Bay. There is ~19,000ha of sugarcane in the Mary basin. 
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Relative ranking for land use areas (bold indicates significant dominance in area): 

 Grazing = Burnett > Mary > Baffle > Kolan > Burrum 

 Dryland cropping = Burnett > Burrum > Mary > Kolan > Baffle 

 Irrigated Cropping = Burnett > Mary > Kolan > Burrum > Baffle 

 Sugarcane = Burrum > Burnett > Mary> Kolan > Baffle 

 Horticulture = Burnett > Mary > Burrum > Kolan > Baffle 

 Urban = Mary > Burnett > Burrum > Kolan > Baffle 
 
Table 4.1. Land use by area (ha) in the Burnett Mary region (based on QLUMP data used in Source Catchments). Grey 
shading indicates largest areas for each land use. 

Land Use (ha) 
Basin 

Baffle Kolan Burnett Burrum Mary All basins 

Sugar Cane 842 14,940 19,852 31,727 19,047 86,408 

Grazing 271,460 203,501 2,550,451 128,790 472,326 3,626,528 

Conservation 75,396 26,473 131,552 72,084 166,165 471,670 

Forestry 28,084 26,473 404,490 76,506 192,623 728,176 

Dryland Cropping 132 157 81,124 399 197 82,009 

Irrigated Cropping 489 714 40,875 587 3,885 46,550 

Horticulture 1,559 3,220 10,223 6,576 7,972 29,550 

Urban 7,197 9,757 36,881 15,594 53,926 123,355 

Water 17,603 9,879 19,093 9,380 11,541 67,496 

Other 780 344 9,256 3,395 6,292 20,067 

Total 403,543 295,470 3,303,802 345,039 933,976 5,281,830 

 

The relative contribution of different land uses (from both hillslope and gully erosion) and streambank erosion in 
the Burnett Mary region to constituent export is summarised in Fentie et al., (2014). The key findings are: 

 TSS export from streambank erosion is by far the dominant source of TSS in the Burnett Mary region, 
accounting for 55% of the regional load. Grazing forested and grazing open contributed 29% of the TSS 
export from the Burnett Mary region. Most of the effort in reducing TSS export from the Burnett Mary 
region should, therefore, target streambank erosion prevention in the Mary catchment and 
management practice change in industries that are major contributors of TSS export.  

 Sugarcane and point sources contributed 65% and 10% of the DIN export, respectively, with grazing 
open and grazing forested accounting for 6.9% and 5.7% of the DIN export, respectively. Therefore, it is 
important that measures be taken to reduce DIN export for these industries.  

 Sugarcane contributed about 98% of the (baseline) PSII herbicide export; 34% of which was from the 
Burrum basin. 
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Figure 4.1. Land use map of the Burnett Mary region.  

 

Point sources 

Sewage discharges can be relevant at a local scale. There are several sewage treatment plants (STP) in the 
Burnett Mary region that discharge into the GBRWHA or adjacent waterways. These include the East 
Wastewater Treatment Plant (Burnett basin), Gympie STP (Mary basin), Eli Creek STP (Burrum basin) and Pulgul 
Creek STP (Burrum). The loads for these treatment plants are estimated in Table 4.2, and are based on an 
assessment by Fentie et al., (2014) where it is estimated that ~79% of the Total Nitrogen and Total Phosphorus is 
in dissolved inorganic form. 

Table 4.2. Major sewage treatment plants in the Burnett Mary region.  

Name of STP Basin DIN (kg/yr) DON (kg/yr) DIP (kg/yr) DOP (kg/yr) 

East Wastewater 
Treatment Plant 

Burnett 24,885 6,615 8,383 2,364 

Gympie STP Mary 33,047 8,785 7,051 1,989 

Eli Creek STP Burrum 6,822 1,813 1,319 372 

Pulgul Creek STP Pulgul 1,787 475 1,122 316 
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Dugong and turtle 

The links between the condition and extent of seagrass meadows in the GBR has important implications for 
populations of dugongs and green turtles in the GBR, and consideration of this relationship in this assessment is 
therefore critical. Loss of seagrass habitat as a result of severe weather events and degraded water quality has 
led to increased mortality of dugong and turtles in recent years. Cyclone Yasi in the central GBR and flooding in 
the southern GBR in 2011 resulted in devastating loss of seagrass (Coles et al., 2011; McKenzie and Unsworth, 
2011; McKenzie et al., 2012) along the GBR coast from Hervey Bay to Cairns. This loss came on top of declining 
seagrass health in the central GBR (McKenzie et al., 2012a,b). The dugong population in the GBR is totally reliant 
on seagrass communities. Evidence shows that the southern dugong population was significantly reduced by 
commercial harvesting between 1847 and 1969 so the population is at best only about 25% what might be 
expected (Marsh et al., 2005). Given this population (reduced though it is) is a potential surrogate for the 
quantity of seagrass needed to maintain it, the loss of seagrass from the chronic impacts of water quality 
followed by the acute impact of the extreme cyclonic event and flooding in 2011 saw the southern dugong 
population reduce from an estimate of 2500 animals in 2005 to 600 in November 2011 (Sobtzick et al., 2012). It 
is considered that much of the change in population estimates between 2005 and 2011 can be explained by 
animals moving to locations outside the survey area to search for seagrasses (Sobtzick et al., 2012).  

The number of recorded dugong and turtle strandings has also increased significantly in recent years. In 2011 
there were over 180 recorded deaths of dugong on the Queensland coast (Meager and Limpus, 2012) believed 
to be due mainly to starvation associated with the loss of seagrass (Bell and Ariel, 2011). Turtle deaths (mostly 
green turtles) on the Queensland coast nearly doubled between 2010 and 2011 (Meager and Limpus, 2012); this 
increase has been attributed to a range of complications resulting from a lack of food. An assessment of the 
effects of the 2010-2011 flood events in the GBR show that the dugong deaths were potentially increasing both 
because of the chronic loss of seagrass (2009 and 2010) and increased dramatically in 2011 (GBRMPA, 2011).  

This evidence, coupled with current knowledge of the impacts of degraded water quality on seagrass meadows 
in the GBR and Hervey Bay region (Coppo et al., 2014), strengthens the importance of the implications of 
increased suspended sediment discharge from land based sources to the coastal and marine areas of the 
Burnett Mary region.  

Coastal wetlands and mangroves 

The Burnett Mary contains large areas of important coastal wetland and mangrove communities which are 
vulnerable to changes in water quality. 

The region includes Great Sandy Strait which covers an area of ~840 km² between the mainland and Fraser 
Island (Queensland Government, 2014). It is a RAMSAR listed wetland of international significance and part of 
the Great Sandy Marine Park. It is ‘a double-ended sand passage estuary that is flat nearshore with large tidal 
movement, and has the only known subtropical, southern hemisphere example of patterned fens, an elaborate 
network of pools surrounded by vegetated peat ridges’ (Queensland Government, 2014). It includes a diverse 
range of habitats such as intertidal sand and mud flats, seagrass meadows, mangrove forests, salt flats and 
freshwater Melaleuca wetlands and coastal wallum swamps which support numerous shorebirds, waterfowl and 
seabirds, marine fish, crustaceans, oysters, dugong, sea turtles and dolphins (Ramsar and Wetlands 
International, 2013). 

The Great Sandy Strait includes a large area of subtropical mangrove communities near their northern limit and 
represents a transition between essentially temperate and tropical flora (Dowling and McDonald, 1982). Nine 
species of mangrove occur in Tin Can Bay/Great Sandy Strait The swamp she-oak (Casuarina glauca) 
uncharacteristically grows below high water mark it is the southernmost limit of the club mangrove (Aegialitis 
annulata) and cedar mangrove (Xylocarpus granatum) (Ramsar and Wetlands International, 2013). 

The Great Sandy Strait holds significant cultural heritage values for local indigenous groups where evidence of 
occupation dates back 5,500 years and middens are frequently found in the site (Directory of Important 
Wetlands in Australia, Department of the Environment 2014, 
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http://www.environment.gov.au/topics/water/water-our-environment/wetlands/australian-wetlands-
database/directory-important). The tidal wetlands are extremely important as a source of food as well as for the 
protection of, various species of juvenile and adult fish, prawns and other crustaceans which are also highly 
valued for local commercial and recreational fishing such as an offshore prawn fishery dependent on the 
migration of prawn stocks out of the Strait (Ramsar and Wetlands International, 2013). 

The Burnett Mary region has 12 Nationally Important Wetlands, six of which are considered coastal; Great Sandy 
Strait, Burrum Coast, Bustard Bay Wetlands, Colosseum Inlet - Rodds Bay, Deepwater Creek and Wide Bay 
Military Training Area C. These wetlands are distributed along the region’s coastline, encompassing a diversity of 
ecological features and are included in National Parks or Conservation Parks. 

The region includes wetlands of various types; artificial (dams and weirs), estuarine (including mud and sand 
flats, mangroves) lacustrine and palustrine freshwater wetlands and riverine wetlands which cover an area of 
1,630 km2. The most modified catchments are the Burnett, Kolan and Mary River catchments with 54%, 60% and 
61% of the pre-clearing vegetation remaining in 2001 respectively. The least modified catchments are Fraser 
Island, Baffle and Burrum River catchments with 99%, 89% and 89% of the pre-clearing vegetation remaining in 
2001 respectively. 

The biggest threat to estuaries, coastal wetlands and mangroves in the Burnett Mary region is coastal 
development (Error! Reference source not found.Coppo et al., 2014) as indicated by the loss of wetlands since 
re-clearing of the catchments. Terrestrial pollutants, particularly sediment and pesticides, are also considered a 
threat as are the effects of climate change. These impacts are particularly important when assessing the high 
value of the coastal wetlands in the region. 

4.2 Potential management priorities 

Based on consideration of the Load Index and the areas of greatest relative risk identified in this assessment, we 
can draw the following conclusions regarding potential priorities for managing degraded water quality in the 
Burnett Mary region: 

1. In the combined assessment of the relative risk of marine water quality variables (Section 3.4) the areas 
in the Very High relative risk class were estimated to be located around Hummock Hill Island and Rodd’s 
Peninsula, the Burnett River mouth, the Burrum River mouth and the Mary River mouth extending into 
Hervey Bay. Further validation of the results around Hummock Hill Island are required, but may be 
associated naturally highly turbidity or uncertainties in the remote sensing results which have not been 
resolved. The Ramsar listed wetlands in the Great Sandy Strait are also in proximity to the highest risk 
areas. 

2. In the assessment of end of catchment pollutant loads (Section 3.5) the Mary basin is the greatest 
contributor to export of all constituents (contributing more than 40% of the regional totals in all cases), 
with the exception of PSII herbicides for which the Burrum catchment is the largest contributor. The 
Baffle basin is the second highest contributor of TSS and particulate nutrients to the region, most likely 
due to its close proximity to the reef lagoon, absence of storages and relatively higher average rainfall. 
The Burrum and Burnett basins contribute similar amounts of dissolved constituents, and the Kolan and 
Baffle are relatively low compared to the other basins. 

From these findings, it can be concluded that the greatest risk posed to coral reefs and seagrass from degraded 
water quality in the Burnett Mary region is from the Mary basin, followed by the Burrum and Burnett basins. 
The influence of the Kolan and Baffle basins is relatively low in comparison to these.  

These results can also be considered in the context of the dominant land uses and typical water quality runoff 
characteristics to further guide management priorities, as shown in Table 4.3. 
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Table 4.3. Summary of management priorities for reducing the relative risk of degraded water quality to the 
Burnett Mary region. 

Relative Priority Management Priorities 

Basin Pollutant Management Key land uses / land types 

1 Mary Sediment Streambank erosion in all land uses where riparian 
vegetation clearing has occurred 

Mary Nutrients Dissolved forms – Sugarcane and other intensive 
cropping 

Particulate forms – streambank erosion in all land 
uses 

2 Burrum Nutrients Sugarcane and horticulture 

Burnett Nutrients Sugarcane, horticulture and other cropping 

Mary Sediment, Nutrients 
(particulate forms) 

Urban stormwater runoff, particularly new urban 
areas. 

3 Kolan Nutrients Sugarcane 

All basins PSII herbicides  Sugarcane (however there is limited data for other 
land uses) 
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5 Limitations to the risk assessment and future improvements 

The risk assessment described in this report provides the best available assessment of the relative risk of water 
quality pollutants to the GBR and the information outlined above can be used as the first step in prioritising 
management based on regional ‘hot spots’ for pollutant sources, contributing industries and resulting impacts in 
the marine environment. However, there are several limitations to the assessment that are important to 
identify, many of which are expanded in the discussion in Brodie et al. (2013). 

Limitations to the input datasets in terms data collection, temporal and spatial resolution, influence the certainty 
of the outcomes. Several examples can be presented here: 

TSS and chlorophyll a exceedance is based on daily observations over a 10 year monitoring period (with only 1 or 
2 valid observations every 5 days), while TSS and DIN plume loading are derived from the interpolation of the 
2013 risk assessment analysis that was based on a mean of 2007 to 2011 wet season plume maps (which were in 
fact relatively wet years in the long term record), and PSII herbicide exposure is based on one single flood event. 
For these reasons the final conclusions of the assessment are supported by additional evidence of known water 
quality conditions, spatial and temporal patterns and ecological impacts. Additional variables that were 
considered but not included due to the current lack of temporal and spatial data, and / or knowledge of 
ecological impacts include chronic exposure to PSII herbicides and non-PSII herbicides, particulate nutrients and 
phosphorus exposure, and micropollutants presence and distribution in the GBR. 

Another limitation to the remote sensing dataset is that the data only extends to the mouth of the Mary River, 
and not to the most southern point of the Burnett Mary marine area near Tin Can Bay. 

The assessed risk posed by pesticides is most probably an underestimate. Only a few of the pesticides detected in 
the GBR lagoon are considered. The risk posed by multiple pesticides, in combination with other contaminants 
found in flood plumes (e.g. elevated TSS and nutrients) and other environmental stressors (temperature) have 
not been assessed. Cumulative impacts from the multiple plumes that occur each year are also not accounted 
for. Toxicity of PSII herbicides is time dependent (Vallotton et al., 2008), i.e. the toxicity to phototrophs increases 
with exposure duration. For this risk assessment, only acute exposure was used to assess the potential impacts 
to seagrass and corals.  

Estimates of river influences on the GBR are assumed to be constrained within adjacent marine NRM boundary 
due to currently limited capacity to quantify the transport and dispersion of individual river plumes in the GBR 
lagoon in the region. It is fully understood that river plumes can cover large areas within the GBR lagoon. 
Observations (e.g. Wolanski and van Senden, 1983), hydrodynamic modelling (e.g. King et al., 2002) and satellite 
imagery (e.g. Devlin et al., 2012) during periods of high flow has shown that the Mary River may reach the 
coastal areas of the Fitzroy marine NRM region (see example in Figure 5.1). The hydrodynamic model for the 
GBR (developed through eReefs) only includes the Burnett River in the region. 

The risk classes for individual water quality variables are not equivalent in terms of ecological impact, and are 
therefore not directly comparable without recognition of these differences. Further studies should adequately 
address this limitation to provide a better representation of the severity of potential ecological impacts between 
assessment classes for each water quality variable. Community characteristics such as the sensitivity and 
resilience of particular seagrass or coral communities (e.g., associated with their natural levels of exposure to 
pollutants) are additional parameters that must be considered when defining the ecological consequences of 
the risk. Indeed, different species assemblages will respond differently to the same exposure (i.e., same 
likelihood magnitude of risk) to river plumes. The consequence of the exposure of species to a range of water 
quality conditions is complicated by the influence of multiple stressors and additional external influences 
including weather and climate conditions, and consequences are mostly unknown at a regional or species level 
(Brodie et al., 2013). 

The approach to classification used is also a potential weakness of multi criteria analysis, which is an interval 
scale approach, while risk consequence is inherently oriented to a need for quantification of magnitudes. In 
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addition, the assessment does not account for the potential synergistic or antagonistic effects that these 
multiple stressors when acting together may have on ecosystems.  

Table 5.1. MODIS satellite image from 11 January 2011 showing river plume movement in a northern direction. 

 

Only a limited sensitivity analysis that tested weighting of variables has been conducted. More scenarios that 
scale or 'weight’ individual factors or pollutants as being more or less important and the effect of only selecting 
the highest assessment classes in the final analysis should be tested. For example, a more detailed assessment 
of the patterns in the lower assessment classes should be considered in future work, particularly given the 
potential influence of chronic exposure to pollutants, or the effects of periodic exposure to high concentrations 
of pollutants. 

Further validation of remote sensing-based results is required for locations where high turbidity that confounds 
existing algorithms may naturally occur. These areas include the northern coastal areas of the Burnett Mary 
marine region which are naturally turbid. Uncertainties in products derived from remote sensing of these areas 
have not been resolved. In addition, the number of valid observations for the remote sensing assessment varies 
between seasons and locations and over the year equates to an average of less than 2 valid observations every 5 
days.  

The scope of the assessment is limited in terms of the coverage of social and economic issues. It should be 
recognised and highlighted that the results presented in this study only represent the biophysical perspective of 
management priorities required to reduce pollutant impacts on the GBR. However, further consideration of the 
relative priorities between the Regions and industries requires incorporation of the current adoption of 
management practices, the feasibility of adopting the most effective practices in terms of water quality benefits, 
the relative cost effectiveness of these practices, existing management programs in place, and the range of 
management strategies available to address these issues. The Reef Plan 3 Management Prioritisation project will 
address these aspects to some degree over the coming months, although these aspects will always present a 
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challenge to managers due to the complexity of the issues and varying degrees of knowledge of these aspects 
between the Regions and industries.  

These limitations have been translated into priority information needs for future risk assessments of water 
quality in the GBR: 

1. Scoping of the availability of, and acquisition of, more consistent temporal and spatial data for all water 
quality variables (including those not included in the most recent assessment such as phosphorus and 
particulate nutrients) and their ecological impacts to enable improved classification in terms of 
ecological risk and application of a formal risk assessment framework (which includes assessments of 
likelihood and consequence).  

2. Better understanding of the responses of key GBR ecosystem components to cumulative impacts of 
repeated exposure to poor water quality, and the cumulative impacts of multiple water quality 
pressures. 

3. Definition of zones of river influence for each basin using hydrodynamic and pollution distribution 
models so that water quality risk from individual and combined pollutants can be attributed back to 
individual rivers. The current eReefs model does not include all rivers in the Burnett Mary region. 

4. Support for resources to undertake further assessment of the distribution and condition of coral reef 
and seagrass habitats in the Burnett Mary marine region.  

5. Validation of the remote sensing data for turbidity and chlorophyll, particularly in areas which are 
known to be naturally highly turbid or where existing validation data is limited, and extension of the 
dataset to the southern-most boundary of the Burnett Mary marine region. 

6. Better understanding of the prevalence and associated effects of other pollutants (e.g. microplastics, 
endocrine disrupting substances, oil and PAHs, pharmaceuticals and heavy metals) on GBR ecosystems. 

7. Extending the habitat assessments beyond coral reefs and seagrass to include coastal ecosystems such 
as freshwater and coastal wetlands, mangroves and estuarine environments, and non-reef bioregions. 
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Appendix 1: Assessment of differential risk between pollutants 

The assessment identifies the areas which water quality variable is considered to pose the greatest relative risk 
to coral reefs and seagrass in the Burnett Mary region, but only as a demonstration of the approach at this 
stage. 

The estimated area of coral reef and seagrass habitat for the highest assessment classes are presented in Table 
0.1 and Figure 0.2. These results indicate that nutrients pose the greatest risk to coral reefs and seagrass in the 
Burnett Mary region. This is simply drawn from the comparison of the area of habitats in the highest risk classes 

for all of the variables. With the current data, which is greatest for the nutrient related variables (Chl 0.45g/L 
exceedance and DIN loading) compared to sediment and PSII herbicide related variables. However, 
improvement of the input datasets and further investigation of equality between the assigned assessment 
classes for each variable is recommended prior to making any decisions using this approach. 

Table 0.1. Estimated area of coral reefs and seagrass in the two highest assessment class for each variable: TSS and Chl 
exceedance and Pesticide concentration = Very High and High; for TSS and DIN loading = High. 

Variable 
TSS 2mg/L 

Exceedance 
(VH+H) 

TSS 7mg/L 
Exceedance 

(VH+H) 

TSS 
Loading 

(H) 

Chl 

0.45g/L 
Exceedance 

(VH+H) 

DIN 
Loading 

(H) 

PSII Herbicide 
concentration 

(VH+H) 

  Area (km
2
) 

Coral Reefs             

Reefs outside 
GBRWHA (Zann, 
2012) 

8 0 8 28 35 0 

Reefs inside 
GBRWHA 

4 0 0 32 3 0 

Total Reef 12 0 8 60 38 0 

Seagrass 0 0 0 0 0 0 

Deepwater 
modelled 

1 0 0 508 217 0 

Survey composite 134 55 132 2,221 1,005 0 

Total Seagrass 135 55 132 2,729 1,222 0 

 

 

Figure 0.1. Estimated area of coral reefs (left) and seagrass (right) in the two highest assessment class for each variable: 
TSS and Chl exceedance and Pesticide concentration = Very High and High; for TSS and DIN loading = High. 

b) 


