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EXECUTIVE SUMMARY 

The water quality component of the Great Barrier Reef Marine Monitoring Program (MMP) reports 
on the annual and long-term condition in inshore water quality of the Great Barrier Reef (the Reef). 
This report presents the results for the 2024ï25 water year (1 October 2024 to 30 September 2025) 
with reference to 20 years of monitoring data. The program design includes the collection of samples 
along transects in the Cape York, Wet Tropics, Burdekin, Mackay-Whitsunday, and Fitzroy regions 
year-round, with higher frequency sampling during the wet season to better characterise this period 
of episodic river discharge. Satellite imagery and remote sensing are linked with in situ monitoring 
data to estimate the exposure of inshore areas to end-of-catchment loads from rivers for all Reef 
catchment regions. 

Drivers and pressures  

Environmental conditions over the 2024ï25 wet season were variable across the Reef. River 
discharge was 1.9 times the long-term median for the entire Reef catchment area but varied among 
Natural Resource Management (NRM) regions. River discharge in 2024ï25 was the largest 
discharge since the extreme 2010ï11 water year. On a regional basis, the Burdekin, Mackay-
Whitsunday and Burnett Mary NRM regions had river discharge higher than their long-term medians 
(6.8, 2.8, and 3.4 times, respectively) with above-average discharge from the Cape York and Wet 
Tropics NRM regions (1.4 and 1.6 times, respectively). The river discharge from the Burdekin region 
for the 2024ï25 water year (40.4 million ML) was the highest since the extreme 2010ï11 water year 
(43.2 million ML). Discharge from the Fitzroy NRM region was slightly higher than the long-term 
median (1.2 times). The 2024ï25 wet season had no notable cyclone influence in the Reef lagoon.  

End-of-catchment sediment and nutrient load estimates are strongly correlated with river discharge 
and showed distinct variations between the focus regions. In the 2024ï25 water year, modelled load 
estimates across the Cape York basins were generally consistent with long-term patterns, except in 
the Endeavour Basin where loads were elevated but remained below those associated with Cyclone 
Jasper in 2023ï24. In the Wet Tropics, loads from the Russell-Mulgrave and Johnstone basins were 
above average yet lower than those associated with the previous yearôs high discharge conditions. 
The Tully-Murray-Herbert and Burdekin-Haughton basins recorded substantial increases, 
representing the second-highest loads since the major events of 2010ï11, although the increases 
were more pronounced for nutrients in the Wet Tropics, and total suspended sediments in the 
Burdekin region. The Mackay-Whitsunday basins also experienced increased loads, coinciding with 
discharge levels 2.8 times the long-term median, while modelled loads in the Fitzroy region aligned 
with typical conditions observed over the past 9 years. 

Sentinel-3 satellite images are assessed over a 22 week period within the wet season to assess the 
frequency of different Reef optical water types during the wet season (groups of water bodies that 
share similar optical and water quality properties). Sentinel-3 satellite data are categorised into 4 
distinct optical water types using a water colour classification standard (the Forel-Ule colour scale): 
Reef Water Type 1 (Reef WT1) - brownish waters (enriched in sediment and coloured dissolved 
organic matter), Reef Water Type 2 (Reef WT2) - greenish waters (enriched in algae and coloured 
dissolved organic matter), and Reef Water Type 3 (Reef WT3) - clearer waters, with a lower risk of 
ecological impact. The frequency maps show the proportion of time that these conditions occur 
across the wet season. The results for several reference periods are used to provide context for the 
results for each wet season and includes long-term average 2001ï2023, representative wet and 
representative dry periods. In 2024ï25, and consistent with previous years, there was a high 
frequency of exposure to Reef WT1 in inshore areas. However, there was also a small percentage 
of the mid-shelf waterbody with a higher frequency of the occurrence of Reef WT1 (representing 3% 
of its total waterbody area), related to the high river discharge events that occurred in the Wet Tropics 
and Burdekin regions in late January and February 2025.  

The potential risk of exposure of Reef ecosystems to wet season water quality (herein referred to as 
ópotential riskô) is assessed using a relationship between the Reef Water Type frequency maps, and 
the characterisation of Reef Water Types with in-situ water quality data. The potential risk of 
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exposure is categorised into 4 potential risk categories I to IV, where Category I is no or very low 
exposure to a potential risk, and IV is high exposure to a potential risk. The 2024ï25 results indicated 
that 90% of the Reef area remained at no or very low potential risk, but the area in the highest 
potential risk categories (potential risk categories III and IV) reached 11,220 km² which is 3,166 km² 
above the long-term average. Regional exposure patterns varied significantly between regions. The 
Wet Tropics and Burdekin regions recorded the largest increases in potential risk of exposure 
compared to long-term averages (+8% and +5%, respectively), reflecting wetter conditions in these 
regions during the 2024ï25 wet season. In contrast the total area of exposure to a potential risk 
(combined potential risk categories IIïIV) was largely similar to the long-term averages in the Cape 
York region and in the southern regions (Mackay-Whitsunday, Fitzroy, and Burnett-Mary regions). 
However, river discharge was 2.8 times the long-term median in the Mackay-Whitsunday region, 
with 2 major flood events in February and March. The lower result is most likely influenced by 
persistent cloud cover during these events, resulting in limited satellite detection of flood plumes and 
an underestimation of exposure in this region.  

Trends in key inshore water quality indicators  

Key water quality indicators were used to derive a Water Quality Index which communicates the 
annual condition and long-term trends in water quality relative to guideline values (GVs) (Figure i).  

The annual condition of inshore water quality in 2024ï25 was:  

¶ ógoodô in the Cape York region, representing improvement compared with the previous yearôs 
ómoderateô score following Tropical Cyclone Jasper; 

¶ ómoderateô in the Wet Tropics region; 
¶ ógoodô in the Burdekin region, similar to 2023ï24; 
¶ ómoderateô in the Mackay-Whitsunday region following 7 years of ómoderateô scores; and 

¶ ógoodô in the Fitzroy region, similar to the previous 4 years. 

The long-term Water Quality Index showed that inshore water quality has:  

¶ improv ed in Cape York following a deterioration in 2023ï24 associated with Tropical 
Cyclone Jasper; 

¶ deteriorated  this year in the Wet Tropics region, which was related to high river discharge 
during 2024ï25; 

¶ been stable  in the Burdekin region after improvement since the late 2010s; 

¶ deteriorated  this year in the Mackay-Whitsunday region, which was related to high river 
discharge during 2024ï25; and 

¶ been stable  in the Fitzroy region over the last 5 years after a trend of improvement from 2010 
to 2015.  

Individual water quality indicators were monitored for trends and compared against water quality 
GVs. This water year, GVs were:  

¶ met in most regions  for total suspended solids, particulate nitrogen, particulate phosphorus 
and chlorophyll a; and 

¶ not met in any region  for turbidity, Secchi depth, and nitrate/nitrite. 

Trend analysis shows that since 2015, most water quality indicators have shown stability  or 
deterioration , which is related to 2 consecutive years (2023ï25) of above-median river discharge 
in many central and northern Reef focus regions. Despite this high discharge, nitrate/nitrite continued 
to show a trend of improvement  in the Tully (within the Wet Tropics) and Burdekin focus regions, 
although concentrations continue to exceed GVs. This is a promising finding for nitrate/nitrite and if 
current trends continue, concentrations in some focus regions could meet GVs in the next few years. 
Multi-decadal trends suggest an overall improvement in many water quality indicators, following a 
period of deterioration from ~2007ï2018 that occurred in many regions. 

Changes in nutrient concentrations are related to changes in nutrient sources (i.e., inputs) and sinks 
(i.e., outputs) in the Reef lagoon and potentially changes in the rates of key ecological processes 
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such as primary production or remineralisation. The spatial and temporal variability in the in situ 
water quality discussed in this report highlights the combination of complex factors that control water 
quality in the Reef lagoon including river discharge, multi-year cycles of wet/dry years, 
biogeochemical processes, physical forcing, and the variability of these drivers between focus 
regions. 

 

Figure i: Water Quality Index scores from 2008 to 2025 for the Cape York, Wet Tropics, Burdekin, Mackay-Whitsunday, and Fitzroy 

regions. The Index is calculated to show the long-term trend since the start of monitoring (circles), where seasonal and short-term 

variability signals are removed. An updated Index version communicating annual condition is calculated from 2015 onwards 

(squares) that includes increased temporal and spatial sampling and relates water quality values to wet and dry season Reef water 

quality guidelines. The Index includes 5 indicators: water clarity, nitrate/nitrite, particulate nitrogen, particulate phosphorus, and 

chlorophyll a.  

Wet season event sampling  

Pesticide monitoring in the Wet Tropics, Burdekin, and Mackay Whitsunday regions showed 
relatively consistent patterns with previous years, with peak concentrations detected during high river 
discharge in the Wet Tropics and Burdekin regions in January and February 2025. Diuron was found 
in all passive samplers and the composition of pesticide mixtures continued to reflect adjacent land 
uses. Metolachlor and tebuthiuron exceeded freshwater protection guidelines in event-based grab 
samples during Herbert and Burdekin River floods. Consistent with previous years, Sandringham 
Bay recorded the highest passive sampler concentrations this wet season.  

Intensive event sampling was conducted for the Herbert and Burdekin Rivers which both 
experienced significant flooding across the wet season. The Herbert River recorded the third-largest 
seasonal discharge on record in February 2025. Monitoring across Halifax Bay, Palm Islands, and 
mid-shelf reefs showed strong salinity gradients, high suspended sediments, variable nutrients, and 
elevated chlorophyll a in mid-salinity zones, reflecting typical plume dynamics and productivity 
responses. The Burdekin River recorded 2 major floods in 2024ï25, with the February peak 
producing the largest daily discharge since 2008ï09, and a total annual flow of 30.6 million ML, the 
fourth highest in its 104 year record. The resulting plume spread across inshore to outer reefs for 
weeks, and was intensively sampled throughout February, showing strong salinity gradients, high 
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suspended sediments concentrations, and elevated chlorophyll a concentrations extending beyond 
the inshore areas.  

Conclusion s 

Results from the 2024ï25 water year presented in this report demonstrate the close relationship 
between inshore water quality, interannual rainfall patterns, and coastal oceanographic drivers. Two 
consecutive years of above-median river discharge in many Reef regions led to deteriorating water 
quality conditions in the Wet Tropics and Mackay-Whitsunday regions and stable water quality 
conditions in the Burdekin and Fitzroy regions. Despite this, positive results from this year included 
the recovery of the Cape York region to ógoodô condition following the devastating impacts of Tropical 
Cyclone Jasper in 2023ï24, as well as a trend of improvement in nitrate/nitrate concentrations in the 
Burdekin and Tully focus regions. Some indicators (including nitrate/nitrite) remain above (not 
meeting) water quality guideline values in many focus regions and require continued improvement 
before guideline values may be met. However, this overall trend of improvement is promising given 
the high river discharge in the central Reef this year. 

The relationship between river discharge, oceanographic drivers, and coastal water quality is 
complex and is confounded by large interannual and decadal rainfall variability in tropical 
catchments. Progress of catchment management practice adoption is incremental and slow 
response timeframes are expected between land-based changes and marine water quality. Episodic 
disturbance events such as cyclones and major floods reduce coastal water quality, which then 
typically improves during drier periods. It is therefore important to understand that catchment load 
reductions cannot be expected to result in a linear improvement in inshore water quality, especially 
in the shorter-term. Rather, reduced loads of sediment and nutrients from catchments will lower the 
overall sediment/nutrient inputs into the Reef and allow long-term improvement of coastal water 
quality. Further work is needed to distinguish oceanographic and climatic drivers of observed water 
quality trends and to predict how climate change impacts on cyclone frequency/intensity and rainfall 
patterns will affect coastal water quality. Trends in load reductions from catchment monitoring 
programs are an important line of evidence that need to be established before trends in inshore 
water quality could be conclusively related to catchment practices, and this work is currently 
underway through inter-agency collaborations.  

The inshore water quality component of the Marine Monitoring Program continues to provide a high 
value, long-term dataset to inform management of The Reef in a variety of ways. The multiple lines 
of evidence utilised in the Marine Monitoring Program include in situ water chemistry sample 
collection, in situ water quality time-seriesô from dataloggers, remote sensing analysis, and marine 
modelling, which all assist in providing a high degree of confidence in the interpretation of the results. 
The Marine Monitoring Programôs outputs have a wide application across scientific, management, 
government, and public audiences. Findings from the Marine Monitoring Program were used 
extensively in the recent update of the 2022 Scientific Consensus Statement, the Great Barrier Reef 
Outlook Report 2024, the updated Reef Spatial Management Prioritisation, the review of the Reef 
water quality targets, and continue to be used in the Regional Report Cards. The Marine Monitoring 
Program measurements are the primary in situ chemistry validation dataset for the eReefs 
Biogeochemical Model suite (a core tool for management and decision-making for the Reef), which 
provides confidence in model outputs and improvements over time. Continuation of the Marine 
Monitoring Program and strengthening of linkages with other Paddock to Reef components will 
further enhance the value of long-term monitoring efforts of the Reef. 
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1 INTRODUCTION 

1.1 The Great Barrier Reef  

The Great Barrier Reef (the Reef) is the most extensive reef system in the world, comprising over 
2,900 km2 of coral reefs. It also includes large areas of seagrass meadows, estimated to be over 
43,000 km2 or ~12.5% of the total area of the Great Barrier Reef Marine Park (the Marine Park) 
(Great Barrier Reef Marine Park Authority, 2019). The inshore Reef environment has high 
connectivity to the adjacent catchment area (424,000 km2), as demonstrated by input of land-based 
materials (especially sediments, organic material, nutrients and pesticides) and movements in the 
life histories of many species (Davis and Pearson, 2024). The Reef catchment is divided into 6 
natural resource management (NRM) regions, each with differing land use, biophysical, and socio-
economic characteristics.  

The Reef is one of the worldôs most complex natural systems, recognised for its considerable 
ecological, social, economic, and cultural values (Newlands and Olayioye, 2024). The Reefôs 
economic, social, and icon value to Australia (as of 2023ï24) is $95 billion, supporting 77,000 jobs 
and contributing $9 billion to the Australian economy over the 2023ï24 period (Deloitte Access 
Economics, 2025).  Human-induced climate change is the overriding threat to the Reef, and the 
ability of ecosystems to recover from climate impacts and acute disturbances continues to be 
compromised by poor water quality from pollutants such as fine sediments, nutrients and pesticides 
transported in land-based runoff, primarily in inshore areas (Waterhouse et al. 2024). It is estimated 
that climate action and investment in reef resilience creates a $124 billion economic opportunity over 
the next 50 years (Deloitte Access Economics, 2025). 

1.2 Water quality monitoring in the Reef  

The Outlook Report 2024 (Great Barrier Reef Marine Park Authority, 2024) recognises that the most 
urgent initiatives for the Reef are those that will halt and reverse climate change and those that will 
effectively improve water quality at the regional scale. Good water quality supports the health and 
resilience of coastal and inshore ecosystems of the Reef (Waterhouse et al., 2024; Great Barrier 
Reef Marine Park Authority, 2024). 

Water quality improvement requires management from the catchment to the Reef. The Australian 
and Queensland governments have been collaborating across jurisdictions for more than 2 decades 
to improve Reef water quality. The Reef Water Quality Protection Plan was established by the 
Australian and Queensland governments in 2003 (Australian and Queensland governments, 2003). 
The Plan is updated periodically and was last updated by the Australian and Queensland 
governments in 2017 and was released as the Reef 2050 Water Quality Improvement Plan (Reef 
2050 WQIP; Australian and Queensland governments, 2018a); it is currently under review. The Reef 
2050 WQIP is a major component of the Reef 2050 Long-Term Sustainability Plan (Commonwealth 
of Australia, 2015, 2018, 2021, http://www.environment.gov.au/marine/gbr/reef2050), which 
provides a framework for the integrated management of the Great Barrier Reef World Heritage Area. 

A key deliverable of the Reef 2050 WQIP is the Paddock to Reef Integrated Monitoring, Modelling 
and Reporting Program (Paddock to Reef program, Australian and Queensland governments, 
2018b), which is used to evaluate the efficiency and effectiveness of the implementation of the Reef 
2050 WQIP and report progress towards goals and targets. The Great Barrier Reef Marine 
Monitoring Program (MMP) forms an integral part of the Paddock to Reef program. The MMP has 3 
components: inshore water quality, coral, and seagrass. Ecological components of the MMP 
(seagrass and coral health) are published in separate annual reports detailing the condition and 
trend of these ecosystems in relation to multiple stressors, including water quality presented in this 
report (for example, McKenzie et al., 2026; Thompson et al., 2026). In previous years, inshore 
pesticide monitoring had been presented in a separate report (Kaserzon et al., 2024) or as part of 
the MMP water quality report. This year it is incorporated into this report. Loads of sediments and 
nutrients, and concentrations of pesticides within rivers are monitored and reported by the Great 
Barrier Reef Catchment Loads Monitoring Program (Water Quality & Investigations, 2024a). 

http://www.environment.gov.au/marine/gbr/reef2050
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The overarching objective of the inshore water quality monitoring program is to óAssess temporal 
and spatial trends in inshore marine water quality and link pollutant concentrations to end-of-
catchment loadsô (Australian and Queensland governments, 2018b). Water quality monitoring has 
been delivered by the Australian Institute of Marine Science (AIMS), James Cook University (JCU), 
University of Queensland (UQ), and the Reef Authority since 2005; the Cape York Water Partnership 
(CYWP) was added as a collaborator in 2017.  

 

1.3 Structure of the  annual  report  

Section 2 presents a summary of the programôs methods. Section 3 describes the factors influencing 
marine water quality, referred to as drivers and pressures in the Driver-Pressure-State-Impact-
Response (DPSIR) framework (Figure 1-1). Water quality results from satellite imagery are 
presented in Section 4 at Reef and regional scales. Detailed results from focus regions are presented 
in Section 5, including river discharge, catchment loading, in situ water quality monitoring results, 
water quality condition relative to guideline values (GVs), and observed trends since 2005. This year 
the water quality and pesticides monitoring reports have been integrated and results from routine 
pesticides monitoring are provided in Section 6. Conclusions are given in Section 7. More information 
on monitoring sites and methods is given in Appendix A and Appendix B. Detailed results tables and 
figures are included in Appendix C. The programôs major publications and presentations from the 
year are reported in Appendix D.  

 

 

Figure 1-1: Driver Pressure State Impact Response (DPSIR) framework used to guide the structure of the MMP derived from the 

Great Barrier Reef Strategic Assessment (Great Barrier Reef Marine Park Authority, 2014). The aspects highlighted in yellow are 

included in this report.  
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2 METHODS 

This Section provides an overview of the sampling design and indicators that are monitored as part 
of the MMP. More details are presented in Appendices and in a separate quality assurance and 
quality control (QA/QC) report (Gruber et al., 2025). The information is presented for each of the 
main program components. 

2.1 In situ  water quality  

2.1.1 Sampling design  

The MMP inshore water quality monitoring component is designed to measure the annual condition 
and long-term trends in coastal water quality of the Reef. Tropical waters are characterised by high 
seasonal variability in river discharge, as rainfall from low pressure systems causes river flood 
plumes to extend into the coastal ocean during high rainfall periods, while river discharge becomes 
negligible during low rainfall periods. The annual period that defines the monitoring cycles is the 
ówater yearô which extends from 1 October each year until 30 September of the following year. The 
water year is centred around each wet season in northern Queensland and encompasses a 
changeover point at the end of the previous dry season when rainfall influence is at a minimum. 

Water quality monitoring by the MMP is conducted each water year during ambient conditions as 
well as during river discharge events.  

¶ Ambient monitoring refers to routine sampling that occurs during the wet (1 Novemberï30 
April) and dry (1 Mayï31 October) seasons outside of major flood events. It has been 
conducted since 2005 under the MMP, although the program design (site location, site 
number, and monitoring frequency) has changed over time.  

¶ Event-based monitoring occurs in response to river discharge events to capture conditions 
within flood plumes and occurs at the ambient sites, plus additional óeventô sites, which may 
vary in location depending on the characteristics of a particular flood event. The monitoring 
frequency depends on the number of flood events each year. While there is no single 
statistical definition of a flood event, event-based sampling is typically considered when the 
river level is classified as óMinorô or above by the Bureau of Meteorology, but may vary 
depending on the local conditions and the river itself. For the analysis of the water quality 
data, data collected in conditions within or following a óModerateô event is identified as ófloodô 
data.  

The program covers 5 NRM regions including Cape York, Wet Tropics, Burdekin, Mackay-
Whitsunday, and Fitzroy regions, initially chosen on the basis of water quality risk assessments 
(Brodie et al., 2013). Monitoring site locations were selected along expected water quality gradients 
related to exposure to land-based runoff, as demonstrated in the Results in Section 5. This was 
largely determined by increasing distance from a river mouth in a northerly direction to reflect the 
predominantly northward flow of surface water driven by the prevailing south-easterly winds 
(Brinkman et al., 2011).  

From 2005 to 2014, monitoring occurred 3 times per year at sites in the regions listed above (with 
the exception of Cape York). An independent statistical review of the MMP in 2014 (Kuhnert et al., 
2015) showed that additional sites and higher sampling frequency would provide necessary 
additional statistical power for the program. The current program design was implemented in 
February 2015 and includes most of the sampling sites in the pre-2015 design, allowing for the 
continuation of the long-term time-series, and inclusion of additional sites. This program re-design 
was reviewed in 2021 and the increase in power to detect change in the Reefôs inshore water quality 
was verified (Lloyd-Jones et al., 2022). Monitoring in the Fitzroy region was discontinued in 2015 but 
resumed in 2020 through funding from the Great Barrier Reef Foundation Reef Trust Partnership; 
this monitoring was formally re-incorporated into the MMP starting in the 2024ï25 monitoring year. 

The program currently includes 10 ófocus regionsô, each with 5 to 6 sites measured routinely: Pascoe, 
Stewart, Normanby, and Annan-Endeavour (in the Cape York NRM, all added in 2017); Barron-

https://www.bom.gov.au/qld/flood/rain_river.shtml
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Daintree, Russell-Mulgrave, and Tully (all in the Wet Tropics NRM); Burdekin; Mackay-Whitsunday; 
and Fitzroy (Figure 2-1). The frequency of ambient monitoring was increased in 2015, and sites are 
now visited 3ï10 times annually, depending on the focus region. 

 

 

Figure 2-1: Site locations for routine water quality monitoring sampled from 2015 onwards as well as current water quality logger 

sites. Core event-based monitoring sites are also shown. 
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The list of parameters sampled by the MMP is provided in Table 2-1 and includes:  

¶ continuous measurement of salinity and temperature at 9 sites 

¶ continuous measurement of chlorophyll and turbidity at 19 sites 

¶ 55 ambient sites with more frequent sampling during the wet season  

¶ 26 event-based sites identified for sampling during flood conditions.  

 

Table 2-1: List of parameters measured during ambient and event-based water quality monitoring. Note that +/- signs identifying the 
charge of the nutrient ions were omitted for brevity. 

Condition  Parameter  Abbreviation  Units of Measure   

Physico-chemical  

Salinity Salinity (unitless) 

Temperature Temperature Celsius degree 

Light attenuation coefficient1 KD m-1 

Secchi depth Secchi m 

Total suspended solids TSS mg L-1 

Coloured dissolved organic matter CDOM m-1 

Turbidity Turb NTU 

Nutrients 

Ammonia NH3 µg N L-1 

Nitrite2 NO2 µg N L-1 

Nitrate2 NO3 µg N L-1 

Dissolved inorganic phosphorus PO4 µg P L-1 

Silica [as silicate Si(OH)4] Si µg Si L-1 

Particulate nitrogen PN µg N L-1 

Particulate phosphorus PP µg P L-1 

Total dissolved nitrogen TDN µg N L-1 

Total dissolved phosphorus TDP µg P L-1 

Particulate organic carbon POC µg C L-1 

Dissolved organic carbon DOC µg C L-1 

Biological Chlorophyll a Chl-a µg L-1 

1Derived from vertical profiles of photosynthetically active radiation and not sampled at all sites 

2 NOx is the sum of NO2 and NO3 

 

2.1.2 Water quality sampling  

At each sampling location (Figure 2-1, Appendix A), vertical profiles of water salinity and temperature 
were measured with a Conductivity Temperature Depth (CTD) profiler (Sea-Bird Electronics 
SBE19plus). The CTD also incorporates external sensors including chlorophyll fluorescence, 
turbidity and Photosynthetically Active Radiation (PAR), or alternative parameters depending on 
sensor availability. CTD profiles are used to characterise the water column and to identify its state 
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of vertical mixing. See the QA/QC report for a detailed description of CTD data processing (Gruber 
et al., 2025). 

Immediately following the CTD cast, field observations and sample metadata are recorded along 
with visual measurement of water clarity using a Secchi disc. Discrete water samples are then 
collected using Niskin bottles. Surface (~0.5 m below water surface) and bottom (~1 m above the 
seabed) samples were collected during ambient monitoring, whereas for some event-based 
monitoring only surface water samples were collected. Samples from the Niskin bottles were taken 
in duplicate and were analysed for a suite of water quality parameters (Table 2-1). Detailed 
descriptions of analytical chemistry techniques can be found in the QA/QC report (Gruber et al., 
2025). Values of water quality variables from discrete water samples presented in this report are 
depth-weighted means calculated using surface and bottom samples. 

Below is a brief description of each of the main water quality variables measured as part of the MMP 
relevant to this report. These variables are indicators of the primary pollutants transported to the 
Reef in land-based runoff, i.e. fine sediment, nutrients and pesticides, and were chosen due to their 
specific relevance to the Reef 2050 WQIP and the Paddock to Reef Program (Paddock to Reef 
program, Australian and Queensland governments, 2018b). These definitions are not all-
encompassing but are meant to provide a short description of what aspects of water quality they 
measure and what processes influence the variables:  

¶ Total Suspended Solids (TSS) is a measure of the suspended particulate material in the 

water column. This includes suspended sediments (sand, silt, and clay), living plankton, and 

detrital (non-living organic) material. TSS concentrations are affected by oceanographic 

processes including primary production and wind and tide-driven resuspension, as well as 

inputs from other sources such as dredging and land-based runoff. 

¶ Secchi depth is a visual measure of water clarity and proxy for light penetration, which is 

measured using a high-contrast black and white patterned disc called a Secchi disc. Water 

clarity increases with increasing Secchi depth. The Secchi depth is the average of the 

vertical disappearance and reappearance depths of the disc as it is lowered and then raised 

in the water. Secchi depth is a simple method that has been used for over 150 years, so is 

excellent for assessing long-term change and for cross-system comparisons. 

¶ Turbidity  is a measure of light scattering caused by fine suspended particles, such as 

sediment, detritus, and plankton. Turbidity is affected by a wide range of factors including 

oceanographic processes such as resuspension of bottom sediments by wind and tides; 

river discharge; and anthropogenic factors such as dredging. Turbidity data presented in 

this report come from in situ loggers (see Section 2.1.3 below). 

¶ Chlorophyll a (Chl-a) concentration is a measure of phytoplankton biomass in a water 

body. Chl-a concentration can vary depending on the species of phytoplankton (due to the 

presence of different pigments in their cells) but is nonetheless a widely-used and reliable 

indicator. Phytoplankton grow quickly in response to nutrient availability, so elevated values 

of Chl-a can indicate increased nutrient loading.  

¶ Dissolved inorganic nutrients (NH 3, NOX, PO4 and Si) measure the amount of readily 

available nutrients for plankton growth in water samples. Inorganic nitrogen (NH3, NOx) and 

phosphate (PO4) represent around 1% of the nutrient pools in the Reef. The inorganic 

nutrient pools are affected by a complex range of biogeochemical processes including both 

natural (for example, plankton uptake, upwelling, nitrogen fixation, and remineralisation) 

and anthropogenic (for example, dredging and nutrient inputs from changed land use) 

processes.  

¶ Particulate nutrients (POC, PN , and PP)  are a measure of the suspended material 
retained on a filter with a pore size of approximately 0.7 µm. This material consists of a 
minor fraction of living biomass (e.g., bacteria, phytoplankton) and a major fraction of 
detritus (e.g., dead cells, faecal pellets). Particulate nutrient concentrations are affected by 
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oceanographic processes (primary production, bacterial production, resuspension, and 
remineralisation) as well as sources such as dredging and land-based runoff.  

¶ Dissolved organic carbon (DOC)  is a measure of organic carbon concentrations passing 
through a filter with a pore size of 0.45 µm. DOC has a complex chemical composition and 
is used by bacteria as a source of energy. The DOC pool is affected by a range of production 
and degradation pathways. The sources include primary production by phytoplankton, 
zooplankton grazing, resuspension events, river runoff, and abiotic breakdown of POC. 
DOC can be degraded by sunlight. 

 

2.1.3 In situ loggers  

Continuous in situ chlorophyll fluorescence and turbidity were measured using WET Labs ECO 
FLNTUSB Combination Fluorometer and Turbidity Sensors located at 19 sites (Appendix A), which 
were deployed at 3 m (Cape York region) or 5 m (all other regions) below the surface and sampled 
at 10 min intervals. Water samples for analyses of Chl-a and TSS were collected 3 times per year to 
validate logger fluorescence and turbidity against in situ conditions. Diver-operated Niskin bottles 
were used to sample close to the moored loggers and samples were preserved and analysed in the 
same manner as ship-based water samples. 

Daily averages of the chlorophyll and turbidity collected by the ECO FLNTUSB instruments are 
presented as time-series graphs in Figure C-1. Annual means and medians of turbidity were also 
calculated for each site based on the ówater yearô (1 October to 30 September the following year) 
and compared with the guideline value (GV) (Table C-2). 

Salinity and temperature loggers (Sea-Bird Electronics SBE37) were deployed at 9 locations, with 5 
of these being placed on fixed moorings near the Fitzroy, OôConnell, Russell-Mulgrave, Tully, and 
Burdekin River mouths (Figure 2-1; Appendix A). See the QA/QC report (Gruber et al., 2025) for 
detailed descriptions of logger pre- and post-deployment procedures. Site-specific time-seriesô from 
these loggers can be found in Figure C-2. 

 

2.1.4 Data analyses ï Summary statistics and trends  

Concentrations of water quality parameters at each sampling occasion were calculated as depth-
averages (i.e., the mean of surface and bottom samples). Measurements falling below the analytical 
detection limit were replaced with values of half the detection limit (Gruber et al., 2024). Summary 
statistics for all water quality variables are presented for all monitoring sites in Table C-1. 
Concentrations were compared to site-specific GVs (Table C-9), which are defined for Chl-a, PN, 
PP, TSS, Secchi depth, NOx, and PO4 at most sites. Concentrations of water quality parameters are 
presented along the sampling transects for each focus region with distance from major river mouth. 
Trends in water quality with distance are represented with generalised additive models, fitted with a 
maximum of 5 knots and modelled with a gamma-distributed response and log-link function. Gamma 
distribution was used because the data are positive real numbers (distance from source) and tend 
to be positively skewed. The canonical link for a gamma distribution is the identity link which is more 
suitable for applications in which the response represents the duration of time that has elapsed since 
an event.  In the case of positively skewed real numbers, the log-link is typically more suitable. A 
maximum of 5 knots was used as the transects have 4ï6 discrete sites (representing 4ï6 distances 
from source); restricting the maximum number of knots to 5 ensured that the models did not exceed 
the degrees of freedom available in instances where sample sizes were low. Note that in almost all 
cases, the realised degrees of freedom (and thus knots) were well below this maximum. 

Temporal trends in key water quality variables (Chl-a, TSS, Secchi depth, turbidity, NOx, PO4, PN, 
PP, DOC, and POC) since 2005 are reported for all focus regions. Only open coastal and mid-shelf 
sites are used for these analyses because GVs for enclosed coastal waters are derived differently 
and are not available for all variables, creating statistical imbalance.  
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Generalised additive mixed effects models (GAMMs) were used to decompose each irregularly 
spaced time-series into its trend cycles (long-term) and periodic (seasonal) components (Wood, 
2006). GAMMs are an extension of additive models (which allow flexible modelling of non-linear 
relationships by incorporating penalised regression spline types of smoothing functions into the 
estimation process), where the degree of smoothing of each smooth term (and by extension, the 
estimated degrees of freedom of each smoother) is treated as a random effect and thus can be 
estimated via its variance as with other effects in a mixed modelling structure (Wood, 2006).  

For each water quality variable within each focus region, the variable was modelled against a thin-
plate smoother for date and a cyclical cubic regression spline (maximum of 5 knots) over months 
within the year. Spatial and temporal autocorrelation in the residuals was addressed by including 
sampling locations as a random effect and imposing a first-order continuous-time auto-regressive 
correlation structure (Pinheiro and Bates, 2000). All GAMMs were fitted using the mgcv (Wood 2006, 
2011) package in R 3.6.1 (R Core Team, 2022).  

GAMMs represent long-term trends in water quality variables measured during ambient periods (i.e., 
not peak flood events) of the dry and wet seasons and are presented in Section 5. It is important to 
note that this trend analysis removes variability associated with seasons. Thus, individual data points 
will have different values from raw data. This analysis is designed to detect long -term  and regional -
scale  trends in water quality by removing the effect of short-term changes associated with weather 
and seasonal variability. 

In order to provide a more quantitative assessment of trend since the start of monitoring under the 
current monitoring design (2015), linear change in values of GAMMs was measured from the present 
sampling year to 2015. This period was chosen as it incorporates the MMP re-design, which was 
introduced in 2015; using earlier data would unbalance this analysis as the amount of sampling 
greatly increased in 2015. As GAMMs are de-trended to remove the effects of seasons, this analysis 
aims to quantify long-term trends occurring outside of this cycle. The proportion of change that 
occurred between 2015 and the present year was calculated as the ratio between concentrations in 

those years (e.g., for TSS): ὙὥὸὭέ  , where a Ratio > 1 indicates an increase in 

concentration and a Ratio < 1 indicates a decrease in concentration. Upper and lower 95% 
confidence limits were calculated for each ratio. A statistically significant increase was defined as a 
Ratio where the lower confidence limit > 1, while a statistically significant decrease was defined as 
a Ratio where the upper confidence limit < 1. Trend analysis results are presented for each focus 
region in Section 5.  

 

2.1.5 Data analyses ï Water Quality Index  

The Water Quality Index (WQ Index) is an interpretation tool developed by AIMS to visualise trends 
in the suite of water quality variables measured and to compare monitored water quality to existing 
Water Quality Guidelines (Department of Environment and Resource Management, 2009; Great 
Barrier Reef Marine Park Authority, 2010). The WQ Index uses a set of 5 key indicators: 

¶ Water clarity (see definitions below for Index versions), 

¶ Chl-a concentrations, 

¶ PN concentrations, 

¶ PP concentrations, and 

¶ NOx concentrations. 

These 5 indicators are a subset of the comprehensive suite of water quality variables measured in 
the MMP inshore water quality program. They have been selected because GVs are available for 
these measures, and they can be considered as relatively robust indicators that integrate a number 
of bio-physical processes in the coastal ocean. 

For each monitoring site, these indicators are scored based on performance relative to GVs and 
averaged to give an overall site-specific score. Sites are then averaged over a region or focus region 
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to give a regional score (see Appendix B for details of Index calculation). Results are presented in 
Section 5. 

The WQ Index is calculated using 2 different methods due to the objectives of the program needing 
to report both the long-term trend in water quality condition and the annual conditions that 
ecosystems experience. Changes in the MMP design that occurred in 2015 (increased number of 
sites, increased sampling frequency, and higher sampling frequency during the wet season [1 
November to 30 April]) also needed to be incorporated into WQ Index calculation. The 2 versions of 
the WQ Index have different purposes: 

1. Long -term trend : This version is based on the pre-2015 MMP sampling design and uses only 
the original sites (open coastal water body) and 3 sampling dates per year. This sampling design 
had low temporal and spatial resolution and was aimed at detecting long-term trends in inshore 
water quality. See Appendix B for details of Index calculation. Key aspects of this version are: 

¶ annual water quality GVs are used for scoring monitoring data (Table B-1), 

¶ only AIMS monitoring data are used, 

¶ a four-year running mean is applied to data to reduce the effect of sampling time on the 
Index, and 

¶ the Index is an average of 5 equally-weighted indicator scores:  water clarity (the average 
of TSS and turbidity from loggers, where available), Chl-a, NOx, PN, and PP weighted 
equally. 

 
2. Annual condition: This version is based on the post-2015 MMP sampling design and uses all 

sites (except enclosed coastal sites) and sampling dates per year. See Appendix B for details 
of Index calculation. Key aspects of this version are: 

¶ seasonal site-specific water quality GVs are used (i.e., wet season data are compared to a 
wet season GV and dry season data are compared to a dry season GV) (Table C-9 

¶ both AIMS and JCU monitoring data are used, 

¶ a running mean is not applied, and 

¶ the Index is a hierarchical combination of scores for 5 indicators: water clarity (the average 
of TSS, Secchi depth, and turbidity from loggers, where available), productivity (combined 
score of Chl-a and NOx), and particulate nutrients (combined score of PN and PP), which 
are weighted equally. 

 

2.2 Remote sensing  

2.2.1 Mapping Reef water types  

The current Program utilises optical information available from medium resolution optical satellite 
images combined with modelling and in situ data to monitor Reef water quality (e.g., Petus et al., 
2019; Waterhouse et al., 2021). Until 2020, trends in Reef marine water composition during the wet 
season were monitored using a combination of Moderate-Resolution Imaging Spectroradiometer 
(MODIS) satellite imagery and a ñwet seasonò colour scale specifically developed for the Reef 
(Alvarez-Romero et al., 2013). MODIS satellite pixels were reclassified into 6 colour classes, then 
into 4 broad groups of water type characteristics: the primary (corresponding to colour classes 1 to 
4), secondary (colour class 5), and tertiary (colour class 6) wet season water types and the marine 
water type (Figure 2-2a and Table 2-2).  

These water types represented typical colour and water quality gradients encountered in the Reef 
during the wet season (December to April), including river plumes. Catchment runoff in sediment-
laden river discharge appears in satellite images as brownish flood plumes, while productive 
chlorophyll-rich waters appear with a greenish colour, and ambient (clear) marine waters are a 
blueish colour. Brownish-green waters also appear when sediments are re-suspended by wind or 
tide, and it is impossible to fully separate the direct influence of riverine plume from wind- and wave-
driven sediment resuspension (some of which may have been originally derived from river discharge 
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in previous events) in optical satellite images. Therefore, the term ñwet season watersò referred 
collectively to flood river plumes, associated resuspension, and oceanographic processes occurring 
in the Reef during the wet season. 

However, MODIS sensors were ageing, and the quality of the MODIS imagery was declining 
(MODIS-Aqua was launched in 2002). A transition to Sentinel-3 Ocean Land Colour Instrument 
(OLCI) satellite imagery and another colour scale (the Forel-Ule [FU] colour scale) was proposed for 
the continuous mapping of Reef waters in 2019 and adopted in 2020 (Petus et a, 2019) (Table 2-2). 
The FU colour scale is an historical colour scale standard to determine water colour and classifies 
waterbodies worldwide (Novoa et al., 2013). It is composed of 22 colours from indigo blue to ócolaô 
brown, and is applicable for all natural waters (inland, estuarine, inshore and offshore) and all 
environmental conditions, including wet and dry season conditions (Wernand et al., 2012, 2013; Van 
der Woerd et al., 2016; Van der Woerd and Wernand, 2018). In a case study focusing on Wet Tropics 
and Burdekin regions of the Reef over the 2017ï18 wet season, the MODIS-Aqua WS and Sentinel-
3 FU colour class maps showed very similar patterns (Petus et al., 2019; Figure 2-2 and Table 2-2).  

Equivalent FU water types were defined by grouping: 

¶ FU colour classes 1ï3 (equivalent to marine waters in the wet season scale used before 2020ï
21), 

¶ FU colour classes 4ï5 (equivalent to tertiary water type in the wet season scale),  

¶ FU colour classes 6ï9 (equivalent to the secondary water type), and  

¶ FU colour classes Ó10 (equivalent to the primary water type).  

 

In the 2021ï22 report (Moran et al., 2023), the water type (WT) terminology was modified to: Reef 
WT1, WT2, WT3, and WT4 instead of primary, secondary, tertiary, and marine wet season water 
types. This change was made in response to recognition that the previous terminology may be 
misleading and systematically implied the presence of flood plume waters, while the Reef WT1 
(primary waters) may also represent sediment resuspension in shallower parts of the Reef lagoon, 
and the Reef WT3 (tertiary waters) may represent oceanographic processes such as upwelling or 
sediment resuspension around reefs and islands (Table 2-2). Importantly, while names of the water 
types changed, the definition of the water types in Table 2-2 essentially remained the same.  

Several monitoring products are derived from the Sentinel-3 FU water type maps to report on water 
quality trends. These products map water quality gradients during the wet season and are used to: 

¶ Map the extent of river flood plumes during high flow conditions; 

¶ Characterise the composition of the Reef water types (mean long-term total suspended 
solids [TSS], chlorophyll a [Chl-a], coloured dissolved organic matter [CDOM], dissolved 
inorganic nitrogen [DIN], dissolved inorganic phosphorus [DIP], particulate phosphorus 
[PP], and particulate nitrogen [PN] concentrations and Secchi disk depth [SDD] values) and 
identify where mean long-term concentrations of TSS, Chl-a, PP, and PN are likely to be 
above wet season GVs. Wet season GVs for the whole of the Reef (hereafter Reef-wide 
GVs) are derived from Deôath and Fabricius (2008) (Table B-4); and 

¶ Assess the exposure of coral reefs and seagrass ecosystems to potential risk from 
exposure to land-based pollutants.  

These products are used to illustrate wet season conditions for every wet season and to compare 

seasonal trends with baseline reference trends in water composition including long-term 

conditions, typical wet year and dry year conditions and conditions over a documented recovery 

period for coral reefs. Available satellite data are biased toward clear, non-cloudy days, and may 

underrepresent poor water quality in regions of higher rainfall and cloudiness like the Wet Tropics 

and Cape York. However, they provide a unique large-scale and long-term view of the Reef that is 

not available using water quality data only.   
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Table 2-2: Description of the Sentinel-3 Reef water types (WT) and corresponding Forel-Ule (FU) colour classes (and comparison 

with MODIS wet season (WS) water types). Mean long-term (2004ï2023) concentrations of water quality parameters (± standard 

deviation) across the Reef water types are indicated in the right column (modified from Petus et al., 2019 and Waterhouse et al., 

2018). Refer to Appendix C4 for further detail. 

Reef water 
types  

FU colour 
classes  

(and WS 
colour 
classes)  

Description  Mean long -term (2004ï
23) concentrations of 
water quality 
parameters * 

WT1 

(previously 
primary) 

FU Ó 10 

(WS1ï4) 

Brownish to brownish-green turbid waters typical of 
inshore regions of the Reef that receive land-based 
discharge and/or have high concentrations of 
resuspended sediments during the wet season. 

In flood conditions, this water type typically contains 
high sediment and dissolved organic matter 
concentrations resulting in reduced light levels. It is also 
enriched in coloured dissolved organic matter and 
phytoplankton concentrations and has elevated nutrient 
levels. 

SDD: 2.1 ± 2.1 m 

TSS: 17.4 ± 44.1 mg L-1  

Chl-a: 1.5 ± 2.2 ɛg L-1 

WT2 

(previously 
secondary) 

FU6ï9 

(WS5) 

Greenish to greenish-blue turbid water typical of coastal 
waters with colour dominated by phytoplankton (Chl-a) 
but also containing dissolved organic matter and fine 
sediment. This water body is often found in open 
coastal waters of the Reef as well as in the mid-shelf 
where relatively high nutrient availability and increased 
light levels due to sedimentation favour coastal 
productivity (Bainbridge et al., 2012). 

SDD: 4.6 ± 2.8 m 

TSS: 4.6 ± 7.0 mg L-1 

Chl-a: 0.6 ± 0.7 ɛg L-1 

 

WT3 

(previously 
tertiary) 

FU4ï5 

(WS6) 

Greenish-blue waters corresponding to waters with 
slightly above-ambient suspended sediment 
concentrations and high light penetration typical of 
areas towards the open ocean. This water type includes 
the outer areas of river flood plumes, fine sediment 
resuspension around reefs and islands and 
oceanographic processes such as upwelling. Reef WT3 
waters are associated with low land-based contaminant 
concentrations and the ecological relevance of these 
waters is likely to be minimal although not well 
researched. The Type III areas have a low magnitude 
score in the Reef exposure assessment. 

SDD: 8.2 ± 4.1 m 

TSS: 2.3 ± 3.9 mg L-1 

Chl-a: 0.4 ± 0.4 ɛg L-1 

 

WT4 
(previously 
marine) 

FU1ï3 

No number 

Blueish marine waters with high light penetration. SDD**: 11.0 ± 4.8 m 

TSS**: 1.8 ± 3.5 mg L-1 

Chl-a**: 0.5 ± 0.9 ɛg L-1 

*SDD = Secchi disk depth, TSS = total suspended solids, and Chl-a = chlorophyll a. 

**Note that the number of data points collected in the Reef WT4/Marine water type is limited in comparison to the data 
available in the other water types (Appendix B). Long-term concentrations of water quality parameters in the Reef WT4 are 
thus just given as an indication and are not used in the monitoring products presented in this report. A pilot study funded 
by Reef Trust Partnership collected water quality data in mid-shelf and offshore locations via the Crown of Thorns Starfish 
Control Program (Waterhouse et al., 2023). Water quality data collected as part of this study are included in the long-term 
dataset to help in progressing the characterisation of the Reef WT4, but more data are still needed to improve accuracy of 
the characterisation. 
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Figure 2-2: Methods for Reef water type, frequency, and exposure maps using Sentinel-3-OLCI true colour imagery: a) Summary of 

the process to produce the Reef water type maps (1) downloading of the true colour imagery, (2) processing of colour class map using 

the Forel-Ule (FU) colour scale Toolbox implemented in the Sentinel Application Platform, and (3) reclassification into Reef water 

types. Images are from the Eumetsat data centre and were captured on 26 April 2022 (source: Sentinel Hub EO browser). b) Burdekin 

River plume (14 March 2018) (the Wet Season [WS] scale ranges from 1ï6, plus marine [M]; the catchment [C] is shown in grey). This 

panel illustrates the similar colour patterns between the (right) Sentinel-3 Forel-Ule colour class maps and (left) the MODIS wet season 

water type maps. Panel b was mapped using a supervised classification of MODIS true colour data developed by Álvarez-Romero et 

al. (2013) (modified from Devlin et al., 2015).   
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2.2.2 Characterising composition of wet season Reef water types  

The classification of 4 Reef water types allows mapping of a broad grouping of water type 
characteristics with different colours, concentrations of optically active components (TSS, CDOM, 
and Chl-a), water quality indicators (e.g., nutrient concentrations; Devlin et al., 2015; Petus et al., 
2019), and light attenuation levels (Petus et al., 2018) typically found in the Reef during the wet 
season (Table 2-2 and Figure 2-2). These characteristics vary the potential impact on the underlying 
ecological systems. In summary: 

¶ The brownish  Reef WT1 (FU Ó 10) represents turbid waters from river flood plumes, and 

also sediment resuspension in the shallower parts of the Reef;  

¶ The greenish Reef WT2 (FU6ï9) represents the less turbid parts of flood plumes enriched 

in Chl-a and fine sediment. It is usually found in the inshore to mid-shelf regions of the Reef; 

¶ The greenish -blue Reef WT3 (FU4ï5) represents waters with suspended sediment 

concentrations slightly above ambient conditions and high light penetration typically found in 

the outer areas of river flood plumes. It can also represent oceanographic processes such as 

upwelling or the fine sediment resuspension around reefs and islands; and 

¶ The blueish Reef WT4 (FU1ï3) represents ambient waters with high light penetration and 

negligible concentrations of optically active water quality constituents.  

Match-ups of in situ concentrations of water quality parameters (surface samples) and the 4 Reef 
water types are regularly performed to validate this concept and quantify the range and average of 
concentrations of water quality parameters found in each Reef water type. The previous update was 
in 2022ï23 (Gruber et al., 2024). As part of this update, all mean concentrations of water quality 
parameters were reviewed to ensure that the water type characterisation remains appropriate, and 
to improve its accuracy building on the field data that are collected every wet season. The colour 
class category and water type corresponding to the location and week of acquisition of each water 
quality sample were extracted from the archive of MODIS-Aqua (wet seasons 2003ï2020) and 
Sentinel-3 (wet seasons 2020ï2023) weekly colour class maps (see method in Appendix B). Weekly 
composites were used rather than daily colour class/water type data to minimise data loss due to 
the periodic dense cloud cover in the Reef. This approach maximises the incorporation of water 
quality parameters measured during each wet season since 2003ï04 that can be associated with a 
Reef water type (and colour class) category.  

Ideally, match-ups between satellite and in situ water quality information should be performed using 
field data collected ±2 hours from the satellite overpass. This is very complicated to achieve in the 
MMP, which is in part focused on responsive monitoring of flood events and in areas of the Reef 
where the cloud cover has a major influence during the wet season. The methodology above was 
thus selected to maximise the number of data points used to assess the water quality characteristics 
of each Reef water type. The limitations are considered acceptable as the mean concentrations of 
water quality parameters are used as a relative measure to assign a potential risk grading for each 
Reef water type (see below). However, the long-term average concentration values should not be 
used as an exact value per se. 

The long-term concentrations of water quality parameters were reviewed in 2023. They were 
calculated using all surface data (<0.2 m) available at this date. This included data collected between 
December and April by JCU since the 2003ï04 water year, and up to April 2023. It included data 
collected by AIMS and the CYWP since the 2016ï17 water year and covered all regions and 
waterbodies of the Reef, and all Reef water types. TSS and Chl-a data collected in mid-shelf and 
offshore areas as part of a Reef Trust Partnership project with the locations via the Crown of Thorns 
Starfish Control Program between December 2021 and April 2023 (Waterhouse et al., 2023) were 
also included. In previous assessments, long-term mean DIN, PP, and PN concentrations were 
calculated as:  DIN = nitrite + nitrate + ammonia, PP = Total Phosphorus ï Total Dissolved 
Phosphorus, and PN = Total Nitrogen ï DIN, respectively. In the current assessment, mean long-
term direct measurements of PP and PN were used (rather than indirectly estimated values as 
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above), and NOx was used instead of DIN and calculated as NOx = nitrite/nitrate due to its greater 
robustness than ammonia as an indicator of N availability in marine waters.  

Boxplots of water quality concentration and Secchi disk depth were plotted against their water type 
and colour class categories. The mean long-term TSS, Chl-a, PP, and PN concentrations were then 
assessed against wet season GVs as a relative measure to assign potential risk grading for each 
Reef water type. Reef-wide wet season GVs were derived from Deôath and Fabricius (2008) (Table 
B-4). 

Reef water type, frequency,  and exposure maps  

Several summary maps are produced every wet season including weekly panel maps of 
environmental and marine wet season conditions, frequency maps of occurrence of wet season 
water types and exposure maps. The area (km2) and percentage (%) of coral reefs and seagrass 
meadows affected by different relative categories of potential risk of exposure of Reef ecosystems 
to wet season water quality (hereafter referred as ópotential riskô categories) was summarised. 
Detailed methods for these products are in Appendix B.  

Reef water type maps  of the 2024ï25 wet season  were produced using daily Sentinel-3 OLCI 
Level 2 (hereafter, Sentinel-3 or S3) imagery (Figure 2-2a, Step 1) reclassified to 21 distinct colour 
classes defined by their colour properties and using the FU colour classification scale (Figure 2-2a, 
Step 2). Sentinel-3 imagery of the study area was downloaded on the EUMETSAT Data centre 
(https://www.eumetsat.int/eumetsat-data-centre). Sentinel-3 images are atmospherically corrected 
and were processed with the FU Satellite Toolbox implemented in the Sentinel Application Platform 
(https://step.esa.int/main/toolboxes/snap/) and using automated tools (Python scripts and ArcGIS 
toolboxes) developed through MMP funding.  

Weekly water type composites  were created to minimise the image area contaminated by dense 
cloud cover and intense sun glint (Álvarez-Romero et al., 2013). The maximum FU value of each 
pixel/week was used to keep the colour class with the highest turbidity and/or colour for each wet 
season week. The weekly composite maps were cleaned to remove single or small clusters of cells 
sometimes misclassified by the FU satellite algorithm in the offshore regions of the Reef (e.g., around 
coral reefs due to bottom interference and residual glint contamination). The method involved 
sequentially infilling contiguous areas one FU class at a time from FU1 through to FU21 then 
replacing nearshore pixels in FU classes Ó10 with the original pixels using Python 2.7.3 (Python 
Software Foundation, 2012) and ArcGIS 10.2 (ESRI, 2013). In order to produce weekly Reef water 
type maps, the FU maps were subsequently clustered by grouping the Reef WT1 (previously primary 
waters) as FU colour classes Ó10 (FUÓ10), the Reef WT2 (previously secondary waters) as FU6ï9, 
the Reef WT3 (previously tertiary waters) as FU4ï5 and the Reef WT4 (previously marine waters) 
as FU1ï3 (Figure 2-2a, Step 3). 

Frequency maps  were produced to predict the areas affected by the Reef WT1, WT2 and WT3 
individually (i.e., of the brownish, greenish and greenish-blue waters, respectively) and by the Reef 
WT1ï2 combined (previously a combination of WT1ï3; this has been modified to recognise that the 
ecological relevance of the water quality variables at concentrations in WT3 waters is not well 
understood, but expected to be relatively minor).  

Average frequency maps were produced for this reporting wet season and compared to average 
frequency maps representing relevant reference periods (Gruber et al., 2024), including: 

(i) the long-term reference composite (2002ï03 to 2021ï22: 20 wet seasons),  
(ii) a documented recovery period for coral reefs (2012ï2017; Thompson et al., 2026) 

intended to represent a favourable exposure scenario, and 
(iii) composite frequency maps produced to represent typical wet year and dry year 

conditions, considering the wettest and driest years for each NRM region over the 
previous 20 years (Gruber et al., 2024). This is explained further in Appendix B.  
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Except for the ócoral recovery periodô, reference maps (long-term, representative Wet and Dry 
frequency maps) were last revised in the 2022ï23 report (Gruber et al., 2024) (20 years: 2002ï03 
to 2021ï22).   

The presence and spatial extent of each Reef water type is the result of the complex physico-
chemical transformations occurring within river plumes, but also of resuspension, transport, and 
other oceanographic processes. As a result, the extent of the Reef WT2 and WT3 is rarely attributed 
to an individual river and is usually merged into one heterogeneous area.  

Exposure maps  were produced for this reporting wet season for the whole of the Reef, for all focus 
regions, and compared to reference exposure maps produced for the same timeframe as those 
reported for the frequency maps above. The maps were produced using an exposure assessment 
framework developed through a collaborative effort between the MMP monitoring providers and 
modified from Petus et al. (2016). Reference exposure composites were last revised in the 2022ï23 
report (Gruber et al., 2024) to produce 20-year composite maps.  

In this magnitude × likelihood framework, the ópotential riskô corresponds to an exposure of land-
based pollutants to above Reef-wide wet season GV concentrations during the wet season and 
focuses on TSS, Chl-a, PP, and PN concentrations. The ómagnitude of the exposureô corresponds 
to the mean long-term wet season concentration of pollutants (the proportional exceedance of the 
Reef-wide wet season GV) mapped through the Reef WT1, WT2 and WT3. The ólikelihood of the 
exposureô is estimated by calculating the frequency of occurrence of each Reef water type mapped 
through the frequency maps (see above).  

The exposure for each of the water quality parameters defined is the proportional exceedance of the 
GV multiplied by the likelihood of exposure in each of the Reef water types.  

1. Calculation of the magnitude scores: The long-term mean concentrations of water quality 
parameters (Reef-wide) measured across the Reef water types were assessed against Reef-
wide wet season GVs to calculate magnitude scores for TSS, Chl-a, PP, and PN. The GVs 
were calculated based on annual GVs (Great Barrier Reef Marine Park Authority, 2010) that 
were seasonally adjusted as described in Deôath and Fabricius (2008) (see Table B-4). Mean 
long-term concentrations of water quality parameters include samples collected from the 
enclosed coastal zone, where high TSS, Chl-a, PN, and PP concentrations are likely to 
contribute to exceedances of the Reef-wide GVs (see Table B-1). The only GV currently 
available for Secchi depth is an annual mean, and thus comparison with wet season Secchi 
depth data was not possible.  

2. Production of the potential risk maps: The magnitude scores were used in combination with 
the seasonal, long-term, coral recovery, wet-year and dry-year frequency maps (described 
above) to derive seasonal, long-term, coral recovery, wet-year, and dry-year potential 
exposure maps, respectively. Exposure from each map produced was then grouped into 
potential risk categories (I to IV) based on a ñNatural Break (or Jenks)ò classification1 (Appendix 
B-3). The potential risk categories were defined by applying the Jenks classification to the 
mean long-term (2003ï2022) exposure map, because this map presented the highest number 
of observations (20 wet seasons). Category I and areas not exposed were re-grouped into a 
unique category corresponding to no or very low exposure to a potential risk. Magnitude scores 
have no designated ecological significance but are used in the risk framework as a relative 
measure to assign relative potential risk grading for each Reef water type. 

3. Exposure assessment: Potential risk maps were overlaid with information on the spatial 
distribution of coral reefs and surveyed seagrass meadows to identify areas and percentages 
of these ecosystems that may experience potential risk from exposure to pollutants during the 
wet season. The area (km2) and percentage (%) of coral reefs and seagrass meadows affected 
by the different potential risk categories  (I to IV) was calculated in the Reef and marine NRM 
regions. Potential risk maps are presented in the context of the long-term reference period 

 

1 Jenks is a statistical procedure, embedded in ArcGIS that analyses the distribution of values in the data and 

finds the most evident breaks in it (i.e., the steep or marked breaks; Jenks and Caspall 1971). 
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(average of 20 wet seasons), the representative coral recovery period (2012ï2017), and 
representative wet-year and dry-year composites. Areas and percentages of exposure are 
presented in the context of the long-term reference period. 

The ópotential riskô is influenced by the available satellite data on cloud-free days, with the likelihood 
of exposure likely to be underestimated in higher rainfall and areas with high cloud cover like the 
Wet Tropics and Cape York regions. 

2.3 River discharge and catchment loads  

River flow is reported annually and can be derived from several sources. In many cases, river flow 
gauges that measure discharge (and used to calculate constituent loads) are located well upstream 
of the river mouth and only capture a certain proportion of the catchment/basin area. Such disparities 
mean that river gauge data should not be directly compared across basins and NRM regions. For 
example, the Daintree and Barron Basins within the Wet Tropics region contain a similar area 
(2,100ï2,200 km2); however, the Daintree River at Bairds and the Bloomfield River at China Camp 
gauges collectively only measure 56% of the Daintree Basin whereas the Barron River at Myola 
gauge captures 89% of the Barron Basin. If gauge data are used to compare discharge between 
these basins, the gauge on the Barron Basin is covering a much larger proportion of the area 
compared to the gauges on the Daintree Basin. A scaling factor is used on these data so that 
discharge (and constituent loads) can be directly compared across basins and NRM regions.  

To account for these differences, the relevant discharge data for each basin were compiled, where 
available (Table 2-3; Department of Local Government, Water and Volunteers Water Monitoring 
Information Portal [WMIP], 2025). The total annual discharge for each gauge was then up-scaled 
using the recommended scaling factors outlined in Puignou Lopez et al. (2025).  Briefly, this work 
examined different upscale factors based on basin area to total gauged area, mean annual flow for 
the gauged basin and the mean annual basin flow from either the Bureau of Meteorologyôs G2G 
model (BoM, 2017; Wells et al., 2018) or the Source Catchments model (McCloskey et al., 2021) or 
the linear relationships between river gauge data and the 2 models; the most appropriate upscale 
factor was then recommended for each basin (Puignou Lopez et al., 2025). Where a flow gauge did 
not exist in a basin (e.g. Jacky Jacky Creek, Lockhart River, Jeannie River, Proserpine River, Styx 
River, Shoalwater Creek and Boyne Riverðmarked with an asterisk), the gauge from the nearest 
neighbouring basin was used. The calculation of the long-term medians for each basin has been 
anchored to cover the 30-year period from the 1990ï91 to 2019ï20 water years. 

The gauge data for the 2024ï25 water year were mostly complete with only some minor data 
interpolations required for periods where low flows would have been expected. On exception was 
the Bloomfield at China Camp gauge which contained a major data gap during the wet season 
between 10 February and 14 April 2025. The Daintree at Bairds daily data were used to fill this gap 
as it is the closest neighbouring gauge where a strong linear relationship between daily flows can be 
applied. With the large wet season in the Townsville region, the Ross River at Aplins Weir height 
data were obtained from the Bureau of Meteorology and were converted to daily flow. This 
conversion was also performed for previous years and so the discharge for the Ross Basin has been 
updated back to the 2021ï22 water year. 
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Table 2-3: The 35 basins of the Reef catchment, the gauges for each Basin, and the correction factors used to upscale flows to provide 
annual discharge estimates. (AWRC = Australian Water Resources Council). 

NRM 
Region  

Basin  AWRC 
No. 

Basin 
area 
(km 2) 

Relevant gauges  % of 
Basin 
covered 
by key 
gauges  

Correction 
factor  

Cape York  Jacky Jacky 
Creek 

101 2,963 Jardine River at 
Monument* 

0 1.1x + 560,000 

Olive Pascoe 
River 

102 4,180 Pascoe River at Garraway 
Creek 

31 3.1 

Lockhart River 103 2,883 Pascoe River at Garraway 
Creek* 

0 1.5 

Stewart River 104 2,743 Stewart River at Telegraph 
Road 

17 5.6 

Normanby River 105 24,399 Normanby River at 
Kalpowar Crossing + Hann 
River at Sandy Creek (from 
2005/06). Previous upscale 
period uses Normanby at 
Battle Camp + Hann River 
gauges with factor of 4.7 

53 1.8 

Jeannie River 106 3,638 Endeavour River at Flaggy 
+ Annan at Beesbike 

0 3.2 

Endeavour River 107 2,182 Endeavour River at Flaggy 
+ Annan at Beesbike 

27 3.5x + 21,000 

Wet 
Tropics  

Daintree River 108 2,107 Daintree River at Bairds + 
Bloomfield River at China 
Camp 

56 1.6 

Mossman River 109 473 Mossman River at 
Mossman 

22 2.3 

Barron River 110 2,188 Barron River at Myola 89 1.3 

Mulgrave-
Russell River 

111 1,983 Mulgrave River at Peets 
Bridge + Russell River at 
Bucklands 

42 2.0x + 450,000 

Johnstone River 112 2,325 South Johnstone River at 
Upstream Central Mill + 
North Johnstone at Tung 
Oil 

57 1.6x + 540,000 

Tully River 113 1,683 Tully River at Euramo 86 1.1 

Murray River 114 1,107 Murray River at Upper 
Murray 

14 5.0x + 600,000 

Herbert River 116 9,844 Herbert River at Ingham 87 1.2 
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NRM 
Region  

Basin  AWRC 
No. 

Basin 
area 
(km 2) 

Relevant gauges  % of 
Basin 
covered 
by key 
gauges  

Correction 
factor  

Burdekin  Black River 117 1,057 Black River at Bruce 
Highway + Bluewater 
Creek at Bluewater 

32 3.1 

Ross River 118 1,707 Ross River at Aplins Weir + 
Alligator Creek at Allendale 
(from 2001ï02). Previous 
upscale period uses Ross 
River Dam HW + Bohle at 
Hervey Range Rd + 
Alligator Creek with factor 
of 1.6x + 75,000 

52 1.9 

Haughton River 119 4,051 Haughton River at 
Powerline + Barratta at 
Northcote 

62 1.6 

Burdekin River 120 130,120 Burdekin River at Clare 100 1.0 

Don River 121 3,736 Don River at Reeves + 
Elliot River at Guthalungra 
+ Euri Creek at Koonandah 
(from 1999/00). Previous 
upscale period uses Don + 
Elliot gauges with factor of 
2.9x + 170,000 

46 1.5x + 210,000 

Mackay -
Whitsund
ay 

Proserpine River 122 2,494 O'Connell River at 
Staffords Crossing + 
Andromache River at 
Jochheims + St Helens 
Creek at Calen 

0 3.6 

O'Connell River 124 2,387 O'Connell River at 
Staffords Crossing + 
Andromache River at 
Jochheims + St Helens 
Creek at Calen 

29 3.5 

Pioneer River 125 1,572 Pioneer River at 
Dumbleton Weir TW 

95 1.1 

Plane Creek 126 2,539 Sandy Creek at Homebush 
+ Carmila Creek at Carmila 

16 5.6x + 210,000 

Fitzroy  Styx River 127 3,013 Waterpark Creek at 
Byfield* 

0 5.7x + 260,000 

Shoalwater 
Creek 

128 3,601 Waterpark Creek at 
Byfield* 

0 6.6x + 300,000 

Water Park 
Creek 

129 1,836 Waterpark Creek at Byfield 12 5.4x + 43,000 

Fitzroy River 130 142,552 Fitzroy River at The Gap 95 1.1 
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NRM 
Region  

Basin  AWRC 
No. 

Basin 
area 
(km 2) 

Relevant gauges  % of 
Basin 
covered 
by key 
gauges  

Correction 
factor  

Calliope River 132 2,241 Calliope River at 
Castlehope 

57 1.9x + 95,000 

Boyne River 133 2,496 Calliope River at 
Castlehope* 

0 2.1 

Burnett -
Mary 

Baffle Creek 134 4,085 Baffle Creek at Mimdale 34 2.4x + 95,000 

Kolan River 135 2,901 Kolan River at Springfield + 
Gin Gin Creek at Brushy 
Creek 

37 2.4x + 19,000 

Burnett River 136 33,207 Burnett River at Figtree Ck 
(from 1996/97). Previous 
upscale period uses 
Burnett River at Mount 
Lawless with factor of 1.2x 
+ 84,000 

92 1.1 

Burrum River 137 3,362 Gregory River at Leesons 
+ Elliott River at Dr Mays 
Crossing + Isis River at 
Bruce Highway 

40 3.0x + 27,000 

Mary River 138 9,466 Mary River at Home Park 72 1.4 

* Gauges used which are not in the basin area 

 

Current annual and pre-development TSS, DIN, and PN load estimates were calculated for all basins 
using a systematic approach. The pre-development loads represent a modelled period before 1850 
when Europeans first arrived in the Reef catchment ï the hydrology is kept the same but the 
catchment is modelled as a pristine landscape (see McCloskey et al. 2021). These species of 
nitrogen are the most labile (readily used or converted to useable forms for uptake by phytoplankton 
and macroalgae) and are thus the most biologically relevant in the Reef lagoon (Great Barrier Reef 
Marine Park Authority, 2010). The DIN loads for the basins of the Wet Tropics and Haughton Basin 
were calculated using the model originally developed in Lewis et al. (2014) which used a combination 
of the annual nitrogen fertiliser applied in each basin coupled with basin discharge; a relationship is 
established with measured loads to calculate the average percentage of fertiliser lost as DIN 
(calculated as per previous description). DIN loads for the Burdekin, Pioneer and Fitzroy basins were 
taken from those measured in the Great Barrier Reef Catchment Loads Monitoring Program. If the 
measured data for the most recent years in these basins were unavailable, a mean of the long-term 
annual mean concentration from the previous monitoring data were coupled with the annual 
discharge to calculate a load. DIN loads for the remaining basins were calculated using an annual 
mean concentration which was multiplied by the corresponding annual basin discharge calculations. 
The annual mean concentration for each basin was informed using a combination of available 
monitoring data and Source Catchments model outputs. The pre-development DIN loads were 
calculated using a combination of the estimates from the Source Catchments model as well as 
available monitoring data from ópristineô locations (Lewis et al., 2023). 

The TSS and PN loads were similarly determined through a step-wise process. For the basins where 
the Great Barrier Reef Catchment Loads Monitoring Program captured >95% of the basin area (e.g. 
Burdekin, Pioneer, and Fitzroy) the measured/reported TSS and PN loads were used. If the 
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measured data for the most recent years were unavailable, a mean of the long-term annual mean 
concentration from the previous monitoring data was coupled with the annual discharge to calculate 
a load. For other basins with monitoring data, the range of annual mean concentrations were 
compiled and compared with the latest Source Catchment modelling values. From these data a óbest 
estimateô of an annual mean concentration was produced and applied with the annual discharge 
data to calculate loads. Finally, for the basins that have little to no monitoring data, the annual mean 
concentration from the Source Catchments data was examined along with nearest neighbour 
monitoring data to determine a óbest estimateô concentration to produce the load. The pre-
development TSS and PN loads were calculated using a combination of the annual mean 
concentrations from the Source Catchments model and available monitoring data from ópristineô 
locations. The corresponding discharge was used (as calculated previously) to produce a simulation 
of the pre-development load for the water year. 

 

2.4 Load mapping  

Maps representing the dispersion of river-derived DIN, TSS, and PN loads into the Reef have been 
developed as part of the MMP since 2003 to provide an indication of the relative extent of the 
influence of land-based runoff across the Reef. The maps were initially produced using the relatively 
simple method described in Gruber et al., (2018) which had several limitations related to the 
influence of variable hydrodynamics, and environmental conditions including wind, tides and 
currents. In 2018ï19 a revised approach was developed using the eReefs GBR1 model (1 km 
resolution) (Margvelashvili et al., 2018; Skerratt et al., 2019; Steven et al., 2019) to estimate river 
dispersion (Gruber et al., 2020), providing a much-improved representation of hydrodynamics and 
environmental conditions. In keeping with the principle of continuous improvement, the method was 
further refined in 2024ï25 to incorporate  the latest eReefs marine model 
capability(https://marlin.csiro.au/geonetwork/srv/eng/catalog.search#/metadata/dcc8462c-8dc5-
4d78-b9d8-6f1c31ae0001), using the results of a hindcast run of a newly updated version 4.0 of the 
GBR4 Hydrodynamic model (4 km resolution) due to the timing of several major model 
improvements. For the GBR4 model, recent enhancements include a better representation of shelf-
break currents and upwellings, updated heat penetration, and importantly, greater representation of 
freshwater inputs along the GBR coast, increasing from 17 rivers to 54 rivers.  

River discharge footprints were modelled using a conservative tracer in GBR4 hindcast version H4p0 
(Maggiorano et al., 2025) from November 2022 to April 2025. The hydrodynamic model was forced 
with atmospheric and ocean reanalysis: Surface Atmospheric Data from the Bureau of Atmospheric 
high resolution Regional Reanalysis for Australia, using Data Assimilation of Quality Control 
observations (BARRA R2, Su et al., 2019), ocean boundaries from the CSIRO Bluelink Reanalysis 
using Data Assimilation of Quality Control observations (BRAN2023, Chamberlain et al., 2021). 
Tides are specified using tidal harmonics from the global TPXO tide model (Egbert and Erofeeva, 
2002) and stream flow for 64 rivers come from a combination of the GBR dynamic SedNet model 
(McCloskey et al., 2021) and flow gauges. River temperature is derived from the BARRA surface air 
temperature using a low-pass filter. The daily files, containing individual river tracer plumes available 
on NCI (ih54), were used to estimate the cumulative sum of each river tracer concentration per year 
from the beginning of the wet season (i.e. 1 November to 30 October the following year). Tracer 
concentrations were calculated based on the available model output data for the period (1 November 
2022 to 3 April 2025).  

The cumulative exposure index integrates the tracer concentration above a defined threshold (1%). 
It is a cumulative measurement of the exposure concentration and duration of exposure to dissolved 
inputs from individual river sources. It is expressed as Concentration × Days (Conc.Days). For 
example, if a grid cell was exposed to concentrations of 5% river water for 2 days, this gives an 
exposure index of 0.1 (0.05 x 2). If a grid cell was exposed to concentrations of 50% river water for 
10 days, this gives an exposure index of 5 (0.5 x 10). Whenever river water concentration is greater 
than 1%, the exposure index is calculated and added to all other exposures in that wet season (i.e., 

https://marlin.csiro.au/geonetwork/srv/eng/catalog.search#/metadata/dcc8462c-8dc5-4d78-b9d8-6f1c31ae0001
https://marlin.csiro.au/geonetwork/srv/eng/catalog.search#/metadata/dcc8462c-8dc5-4d78-b9d8-6f1c31ae0001


Marine Monitoring Program                                Inshore water quality monitoring Annual Report 2024ï25 

25 

it is cumulative). This index provides a consistent approach to assessing relative differences in 
exposure of Reef shelf waters to inputs from the 54 rivers.  

The mathematical formulation that expresses this concept is given below: 

Conc.DaysConc Ôz 

where,  

Conc

Conc(t) - Conc ȟ where Conc(t)Conc

πȟ        where Conc(t)Conc

 

and Concthreshold is defined here as 1% of the river concentration, Conc(t) represents the time-varying 
tracer concentration, and t is time in days from the beginning of the wet season (t0 = 1 October) and 
Tend of wet season = 1 May. Cumulative exposure is calculated for each grid point in the model domain. 

In this step, the end-of-catchment load for fine sediment, DIN, or PN was dispersed for each river 
assuming a direct relationship between pollutant and tracer concentration (conservative mixing). 
Thus, the surface load of fine sediment, DIN, or PN per km2 was calculated as: 
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The total Reef surface load was calculated by summing the surface load outputs for the 54 rivers for 
which tracer data were available. This includes all 35 major drainage basins in the Reef catchment, 
with an additional 19 smaller rivers and streams (see Appendix B). 

The difference between the estimated wet season fine sediment, DIN, and PN loadings (tonnes km2) 
in the Reef lagoon for the current water year was calculated and compared to the pre-development 
loads derived from the Source Catchments model (which have a degree of uncertainty; refer to 
McCloskey et al., 2021). This can be interpreted as óanthropogenicô fine sediment, DIN, or PN 
loadings, highlighting the areas of greatest change with current land use characteristics. 

2.5 Pesticides  

2.5.1 Sampling design  

The monitoring campaign used grab sample and passive sampling technologies for the monitoring 

of 25 pesticides (Table 2-4) at 8 fixed sites. In addition, flood events were monitored using grab 

water samples to capture pesticides in flood waters entering inshore locations. The 2024ï25 

campaign continued to assess the risk from pesticides posed to the Reef, as well as add to a 

longitudinal dataset to aid with catchment management.  

The typically low concentrations of pesticides present in marine waters raise analytical challenges 

as well as challenges in obtaining representative samples. Grab samples collected at a single time 

point are extremely effective at capturing episodic contaminant events and can conveniently be 

taken at monitoring sites to measure acute exposure. However, they may not allow sufficient 

concentration of pesticides when concentrations are extremely low. Further, they may not reflect 

chronic exposure of contaminants as the timing of the sample collection (whether at a peak or low 

concentration event) would not be representative of chronic exposure over time. The use of 

passive sampling technologies has been introduced to complement and overcome some of these 

challenges, substantially furthering contaminant monitoring in liquid phases over the last 30 years. 

Benefits of passive sampling tools include in situ concentration of chemical pollutants, increased 

sensitivity, the provision of time-weighted average concentration estimates for chemicals over 

periods of approximately one month, increased data resolution, and risk profiling. Passive 

samplers designed to monitor polar chemical pollutants (called EmporeÊ Disks; EDs) have been 
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chosen for deployment in this program due to their effectiveness at capturing the target pesticides. 

Polydimethylsiloxane (PDMS) samplers have been used in previous monitoring campaigns to 

monitor non-polar pesticides but were not utilised during the 2024ï25 monitoring year. The list of 

target chemicals for inclusion in the monitoring campaign was identified based on an assessment 

and review by the MMP and the Department of Environment Tourism Science and Innovation 

(DETSI). They include 25 pesticides (Table 2-4) that are of potential high use in the catchment 

areas and that may pose high risk based on marine species sensitivity indexes. 

Table 2-4: List of pesticides sampled by the MMP and pesticides used in the Pesticide Risk Metric (PRM) calculation. For pesticides 
sampled by the MMP, limits of reporting (LOR) in Empore Disk (ED) passive samplers and grab samples are given. 

Group Analyte 
ED LOR (ng 
sample-1) 

Grab sample LOR (ng sample-1) 

PSII Herbicide 

Ametryn* 5.00 0.070 

Atrazine* 1.00 0.170 

Bromacil 1.00 0.200 

Diuron* 0.500 0.130 

Fluometuron 1.00 0.100 

Hexazinone* 1.00 0.170 

Metribuzin* 1.00 0.300 

Prometryn* 1.00 0.200 

Propazine 1.00 0.170 

Simazine* 1.00 0.130 

 

Tebuthiuron* 1.00 0.100 

Terbuthylazine* 1.00 0.200 

Terbutryn 5.00 0.170 

Other Herbicide 

2,4-D* 5.00 0.230 

Fluazifop 0.100 0.170 

Fluroxypyr* 1.00 0.400 

Haloxyfop* 1.00 0.170 

Imazapic* 1.00 0.530 

Isoxaflutole (DKN)* ̂ n/a n/a 

MCPA* 5.00 0.230 

Metsulfuron methyl* 1.00 0.270 

Pendimethalin* ̂ n/a n/a 

Metolachlor (S+R)* 1.00 0.100 

Triclopyr*̂ n/a n/a 

Herbicide Metabolites 
Atrazine desethyl 1.00 0.170 

Atrazine desisopropyl 1.00 0.200 

Insecticide 

Chlorpyrifos* ̂ n/a n/a 

Fipronil*̂ n/a n/a 

Imidacloprid* 1.00 0.170 

Fungicide Tebuconazole 1.00 0.130 

*Pesticides included in the Pesticide Risk Metric (PRM) calculation (Warne et al. 2020) 

^Pesticides not sampled as part of the MMP (5 of the 22 in the PRM) 
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2.5.2 Pesticide sampling  

Eight fixed monitoring sites were sampled over the wet season only, between November 2024 and 
May 2025 (Table A-2 and Table A-3). Sampling sites were chosen based on catchment information, 
modelled predictions of pesticide exposure (Skerratt et al., 2023) and to address eReefs modelling 
input and validation needs. The sites were located in 3 NRM regions including the Wet Tropics (3 
sites at Low Isles, High Island, and Dunk Island), Burdekin (Haughton River Mouth), and Mackay-
Whitsunday (4 sites at Whitsunday Channel, Repulse Bay, Flat Top, and Sandringham Bay) (Figure 
2-3).  

Empore disk (ED) passive samplers (n = 40) were deployed at each site during this campaign (Table 
A-2). Grab samples (n = 45) were collected for assessing baseline chemical levels during the passive 
sampler deployment/retrieval periods at the same monitoring locations (Table A-3). In addition, flood 
grab samples (n = 71) for assessing flood plume effects were collected from the Wet Tropics, 
Burdekin, and Mackay-Whitsunday regions in February 2025 (Table A-3). Chemical analyses 
included 25 polar pesticide chemicals (ED passive samplers and grab samples) using the latest 
analytical methods and established standard operating protocols (SOPs). 

Two methods were used to assess the risk from pesticides detected across sites and sampling 
periods. Maximum concentrations of pesticides detected from grab and passive samplers were 
compared with Australian Freshwater and Marine Species Protection Guidelines (ANZG 2018), and 
the pesticide risk metric (PRM) (Warne et al. 2020; 2023). As described in Section 2.5.8 the PRM 
considers the combined mixture toxicity of 22 pesticides, of which 17 are measured for this program 
(see Table 2-4).Figure 2-3Table A-2 
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Figure 2-3: Site locations for pesticide monitoring sampled during the 2024ï25 water year. 
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2.5.3 Grab samples  

2.5.4 Passive flow monitors  

Passive flow monitors (PFMs) were co-deployed in duplicate with passive samplers and were used 
to estimate water velocity (Appendix C) during the deployment period of the samplers (OôBrien et al. 
2009, 2011a, 2011b; Figure 2-4). As the rate of diffusion of chemicals into a passive sampling device 
is a function of the turbulence or water velocity at the surface of the sampler, it is important to monitor 
this parameter to accurately estimate water concentrations of the target chemicals. PFMs provide a 
means of estimating water velocity based on the dissolution of calcium sulfate hemihydrate from the 
surface of the exposed PFM (13.85 cm2) which is equal to that of the exposed surface of the 
membranes within the ED passive samplers.  

The PFMs were prepared according to the method of OôBrien et al. (2009). Further details can be 
found in QA/QC Manual (Gruber et al. 2025).  

 

Figure 2-4: Passive flow monitors (PFMs) prior to deployment (left) and after deployment (right).  

 

2.5.5 Sampler preparation and extraction  

ED passive samplers were all prepared and extracted according to established SOPs and previously 
published procedures and methods described in Kaserzon et al. (2017).Grab samples (using 1 L 
high-density polyethylene bottles) were prepared and extracted according to established SOPs and 
previously published procedures and methods described in Kaserzon et al. (2014). Briefly, samplers 
were extracted using hydrophilic-lipophilic balanced solid phase extraction (SPE) cartridges (Strata 
X, Phenomenex, Melbourne). Samples were concentrated 1,000 times to increase analytical limits 
of detection. 

 

2.5.6 Analytical methods  

Chemical analyses were performed at Queensland Alliance for Environmental Health Sciences 
(QAEHS) using established standard operating procedures (SOPs). ED and grab extracts were 
analysed by liquid chromatographic-triple quadrupole tandem mass spectrometry for 25 polar 
pesticides. The analytical methods for pesticides are detailed in previously published reports 
(Kaserzon et al., 2018; Gruber et al., 2025). QAEHS laboratory procedures are performed in 
accordance with established Standard Operating Procedures (SOPs). Blank ED passive samplers 
were prepared, extracted and analysed in parallel with exposed samplers for each deployment 
period to ensure quality control and to prevent false positives. Laboratory blanks (n = 4) were 
prepared before each deployment and were retained at QAEHS for the duration of the deployment. 
These samplers were included with each batch to provide insight into any contamination arising in 
the laboratory from preparation or extraction. ED travel blanks (n = 5) were prepared in a similar 
manner, then were sent into the field and opened briefly before sealing and returned with the 
deployed samplers.  Similarly blank grab water samples (containing ultrapure water) were extracted 
with each grab sample batch (n = 13). Duplicate passive samplers (n = 4) and grab samples (n = 9) 
were analysed to test replication of results. Where an analyte is detected in field or lab blanks above 
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the Limit of Quantification (LOQ), the effective Limit of Reporting (LOR) is raised to the average 
blank value plus 3 times the standard deviation. 

 

2.5.7 Data analyses - Modelling and reporting of results  

Passive sampling enables estimation of time-integrated water concentrations (Cw) (i.e. an average 
water concentration over the deployment period) based on the amount of chemicals accumulated in 
the sampler within a given exposure period (Vrana et al., 2005). The size and polarity of the 
contaminant, and other environmental factors, such as water flow, turbulence, and temperature can 
affect the rate at which chemicals are taken up into the sampler. This rate of uptake is referred to as 
a sampling rate (Rs) which is measured as volume of water sampled per day (L day-1). Sampling 
rates are pre-determined from laboratory and/or field experiments for each chemical. A pre-
determined Rs is used along with information on the duration of the deployment period and the mass 
accumulated in the sampler to estimate the average water concentration over the deployment period. 
The equation below describes the estimation of water concentration based on linear phase sampling. 

ὅ
ὅ ὓ

Ὑ ὸ

ὔ

Ὑ ὸ
 

Where: 

CW = time-integrated concentration of the compound in water (ng L-1) 

CS = concentration of the compound in the sampler (ng g-1) 

MS = mass of the sampler (g) 

NS = amount of compound accumulated by the sampler (ng) 

RS = sampling rate (L day-1) 

t = time deployed (days) 

 

Calibration data (i.e. sampling rates (Rs) for each chemical) obtained in laboratory or field studies 
were used to derive concentration estimates in this report. Together with the sampling rates derived 
from calibration data, deployment-specific PFM data are used to correct for site-specific effects of 
water flow velocity on the sampling rates of chemicals (OôBrien et al., 2009, 2011a, 2011b). For 
chemicals detected where no calibration data were available, results were either reported as ng 
sampler-1 or the data were reported via normalisation of sampling rate data with the sampling rate of 
a reference compound (i.e. atrazine). Methodologies used to calculate site-specific sampling rates 
during the deployment periods are fully described in Kaserzon et al. (2018). 

 

2.5.8 Pesticide Risk Metric calculation  

The Pesticide Risk Metric (PRM) developed by Warne et al. (2020; 2023) considers the toxicity of 
22 pesticides, with results expressed as estimated percentage of species affected. These pesticides 
were classified into 3 categories: PSII herbicides, óotherô herbicides and insecticides (Table 2-4). 
Seventeen of the twenty-two pesticides were analysed during this sampling campaign for the ED 
and grab samples: ametryn, atrazine, diuron, hexazinone, metribuzin, prometryn, simazine, 
tebuthiuron, terbuthylazine, 2,4-D, fluroxypyr, haloxyfop, imazapic, MCPA, metsulfuron-methyl, 
metolachlor and imidacloprid.  

The PRM method estimates the toxicity mixtures using species sensitivity distributions (SSDs), and 
the combining of mixture toxicity using the independent action (IA) model of joint action developed 
by Traas et al. (2002).  The IA model of joint action can be described as below. 

ὖὩίὸὭὧὭὨὩ άὭὼὸόὶὩ ὸέὼὭὧὭὸώρ  ρ ὖὃὊ 
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Where Ø represents the product of a sequence of numbers, and PAFi is the potentially affected 
fraction of each pesticide active ingredient (PAI) calculated using SSDs. The resulting PAI mixture 
toxicity is expressed as the proportion of species affected (i.e., between 0 and 1), so this number is 
multiplied by 100 to achieve the percentage of species affected. Calculations were performed using 
the WQI PRM calculator (Water Quality & Investigations 2024b). 

The PAF estimates represent instantaneous mixture toxicity at the time of collection for grab 
samples, and time weighted average mixture toxicity for the duration of deployment for passive 
samples. Each PAF estimate is the percentage of species affected by the mixtures and 
concentrations of PAIs observed in the grab and passive samplers, respectively. The PRM method 
replaces values below the LOR with a fraction of the batch-specific LOR that is standardised 
according to the toxicity of each PAI. This is done to minimise the introduction of toxicity through 
treatment of <LOR data that would occur with other more popular treatment methods (e.g., by halving 
the LOR). Further information on the methods for PRM calculation, including treatment of <LOR 
data, is provided in Warne et al. (2023). 

Results are presented as percentage of species affected by the mixtures and concentrations 
observed in the grab and passive samplers, respectively, and are useful for comparison against the 
Reef 2050 WQIP target which is to protect at least 99% of aquatic species at the end of catchments. 
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3 DRIVERS AND PRESSURES INFLUENCING WATER QUALITY IN 202 4ï25 

3.1 Coastal development including agriculture  

The Wet Tropics, Burdekin, Mackay-Whitsunday, and Fitzroy regions are characterised by a variety 
of land uses including agricultural (sugarcane, grazing, cropping, and other horticulture), mining, and 
urban development. Parts of the Cape York region are less developed than other Reef catchments. 
Land-based activities in this region are assumed to have a reduced impact on marine ecosystems 
(Waterhouse et al., 2025) despite a history of widespread grazing and mining impacts. Specifically:  

¶ Cape York 
o The Pascoe River catchment has an area of 2,088 km2 with a high proportion (84%) 

of nature/conservation land use (QLUMP, 2015), and limited active grazing areas 
(Polglase pers. comm., February 2023). Feral cattle and pigs, fire, and road erosion 
are the main pressures affecting water quality. These impacts are considered to be 
minimal in this focus region relative to other Cape York and Reef catchments (Cape 
York NRM and South Cape York Catchments, 2016). 

o The Stewart River catchment has an area of 2,770 km2 and is mostly conservation 
lands (94%) with approximately 2% current grazing land use (QLUMP, 2021). 
However, feral cattle continue to graze much of the catchment area. Current and 
legacy cattle grazing impacts and road erosion are current pressures affecting 
sediment loads within the catchment.  

o The Normanby Basin is 24,550 km2 and has a high proportion of nature/conservation 
land use (~52%) and grazing (~47%) (QLUMP, 2021). Horticulture accounts for less 
than 1% of land use but has been expanding in the Laura and West Normanby sub-
catchments. Current and historic cattle grazing, post-European initiation and 
acceleration of gully erosion, agricultural land clearing, alluvial mining, wildfires, and 
road erosion are the primary pressures affecting water quality across the Normanby 
catchment (Brooks et al., 2013; Shellberg and Brooks, 2013; Cape York NRM and 
South Cape York Catchments, 2016; Spencer et al., 2016). Horticulture in the Laura 
sub-catchment has also increased nutrient concentrations in the Laura River (Howley 
2020).  

o The Annan-Endeavour River Basin is 2,186 km2 and has a high proportion of 
conservation lands (72%) and grazing (24%) (QLUMP, 2021). Approximately 80% of 
the Annan catchment is under conservation or Aboriginal freehold. Sources of 
pollution in the Endeavour catchment include urban runoff (Cooktown), cattle grazing, 
horticulture, and road erosion. Historic mining disturbances, cattle grazing impacts 
(current and historic), wildfires, and road erosion are the primary sources of pollution 
to the Annan River (Shellberg et al., 2016).  

¶ Wet Tropics 
o The Barron-Daintree focus region is primarily influenced by discharge from the 

Daintree, Mossman, and Barron catchments and, to a lesser extent, by other Wet 
Tropics rivers south of the focus region (Waterhouse et al., 2025). The Daintree 
catchment is 2,107 km2 and has a high proportion of protected areas (86% 
conservation lands). The remaining area consists of 8% grazing and, to a lesser 
extent, sugarcane and urban areas. The Mossman catchment is 479 km2 and consists 
of 73% natural/minimal use lands, 9% sugarcane, and smaller areas of grazing and 
urban land uses. The Barron catchment has an area of 2,189 km2 and consists of 
35% conservation lands, 31% grazing, 11% forestry, 11% cropping (including 
sugarcane, horticulture, and irrigated crops), and smaller areas of dairy and urban 
land uses (QLUMP 2021). The Barron River is the most hydrologically modified river 
in the Wet Tropics region and is heavily regulated by water supply infrastructure. 

o The Russell-Mulgrave Basins contain a high proportion of conservation lands (72%), 
with 12% of the area used for sugarcane production on the coastal floodplain (QLUMP 
2021). The Johnstone Basin is 2,326 km2 and has a relatively high proportion of 
conservation lands (56%). The remaining area has 23% grazing, 11% sugarcane, 2% 
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bananas, and small areas of dairy (in the upper catchment), other crops, and urban 
land uses (QLUMP 2021). 

o The Tully River Basin is 1,685 km2 and has a high proportion of conservation lands 
(73%). The remaining area is comprised of 12% sugarcane, 3% bananas, 7% grazing, 
and smaller areas of forestry, other crops and urban land uses (QLUMP 2021). The 
Murray River Basin has an area of 1,115 km2 and has a high proportion of 
conservation lands (62%). The remaining area is comprised of 17% sugarcane, 9% 
forestry, 7% grazing and smaller areas of bananas, other crops and urban land uses. 
The Herbert River Basin is 9,842 km2 and consists of 32% conservation lands, 50% 
grazing (in the upper catchment), 8% sugarcane (largely on the coastal floodplain), 
and smaller areas of forestry (QLUMP 2021). 

¶ The Burdekin region is one of the 2 large dry tropical catchment regions adjacent to the Reef. 
The region is primarily influenced by discharge from the Burdekin and Haughton, and to a 
lesser extent, the Ross and Black Rivers, with cattle grazing as the primary land use on over 
86% of the catchment area (QLUMP 2021). There is also intensive irrigated sugarcane on 
the floodplains of the Haughton and Burdekin basins, with smaller areas in the Don and Black 
basin. The city of Townsville is located in the Ross basin with residential extending into the 
Black basin. Fluctuations in climate and cattle numbers greatly affect the state and nature of 
vegetation cover and, therefore, the susceptibility of soils to erosion and off-site transport of 
suspended sediments and associated nutrients. 

¶ The Mackay-Whitsunday region has a mixed wet and dry tropical climate. The region is 
influenced by the Proserpine, OôConnell, Pioneer, and Don basins. Land use in the region is 
dominated by agriculture broadly divided into grazing in the upper catchments (43%), 
sugarcane cultivation on the coastal plains (17%), and dispersed areas of conservation (19%) 
(QLUMP 2021). The largest areas of sugarcane are in Plane basin (26% of the basin area). 
In addition, there are expanding urban areas along the coast with the major centres of 
Mackay in the Pioneer Basin (4% of the basin area). 

¶ The Fitzroy region has a sub-tropical, semi-arid climate with high inter-annual variability in 
rainfall, high evaporation rates, and prolonged dry periods followed by infrequent major 
floods. It is largest NRM region in the Reef catchment area. The region is mainly influenced 
by the Fitzroy River and to much a lesser extent, the Styx, Shoalwater, Calliope, and Boyne 
Rivers. The primary land use in the Fitzroy region is cattle grazing (77%), followed by 
conservation lands (8%) and forestry (7%) (QLUMP 2021). This extensive grazing area 
supports 55% of the cattle in the Reef catchment area (Lewis et al., 2021). Mining is another 
prominent industry in the area, accounting for 1,023 km2 of the catchment. The region holds 
75% of Queenslandôs active coal mines and 47% of its gas mines (QLUMP, 2019). 

3.2 Climate and cyclone activity  

Climate is a major driver of the condition of water quality and ecosystems and can vary substantially 
between years. It is heavily driven by the El Niño Southern Oscillation (ENSO) cycle. Climate models 
predict continued warming, increasing intensity of extreme rainfall events, fewer but more intense 
tropical cyclones, and more frequent and extreme La Niña and El Niño events (Schaffelke et al., 
2017).  

The 2024ï25 wet season had no notable cyclone influence in the Reef (Figure 3-1). Tropical Cyclone 
Alfred influenced South East Queensland but remained well offshore from the Reef and did not 
influence the southern areas of the Reef.    
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Figure 3-1: Trajectories of tropical cyclones affecting the Reef in the 2024ï25 water year (1 October to 30 September) and in previous 8 years.  
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3.2.1 Rainfall for the Reef, NRM regions , and basins  

Queensland rainfall is highly variable on seasonal, inter-annual, and decadal timescales. Wet season (December to April) 

rainfall in 2024ï25 was above the 30-year long-term average (1961 to 1990) in the Wet Tropics, Burdekin, Mackay-

Whitsunday, and Burnett-Mary regions, and similar to the average for the Cape York and Fitzroy regions (Figure 3-2 and 

 

Figure 3-3). Some basins in the central region of the Reef including the Murray, Herbert, 

Black, Ross and Haughton had substantially higher rainfall rates than long-term averages.  
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Figure 3-2: Average daily wet season rainfall (mm d-1) in the Reef catchment (left) long-term daily average (1961ï1990, produced by BoM), (centre) 2024ï25 wet season, and (right) the 
difference between the long-term average and 2024ï25 rainfall.  Source data: Bureau of Meteorology (2025).
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Figure 3-3: Difference between daily average rainfall (for the period December 2024ïApril 2025 within the 2024ï25 wet 

season) and the long-term rainfall average (for the same period within each wet season from 1961ï1990). Red and blue 
bars denote basins with rainfall below and above the long-term average, respectively. Note that the basins are ordered from 
north to south (left to right). Source data: Bureau of Meteorology (2025). 

 

3.2.2 Freshwater discharge for the Reef, NRM regions , and basins  

Freshwater discharge volumes into the Reef lagoon are closely related to rainfall during the 
wet season and have a significant influence on coastal water quality (Lough et al., 2015; Moran 
et al., 2025). The total annual freshwater discharge for all of the Reef basins relative to long-
term medians is shown in Figure 3-4.  Discharge at the regional level is shown in Figure 3-5.  

In 2024ï25, the overall Reef catchment area had discharge of 1.9 times the long-term median, 
the largest discharge since the extreme 2010ï11 water year. On a regional basis, the Burdekin 
Mackay-Whitsunday and Burnett Mary NRM regions had discharge much higher than their 
respective long-term medians (6.8, 2.8, and 3.4 times, respectively) with above long-term 
median discharge from the Cape York and Wet Tropics NRM regions (1.4 and 1.6 times, 
respectively). Indeed, discharge from the Burdekin region for the 2024ï25 water year was the 
highest since the extreme 2010ï11 water year. Discharge from the Fitzroy NRM region was 
slightly above the long-term median (1.2 times).  

Annual discharge for each of the 35 Reef basins in 2024ï25 is shown in Table 3-1 and 
compared to long-term median annual flows. All 5 basins within the Burdekin NRM region had 
discharge exceeding 3 times their respective long-term medians. The Burnett, Burrum, and 
Mary basins also had discharge exceeding 3 times their respective long-term medians. All 4 
basins of the Mackay-Whitsunday region as well as the Barron and Herbert basins had 
discharge between 2 and 3 times their respective long-term medians. The Jacky Jacky, 
Jeannie, Endeavour, Mossman, and Murray basins all recorded discharge between 1.5 and 
2.0 times their long-term medians (Table 3-1). 
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Figure 3-4: Long-term total annual discharge in ML (water year: 1 October to 30 September) for the 35 main Reef basins. 
Source: QLD Department of Local Government, Water and Volunteers (2025), https://water-
monitoring.information.qld.gov.au/. 

  

 

Figure 3-5: Corrected annual water year (1 October to 30 September) discharge from each NRM region (using the correction 

factors in Table 2-3) for 2003ï04 to 2024ï25 in (ML per year). The dotted line for each NRM region represents the 30-year 
long-term median taken from 1990ï91 to 2019ï2020. Data derived from QLD Department of Local Government, Water and 
Volunteers (2025), https://water-monitoring.information.qld.gov.au/. 

 

https://water-monitoring.information.qld.gov.au/
https://water-monitoring.information.qld.gov.au/
https://water-monitoring.information.qld.gov.au/
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Table 3-1: Annual water year discharge (millions of ML) of the 35 main Reef basins (1 October 2021 to 30 September 2025, 
inclusive) and 30-year long-term (LT) median discharge (1990ï91 to 2019ï20). Colours indicate levels above the long-term 
median: yellow for 1.5 to 2 times, orange for 2 to 3 times and red greater than 3 times. 

Basin  LT median  2021ï22 2022ï23 2023ï24 2024ï25 

Jacky Jacky Creek 2.47 2.37 4.61 3.49 4.04 

Olive Pascoe River 3.18 4.88 6.05 6.05 3.79 

Lockhart River 1.54 2.36 2.93 2.93 1.83 

Stewart River 0.76 0.57 1.37 1.10 0.04 

Normanby River 3.86 3.56 11.79 16.30 5.28 

Jeannie River 1.43 1.57 2.09 4.44 2.73 

Endeavour River 1.58 1.73 2.31 4.88 3.01 

Daintree River 1.92 2.52 4.69 9.18 2.75 

Mossman River 0.60 0.80 0.82 1.75 0.97 

Barron River 0.62 0.69 1.22 3.60 1.36 

Mulgrave-Russell River 4.22 4.09 4.29 6.79 5.09 

Johnstone River 4.80 4.71 5.39 8.16 6.55 

Tully River 3.39 3.18 3.66 5.56 4.58 

Murray River 1.48 1.27 1.53 2.60 2.28 

Herbert River 3.88 3.28 4.92 8.52 10.74 

Black River 0.29 0.27 0.35 0.53 2.34 

Ross River 0.28 0.26 0.48 0.31 2.40 

Haughton River 0.56 0.74 1.22 0.58 3.58 

Burdekin River 4.41 5.44 9.70 5.75 30.58 

Don River 0.50 0.38 1.00 0.37 1.54 

Proserpine River 0.86 0.45 1.87 0.62 2.48 

O'Connell River 0.84 0.43 1.82 0.60 2.41 

Pioneer River 0.62 0.28 0.76 0.59 1.34 

Plane Creek 1.06 0.49 1.44 0.63 2.14 

Styx River 0.63 1.08 0.85 1.03 0.65 

Shoalwater Creek 0.73 1.25 0.98 1.19 0.75 

Water Park Creek 0.39 0.82 0.60 0.77 0.41 

Fitzroy River 2.88 4.51 3.08 2.10 3.86 

Calliope River 0.26 0.25 0.14 0.17 0.23 

Boyne River 0.18 0.17 0.04 0.09 0.15 

Baffle Creek 0.35 1.00 0.17 0.42 0.28 

Kolan River 0.12 0.82 0.08 0.14 0.13 

Burnett River 0.26 3.89 0.36 0.60 1.25 

Burrum River 0.13 1.61 0.27 0.48 0.93 

Mary  River 0.91 10.14 0.67 1.81 4.18 

Sum of basins 60.75 71.87 83.55 104.11 116.66 

 

 

 



Marine Monitoring Program                                Inshore water quality monitoring Annual Report 2024ï25 

40 

4 MODELLING AND MAPPING MARINE WATER QUALITY  

4.1 Satellite remote sensing of Reef water types  

To illustrate wet season influence on coastal water quality and identify potential risk to 
ecosystems, annual satellite-derived map products were produced for the whole Reef. This 
includes frequency maps predicting the areas affected by the Reef WT1ï2 combined (Figure 
4-1) or the 3 Reef water types individually (Figure 4-2) for the period from December 2024 to 
April 2025 (within the 2024ï25 wet season). The DecemberïApril period is used here to 
provide consistency with other remote sensing products and historical satellite data. 

 

4.1.1 Areas affected  

The extent and frequency of the occurrence of combined Reef WT1 and WT2 was variable 
across regions, cross-shelf, and between years, reflecting the concentrations and intensity of 
the river discharge and resuspension events (Figure 4-1). A well-documented inshore to 
offshore gradient is clearly visible (for example, Devlin et al., 2013, 2015), with coastal areas 
experiencing the highest frequency of the Reef WT1 and mid-shelf and offshore areas less 
frequently exposed to the Reef WT1 (Figure 4-2) and more frequently to the Reef WT2 and 
WT3. Cloud cover can influence the availability of data and therefore influence the results, and 
is accounted for to some extent in the methodology of the products (as described in Appendix 
B). 

Frequency of occurrence : The frequencies of occurrence of the combined Reef WT1 and 
WT2 were greater than the mean long-term frequencies in the central Reef, including the 
southern Cape York, parts of the Wet Tropics and Burdekin regions, and in the Burnett-Mary 
region (Figure 4-1a,e,f), reflecting wetter conditions in these regions. Frequencies were lower 
in the northern Cape York, the Mackay-Whitsunday, and Fitzroy regions, but with some local 
variability in the Mackay-Whitsunday region. These results generally agreed with the rainfall 
distribution in 2025, except in the Mackay-Whitsunday region where there was high cloud 
cover during large discharge events, likely resulting in underestimations in the frequency of all 
water types (Figure 3-2). The frequencies of occurrence measured across the Tully focus 
region were above the frequencies recorded during typical wet seasons (Figure 4-1g, blue and 
black lines) particularly in the mid-shelf and offshore areas, highlighting the scale of the flood 
events across the region in February and March, and the potential influence from the Herbert 
and Burdekin rivers moving north. The frequencies of occurrence in the Burdekin River also 
showed a higher occurrence in offshore areas (Figure 4-1g). 

Reef area exposed : In 2024ï25, 5% of the Reef was exposed to the Reef WT1, 21% to the 
Reef WT2 and 61% to the Reef WT3 (Figure 4-3b and Table C-10). The area exposed to the 
Reef WT1 exceeded both the long-term and coral recovery period percentages (3% of the 
Reef). Inshore Reef waters (enclosed coastal and open coastal) were significantly exposed to 
the Reef WT1 (Figure 4-3c: 73% and 32% of their respective total waterbody areas). 
Additionally, a small percentage of the mid-shelf waterbody was also exposed to the Reef 
WT1, representing 3% of its total waterbody area). The area exposed to the Reef WT2 (21% 
of the Reef) exceeded both the long-term (17%) and coral recovery period percentages (16% 
of the Reef). 99% of the total open coastal, 64% of the total enclosed coastal, 30% of the total 
mid-shelf waterbody areas were exposed to the Reef WT2. Additionally, 4% of the total 
offshore area was also exposed to the Reef WT2. 
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Figure 4-1: Map showing the frequency of the Reef WT1ï2 combined in the a) long-term (20 wet seasons since 2002ï03) b) representative coral recovery period (2011ï12 to 2016ï17, 6 wet seasons or 
132 weeks), c) typical wet-year composite, d) typical dry-year wet season composites and e) 2024ï25 wet season (represented by the 22 weeks from December - April). The 2024ï25 frequency maps 
were produced using Sentinel-3 images and the FU colour scale. Previous wet seasons (prior to 2021) and reference period composites have been produced using both MODIS satellite imagery and the 
wet season colour scale (Waterhouse et al., 2021) and Sentinel-3 satellite imagery and the Forel-Ule colour scale (from 2021). The highest frequency is shown in orange and the lowest frequency is 
shown in blue. f) Difference map showing areas with an increase (in blue) and decrease (in brown) in exposure to Reef WT1ï2 in 2024ï25 against long-term trends (calculated as (e) 2025 minus (a) 
long-term). g) Plots on the right show the frequency values recorded along 3 transects extending from the Tully, Burdekin, and Pioneer Rivers to the external boundaries of the Marine Park and illustrate 
the differences in the spatial distribution and frequency of occurrence between the different representative periods. OC: open coastal, M: mid-shelf and O: offshore marine water body boundaries.
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Figure 4-2: Map showing the frequency of the Reef WT1 (FU10ï21), WT2 (FU6ï9), and WT3 (FU4ï5) in the 2024ï25 wet 

season (represented by the 22 weeks from December - April). The highest frequency is shown in orange and the lowest 
frequency is shown in blue. These maps are used in the exposure assessment to represent the spatial likelihood of 
exposure of each of the wet season water types in 2024ï25. 
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Figure 4-3: a) Areas (km2) and b) percentages (%) of the Reef lagoon (total 348,839 km2) affected by the different Reef water types including division by waterbodies (enclosed coastal, open 
coastal, mid-shelf, and offshore) and waters affected by the Reef WT1ï2 combined, and c) the 3 Reef water types individually during the current wet season and for a range of reference 
periods (24: 2024ï25 wet season, LT: long-term, CR: Coral Recovery, W: Wet years, and D: Dry years). The data are presented in detail in Table C-10. 
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In 2024ï25, as in the 4 previous years, the Reef area exposed to Reef WT3 (61% of the Reef) 
was greater than the long-term average (53% of the Reef) and the ówetô yearôs area (58% of 
the Reef) (Figure 4-2 and Figure 4-3). This result is related to large areas exposed to Reef 
WT3 measured in the mid-shelf and offshore Reef (97% and 30% of the total mid-shelf and 
offshore waterbody areas, respectively). This result may be a reflection of the large extent of 
river influence observed in satellite imagery in February 2025 but can also be linked to shelf 
upwelling in the central and southern Reef areas. Image classification by optical type does not 
directly elucidate the cause of variations in water colour, and Reef WT3 in particular (but also, 
to some extent, Reef WT1 and WT2 in some coastal areas) is sometimes due to 
oceanographic processes not related to catchment runoff. This could be further investigated 
in a future case study by comparing Reef WT3 areas with sea-surface temperature climatology 
(for example, Wijffels et al., 2018) and comparison with eReefs modelling results to 
understand the drivers of these conditions. While Reef WT3 areas were larger than in the 
reference periods, this did not result in increasing the potential risk offshore as 100% of the 
offshore areas were classified as no/very low potential risk in the 2024ï25 exposure 
assessment (Figure 4-6 and Figure 4-7). Reef WT3 is associated with low land-based 
contaminant concentrations and has a low magnitude score in the Reef exposure assessment 
(Figure 4-4 and Figure 4-5). 

 

4.1.2 Composition of Reef water types  

Detailed summaries of water quality parameters for the long-term period (20 wet seasons) and 
reporting year are provided in Appendix B. Boxplots of long-term water quality parameters are 
shown in Figure 4-4 and are fully described below.  

Mean long-term concentrations of water quality parameters showed similar patterns between 
focus regions, with maximum concentrations measured in Reef WT1 and minimum 
concentrations in Reef WT3 (Figure 4-4). However, there were distinct differences in the 
concentrations of individual parameters across regions. Across years, the frequency of 
sampling in flood events as well as the location, timing, and number of samples historically 
collected in each region is a major influence on these results. 4.1.3Figure 4-5 

The long-term mean TSS, Chl-a, PP, and PN concentrations (± standard deviation) were 
above the Reef-wide wet season guideline values (GVs) in the Reef WT1 and WT2, with Chl-
a only slightly above in Reef WT2 (Chl-a = 0.65 Ñ 0.75 ɛg L-1) and only the long-term mean 
PN concentration was above the wet season GV in the Reef WT3 (PN = 28.30  ± 21.31 ɛg L-

1) (Figure 4-5). Using these data, magnitude scores in the exposure mapping were calculated 
as the proportional exceedance of the GVs, and negative magnitude scores capped to zero 
(Figure 4-5). Magnitude scores have no defined ecological significance but are used in the 
risk framework as a relative measure to assign potential risk grading (through the magnitude 
scores) for each Reef water type (refer Section 4.1.3). 
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Figure 4-4: Long-term (2004ï2023) concentrations of water quality parameters and Secchi disk depth boxplots for each 

Reef Water Type. (WT1, WT2, and WT3). Water types were extracted from the MODIS-Aqua (2004ï2020) and Sentinel-3 
(2021ï2023) weekly satellite databases. The mean is plotted as a cross (x) and its numerical value is indicated in text. The 
interquartile range is delimited by the box and the median by the line inside the box. Whiskers indicate variability outside the 
upper and lower quartiles. Data beyond the whiskers range are considered outliers and are not plotted.  
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Figure 4-5: Mean long-term concentrations of water quality parameters (top) and magnitude scores across the 3 Reef water 

types (bottom). Red lines show the Reef-wide wet season GVs (Table B-4). Magnitude scores are calculated as the 
proportional exceedance of the guideline: άὥὫὲὭὸόὨὩ ὖέὰὰȢ  ὋὠȾὋὠ   and Poll. = TSS, 

Chl-a, PP, or PN. Negative magnitude scores are scored as zero.  

 

4.1.3 Potential exposure risk of  Reef ecosystems  to wet season water quality  

This section reports the area (km2) and percentage (%) of coral reefs and seagrass meadows 
exposed to different categories of potential risk, based on satellite-derived Reef water types.  

It is outside the scope of this report to validate the potential risk categories against ecological 
health data and the categories therefore represent relative potential risk for seagrass and coral 
reef ecosystems. However, the relationship between Reef WT1 and Reef WT2 conditions and 
ecosystem health has been explored in several published papers (e.g. Ceccarelli et al., 2020; 
Wenger et al., 2016; Petus et al., 2014). The areas and percentages of ecological communities 
affected by the different potential risk categories were calculated as a relative measure 
between regions and the long-term average. The Wet Tropics and Burdekin regions had the 
largest areas with elevated exposure compared to the long-term average. There were also 
some areas of elevated exposure in the open coastal areas within the Burnett-Mary region, 
most likely related to relatively high river discharge in the region (3.4 times long-term median). 

Reef-wide:  The area exposed to a potential risk from wet season water quality in 2024ï25 
was spatially limited relative to the scale of the Reef with 90% exposed to no or very low 
potential risk (Table 4-1 and Figure 4-6e). This result is similar to the long-term average (91% 
of the Reef), although there were variations at a regional scale which reflect the patterns in 
river discharge. Approximately 10% of the Reef was exposed to combined potential risk 
categories IIïIV, which is still a relatively large area at approximately 33,900 km2. However, 
only 1% of the Reef was in the highest potential risk category (IV) and only 2% of the Reef 
was in category III (Table 4-1); the total area of these categories combined was 11,226 km2. 
These patterns were very similar to the long-term averages (Table 4-1). Patterns were also 
similar across marine regions, with more than 79% of each region classified as no/very low 
potential risk and less than 4% classified as category III or less than 2% in category IV (Figure 
4-7b). It is important to note that while these percentages are relatively small, the total areas 
are still significant, especially when considering specific habitat areas. The Wet Tropics and 
Burdekin regions had the highest exposure to the potential risk categories III and IV. 

Reef waterbodies:  The inshore Reef waters, including the enclosed (macro-tidal enclosed 
coastal and enclosed coastal waterbodies combined) and open coastal (macro-tidal open 
coastal and open coastal waterbodies combined) were the most largely exposed to the highest 
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categories of potential risk (III and IV, Figure 4-7a), and a very small proportion of the mid-
shelf water (0.1 %) was also exposed to the potential risk category III this wet season, related 
to higher potential risk exposures measured in the Wet Tropics and Burdekin regions which 
occurred over relatively large areas (Figure 4-7b). Open coastal waters were largely exposed 
to the lowest category of potential risk (no/very low potential risk = 44% and II: 41%) and only 
14% and 1% of the open coastal waters where exposed to the potential risk category III and 
IV. The enclosed coastal waters had the largest proportion of waters classified as higher 
relative potential risk, with 48% of the combined inshore waters exposed to potential risk 
category IV. Approximately 77% (<3,600 km2) of Reef seagrasses occur in the inshore waters, 
but only 4% (<900 km2) of coral reefs. The mid-shelf and offshore waterbodies were largely 
classified as no/very low potential risk (92% of the mid-shelf and 100% of the offshore waters) 
(Figure 4-7a).  

Table 4-1: Areas (km2) and percentages (%) of the Reef, Reef-wide coral reefs, and Reef-wide surveyed seagrass exposed 

to different potential risk categories during the 2024ï25 wet season and the long-term (2003ï2022). The last 3 rows show 
the differences between % exposed in 2024ï25 and the long-term average ( : increase, : decrease, and : no 
change, difference <5%). Areas south of the Marine Park (Hervey Bay) are not included.  

Total surface area 
exposed  

Total  Potential Risk category  Total area 
exposed IIïIV 

No / 
very low  

Lowest                         Highest  

I II III IV 

Reef-wide 

area 348,839 
2025 314,982 22,632 7,428 3,798 33,857 

LT 317,183 23,596 4,247 3,813 31,657 

% 100% 
2025 90% 6% 2% 1% 10% 

LT 91% 7% 1% 1% 9% 

Reef-wide 
coral reefs 

area 24,914 
2025 24,111 431 227 146 803 

LT 24,072 564 179 99 842 

% 100% 
2025 97% 2% 1% 1% 3% 

LT 97% 2% 1% 0% 3% 

Reef-wide 
surveyed 
seagrass 

area 4,660 
2025 1,329 1,869 854 608 3,331 

LT 1,373 1,943 609 734 3,287 

% 100% 
2025 29% 40% 18% 13% 71% 

LT 29% 42% 13% 16% 71% 

Difference 
(2024ï25 
to long-
term 
average) 

Reef-wide <-1% <-1% <1% <-1% <1% 

Reef-wide coral reefs <1% <-1% <1% <1% <-1% 

Reef-wide surveyed seagrass -1% -2% 5% -3% 0.9% 

Similar cross-shore patterns were observed across Reef marine regions, and all mid-shelf and 
offshore waterbodies were largely classified as no/very low potential risk (Figure 4-7c). Mid-
shelf waterbodies in the Wet Tropics region had the greatest exposure to potential risk 
category II (53% of the Wet Tropics mid-shelf waterbody), followed by the Burdekin region 
(18% of the Burdekin mid-shelf waterbody). The Wet Tropics and Burdekin region open 
coastal waterbodies had the greatest exposure to potential risk categories III (38ï39% of the 
Wet Tropics and Burdekin open coastal waterbodies, respectively), followed by the Burnett-
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Mary region (26% of the Burnett-Mary region open coastal waterbody). In the other Reef 
regions, <10% of the open coastal waterbodies were exposed to potential risk categories III. 
Differences across regions are further described in the Regional Results section below 
(Section 4.3). 
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Figure 4-6: Map showing the potential risk of exposure of Reef ecosystems to wet season water quality measured in the a) long-term (20 wet seasons since 2002ï03), b) representative coral 
recovery period (2012ï2017, 132 weeks), c) typical wet-year and d) typical dry-year wet season composites and e) 2024ï25 wet season (represented by the 22 weeks from December - April). 
Relative potential risk categories range from I: no/low potential risk to IV: highest relative potential risk. f) Difference map showing areas with an increase (in red, ) and decrease (in purple, ) 
in potential risk category in 2024ï25 against long-term trends (calculated as (e) 2025 minus (a) long-term). 
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Figure 4-7: Percentage of the a) Reef waterbodies, b) Reef regions, c) regional Reef waterbodies, d) seagrass and e) coral 

habitats affected by different potential risk categories during the 2024ï25 wet season. Water body classifications are shown 
along the x-axes: enclosed coastal (EC), open coastal (OC), mid-shelf (Mid), and offshore (Off). 
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Reef habitats (coral reefs and seagrasses):  In 2024ï25, it was estimated that: 

¶ Approximately 3% of coral reefs (or 803 km2) were exposed to combined potential risk 
categories IIïIV (Table 4-1). Less than 2% were in the highest potential risk categories IV 
and III combined, and in all regions but the Burdekin, only the enclosed coastal and open 
coastal coral reef habitats were exposed, equating to 372 km2. In the Burdekin region, a 
small proportion of the Burdekin mid-shelf corals were exposed to potential risk category 
III (less than 0.1 km2). The total enclosed coastal coral reef area exposed to the highest 
potential risk categories was 87% (54% to potential cat. IV and 33% to cat. III, Figure 4-7e). 
Only 5% of the open coastal reefs were exposed to potential risk category IV and 20% to 
potential risk category III. Mid-shelf and offshore coral reefs were predominantly exposed 
to the lowest potential risk category II or to no potential risk, with a small proportion of the 
mid-shelf coral exposed to potential risk category III (2% of the mid-shelf coral reefs). The 
coral areas exposed to potential risk categories III and IV in 2024ï25 were similar to the 
long-term averages (<2% of the coral reefs, Table 4-1) at the Reef-wide scale. However, 
exposure results varied widely between regions (see Section 4.3).   

¶ Approximately 71% of seagrasses (or 3,331 km2) were exposed to combined potential risk 
categories IIïIV. Approximately 13% (608 km2) were in the highest exposure category (IV) 
and 18% were in category III (854 km2) and only the enclosed coastal and open coastal 
seagrass habitats were exposed (Figure 4-7d). The total enclosed coastal seagrass area 
exposed to the highest potential risk categories was 72% (41% to cat. IV and 31% to cat. 
III, Figure 4-7d). Approximately 19% of the open coastal seagrasses were exposed to 
potential risk categories III and 1% only were exposed to the highest potential risk category 
IV. Mid-shelf and offshore seagrasses were only exposed to the lowest potential risk 
category II or to no potential risk, although a majority of seagrass meadows are located in 
inshore areas. The seagrass areas exposed to combined potential risk categories II to IV 
in 2024ï25 were similar to the long-term average. There was, however, an increase in 
area exposed to the potential risk category III (+5%). 

 

4.2 Mapping the dispersal of river -derived DIN, fine sediment, and PN  

An improved understanding of dispersal of river-derived DIN, fine sediment, and PN has been 
developed using the eReefs marine models. The process uses modelled dispersal of river 
plumes to assess potential cumulative annual exposure of each location to terrestrially-derived 
fine sediment or nitrogen. This analysis focuses on nitrogen derived from DIN or PN that might 
be transformed to other forms within the marine receiving environment, as these are the main 
labile (or biologically-available) fractions of nitrogen compared to the much more refractory (or 
non-biologically-available) dissolved organic nitrogen fraction (Lønborg et al. 2018). For all 
variables, the óanthropogenicô influence was predicted by calculating the difference between a 
pre-development load scenario (i.e. using the flow data for 2024ï25 and an annual mean 
concentration that represents natural land use) and the 2024ï25 loading (see section 2.3 on 
how the loads were calculated). As described in Section 2 the method was adjusted to utilise 
the most recent eReefs model, which currently runs from to 2022 to April 2025. Therefore, the 
assessment was run for 2022ï23, 2023ï24 and 2024ï25 to provide a point of comparison for 
the current year. The analysis is run for a pre-development load scenario and the 2024ï25 
load scenario, with the difference between the 2 used to generate an óanthropogenicô loading 
map. Panels showing the 3 years of the anthropogenic loading maps for DIN, PN and TSS 
are presented in Figure 4-8 to Figure 4-13. The full suite of maps is available by contacting 
the authors of this report.  

 

4.2.1 River -derived DIN dispersal  

The estimated wet season river-derived DIN loading in the Reef lagoon for the 2024ï25 water 
year is shown in Figure 4-8 with pre-development, anthropogenic and total load scenarios. 
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The spatial extent and intensity of the anthropogenic and total DIN load scenarios reflects the 
very high river discharge and DIN loads in the Wet Tropics, Burdekin, and Mackay-Whitsunday 
regions.  

Figure 4-9 illustrates the spatial distribution of anthropogenic DIN across the Reef for 3 water 
years: 2022ï23, 2023ï24, and 2024ï25 to provide an indication of the scale of influence 
between years. It shows that annual DIN loading and dispersal varies significantly across 
regions and years, with higher loadings consistently associated with the Burdekin, Herbert, 
and Fitzroy Rivers. The patterns are consistent with those from the previous methodology, 
extending back to 2003, with loading typically constrained to inshore areas. However, in large 
events like those experienced in 2024ï25 the loading extends to mid-shelf areas. The 2022ï
23 map is typical of conditions generally seen in a year with river discharge close to the long-
term median. However, 2023ï24 shows the influence of the intensive events associated in the 
Barron and Daintree Rivers associated with Cyclone Jasper. 

 

4.2.2 River -derived TSS dispersal  

The estimated wet season river-derived TSS loading in the Reef lagoon for the 2024ï25 water 
year is shown in Figure 4-10 with pre-development, anthropogenic and total load scenarios. 
The spatial extent and intensity of the anthropogenic and total TSS load scenarios reflects the 
well above average river discharge (6.8 times the long-term median) and associated TSS 
loads in the Burdekin region. The Wet Tropics rivers south of Cairns and particularly the Tully 
and Herbert Rivers, rivers in the Mackay Whitsunday region, and the Fitzroy and Mary Rivers, 
also experienced above-median discharge (1.2ï3.4 times the long-term median), which is 
reflected in these scenarios. 

Figure 4-11 illustrates the spatial distribution of anthropogenic TSS across the Reef for 3 water 
years: 2022ï23, 2023ï24, and 2024ï25 to provide an indication of the scale of influence 
between years. It shows that TSS loading varies significantly across regions and years. The 
patterns are consistent with previous assessments, extending back to 2003 (e.g. Gruber et 
al., 2025), with loading typically constrained to inshore and in many places, coastal areas. 
However, similarly to TSS, the loading influence does extent to mid-shelf areas in 2024ï25, 
which is comparable to the patterns observed in the large Burdekin floods in 2010ï11 and 
2019. The extent of loading influence was constrained in 2022ï23 and 2023ï24 with limited 
influence evident at the Reef-wide scale, however, small intensive areas are evident adjacent 
to river mouths. 

 

4.2.3 River -derived PN dispersal  

The estimated wet season river-derived PN loading in the Reef lagoon for the 2024ï25 water 
year is shown in Figure 4-12 with pre-development, anthropogenic and total load scenarios. 
The spatial extent and intensity of the anthropogenic and total PN load scenarios reflect the 
end of catchment loads with the highest extent of loading in the Burdekin region, and to a 
lesser extent, the Wet Tropics rivers, rivers in the Mackay Whitsunday region, the Fitzroy River 
and rivers in the Burnett Mary region. 

Figure 4-13 illustrates the spatial distribution of anthropogenic PN across the Reef for 3 water 
years: 2022ï23, 2023ï24, and 2024ï25. As for DIN and TSS, it shows that PN loading varies 
significantly across regions and years, with higher loadings typically near river mouths 
including the Normanby, Russell Mulgrave, Johnstone, Herbert, Burdekin, Fitzroy and Mary 
Rivers. The areas of elevated PN loading are relatively constrained to the inshore areas, 
except in 2024ï25 where the influence extended to the mid-shelf areas in the Wet Tropics 
region.  
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Figure 4-8: River-derived óanthropogenicô DIN loading (tonnes km-2, relative scale) in the Reef lagoon, modelled for the pre-development loads scenario (left panel), anthropogenic loads 
(difference between total and pre-development scenario, centre panel), and total load scenario (right panel) for the 2024ï25 water year.    
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Figure 4-9: River-derived óanthropogenicô DIN loading (tonnes km-2, relative scale) in the Reef lagoon, modelled for the (left panel) 2022ï23 water year (1 October to 30 September), (centre 
panel) 2023ï24 water year, and (right panel) 2024ï25 water year.   
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Figure 4-10: River-derived óanthropogenicô TSS loading (tonnes km-2, relative scale) in the Reef lagoon, modelled for the pre-development loads scenario (left panel), anthropogenic loads 
(difference between total and pre-development scenario, centre panel), and total load scenario (right panel) for the 2024ï25 water year.  
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Figure 4-11: River-derived óanthropogenicô TSS loading (tonnes km-2, relative scale) in the Reef lagoon, modelled for the (left panel) 2022ï23 water year (1 October to 30 September), (centre 
panel) 2023ï24 water year, and (right panel) 2024ï25 water year.  


































































































































































































































































































































































































































































































































































