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Preface 

Management of human pressures on regional and local scales, such as increased catchment run-
off and direct use of marine resources, is vital to provide corals and reef organisms with the optimum 
conditions to cope with global stressors, such as climate change (Carpenter et al., 2008; Hughes et 
al., 2010; Mora, 2008). The management of water quality remains a strategic priority for the Great 
Barrier Reef Marine Park Authority (Marine Park Authority) to ensure the long-term protection of the 
coastal and inshore ecosystems of the Great Barrier Reef (GBR) (GBRMPA, 2014a, b). A key policy 
is the Reef Water Quality Protection Plan (Reef Plan; Anon, 2013), now a key component of the Reef 
2050 Long-Term Sustainability Plan (Reef 2050 Plan; Commonwealth of Australia, 2015)1, the latter 
provides the overarching framework for the integrated management of the Great Barrier Reef World 
Heritage Area (GBRWHA).  

The Marine Monitoring Program (MMP) was designed and developed by the GBRMPA in 
collaboration with science agencies and is currently funded by the Australian Government Reef 
Program and the Reef 2050 Integrated Monitoring and Reporting Program. A summary of the MMPôs 
overall goals and objectives and a description of the sub-programs are available at 
http://www.gbrmpa.gov.au/managing-the-reef/how-the-reefs-managed/reef-2050-marine-
monitoring-program and http://e-atlas.org.au/rrmmp. The MMP was established in 2005 to help 
assess the long-term status and health of GBR ecosystems and is a critical component in the 
assessment of regional water quality as land management practices are changed across GBR 
catchments. The MMP forms an integral part of the Paddock to Reef Integrated Monitoring, Modelling 
and Reporting Program (Paddock to Reef program), which is a key action of the Reef Plan and is 
designed to evaluate the efficiency and effectiveness of program implementation, and report on 
progress towards the Reef Plan and Reef 2050 Plan goals and targets. A key output of the Paddock 
to Reef program is an annual report card, including an assessment of GBR water quality and 
ecosystem condition to which the MMP contributes assessments and information. The first annual 
Great Barrier Reef Report Card for 2009 serves as a baseline for future assessments, and report 
cards for 2010, 2011, 2012ï13, 2014, 2015 and 2016 have since been released (available at 
www.reefplan.qld.gov.au). 

Inshore water quality monitoring in the MMP includes ambient and event sampling (e.g., Waterhouse 
et al., 2017a) and is carried out in partnership with the other MMP components including pesticide 
monitoring (Grant and Paxman, 2017), coral monitoring (Thompson et al., 2017) and seagrass 
monitoring (McKenzie et al., 2017). 

The Australian Institute of Marine Science (AIMS) and James Cook University (JCU) entered into a 
co-investment agreement with the GBRMPA to provide monitoring activities under the MMP. The 
water quality monitoring activities in the current contract period of the MMP are built on activities 
established under previous arrangements from 2005 to 2015 through the expansion of monitoring in 
four focus regions. 

  

                                                

1 http://www.environment.gov.au/marine/gbr/reef2050 
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Executive summary 

Monitoring and management of the Great Barrier Reef (GBR) water quality remains important to 
support the long-term protection of the coastal and inshore ecosystems of the GBR. The land 
management initiatives under the Australian and Queensland government's Reef Water Quality 
Protection Plan (Reef Plan2) and the Reef 2050 Long-Term Sustainability Plan (Reef 2050 Plan) are 
key actions to improve the water quality entering the GBR. The goal of the Reef Plan is óTo ensure 
that by 2020 the quality of water entering the reef from broadscale land use has no detrimental 
impact on the health and resilience of the Great Barrier Reefô.  

This report summarises the results of water quality monitoring activities carried out by the Australian 
Institute of Marine Science (AIMS), James Cook University (JCU) and the Cape York Water 
Monitoring Partnership (CYWMP) as part of the Marine Monitoring Program (MMP) in 2016ï17, with 
reference to previous data from 2005 to 2016. The results of two case studies are also presented in 
the Appendices.  

The overall objective of the MMP is to óassess trends in ecosystem health and resilience indicators 
for the Great Barrier Reef in relation to water quality and its linkages to end-of-catchment loadsô. The 
focus of this report is inshore water quality, with the aim to assess temporal and spatial trends in 
inshore GBR water quality to detect changes over time and ultimately because of the achievement 
of reductions in end-of-catchment load contributions. The program design includes the collection of 
water samples along transects in the Cape York, Wet Tropics, Burdekin and Mackay Whitsunday 
focus areas year-round, with higher frequency sampling during the wet season. The more intensive 
wet season sampling, combined with remote sensing data and exposure models, is used to 
characterise the spatial and temporal variability of land-sourced material transport into the GBR. 
Event response sampling is conducted in the focus regions to capture flood events (at least óminorô 
category) throughout the wet season.  

Drivers, activities, impacts and pressures 

The rainfall and river flow in the GBR catchments is variable between years and heavily driven by 
the El Nino ï Southern Oscillation (ENSO) cycle. The rainfall and river flow across all basins of the 
GBR during the 2016ï17 wet season was close to the long-term median. The total GBR river input 
was 55,900,000 ML, which was just below the long-term (1986ï87 to 2016ï17) median of 
59,700,000 ML. A number of southern rivers had wet season discharges above their long-term 
median flow including a majority of rivers in the Mackay Whitsunday, Fitzroy (coastal catchments) 
and Burnett Mary regions. The only cyclone to influence the GBR during 2016ï17 was severe 
tropical cyclone Debbie, a Category 4 system that passed through the Whitsunday Islands and 
crossed the mainland at Airlie Beach in the MackayïWhitsunday region. The cyclone then moved 
southward over land as a rain depression producing flooding rains across the Bowen-Broken-Bogie 
catchment of the Burdekin, the basins of the MackayWhitsunday, Fitzroy and Burnett Mary natural 
resource management (NRM) regions. Event sampling was conducted in the Burdekin and Mackay 
Whitsunday focus regions, and opportunistically in the Fitzroy region to capture these events.  

End-of-catchment pollutant loads calculated for 2016ï17 showed distinct variations between the 
focus areas, with the Proserpine-OôConnell-Pioneer-Plane and the Tully-Murray-Herbert basins 
dominating the dissolved inorganic nitrogen (DIN) exports. Loads of total suspended solids (TSS) 
and particulate nitrogen (PN) were dominated by the Burdekin-Haughton basins. To provide context 
for the water quality monitoring results, calculated end-of-catchment pollutant loads are included in 
this report and presented for the rivers influencing each sampling region in the regional reports 
(Section 3.4).  

                                                
2 Note: At the time of writing, the Reef Plan 2013 was being revised and the updated Reef 2050 Water Quality 

Improvement Plan 2017ð2022 was still in draft form. 
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The eReefs hydrodynamic model is used to run tracer experiments to estimate the extent of river 
influence in the GBR lagoon (for the rivers where the model is available). These tracer maps indicate 
the spatial extent of influence of individual rivers. The results showed that the areas exposed to river 
discharge in 2016ï17 were relatively constrained. The results for each region are presented in 
Section 3.4. 

Exposure of the GBR ecosystems to land-sourced pollutants during the wet season is derived from 
several remote sensing products combined with in-situ data. This includes maps of the frequency of 
occurrence of wet season water types (incorporating river plumes), exposure maps that summarise 
the likelihood and magnitude (relative to Water Quality Guidelines) of exposure to ecosystems by 
potentially detrimental pollutant concentrations during the wet season, weekly panels summarising 
wet season environmental and marine (water type) conditions and models that summarise the 
predicted transport of land-sourced pollutants. These maps were produced for the Cape York region 
for the first time this year. 

The water type frequency maps are derived from Moderate Resolution Imaging Spectroradiometer 
(MODIS) satellite imagery to represent water quality patterns during the wet season. In 2016ï17, 
these maps illustrated a well-documented inshore to offshore spatial pattern, with the highest 
frequency of the Primary water type in the coastal areas (i.e., more turbid conditions) and offshore 
areas most frequently exposed only to the Tertiary water type. The extent and frequency of the 
Primary, Secondary and Tertiary water types were variable across regions and across the shelf, 
reflecting the constituent concentrations and the regional intensity of river discharge and/or 
resuspension events. In particular, the frequency of occurrence of wet season water types (Primary, 
Secondary and Tertiary water types combined) recorded along a cross shelf transect from the 
Pioneer River was similar to the frequency recorded in 2010ï11, an unusually high flow year, which 
is linked to the above average rainfall largely associated with tropical cyclone Debbie in MarchïApril 
2017.  

Seasonal and long-term surface exposure maps (hereafter, exposure maps) represent the wet 
season and long-term frequency of exposure to TSS, chlorophyll a (Chl-a), particulate phosphorus 
(PP) and PN-enriched surface waters assessed against the Water Quality Guidelines. These maps 
are now developed annually to represent the likelihood and magnitude of pollutant exceedance 
during the wet season(s). The wet season seasonal and long-term exposure maps were overlaid 
with information on the spatial distribution of GBR ecosystems (coral reefs and seagrasses) to help 
identify ecosystems that may experience acute or chronic high exposure to land-sourced pollutants, 
and thus help to evaluate the susceptibility of GBR ecosystems. In 2016ï17, the GBR was mostly 
influenced by the lowest exposure categories, which was in agreement with long-term trends. The 
area of the GBR influenced by the highest exposure categories was similar to the long-term areas 
and consistent with an average wet season. 

Panels showing the pressures combined with the wet season water types and frequency maps for 
each NRM region provide an innovative way to visually assess the combined influence of several 
drivers on wet season conditions. These have highlighted the need to distinguish the influence of 
river discharge, as opposed to other processes such as resuspension, in driving water quality. Now 
established for the Cape York region, this method is being explored further to establish a metric 
specific to river plumes, distinct from overall wet season conditions. 

An ocean colour-based model was used to estimate the dispersion of individual parameters including 
DIN and TSS loads delivered by river plumes, to examine their exposure and influence across the 
GBR lagoon. The model combines in-situ data, MODIS satellite imagery and modelled annual end-
of-catchment loads from all 35 GBR basins (verified using monitoring data). The outer boundary of 
the modelled river plumes was derived from wet season discharge using the relationship between 
river discharge and plume extent initially estimated using the eReefs hydrodynamic model (tracer 
maps). The pollutant loading model produces annual maps of average DIN and TSS concentrations 
or mass loadings in the GBR waters over the wet season (November to May) with current and pre-
development scenarios.  
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The maps are presented as a time series from 2003 to 2017 and can be used to assess the 
concentration of pollutants from river plumes as well as the relative contributions of pollutants from 
individual rivers to different NRM regions. The 2016ï17 outputs were similar to those for other years 
with discharge close to the long-term median. The current year can also be compared to a simulated 
loading map using estimated pre-development end-of-catchment loads to produce a map output 
showing the difference between the two scenarios. In both scenarios, the same flow was used for 
each river; a more comprehensive assessment could have varied pre-development flows in addition 
to the input loads, although historical changes in hydrology (i.e., rainfall-runoff) are poorly 
constrained and have not been modelled in the GBR. The DIN loading assessment highlights the 
Wet Tropics and MackayïWhitsunday regions as the dominant areas of anthropogenic influence 
during the 2016ï17 wet season and, to a much lesser extent, the Burdekin and BurnettïMary 
regions. The TSS loading assessment highlights the Burdekin region as the dominant area of 
anthropogenic influence during the 2016ï17 wet season. The time series from 2003 to 2017 showed 
distinct differences between years, driven by differences in river flow and pollutant loads. The next 
step in this method is to establish a reporting metric for future years to represent wet season pollutant 
load distribution in the GBR. 

The analysis of the relative contribution from each river to the NRM regions provided further insight 
to the extent of influence in relatively high and low discharge years. The outputs highlight many 
cross-regional influences during the large discharge events between adjoining NRM regions, in some 
cases contributing almost half of the estimated loading (TSS from the Burdekin River into the Wet 
Tropics NRM region in 2010ï11). In 2016ï17, this cross-regional influence was more constrained, 
except for in the MackayïWhitsunday region which received TSS loading inputs from the Fitzroy 
River. This highlights the need to assess and define management priorities at a basin scale, and the 
importance of recognising cross-regional influences, outside of the administrative marine NRM 
boundaries. 

Trends in key water quality indicators  

This report presents detailed information on the temporal trends of water quality relative to the Water 
Quality Guidelines for the GBR throughout the year. After more than a decade of continuous 
sampling it is still not clear whether there has been measurable change in the trend of water quality 
in the GBR lagoon. Most parameters show minor fluctuations over the monitoring period with no 
clear trend, although there are some exceptions. 

Over the monitoring period, an increase in the dissolved organic carbon (DOC) concentrations was 
found in all regions. DOC constitutes the major carbon pool and source of energy for heterotrophic 
microbes in marine pelagic systems. The observed increases in DOC have many non-mutually 
exclusive explanations including: 1) the coral and phytoplankton communities have increased 
primary production, 2) primary producers are directing more of their production towards DOC release 
or 3) there is an enhanced export of DOC from the catchment, e.g., from eroded soils and 
mangroves. The findings suggest either that the mechanisms controlling the production and/or influx 
have changed, or that cycling of these compounds in the GBR lagoon have undergone changes. 
The causes and consequences of these changes are still to be explored in detail.  

A minor increase in readily available dissolved oxidised nitrogen (NOx) concentrations was reported 
in some areas over the monitoring period. Plankton biomass production in the GBR is thought to be 
limited by the availability of nitrogen, so inorganic nutrients are normally rapidly taken up by 
microbiota and depleted within hours. Therefore, the reported increase was unexpected. The most 
likely reason for this increase is that the number of water sampling sites and frequency of sampling 
has increased from 2015 onwards. Some of these sites are placed further inshore and they are 
therefore more likely to be affected by river inputs that influence the levels measured. 

The key water quality indicators were aggregated into a site-specific Water Quality Index, which is 
summarised at the scale of NRM regions to provide an overview of major trends in the water quality 
along sections of the northern, central and southern GBR (Figure i). In this report, the Water Quality 
Index was calculated in two ways. First, for continuity of the long-term trend, an index score was 
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calculated using the same approach as in previous years (see Appendix D-6 for details). A separate 
score was calculated to include data collected by both AIMS and JCU and apply wet/dry season 
guidelines, shown as the square points in Figure i.  

The long-term Water Quality Index showed ógoodô scores maintained for the Wet Tropics region 
throughout the program, whereas the combined AIMS/JCU score showed a ómoderateô rating. The 
multi-year trends of the water quality showed a minor overall change over the sampling period.  

The long-term Water Quality Index calculated for the Burdekin region has remained quite stable 
with overall index scores of ógoodô or óvery goodô. Contrary to this, the combined AIMS/JCU index 
showed a ómoderateô score for this region. The multi-year trends of the water quality showed 
generally stable levels of dissolved nutrients over the entire sampling period, although with minor 
increases in NOx that is most likely linked with the implementation of the new sampling design.  

Long-term Water Quality Index scores in the MackayïWhitsunday region steadily declined over the 
course of the MMP monitoring period with a ópoorô index score in 2016-17. A similar score was found 
for the combined AIMS/JCU index. These scores reflect Chl-a, turbidity and PP levels above 
guideline values. 

 
 

 

Figure i: Results of the site-specific Water Quality Index from 2006ï07 to 2016ï17 for the Wet Tropics, Burdekin and 
Mackay Whitsunday regions. Note that the Water Quality Index was calculated in two ways. First, for continuity of the long-
term trend an index score was calculated using the same approach as in previous years (circles). Second, to include data 
collected by both AIMS and JCU and apply wet/dry guidelines, we calculated a separate score shown as two points in the 
figures (squares). The Water Quality Index aggregates scores for five variables: concentrations of NOx, particulate nitrogen 
and phosphorus, Chl-a and a combined water clarity indicator (TSS, turbidity and Secchi depth), relative to Guideline 
values (Department of Environment and Resource Management [DERM], 2009; GBRMPA, 2010). Water Quality Index 
colour coding: dark green ï óvery goodô; light green ï ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery poorô.  

These regional Water Quality Index scores are currently based on a selected set of variables for 
which GBR Water Quality Guidelines are available and use data from permanent sites that were 
sampled from 2005 to 2015 and new sites established in 2015. The scores provide a picture of the 
water quality condition in the inshore GBR; however, it is important to note that a more 
comprehensive index should be developed to encompass a wider range of variables, capturing a 
variety of conditions along environmental gradients.  

To set realistic targets and guidelines, more in-depth knowledge of the biogeochemical cycling of 
carbon, nitrogen and phosphorus in the GBR is required. In addition, the data collected prior to 
implementation of the new monitoring design in 2015 represented the three tropical seasons equally 
and stations further offshore. Contrary, the new design has a greater emphasis on wet season data 
and inshore stations, influencing the overall trend and therefore providing a different perspective of 
the overall water quality conditions. 

This year, event sampling was conducted in all focus areas, with additional sampling conducted in 
the Fitzroy region in response to tropical cyclone Debbie. 

A case study of the link between phytoplankton pigment composition and environmental conditions 
conducted by AIMS (Appendix A) showed that the phytoplankton community in the inshore GBR is 



Marine Monitoring Program: Annual report for inshore water quality monitoring 2016-2017 

6 

primarily influenced by environmental factors including temperature, irradiance and resuspension 
events. These preliminary results indicate that phytoplankton pigment analysis could provide insights 
into the phytoplankton community structure and dynamics in the GBR lagoon. This is a consideration 
for future monitoring design. The second case study conducted by JCU assessed the continuity of 
satellite-derived products between previous years and this wet season following a shift in the supply 
and processing of MODIS true colour images from within JCU to supply to the Bureau of Meteorology 
(BOM). The analysis provides confidence in the transition of the data supply, which will improve data 
acquisition and processing efficiency in future years.  

Conclusions 

The rainfall and river flow across all basins of the GBR during the 2016ï17 wet season were close 
to the long-term median and were amongst the highest discharge recorded over the past 4 to 5 
years. A number of southern rivers had wet season discharges above their long-term median flow, 
which was largely associated with tropical cyclone Debbie. These patterns were evident in the wet 
season water type mapping, DIN and TSS loading maps and, to a lesser extent, in the surface 
exposure maps. For example, a greater occurrence of wet season water types (combined Primary, 
Secondary and Tertiary water types) was measured in the Mackay Whitsunday region, which is 
comparable to the conditions of the large events experienced in 2010ï11. 

The addition of the Cape York focus area has been identified as a high priority for inclusion in the 
MMP for many years. This first year of monitoring provides a strong foundation for continuation as 
part of the MMP. Routine and event monitoring is not undertaken in the Fitzroy or the BurnettïMary 
regions. 

The variability in the in-situ water quality highlights the combination of complex factors, i.e., 
biogeochemical processes and the relationship between upwelling events and river inputs to the 
GBR lagoon. This variability reinforces that a range of monitoring approaches are necessary to 
capture this variability in GBR water quality and that all outputs must be supported by in-situ 
monitoring of water quality parameters. The wet season mapping products are continuously 
improving and the inclusion of weekly panels for each focus area provides another step towards 
characterising, and ultimately distinguishing, wet season and river plume conditions. The final 
categories of the exposure maps are linked to the GBR Water Quality Guidelines and provide useful 
information for assessing ecosystem condition. The development of maps that assess the difference 
between current and pre-development wet season pollutant loading for comparison between years 
is recommended for incorporation as a metric in the future. Furthermore, collaboration with the 
eReefs modelling team will assist in improveing the spatial and temporal resolution of these mapping 
products and strengthen the ability to report water quality trends over time. 
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1. Introduction 

The Great Barrier Reef (GBR) 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 (~12.5% of the total area of the Great Barrier Reef Marine Park [GBRMP]) from surveys of 
intertidal areas and predictive modelling of deep-water seagrass beds using knowledge of 
environmental variables (Figure 1-1). Thirty-five major rivers drain into the GBR, all of which vary 
considerably in length, catchment area, and flow frequency and intensity. River discharge is the main 
source of land-based pollutants (i.e., sediments, nutrients and pesticides) in the GBR lagoon. The 
actual distribution and movement of the individual pollutants varies considerably between the wet 
(north of Townsville) and dry tropics rivers (e.g., Devlin and Brodie, 2005; Devlin and Schaffelke, 
2009; Petus et al., 2014a, 2016). 

Figure 1-1: The GBRMP, major marine ecosystems (coral reefs and surveyed seagrass beds), NRM regions and marine 
NRM regions (delineated by dark grey lines) and major rivers. 
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The GBR catchment is divided into six natural resource management (NRM) regions (Figure 1-1), 
each defined by a set of land use, biophysical and socio-economic characteristics. The Cape York 
region is largely undeveloped and is considered to have the least impact on GBR ecosystems from 
existing land-based activities (Waterhouse et al., 2017b). In contrast, the Wet Tropics, Burdekin, 
Mackay Whitsunday, Fitzroy and Burnett Mary regions are characterised by more extensive 
agricultural land uses including sugarcane, grazing, bananas and other horticulture, cropping, mining 
and urban development, and contribute to discharge of sediments, nutrients and pesticides to the 
GBR during the wet season (Waterhouse et al., 2017b).  

Coastal areas worldwide are under increasing pressure from human population growth, intensifying 
land use and urban and industrial development. As a result, increased loads of suspended sediment, 
nutrients and contaminants, such as pesticides and other chemicals, invariably enter coastal waters 
and may lead to a decline in marine water quality (e.g., Schaffelke et al., 2017). The 2017 Scientific 
Consensus Statement: A synthesis of the science of land-based water quality impacts on the Great 
Barrier Reef (Waterhouse et al., 2017c) concluded that: óKey Great Barrier Reef ecosystems 
continue to be in poor condition. This is largely due to the collective impact of land run-off associated 
with past and ongoing catchment development, coastal development activities, extreme weather 
events and climate change impacts such as the 2016 and 2017 coral bleaching events...ô. 
Furthermore, óthe decline of marine water quality associated with landbased run-off from the adjacent 
catchments is a major cause of the current poor state of many of the coastal and marine ecosystems 
of the Great Barrier Reef. Water quality improvement has an important role in ecosystem resilienceô. 

Water quality in the GBR is influenced by an array of both natural and anthropogenic factors including 
upwelling, sediment resuspension, diffuse source land-based run-off, point source contamination 
and extreme weather conditions. It has been well documented that sediment and nutrient loads 
carried by rainfall-driven land run-off into the coastal and inshore zones of the GBR have increased 
since European settlement (e.g., Kroon et al., 2012; McCloskey et al., 2017; Waters et al., 2014).  

Nutrients are naturally occurring in the water, are necessary to sustain the biological productivity of 
the GBR and are supplied by a number of processes and sources such as upwelling of nutrient-
enriched deep water from the Coral Sea and nitrogen fixation, for example, by (cyano-) bacteria 
(Furnas et al., 2011). However, land run-off is thought to be the largest source of new nutrients to 
the inshore GBR (Furnas et al., 2011), especially during monsoonal flood events (Devlin and 
Schaffelke, 2009). These nutrients supplement the regional stocks of nutrients already stored in 
biomass or detritus (Furnas et al., 2011), which are continuously recycled to supply nutrients for 
marine plants and bacteria (Lønborg et al., 2017).  

Water quality parameters in the GBR vary along cross-shelf, seasonal and latitudinal gradients (e.g., 
Lønborg et al., 2016; Thompson et al., 2017; Waterhouse et al., 2017a) reflecting differences in 
inputs and transport. There is also high variability between years, driven by La Niña and El Niño 
cycles. Chlorophyll-a (Chl-a) concentrations above Water Quality Guidelines in coastal waters have 
been related to fertilised agriculture (predominantly sugarcane) in the Wet Tropics region, whereas 
high total suspended solids (TSS) concentrations are mainly linked to grazing activities in the Dry 
Tropics and in particular the Burdekin catchment (e.g., Waters et al., 2014).  

While there is little evidence that elevated nutrient concentrations per se increase coral mortality, 
there is strong evidence that enhanced nutrient availability within the ecosystem can have 
deleterious indirect effects on reef communities. Examples of these nutrient effects include increased 
outbreaks of crown-of-thorns starfish (Brodie et al., 2017; Fabricius et al., 2010), macroalgae 
abundance resulting in lower coral diversity (Deôath and Fabricius, 2010), increased coral bleaching 
susceptibility (Wooldridge, 2016), increased bioerosion (DeCarlo et al., 2015) and some coral 
diseases (e.g., Pollock et al., 2016), reduced benthic light due to algal blooms (Collier et al., 2016; 
Petus et al., 2014b) and increased macroalgae and epiphytes on seagrass (Cebrian et al., 2013). 
While most effects occur in the wet season during river discharge (plume) conditions, some effects 
have consequences beyond the wet season and continue for many years, for example crown-of-
thorns starfish outbreaks (e.g., Brodie et al., 2017). 
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There is also strong evidence for several effects of sediments on GBR ecosystems, including light 
reduction for seagrass and coral (Collier et al., 2016; Petus et al., 2014b), sedimentation on coral 
(Jones et al., 2015), sedimentation in turf algae and herbivore feeding (e.g., Gordon et al., 2016; 
Tebbett et al., 2017a, b) and fine suspended sediment effects on coral reef fish (e.g., Wenger et al., 
2014). Concern about the effects of land-based run-off triggered the Australian and Queensland 
governments to formulate the Reef Water Quality Protection Plan (Reef Plan) for catchments 
adjacent to the GBR in 2003 (Anon, 2003, 2009). The Reef Plan was revised and updated in 2009 
and 2013 (Anon, 2013) and is currently under review (Reef 2050 Water Quality Improvement Plan 
[Reef 2050 WQIP]). More recently, UNESCO raised concerns regarding the current state and 
management of the GBR, which led to the development of the Reef 2050 Long-Term Sustainability 
Plan (Reef 2050 Plan) to óensure the GBR continues to improve on its Outstanding Universal Value 
every decade between now and 2050 to be a natural wonder for each successive generation to 
comeô. The actions in the Reef 2050 Plan aim to improve land management practices that are 
expected to result in measurable positive changes in the downstream water quality of creeks and 
rivers. These actions should, with time, also lead to improved water quality in the coastal and inshore 
GBR (see Brodie et al., 2012 for a discussion of expected time lags in the ecosystem response). 
Given that the benthic communities on inshore reefs of the GBR respond to gradients in water quality, 
especially of water turbidity and sedimentation rate (e.g., Thompson et al., 2010, 2017; Uthicke et 
al., 2010), improved land management practices may have the potential to reduce levels of 
environmental stresses that impact coral reef and seagrass communities. However, recent 
assessments raise the question as to whether these actions will be sufficient to ensure the resilience 
of the GBR ecosystems into the future (Bartley et al., 2014a, b; Brodie and Pearson, 2016; Kroon et 
al., 2014) and additional options involving system restoration will be required (Waterhouse et al., 
2017c). 

Reef 2050 WQIP actions include the continuation of the Paddock to Reef Integrated Monitoring, 
Modelling and Reporting Program (Paddock to Reef program), extending from the paddock to the 
GBR marine environment, to assess the effectiveness of the implementation of Reef 2050 WQIP 
actions. The Marine Monitoring Program (MMP) is an integral part of this monitoring program 
providing physicochemical and biological data to investigate the effects of changes in inputs from 
the GBR catchments on marine water quality and assess the condition of inshore ecosystems. 

The current monitoring of the influence of land-based run-off on the marine environment in the GBR 
includes intense sampling during the wet season and high flow events to characterise the input of 
river-derived material (e.g., Lønborg et al., 2016; Waterhouse et al., 2017a). The information 
gathered under the current MMP inshore water quality sampling program has shown the spatial 
distribution and temporal variability of water quality variables during flood and non-flood conditions 
in the coastal and inshore GBR. Separate reports under the MMP provide details on the coral cover 
and composition (Thompson et al., 2017), seagrass health and extent (McKenzie et al., 2017) and 
information about herbicide levels in the inshore GBR (Grant and Paxman, 2017).  

This report integrates the results of the Australian Institute of Marine Science (AIMS) and James 
Cook University (JCU) (including the Cape York Water Monitoring Partnership herein referred to as 
CYWMP) inshore water quality monitoring. This reflects the monitoring design, which is based on 
co-location of sampling sites, and the overarching objective of the MMP to: óAssess trends in 
ecosystem health and resilience indicators for the Great Barrier Reef in relation to water quality and 
its linkages to end-of-catchment loadsô. This objective supports the ongoing progress toward the 
Reef Planôs single long-term goal for the marine environment: óTo ensure that by 2020 the quality of 
water entering the reef from broadscale land use has no detrimental impact on the health and 
resilience of the Great Barrier Reefô. 

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. The specific objectives are to: 
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i. monitor, assess and report the three-dimensional extent and duration of flood plumes 
and link concentrations of suspended sediment, nutrients and pesticides to end-of-
catchment loads;  

ii. monitor, assess and report trends in inshore concentrations of TSS, Chl-a and nutrients 
against the Water Quality Guidelines for the GBRMP (or other water quality guidelines 
if appropriate);  

iii. monitor, assess and report trends in turbidity and light attenuation for key GBR inshore 
habitats against established thresholds and/or guidelines; and  

iv. monitor, assess and report the extent, frequency and intensity of impacts on GBR 
inshore seagrass meadows and coral reefs from flood plumes and link to end-of-
catchment loads. 

 
The report presents a summary of the program methods (Section 2), results during 2016ï17 with 
GBR-wide and regional interpretation (Section 3), discussion of these results (Section 4) and 
conclusions (Section 5). Two case studies are presented: one examining the link between 
phytoplankton pigment composition and environmental conditions (Appendix A) and another 
assessing the continuity of satellite-derived products between previous years and this wet season 
following a shift in the data supply to the Bureau of Meteorology (BOM) from processing within JCU 
(Appendix B). Additional Appendices provide more detailed information on site locations (Appendix 
C), water quality monitoring methods (Appendix D), detailed results (Appendix E) and QA/QC 
information (Appendix F). Finally, Appendix G lists the scientific publications and presentations 
delivered by the project teams related to the MMP inshore water quality monitoring program. 
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2.  Methods summary 

 Overview 

This section provides a brief overview of the sampling design and indicators that are monitored as 
part of the MMP. More details of the data collection, preparation and analytical methods are 
presented in Appendix C, D and F, and in an annually updated QA/QC report (Great Barrier Reef 
Marine Park Authority [GBRMPA], 2017). The QA/QC report covers the objectives and principles of 
analyses, step-by-step sample analysis procedures, instrument performance, data management and 
analyses, and quality control measures. 

 Sampling design 

The MMP inshore water quality monitoring is designed to quantify temporal and spatial variation in 
inshore water quality conditions. To facilitate the identification of relationships between the end-of-
catchment loads and water quality, it is essential that the environmental setting of each monitoring 
location is adequately described.  

From 2005 to 2014, the following design was used to determine the trends in water quality and 
included year-round water quality monitoring conducted by AIMS, and additional wet season 
monitoring conducted by JCU:  

¶ Chl-a and turbidity were continuously monitored with in-situ loggers at 14 stations across 
the Wet Tropics, Burdekin and Mackay Whitsunday regions (see Appendix C); 

¶ A total of 20 stations were sampled three times a year (wet, early and late dry seasons) 
across the Wet Tropics, Burdekin and Mackay Whitsunday regions (see Appendix C); 

¶ Periodic wet season sampling stations in most NRM areas (Normanby, Russell-Mulgrave, 
Tully, Herbert, Burdekin and Fitzroy) (9 to 15 sites per location); and 

¶ Specific sampling in response to high flow conditions across all the NRM regions (where 
relevant) (most frequently in Tully, Russell-Mulgrave, Burdekin, Fitzroy and Normanby). 

 

In 2015, a new sampling design for the inshore water quality monitoring program was implemented, 
which was intended to increase the potential for detection of links between end-of-catchment loads 
and marine water quality. The design focused on four focus areas ï the Russell-Mulgrave, Tully and 
Burdekin Rivers and rivers in the Mackay Whitsunday region. This report covers the third year for 
this integrated design, which formally commenced in February 2015. 

The focus areas were targeted for intensive sampling and were chosen as priority areas based on 
water quality risk assessments reported elsewhere (Brodie et al., 2013). The Tully River catchment 
is thought to be the ideal location to assess the long-term effectiveness of the Reef Plan as it is the 
wettest catchment in Australia. Repeated sampling in the Tully focus area also adds value to the 
long-term dataset collected in this area from 1994 to 2012 (Devlin and Schaffelke, 2009). Additional 
reporting for the Barron-Daintree sub-region of the Wet Tropics is also included due to the continued 
collection of data along the long-term Cairns transect where sampling started in 1989. 

The sites in each focus area were selected along expected water quality gradients (exposure to run-
off). This was largely determined by increasing distance from a river mouth in a northerly direction 
to reflect the predominantly northward flow of surface water forced by the prevailing south-easterly 
winds (Brinkman et al., 2011). Most of the ambient sampling sites that were monitored from 2005 to 
2014 are included, allowing for the continuation of the long-term time series. Most areas are sampled 
more frequently (typically between 5 and 10 times) compared to only 3 times previously, to improve 
the ability to detect and interpret trends in water quality in key areas in relation to end-of-catchment 
loads.  



Marine Monitoring Program: Annual report for inshore water quality monitoring 2016-2017 

12 

In 2016ï17, four transects were added in the Cape York region relevant to the Pascoe, Normanby-
Kennedy, Annan-Endeavour and Stewart Rivers. These transects are monitored by the CYWMP and 
coordinated by Howley Consulting. 

The map in Figure 2-1 shows the geographical locations of the current sampling sites. Appendix C 
(Table C-1) lists all stations included in the MMP, distinguishing the routine and reactive event 
sampling. The Cape York sampling program did not commence formally until April 2017, although 
samples collected earlier were included where possible. Weather conditions also restricted access 
to the Normanby-Kennedy and Pascoe transects during the wet season. 

The list of parameters sampled in the program is provided in Table 2-1 and includes:  

¶ Continuous measurement of salinity and temperature at eight stations; 

¶ Continuous measurement of Chl-a and turbidity at 15 stations; 

¶ A total of 60 stations sampled during the year with more frequent sampling during the wet 
season (86 sites in total); and 

¶ A total of 27 additional stations sampled during high flow conditions (flood response). 

 

Table 2-1: List of parameters measured in the ambient and wet season water quality monitoring. Note that +/- signs 
identifying the charge of the nutrient ions were omitted for brevity. * Not sampled at all sites. 

Condition Parameter Abbreviation  Units of Measure  

Physico-chemical  

Salinity Salinity PSU 

Temperature Temperature Celsius degree 

Light (underwater attenuation)* Kd(PAR) m-1 

Total suspended solids TSS mg/L 

Coloured dissolved organic matter CDOM m-1 

Turbidity Tur NTU 

Nutrients2 

Ammonium1 NH4 µg/L 

Nitrite1 NO2 µg/L 

Nitrate1 NO3 µg/L 

Dissolved inorganic phosphorus DIP µg/L 

Silica Si µg/L 

Dissolved organic carbon DOC µg/L 

Dissolved organic nitrogen DON µg/L 

Dissolved organic phosphorus DOP µg/L 

Particulate organic carbon POC µg/L 

Particulate nitrogen PN µg/L 

Particulate phosphorus PP µg/L 

Biological Chlorophyll-a Chl-a µg/L 

Pesticides Photosystem II inhibiting herbicide PSII herbicides ng/L 

1 note that NOX is the sum of NO2 and NO3 
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Figure 2-1: Sampling locations of the MMP water quality monitoring sampled from 2015 onwards. Note that the Cape 
York transect was added in 2016ï17. Refer to Figure 1-1 for river names. See Appendix C for details of the monitoring 
activities undertaken at each location. NRM region boundaries are represented by coloured catchment areas. 
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 Water quality sampling methods 

A more detailed description of methodologies is provided in Appendix D.  

At each of the sampling locations (see Appendix C), vertical profiles of water salinity and temperature 
were measured with a Conductivity Temperature Depth profiler (CTD). CTD casts are used to 
characterise the water column and to identify how well mixed the water column was and record any 
stratification. Immediately following the CTD cast, discrete water samples were collected with Niskin 
bottles. Samples collected by AIMS were from the surface and 1m from the seabed, whereas at 
some of the stations sampled by JCU during the wet season only surface water was collected. Sub-
samples taken from the Niskin bottles were analysed for a broad suite of water quality parameters 
(Appendix D-1). 

In addition to the vessel-based sampling, water samples for analyses of Chl-a and TSS were also 
collected three times a year by diver-operated Niskin bottle sampling close to the autonomous water 
quality instruments (see below), for validation purposes. 

During the wet season, the underwater light extinction coefficient (Kd(PAR), m-1) was calculated 
using the Lambert-Beer equation from the CTD light profile.  

The three main facets of the focused wet season monitoring are the collection of in-situ data 
(November to April), extraction and processing of remotely sensed data for mapping and modelling 
river plumes, and integration of both in-situ and remote sensed data reflected in the surface loading 
maps.  

In-situ sampling data are made available for the validation of existing models (e.g., eReefs) and 
regionally based remote sensing algorithms (e.g., Brando et al., 2011).  

 In-situ loggers  

Continuous in-situ measurements of Chl-a fluorescence and turbidity were performed at 15 sites 
using WET Labs ECO FLNTUSB Combination Fluorometer and Turbidity Sensors; salinity and 
temperature loggers were deployed at eight locations, with three of these being placed near the 
Russell-Mulgrave, Tully and Burdekin River mouths (Figure 2-1, Appendix C, Figure D-1).  

The Chl-a logger data were used for trend analyses and for assessing relationships with coral reef 
health and not for comparison against guidelines because the uncertainty is higher than for other 
measures.  

 Data analyses ï ambient water quality 

Generalised additive mixed effect models were fitted to environmental variables for each NRM 
region, or focus area, to identify the presence and consistency of trends. More detailed descriptions 
of the statistical methods and data summaries are presented in Appendix D-5. 

Water quality data were summarised as a simple water quality index, which is based on comparisons 
with existing Water Quality Guidelines (DERM, 2009; GBRMPA, 2010) using 4 years running mean 
to generate an overall assessment of water quality for the five sampling areas (Barron Daintree ï 
Cairns transect, Russell-Mulgrave, Tully, Burdekin and Mackay Whitsunday). Note that intensive 
flood sampling data collected by JCU as part of the old design (pre-2015) have not been incorporated 
in the index due to inconsistencies in the frequency of data collection, i.e., some flood plumes were 
sampled 10 times in some years, whereas AIMS collected samples 3 times a year. Therefore, 
including the historical JCU data would skew the dataset and trends, giving a false representation of 
annual water quality conditions. In this yearôs report, it has also become apparent that the long-term 
trends in some water quality variables (e.g., NOx) have been skewed by the inclusion of JCU data 
and data collected under the changed sampling design (more stations and sampling), making it 
challenging to detect any real long-term trend.  

Details of the methods used for the calculation of the site-specific Water Quality Index are presented 
in Appendix D-6. 
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 Data analyses ï wet season water quality 

The wet season water quality data were used for several purposes: 1) to characterise water quality 
gradients during the wet season and during high flow conditions; 2) to investigate the transport and/or 
transformation of key pollutants when they are discharged into the GBR lagoon; 3) to identify where 
measured values were above the water quality guideline values (GVs) and 4) to assess the exposure 
of coral reefs and seagrass ecosystems to land-sourced pollutants.  

For the mapping, a simple data extraction was performed (see method in Appendix D-7) so that 
water quality parameters measured during the wet season could be associated to each wet season 
water type (and colour class), i.e., to Primary (colour classes 1 to 4), Secondary (colour class 5) or 
Tertiary (colour class 6) water types (Appendix D-7 and see the following section for the description 
of the wet season water types). The transport and/or transformation of water quality parameters as 
well as the pollutant concentration relative to GVs were investigated by plotting the mean water 
quality concentrations (long-term and 2016ï17) against their water type and colour class categories.  

The mean water quality concentrations have been calculated for 2016ï17 using all surface data (< 
0.2 m) collected between November and April by JCU, AIMS and the CYWMP. During the previous 
wet seasons, the mean water quality concentrations were calculated using the JCU dataset only, 
assuming it was representative of high flow conditions.  

In 2014ï15, considerable specific statistical analysis of wet season water quality data was conducted 
to investigate the transport and/or transformation of water quality parameters in the context of salinity 
gradients, river discharge and wind characteristics (see Lønborg et al., 2016). This analysis provided 
a baseline for assessing the mixing behaviour and drivers for each focus region. Similar analysis will 
be repeated in 2018ï19 for comparison and assessment of any significant differences over the 
sampling years. 

 Remote-sensing modelling ï wet season water type classification and 
exposure maps 

Understanding the exposure of the GBR ecosystems to elevated (above guideline) pollutant 
concentrations during the wet season and resulting changes in ecosystem health conditions is 
important to facilitate management of the GBR. To illustrate wet season marine conditions and 
identify where GBR seagrass and coral reefs may be at risk, several satellite-derived products were 
produced and are illustrated in Figure 2-2 (Devlin et al., 2015, modified). These products included 
weekly panel maps of environmental and marine wet season conditions, frequency maps of 
occurrence of wet season water types, exposure maps, as well as the extraction of the area (km2) 
and percentage (%) of coral reefs and seagrass meadows affected by different categories of 
exposure (or potential risk). A more detailed description of methodologies is provided in Appendix 
D-8.  

Wet season water type maps were produced using MODIS-Aqua (hereafter, MODIS) quasi true 
colour (herafter true colour) imagery (see Appendix B) reclassified to six distinct colour classes 
defined by their colour properties (Álvarez-Romero et al., 2013) and typical of colour gradients 
existing across the GBR coastal waters, including river plumes during the wet season (Figure 2-3). 
To complement this dataset, MODIS-Terra (hereafter, MODIS-Terra) true colour images are also 
occasionally downloaded from the National Aeronautics and Space Administration (NASA)ôs 
EOSDIS worldview website and processed to daily water type maps. MODIS-Terra are only used 
when MODIS data are too cloudy or unavailable, and when satellite information are needed in near 
real time (rapid response mapping of flood events). The MODIS-Terra data are used only for 
informative purposes and are not included in the processing of the weekly, frequency and exposure 
composite maps. 

Each of the six colour classes were characterised by different colour and concentrations of optically 
active components (e.g., TSS, CDOM, and Chl-a), which influence the light attenuation, as well as 
different pollutant concentrations that can vary the impact on the underlying ecological systems. The 
wet season colour classes were further classified into three wet season water types (Primary, 
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Secondary and Tertiary) with classes 1 to 4 corresponding to the Primary water type, class 5 to the 
Secondary water type and class 6 to the Tertiary water type. The brownish to brownish-green turbid 
waters (colour classes 1 to 4 or Primary water type) are typical for inshore regions of GBR river 
plumes or nearshore marine areas with high concentrations of resuspended sediments found during 
the wet season (Figure 2-3). These water bodies in flood waters typically contain high nutrient and 
phytoplankton concentrations but are also enriched in sediment and dissolved organic matter 
resulting in reduced light levels. The greenish-to-greenish-blue turbid waters (colour class 5 or 
Secondary water type) is typical of coastal waters rich in algae (Chl-a) and containing dissolved 
matter and fine sediment. This water body is found in the GBR open coastal waters as well as in the 
mid-water plumes where relatively high nutrient availability and increased light levels due to 
sedimentation (Bainbridge et al., 2012) favour coastal productivity. Finally, the greenish-blue waters 
(colour class 6 or Tertiary water type) correspond to waters with above ambient water quality 
concentrations. This water body is typical for areas towards the open sea or offshore regions of river 
flood plumes. 

Panels summarising weekly environmental (wind, rainfall and river discharge) and marine (wet 
season colour classes) conditions as well as water quality samples collected in-situ were produced 
for each focus region to illustrate the link between environmental drivers and marine conditions 
across the wet season. Frequency maps were produced and predicted the GBR marine areas 
affected by the three wet season water types (Primary, Secondary and Tertiary) combined or 
individually (i.e., of the brownish, greenish and greenish-blue waters, respectively). Frequency maps 
were produced over the seasonal (2016ï17 wet season) and long-term (2002ï03 to 2016ï17 wet 
seasons) time frames (Figure 2-2). The presence and spatial extent of each wet season water type 
is the result of the complex physico-chemical transformations occurring across GBR river plumes, 
but also of local resuspension of sediment and the water circulation in the GBR.  
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Figure 2-2: Summary description of the wet season water quality products derived from remote sensing information in the 
MMP illustrated using the 2016 map outputs.  

 

 

Figure 2-3: Triangular colour plot showing the characteristic colour signatures of the GBR wet season water types in the 
Red-Green-Blue (RGB or true colour) space. Álvarez-Romero et al. (2013) developed a method to map these characteristic 
coastal water masses in the GBR using a supervised classification of MODIS true colour data (modified from Devlin et al., 
2015). A comparison of the GBR colour classes and approximate RGB colour of the Forel-Ule scale are also presented in 
Appendix D-7 (Figure D-1).  
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Exposure maps were produced for the whole of the GBR and for all focus regions over the seasonal 
(2016ï17 wet season) and long-term (2002ï03 to 2016ï17 wet seasons) time frames. They were 
produced using the updated exposure assessment framework, as presented in 2015ï16, developed 
through a collaborative effort between the MMP monitoring providers (JCU water quality and 
seagrass teams and the AIMS coral monitoring team) and modified from Petus et al. (2016). In this 
magnitude × likelihood framework, the ópotential riskô corresponds to an exposure to above guideline 
concentrations of land-sourced pollutants during the wet season and focuses on TSS, Chl-a, PP and 
PN concentrations. The ómagnitude of the exposureô corresponds to the mean wet season 
concentration of pollutants (proportional exceedance of the guideline) mapped through the Primary, 
Secondary and Tertiary water types. The ólikelihood of the exposureô is estimated by calculating the 
frequency of occurrence of each wet season water type. The exposure for each of the water quality 
parameters defined is the proportional exceedance of the guideline multiplied by the likelihood of 
exposure in each of the wet season water type and calculated as below. For each cell (500 m × 500 
m) of the GBR:  

 

i. For each pollutant (Poll.) the exposure in each wet season water type (Primary or Secondary 
or Tertiary, ὖέὰὰᾩὼὴέ  ) is calculated: 

ὖέὰὰᾩὼὴέ  άὥὫὲὭὸόὨὩ  ὰὭὯὩὰὭὬέέὨ   

 

άὥὫὲὭὸόὨὩ  
ὖέὰὰȢ  ὫόὭὨὩὰὭὲὩ 

ὫόὭὨὩὰὭὲὩ
 

 

ὰὭὯὩὰὭὬέέὨ   ὪὶὩήόὩὲὧώ  

 

where, ύὥὸὩὶ ὸώὴὩ is the Primary, Secondary or Tertiary wet season water types; ὖέὰὰȢ   is 

the wet season or long-term mean TSS, Chl-a, PN or PP concentration measured in each respective 
wet season water types and ὫόὭὨὩὰὭὲὩ is the wet season GBR Water Quality Guidelines for TSS, 
Chl-a, PP and PN (2.4 mg L-1, 0.63 ɛg L-1, 3.3 ɛg L-1and 25 ɛg L-1, respectively; GBRMPA, 2010). 

 

ii. For each pollutant, the total exposure ὖέὰὰᾩὼὴέ is calculated at the exposure for each of 
the wet season water types: 

 

ὖέὰὰᾩὼὴέ ὖέὰὰᾩὼὴέ  ὖέὰὰᾩὼὴέ  ὖέὰὰᾩὼὴέ  

 

iii. The overall exposure score (ὛὧέὶὩᾩὼὴέ is calculated as the sum of the total exposure for 
each of the water quality parameters: 

 

ὛὧέὶὩᾩὼὴέὝὛὛȢÅØÐ ὅὬὰὥȢὩὼὴὖὖȢÅØÐ ὖὔȢὩὼὴ  

 

The seasonal overall exposure score (ranging from 0 to 12 in the long-term (15 years) exposure 
map) are categorised into four equal potential risk categories ([> 0ï3] = cat. I, [3ï6] = cat. II, [6ï9] = 
cat III and [> 9] = cat IV). 

For example, using the long-term mean Chl-a values measured during high flow conditions in the 
Primary, Secondary and Tertiary water types:  
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ὅὬὰᾥὩὼὴ  = 
Ȣ Ȣ  

Ȣ
  ὪὶὩήόὩὲὧώ  ȟ    

ὅὬὰᾥὩὼὴ  = 
Ȣ Ȣ  

Ȣ
  ὪὶὩήόὩὲὧώ  ȟ    

ὅὬὰᾥὩὼὴ  = π as Chl-a levels are below the guideline for Chl-a; 

The total exposure for Chl-a:  

ὅὬὰᾥὩὼὴέ ὅὬὰᾥὩὼὴέ  ὅὬὰᾥὩὼὴέ  ὅὬὰᾥὩὼὴέ  

 

Finally, the area (km2) and percentage (%) of coral reefs and seagrass meadows affected by the 
different categories of exposure (I to IV) were calculated as a relative measure between regions and 
years. Areas and percentages of GBR waters and within the Wet Tropics, Burdekin, Mackay 
Whitsunday and Cape York regions were also reported in recognition of other important habitats and 
populations that exist in these areas. Figure D-4 presents the marine boundaries used for the 
GBRMP, each NRM region and the seagrass and coral reefs ecosystems. We assumed in the 
present study that the seagrass shapefile can be used as a representation of the actual seagrass 
distribution. It is known, however, that absence on the composite map does not definitively equate 
to absence of seagrass and may also indicate unsurveyed areas.  

 River discharge 

River flow is reported annually and can be derived from several sources. In many cases, river flow 
gauges that measure discharge (and constituent loads) are located well upstream of the river mouth 
and only capture a small proportion of the catchment/basin area. Such disparities mean that this 
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 Bairds gauge only measures 43% of the Daintree Basin whereas the Barron River 
Myola gauge captures 89% of the Barron Basin. If only the gauge data are used to compare 
discharge between these basins, the gauge on the Barron Basin is covering around double the area 
compared to the gauge on the Daintree Basin. Hence, a scaling factor is required 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 2-2; Department of Natural Resources and Mines [DNRM], 2017). The total annual 
discharge for each gauge was then up-scaled using the difference between the gauged area and 
the total basin area to estimate flow for each basin. The key assumption for this calculation is that 
rainfall was spread relatively evenly over the entire basin for each year. This assumption was tested 
further by comparing our mean annual basin discharge with those produced by the Source 
Catchments model (Waters et al., 2014) over the common period. The data showed reasonable 
agreement (generally within 10%) for most basins, although adjustments to the correction factor 
were made for some basins to account for areas of the basin that were gauged in wetter or drier 
parts of the basin. 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 River), the gauge 
from the nearest neighbouring basin was used coupled with the relevant area adjustment. 

.
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Table 2-2. The 35 basins of the GBR catchment, the gauges used to examine flow and the corrections required to upscale 
flows to provide annual discharge estimates. 

NRM Region Basin 
AWRC 

No. 

Basin 
area 
(km2) 

Relevant gauges 

Percentage 
of Basin 

covered by 
key gauges 

Correction 
factor 

Cape York 

Jacky Jacky Creek 101 2,963  Pascoe River at Garraway Creek* 0 2.4 

Olive Pascoe 
River 

102 4,180  Pascoe River at Garraway Creek 31 3.0 

Lockhart River 103 2,883  Pascoe River at Garraway Creek* 0 1.9 

Stewart River 104 2,743  Stewart River at Telegraph Road 17 5.8 

Normanby River 105 24,399  
Normanby River at Kalpowar 
Crossing 

53 1.9 

Jeannie River 106 3,638  Endeavour River at Flaggy* 0 10.0 

Endeavour River 107 2,182  Endeavour River at Flaggy 15 6.5 

Wet Tropics 

Daintree River 108 2,107  Daintree River at Bairds 43 2.3 

Mossman River 109 473  Mossman River at Mossman 22 4.5 

Barron River 110 2,188  Barron River at Myola 89 1.1 

Mulgrave-Russell 
River 

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

42 2.4 

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

57 1.8 

Tully River 113 1,683  Tully River at Euramo 86 1.2 

Murray River 114 1,107  Murray River at Upper Murray 14 7.1 

Herbert River 116 9,844  Herbert River at Ingham 87 1.1 

Burdekin 

Black River 117 1,057  Black River at Bruce Highway 24 4.1 

Ross River 118 1,707  
Bohle River at Hervey Range 
Road 

8 8.6 

Haughton River 119 4,051  Haughton River at Powerline 44 2.3 

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

Don River 121 3,736  Don River at Reeves 27 3.7 

Mackay 
Whitsunday 

Proserpine River 122 2,494  
O'Connell River at Staffords 
Crossing* 

0 7.8 

O'Connell River 124 2,387  
O'Connell River at Staffords 
Crossing 

14 7.0 

Pioneer River 125 1,572  
Pioneer River at Dumbleton Weir 
T/W 

95 1.1 

Plane Creek 126 2,539  Sandy Creek at Homebush 13 7.8 

Fitzroy 

Styx River 127 3,013  Waterpark Creek at Byfield* 0 2.9 

Shoalwater Creek 128 3,601  Waterpark Creek at Byfield* 0 3.3 

Water Park Creek 129 1,836  Waterpark Creek at Byfield 12 8.7 

Fitzroy River 130 142,552  Fitzroy River at The Gap 95 1.0 

Calliope River 132 2,241  Calliope River at Castlehope 57 1.7 

Boyne River 133 2,496  Calliope River at Castlehope* 0 0.43 

Burnett Mary 

Baffle Creek 134 4,085  Baffle Creek at Mimdale 34 2.9 

Kolan River 135 2,901  Kolan River at Springfield 19 2.0 

Burnett River 136 33,207  Burnett River at Figtree Creek 92 1.1 

Burrum River 137 3,362  Gregory River at Leesons 19 5.3 

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

* Gauges used that are not in the basin area 
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 Load mapping 

An ocean colour-based model has been used to estimate the dispersion of dissolved inorganic 

nitrogen (DIN NH4
+
 + NO2 

-
+ NO3

-
) delivered by river plumes to GBR waters (da Silva et al., in prep. 

reproduced in Waterhouse et al., 2017b). This model, built on a method by Álvarez-Romero et al. 
(2013), combines in-situ data, MODIS satellite imagery and modelled annual end-of-catchment DIN 
loads from the GBR catchments. In the ocean colour model, monitored and modelled end-of-
catchment DIN loads provide the amount of DIN delivered to the GBR, in-situ data provides the DIN 
mass in river plumes and satellite imagery provides the direction and intensity of the DIN mass 
dispersed over the GBR lagoon. The eReefs hydrodynamic model also provides an estimate of the 
boundary of plume extent in the wet season. This model produces annual maps of average DIN 
concentration in the GBR waters. Maps are in a raster format, which is a spatial data model that 
defines space as an array of equally sized cells arranged in rows and columns (Environmental 
Systems Research Institute [ESRI], 2010). 

The main modifications applied to the method presented in Álvarez-Romero et al. (2013) are that 
the qualitative assessment of pollutant dispersion in river plumes is replaced by a relationship 
between in-situ DIN mass and the six colour classes in the river plume maps; the cost-distance 
function used in Álvarez-Romero et al. (2013) to reproduce the shape of each individual river plume 
is replaced by the path-distance function, which is also available in ArcMap Spatial Analyst (ESRI, 
2010) and a DIN decay function is applied to the DIN mass exported from the rivers to account for 
potential biological uptake. 

The model is described in detail in Appendix D-9 and has four main components: (a) modelling of 
individual river plumes, (b) DIN dispersion function, (c) DIN decay function and (d) mapping of DIN 
concentration over the GBR lagoon. The conceptual model in Appendix D-9 shows how each model 
component is set up and how they are combined to produce the DIN dispersion maps. The basic 
idea of the DIN dispersion maps is to produce river plume maps, similar to those produced for the 
GBR (see Section Wet season water type maps and exposure assessment), for each individual river 
in the model. The end-of-catchment load of each river can then be dispersed over its individual river 
plume. To control this dispersion, a relationship based on the mass proportion of DIN in each plume 
colour class determined at the GBR scale is used. To account for potential DIN uptake, the ratio 
between an in-situ DIN × salinity relationship and the theoretical DIN decay due to dilution (i.e., 
freshwater ï marine water mixing) is used. This ratio defines a DIN decay coefficient, which is 
multiplied by the dispersed DIN load. After the load has been dispersed over each individual river 
plume and corrected for DIN uptake, the resultant dispersed DIN from each river is summed together 
to represent the total annual DIN dispersion over the GBR lagoon discharged by the rivers. These 
four major steps are described below, starting with the generation of individual river plumes. 

As per the 2015ï16 report, the difference between the estimated wet season DIN concentration and 
TSS concentrations in the GBR lagoon for the 2017 water year (1 October 2016 to 30 September 
2017) has been calculated and compared to the pre-development loads. This can be interpreted as 
óanthropogenicô DIN or TSS concentrations, highlighting the areas of greatest change with current 
land use characteristics. It is proposed that this output is developed into a reporting metric for future 
reports. 

The preferential northward movement of the river plumes can result in increased model-predicted 
DIN concentration in areas that may not directly receive high DIN loads from their catchments. The 
contribution of DIN from rivers to the waters of each NRM region was determined by the amount of 
DIN exported from each river that reaches a particular NRM region, divided by the total amount of 
DIN in that region. Two periods were considered, pre-development and current (2016ï17) water 
years. If a river presents a DIN contribution of 100% to a particular NRM region, this means that no 
other river included in the model contributes DIN to that NRM region. These data are presented for 
each NRM region in the Regional reports (Section 3.4). 

The method developed for the dispersion of land-based DIN was also applied for PN and TSS; 
however, PN is not reported here due to lower confidence in our understanding of the processing 
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and transformation of PN in river plumes and the low confidence in the model loading data. Details 
of the methods used for this study are presented in Appendix D-9. 

  óZones of influenceô for river discharge 

Hydrodynamic models provide a tool for identifying, quantifying and communicating the spatial 
impact of discharges from various rivers into the GBR lagoon. The cumulative exposure was 
calculated for a longer period this year, spanning from October 2016 to June 2017 to capture more 
events. In comparison, previous reports assumed the cumulative exposure calculation was restricted 
to the wet season (from October to April of the following year). River-tagged passive tracers were 
released from each of the major gauged rivers discharging in to the GBR. For this report, the extent 
of influence of the Barron, Russell-Mulgrave, Tully, Burdekin and OôConnell Rivers was examined. 
The discharge concentration of each riverôs unique tracer was set at 1.0 at the river mouth, whereas 
the starting tracer concentration in the GBR lagoon (time = 0 for each wet season) was set to 0.0. 
Details of the methods used for the eReefs tracer study are presented in Appendix D-10.  
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3. Results 

3.1 Overview 

The design of the MMP and the structure of the reporting follows a Driver-Pressure-State-Impact-
Response (DPSIR) framework (Figure 3-1) derived from GBR Outlook reporting. The monitoring 
data is presented in summarised, mostly graphical, form that is considered as being most informative 
for a general audience. More detailed data are included in Appendix E. 

 

 

Figure 3-1: DPSIR framework used to guide the structure of the MMP, derived from the Great Barrier Reef Strategic 
Assessment (GBRMPA, 2014a). The aspects highlighted in yellow are included in this report. 

3.2 Drivers, activities, impacts and pressures during 2016ï17 

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 Nino ï Southern Oscillation (ENSO) cycle. Global 
pressures such as ocean warming and acidification are affecting the GBR, where sea surface 
temperatures have warmed by 0.80°C since the late 19th century and will continue to warm (see 
explanation in Schaffelke et al., 2017). Record warm sea surface temperatures were observed over 
the entire GBR in March, April and May 2016. Temperatures in the northern half of the GBR remained 
extremely high into late summer and autumn, whereas temperatures further south were slightly 
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moderated in February 2016 by two tropical lows bringing cloud cover, rain and wind. The GBR also 
experienced widespread bleaching again in the summer of 2017.3 

Climate models predict continued warming; increasing intensity of extreme rainfall events, resulting 
in freshwater floods; fewer but more intense tropical cyclones; and more frequent and extreme La 
Niña and El Niño events (Schaffelke et al., 2017). This climatic information is important for 
understanding the impacts of water quality on GBR ecosystems in the context of drivers and 
pressures. 

 

3.2.1 Cyclone activity 

Several tropical cyclones caused local disturbances on the GBR between 2013 and 2015, including 
three severe cyclones. No further cyclones were recorded until 2016ï17 when severe tropical 
cyclone Debbie, a Category 4 system, passed through the Whitsunday Islands and crossed the 
mainland at Airlie Beach in the Mackay Whitsunday region on 28 March 2017. The cyclone then 
moved southward over land as a rain depression producing flooding rains across the basins of the 
Mackay Whitsunday region, the Bowen-Broken-Bogie catchment of the Burdekin, as well as the 
Fitzroy and Burnett Mary NRM regions. Tropical cyclone Debbie caused considerable physical 
damage to the coral reefs and seagrass meadows in the Mackay Whitsunday region. 

Figure 3-2 shows the cyclones that have crossed the GBR coast in the 11 years since the MMP 
began in 2006ï07. Ten of these cyclones have been Category 3 or above and have affected the 
health of the GBR. All of the Category 5 cyclones that affected the GBR since 1970 have occurred 
in the last decade (including tropical cyclones Larry, Hamish, Yasi, Ita and Marcia). Many of these 
cyclones have caused widespread flooding from intensive rainfall events in many parts of the GBR 
catchment including tropical cyclone Debbie in 2017.  

 

                                                
3 http://www.gbrmpa.gov.au/media-room/latest-news/coral-bleaching/2017/second-wave-of-mass-bleaching-unfolding-on-great-

barrier-reef. Surveys of this repetitive mass coral bleaching event were underway at the time of writing.  

 

http://www.gbrmpa.gov.au/media-room/latest-news/coral-bleaching/2017/second-wave-of-mass-bleaching-unfolding-on-great-barrier-reef
http://www.gbrmpa.gov.au/media-room/latest-news/coral-bleaching/2017/second-wave-of-mass-bleaching-unfolding-on-great-barrier-reef
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Figure 3-2: Trajectories of tropical cyclones affecting the GBR in 2016ï17 and in previous years (2007 to 2016).  
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3.2.2 Rainfall 

Queensland rainfall, and resulting river flows into the GBR, is highly seasonal and highly variable 
from year to year and on decadal timescales. Annual rainfall across the central and northern GBR 
catchments continued to be below the wet season averages in 2016ï17 with the greatest differences 
from long-term averages in the catchments in the Cape York, Wet Tropics, Burdekin and Burnett 
Mary regions (Figure 3-3 and Figure 3-4). The Mackay Whitsunday catchments and coastal 
catchments of the Fitzroy region had above average rainfall, largely associated with tropical cyclone 
Debbie (Figure 3-3 and Figure 3-4). Wet season rainfall in the Fitzroy catchment was similar to the 
long-term average for that area. 

 

 

 

Figure 3-3: Average daily rainfall (mm/day) in the GBR catchment: (left) long-term annual average (1961ï1990; time period 
produced by BOM), (centre) 2016ï17 and (right) the difference between the long-term annual average and 2016ï17 rainfall 
patterns.  
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Figure 3-4: Annual average wet season rainfall (December 2016ïApril 2017) compared to the long-term wet season rainfall 
average (1961ï1990). Red and blue bars denote catchments with rainfall below and above the long-term average, 
respectively. Note that the catchments are ordered from north to south (left to right). 

 

3.2.3 Freshwater discharge 

The trends in freshwater discharge have a significant influence on water quality in the GBR over the 
period of the MMP. The annual freshwater discharge for each NRM region (based on hydrological 
year, calculated using the methods described in Section 2.8) is shown in Figure 3-5 and relative to 
long-term medians in Figure 3-6 and Appendix E (Table E-1). The 2013 water year (October 2012 
to September 2013) was the last in a sequence of years with above average river discharge (2007 
to 2013). Total river discharge in the 2014, 2015 and 2016 water years was around or below average 
and no significant river flood events affected the GBR lagoon. In 2017, all regions had annual 
discharge close to the median and were amongst the highest discharge recorded over the past 4 to 
5 years. 

Wet season discharge for the 35 GBR basins in 2016ï17 is shown in Table 3-1 and compared to 
long-term median annual flow for that basin. A number of the southern rivers had wet season 
discharges above their long-term median flow including the following: 

¶ More than 3 times long-term median flow: Burrum River (second year in a row);  

¶ A total of 2 to 3 times long-term median flow: Don River, Plane Creek, Styx River, Shoalwater 
Creek, Waterpark Creek, Fitzroy River, Calliope River, Boyne River, Baffle Creek, Kolan 
River and Burnett River; and 

¶ A total of 1.5 to 2 times long-term median flow: Proserpine River, OôConnell River and Pioneer 
River. 

All the other major rivers had a total wet season discharge less than 1.5 times their long-term median 
(Table 3-1).  
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Figure 3-5: Corrected annual hydrological/water year (1 October to 30 September) discharge from each NRM region (using 
the correction factors in Table 2-2) for 2002ï03 to 2016ï17 in millions of megalitres per year. Data derived from DNRM 
(2017). 

 
 
 

 
Figure 3-6: Long-term total discharge in ML (hydrological year: 1 October to 30 September) for the 35 main GBR rivers. 
Source: DNRM, http://watermonitoring.dnrm.qld.gov.au/host.htm. 

 

http://watermonitoring.dnrm.qld.gov.au/host.htm


Marine Monitoring Program: Annual report for inshore water quality monitoring 2016-2017 

29 

Table 3-1: Wet season discharge (ML) of the main GBR rivers (1 October 2015 to 30 September 20176, inclusive) compared to the previous four wet seasons and long-term 
(LT) median discharge (1986ï87 to 2016ï17). 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. (ï = data not available).  

Basin LT median 2010 - 2011 2011 - 2012 2012 - 2013 2013 - 2014 2014 - 2015 2015 - 2016 2016 - 2017 

Jacky Jacky 2,056,151 4,735,197 1,820,422 1,986,825 3,790,832 1,498,138 630,787 2,383,057 

Olive Pascoe 2,570,189 5,918,996 2,275,527 2,483,531 4,738,541 1,872,672 788,484 2,978,821 

Lockhart 1,627,786 3,748,697 1,441,167 1,572,903 3,001,076 1,186,026 499,373 1,886,587 

Stewart 685,263 2,180,850 616,070 523,353 1,311,775 298,816 311,901 685,263 

Normanby 3,860,395 11,333,284 2,181,990 3,462,238 5,059,657 2,914,859 3,407,359 3,780,651 

Jeannie 1,434,447 2,824,817 1,048,269 695,195 1,869,982 1,434,447 1,581,015 1,746,929 

Endeavour 932,391 1,836,131 681,375 451,877 1,215,488 932,391 1,027,660 1,135,504 

Daintree 1,729,411 3,936,470 2,396,905 1,668,302 5,137,023 1,905,224 1,623,478 1,931,878 

Mossman 1,195,130 2,014,902 1,526,184 1,147,367 1,918,522 874,068 1,245,275 1,142,698 

Barron 516,958 2,119,801 852,055 328,260 663,966 380,395 182,999 287,790 

Mulgrave-Russell 4,415,631 7,892,713 5,696,594 3,529,862 5,420,678 3,145,787 3,253,825 3,015,734 

Johnstone 4,712,497 9,276,874 5,338,591 3,720,020 5,403,534 3,044,680 3,416,331 4,017,617 

Tully 3,490,736 7,442,768 3,425,096 3,341,887 4,322,496 2,659,775 2,942,770 3,098,701 

Murray 1,216,289 4,267,125 2,062,103 1,006,286 1,531,172 366,212 974,244 947,985 

Herbert 3,478,592 12,593,674 4,545,193 3,189,804 4,281,607 1,095,372 1,895,526 2,248,436 

Black 219,909 1,424,283 747,328 188,468 419,290 17,654 129,783 64,873 

Ross 445,106 2,092,684 1,324,707 276,584 1,177,255   
 

Haughton 535,930 2,415,758 1,755,712 517,069 573,976 120,674 267,986 338,245 

Burdekin 4,328,245 34,834,316 15,568,159 3,424,572 1,458,772 880,951 1,807,104 4,165,129 

Don 360,394 3,136,184 802,738 578,391 324,120 171,305 101,562 920,610 

Proserpine 924,039 4,582,697 2,171,287 851,504 720,427 157,123 316,648 1,683,894 

O'Connell 829,266 4,112,676 1,948,591 764,170 646,537 141,008 284,171 1,511,187 

Pioneer 804,599 3,630,422 1,567,684 1,162,871 635,315 2,028,936 597,117 1,388,687 

Plane 1,273,154 4,809,239 2,854,703 1,948,929 737,580 241,254 832,508 2,613,261 

Styx 191,279 906,144 275,219 968,106 544,155 376,009 343,877 507,927 

Shoalwater 217,663 1,031,129 313,180 1,101,638 619,211 427,872 391,308 577,985 

Water Park 573,838 2,718,432 825,657 2,904,319 1,632,466 1,128,027 1,031,630 1,523,780 

Fitzroy 2,996,149 37,942,149 7,993,273 8,530,491 1,578,610 2,681,949 3,589,342 6,170,044 

Calliope 157,383 1,000,032 345,703 1,558,380 283,790 479,868 148,547 406,321 

Boyne 39,809 252,949 87,443 394,178 71,782 121,378 37,574 102,775 

Baffle 409,347 3,650,093 1,775,749 2,030,545 275,517 710,352 257,093 829,460 

Kolan 50,429 779,168 307,837 810,411 45,304 213,857 111,172 146,154 

Burnett 250,839 9,421,517 643,137 7,581,543 218,087 853,349 381,054 536,242 

Burrum 64,940 114,492 117,762 90,921 62,188 150,113 334,681 456,549 

Mary 1,095,811 8,719,106 4,340,275 7,654,320 594,612 1,651,901 480,854 582,510 

 
Notes for the river discharge data: Values were obtained from DNRM (http://watermonitoring.dnrm.qld.gov.au/host.htm) and up-scaled using the methodology presented in Section 2.8.

http://watermonitoring.dnrm.qld.gov.au/host.htm
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3.3 Exposure of the GBR lagoon to river water 

3.3.1 Zones of influence of individual rivers  

Total cumulative exposure of shelf waters in the MMP focus regions during the 2016ï17 wet 
season were calculated using numerical tracer experiments within the eReefs hydrodynamic 
model and are presented in the Regional reports (Section 3.4) for each of the MMP water 
quality four focus regions. These tracer maps indicate the spatial extent of influence of 
individual rivers and confirm the patterns seen in the plume exposure maps derived from 
remote sensing imagery. All regions had annual discharge close to the median and were 
amongst the highest discharge recorded over the past 4 to 5 years (see Section 3.2). 

The results of the tracer simulations confirmed that the areas exposed to water from individual 
rivers in 2016ï17 were smaller, both spatially and for their respective levels of cumulative 
exposure, for all focus regions than those modelled during the extreme wet season of 2010ï
11. This information can be used in conjunction with the wet season water type mapping and 
exposure assessments to provide context for any changes in the local inshore water quality in 
light of changes in the delivery of run-off from certain catchments. However, in the future the 
eReefs model will allow for the full consideration of the loads of nutrients and suspended 
sediments from individual rivers in the interpretation of changes in inshore water quality.  

3.3.2 Wet season water type maps and exposure assessment  

Frequency maps predicting the GBR marine areas affected by the three wet season water 
types individually (Primary, Secondary or Tertiary water types) were produced for the 2016ï
17 (current year) (Figure 3-7). Frequency maps predicting the GBR areas affected by the three 
wet season water types combined were also produced for the 2016ï17 (current year), 2010-
11 (wettest wet season monitored) and long-term (2002ï03 to 2016ï17) (Figure 3-8).  

The rainfall and river flow across the GBR during the 2016ï17 wet season was close to the 
long-term median and the 2016ï17 results showed trends similar to those of the long-term 
frequency map in most GBR marine regions (Figure 3-8). The maps illustrated a well-
documented inshore to offshore spatial pattern (e.g., Devlin et al., 2013, 2015), with coastal 
areas experiencing the highest frequency of occurrence of Primary water types and offshore 
areas less frequently exposed to Primary waters and, when exposed, more frequently reached 
by the Tertiary water type. The extent and frequency of the occurrence of the wet season 
water types was variable across regions, cross-shelf and wet seasons, reflecting the 
constituent concentrations and intensity of the river discharge and/or resuspension events 
(Figure 3-7 and Figure 3-8).  

The frequencies of occurrence of wet season water types measured across the Tully-offshore 
and Herbert-offshore transects in 2016ï17 were similar to the long-term frequencies and lower 
than the 2010ï11 frequencies (inset Figure 3-8). The one exception was in the Mackay 
Whitsunday region where the frequency of occurrence of wet season water types recorded 
along the Pioneer-offshore transect was similar to the frequency recorded in 2010ï11 (wettest 
wet season monitored) close to the coast and greater offshore (east to the 149.5° longitude) 
(inset Figure 3-8). The Mackay Whitsunday catchments had above average rainfall, largely 
associated with tropical cyclone Debbie (Figure 3-3 and Figure 3-4).  

As a result, the total area (in km2) of the GBR (including surface areas in Hervey Bay, south 
of the GBRMP boundary, hereafter GBR+HB) affected by wet season water types (314,612 
km2 or 83% of the GBR+HB) was above the long-term area affected and the 2011 area (Table 
3-2). This result was related to larger Tertiary areas mapped in 2016ï17 (276,254 km2 or 72% 
of the GBR+HB) than in 2010ï11 or in the long-term. However, the Primary waters in 2016ï
17 covered less area (21,704 km2 or 6% of the GBR+HB) than in 2011 or in the long-term. 
Similarly, the Secondary waters in 2016ï17 covered less area (81,041 km2 or 21% of the 
GBR+HB) than in 2011 or in the long-term. The extent of the Secondary and Tertiary water 
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type frequencies is rarely attributed to an individual river and is usually merged into one 
heterogeneous area.  

Table 3-2: Areas (km2) and percentages (%) of the GBR lagoon affected by the wet season water types during the 
2016ï17 wet season. Surface areas south of the GBRMP boundary (Hervey Bay) are included (GBR+HB). 

Water type 2016ï17 2010ï11 Long-term 

 Area (km2) 
% of 

GBR+HB 
Area (km2) 

% of 
GBR+HB 

Area (km2) 
% of 

GBR+HB 

Combined 314,612 83% 261,835 69% 258,319 68 % 

Primary 21,704 6% 58,310 15% 51,500 14% 

Secondary 81,041 21% 107,994 28% 110,966 29% 

Tertiary 276,254 72% 167,491 44% 221,246 58% 

 

A summary of water quality parameters in the six colour classes in 2016ï17 is shown in Figure 
3-9 and detailed characteristics are provided in Appendix E for the entire GBR (Table E-6), 
Cape York (Table E-7), Wet Tropics (Table E- 8), Burdekin (Table E-9) and Mackay 
Whitsunday (Table E-10). Most of the key water quality parameters in both the long-term 
dataset (2003 to 2016) and in the reporting year 2016ï17 followed long-term and published 
trends, i.e., decreasing values from the Primary (colour classes 1 to 4) to the Tertiary (colour 
class 6) water type. Whereas Devlin et al. (2012a) reported higher Chl-a concentration in the 
Secondary water type than in the Primary water type, the 2016ï17 wet season was 
characterised by higher mean Chl-a concentrations in the Primary water type (2.2 ± 5.0 ɛg L-

1) than in the Secondary water type (0.8 ± 1.1 ɛg L-1), which was similar to 2015ï16. Chl-a 
concentrations were, greatest in colour class 4 (2.4 ± 6.1 ɛg L-1) than in colour classes 1 to 3 
(1.1 to 2.3 ɛg L-1) (Figure 3-10). Thus, the sub-classification into colour classes better 
describes fine-scale coastal processes in Primary waters and supports the findings of Devlin 
et al. (2013) that a peak of Chl-a concentration is located in transition zones between the 
Primary and Secondary water types This peak in Chl-a concentration is hypothesised to be 
driven by a reduction in both TSS and light attenuation, measured by increased Secchi depth, 
by regular nutrient inputs, as well as by the increase in salinity, as the growth rate of marine 
phytoplankton can be inhibited by lower salinity (Carstensen et al., 2015). 

The mean concentration of water quality parameters measured across the wet season water 
types and colour classes in 2016ï17 were generally similar to the long-term average 
concentrations, except that mean DIP was below the long-term average concentration (Figure 
3-9 and Figure 3-10). The mean Chl-a measured in the Primary water type, DIN in the Primary 
and Secondary water types, PP in the Primary water type and PN in the Secondary water type 
were all slightly over the long-term average concentrations. The long-term and 2016ï17 TSS 
concentrations were above the wet season GVs in each respective wet season water type 
(Figure 3-9: TSSPrimary = 16.3 ± 21.6 mg L-1, TSSSecondary = 4.3 ± 5.9 mg L-1 and TSSTertiary = 2.6 
± 2.6 mg L-1 in 2016ï17). The long-term and 2016ï17 mean Chl-a, PP and PN concentrations 
were above the wet season GVs in the Primary and Secondary water types (Figure 3-10).  

Mean concentrations of water quality parameters across the three 2016ï17 wet season water 
types showed similar trends between the focus regions, including the Cape York region, with 
maximum concentrations measured in the Primary water type and minimum concentrations 
measured in the Tertiary water types. However, there were distinct differences in the 
concentrations of individual pollutants across regions (Figure 3-11). For example, the Mackay 
Whitsunday region had the greatest TSS and DIN concentrations in the Primary and 
Secondary water types, whereas maximum mean CDOM and DIN concentrations were 
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measured in the Burdekin and Wet Tropics regions (especially in the Primary water type). The 
maximum Chl-a concentration was measured in the Primary water type of the Wet Tropics 
region. The assessment of the Cape York region showed for the first time the lowest water 
concentrations of water quality parameters of all regions, although it should be noted that this 
is based on relatively constrained sampling across the region. To provide context for these 
results, regional weekly mean concentrations across colour classes were calculated and are 
presented in the weekly panels in the Regional reports section (Section 3.4).  

The long-term and wet season mean concentrations of water quality parameters (GBR-wide) 
measured across the wet season water types were assessed against the GBR Water Quality 
Guideline for the Open Coastal and Midshelf waters (GBRMPA, 2010), and used in 
combination with the seasonal and long-term frequency maps to derive wet season and long-
term surface exposure maps, respectively (see below and Section 3.3). Note that these 
assessments incorporate data from all of the surface samples collected between December 
2016 and April 2017 by AIMS, JCU and the CYWMP for the first time. 
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Figure 3-7: Map showing the frequency of Primary, Secondary and Tertiary wet season water types in the 2016ï
17 wet season (22 weeks), where the highest frequency is shown in orange and the lowest frequency is shown 
in blue. 
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Figure 3-8: Map showing the frequency of wet season water types (Primary, Secondary and Tertiary water types combined) in the a) long-term (2002ï03 to 2016ï17: 333 
weeks), b) 2010ï11 wet season (22 weeks) and c) 2016ï17 wet season (22 weeks), where the highest frequency is shown in orange and the lowest frequency is shown in 
blue. Plots on the right show the frequency values recorded along three transects extending from the Tully, Herbert and Pioneer Rivers to the external boundaries of the 
GBRMP and illustrate the differences in the spatial distribution and frequency of occurrence existing between dry and wet years. 
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Figure 3-9: Mean water quality concentrations across the three wet season water types: comparison between 
the mean multi-annual values (2002ï03 to 2016ï17; dark shaded), the 2016ï17 values (light shaded) and wet 
season guideline values for the open coastal and mid-shelf waters (dotted red lines). Note that this assessment 
incorporates data from all the surface samples collected between December 2016 and April 2017 by AIMS, JCU 
and the CYWMP. 

Figure 3-10: Mean water quality concentrations and standard deviation across the six colour classes: comparison 
between the mean multi-annual values (2002ï03 to 2016ï17; circles with error bars) and the 2016ï17 values (blue 
rectangles). Blue dots indicate that the number of data was Ò 3. Note that this assessment incorporates data from 
all the surface samples collected between December 2016 and April 2017 by AIMS, JCU and CYWMP.  
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Figure 3-11: Mean 2016ï17 water quality concentrations across the three wet season water types: comparison 
across the focus regions. Note that this assessment incorporates data from all surface samples collected 
between December 2016 and April 2017 by AIMS, JCU and the CYWMP. 

 

3.3.3 Surface exposure to GBR ecosystems during 2016ï17 

Exposure maps were produced using methods described in Section 2.7 (Figure 3-12) and 
overlaid with information on the spatial distribution of GBR ecosystems to help identify 
ecosystems that may experience acute or chronic high exposure to pollutants during the wet 
season (exposure assessment, Table 3-3). It is important to note that:  

(i) The exposure categories are not validated against ecological health data and 
represent at this stage relative potential risk categories for seagrass and coral reef 
ecosystems. The lowest exposure categories (I and II) are characterised by low 
frequency of the Primary and Secondary water types, and the highest exposure 
categories (III and IV) are characterised by high frequency of Primary and Secondary 
water types. 

(ii) Only surface areas inside the GBR marine boundaries are reported.  

(iii) This assessment does not take into account the current condition of GBR ecosystems 
and long-term impacts on these communities. For example, it is recognised that 
inshore communities may be adapted to wet season water types and exposure history; 
therefore, the highest risk of an ecological response could be during large events when 
Primary/Secondary water types extend into otherwise low exposure (more offshore) 
areas.  

(iv) Reporting the areas of coral reefs and seagrass in the highest exposure categories 
cannot be assessed in terms of ecological relevance at this stage and is included as a 
comparative measure between regions and between years. This also applies for 
reporting a minimum of one-week exposure where the ecological consequence is not 
known. 
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Figure 3-12 presents the exposure map of the 2016ï17 wet season and Table 3-3 presents 
the areas (km2) and percentage (%) of total area, coral reefs affected by different exposure 
categories within the GBR. The maps, areas and percentage are presented in the context of 
the long-term exposure (2003ï2017).  

In 2016ï17, the GBR lagoon was mostly influenced by the lowest exposure categories 
(categories I and II), in agreement with the long-term trends. Approximately 75% of the total 
area of the GBR was exposed to wet season water types during at least one week of the wet 
season. This area was greater than the long-term areas (Table 3-3 ï 62% exposed to wet 
season water types during at least one week of the wet season). However, only 2% of the 
GBR was in the higher exposure categories (categories III and IV), similar to the long-term 
areas (Table 3-3 ï 1% category I and 1% category II). These characteristics were consistent 
with an average wet season. Regional reports are presented in Section 3.4.  

Coastal areas have the highest frequency of occurrence of Primary waters, and thus coastal 
ecosystems have the greatest potential to be affected by the highest exposure categories 
(categories III and IV). Inversely, offshore areas are less frequently exposed to wet season 
water types and, when exposed, are more likely reached by the Tertiary water type. Thus, 
offshore ecosystems are most affected by the lower exposure categories. Inshore ecosystems 
are located in transitional zones that experience an alteration of water types and frequencies 
depending on the wet season characteristics and resuspension events.  

In 2016ï17, it was estimated that: 

¶ A total of 98% of the GBR coral reefs were exposed to wet season water types 
(Primary, Secondary and Tertiary water types combined), during at least one week of 
the wet season. However, only 0.2% of corals were in the highest potential exposure 
category (IV) and only 0.1% of corals were in category III. 

¶ A total of 98% of the GBR seagrasses were exposed to wet season water types during 
at least one week of the wet season. Ten percent of seagrasses were in the highest 
potential exposure category (IV) and 5% were in category III. 

¶ The coral and seagrass areas in the highest category of exposure in 2015ï16 were 
similar to the long-term areas (Table 3-3: 0.2% of reefs and 12% of seagrasses 
exposed to category IV) and were logical with the characteristic of a relatively dry wet 
season in most regions. 
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Table 3-3: Areas (km2) and percentages (%) of the GBR lagoon affected by different categories of exposure within 
the GBR during the 2016ï17 wet season (and long-term values in brackets). Surface areas south of the GBRMP 
boundary (Hervey Bay) are not included. 

GBR Total 

Exposure category 
Lowest ---------------------- highest 

Total 
exposed 

Total non-
exposed 

I II III IV 

Surface 
area 

Area  
(km2) 

348,839 
255,648 3,041 1,955 2,497 263,141 85,699 

(203,845) (7,133) (2,528) (3,007) (216,513) (132,326) 

Percentage 
(%) 

100 
73 1 1 1 75 25 

(58) (2) (1) (1) (62) (38) 

Coral reefs 

Area  
(km2) 

24,149 
23,506 77 15 36 23,635 513 

(22,604) (167) (31) (38) (22,841) (1,308) 

Percentage 
(%) 

100 
97 0.3 0.1 0.2 98 2 

(94) (1) (0.1) (0.2) (95) (5) 

Surveyed 
seagrass 

Area  
(km2) 

4,640 
3,398 445 247 456 4,546 94 

(2,665) (1,008) (333) (566) (4,572) (69) 

Percentage 
(%) 

100 
73 10 5 10 98 2 

(57) (22) (7) (12) (99) (1) 

 

 

Figure 3-12: Long-term (2003ï2017) and 2016ï17 maps of exposure produced using the proportional exceedance 
of the guideline (magnitude score) multiplied by the likelihood of exposure in each of the wet season water types: 
a) continuous exposure scores and b) categorised exposure scores: [>0-3] = cat. I, [3-6] = cat. II, [6-9] = cat III and 
[> 9] = cat IV. 
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3.3.4 Loading maps for DIN and sediment 

This section presents the results for the loading maps for DIN and sediment (evaluated as 
TSS) in plume waters. A detailed description of the methodology and loading maps, their 
potential uses and limitations are presented in Appendix D-9. 

 

(a) Mapping annual DIN concentration in the GBR during 2003ï2017 

The model-predicted DIN export to the GBR lagoon is estimated by its annual concentration 
(DIN, µg/L) over 15 years (Figure 3-13 and Figure 3-14). These maps provide an estimate of 
dispersion of river-derived DIN in GBR waters and the areas more likely to have higher DIN 
concentration. The areas covered by model-predicted river-derived DIN vary over the 15 years 
analysed. Overall, years with very large river discharge (> 65,000,000 ML, which occurred in 
2008, 2009, 2011 and 2013) resulted in larger areas of DIN transport and exposure across 
the GBR. This is in agreement with previous observations about plumes in the GBR, where 
larger river discharge leads to larger extent of river plumes (e.g., Álvarez-Romero et al., 2013; 
Brodie et al., 2012; Devlin et al., 2012a, b). 

The areas presenting higher DIN concentration were relatively constant over the years, with 
higher DIN values observed in the Wet Tropics and Mackay Whitsunday NRM regions than in 
the other regions. Even though the Burdekin River is responsible on average for > 36% of the 
DIN load accounted for in the model, it is also responsible for 60% of the total discharge. The 
large Burdekin River discharge results in large plumes and, consequently, relatively low DIN 
concentrations.  

The time series from 2003 to 2017 (Figure 3-13) shows distinct differences between years, 
driven by river flow and pollutant loads, and region. The areas of influence in 2016ï17 are 
comparable to those years with river discharge close to or below the long-term median, e.g., 
2013ï14. The highest model-predicted DIN concentration was observed in 2011, with large 
areas of high DIN values estimated in all areas except for Cape York. The greatest incidence 
of high DIN values occurred in the Wet Tropics region in all years and, within the Wet Tropics, 
the greatest areas of high values were correlated with large river discharge events in 2004, 
2006, 2007, 2009, 2011 and 2014. High values were also observed in each region during 
different years. For example, high values occurred in the Mackay Whitsunday region in 2008, 
each year in 2010 to 2013 and in 2017 (Figure 3-13). 

Figure 3-14 shows the difference between the estimated wet season DIN concentration in the 
GBR lagoon for the 2017 water year (1 October to 30 September) (left panel), compared to 
the pre-development loads (centre panel) and the difference between the DIN concentration 
with pre-development end-of-catchment DIN load estimates and the 2017 estimates (right 
panel). This can be interpreted as óanthropogenicô DIN concentrations, highlighting the areas 
of greatest change with current land use. This highlights the Wet Tropics and Mackay 
Whitsunday regions as the dominant areas of anthropogenic influence in the 2016ï17 wet 
season and, to a much lesser extent, the Burdekin and Burnett Mary regions.  

Figure 3-15 shows the river contributions (x-axis) to the DIN loading to the six NRM regions in 
2010ï11 (left column) and 2016ï17 (right column). The large 2010ï11 wet season represents 
an extreme year of DIN loading, which is useful as a point of reference for comparison with 
the current year. The preferential northward movement of the river plumes in the model can 
result in increased model-predicted DIN concentration in areas that may not directly receive 
high loads from their catchments.  

Overall, rivers located within a marine NRM region were the main contributors to the presence 
of DIN in its waters, although this varied between years. For example, during the 2010ï11 
season, the Burdekin River contributed 27% of the DIN in the Wet Tropics region due to the 
large Burdekin River discharge/plume whereas in 2016ï17 the Burdekin did not contribute to 
the Wet Tropics DIN loading. Similar patterns occurred in the Mackay Whitsunday region in 
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2010ï11 when 28% of DIN in its waters was derived from the Fitzroy River, whereas in 2016ï
17, the Fitzroy River only had a small DIN contribution to the Mackay Whitsunday region (~5%) 
and none in the previous year. The Wet Tropics Rivers also contributed to the Cape York NRM 
region in 2010ï11, and the Mossman and Daintree Rivers still contributed to the region in the 
comparably low discharge year of 2016ï17 (8% and 2%, respectively). The adjacent Herbert 
(14%), Proserpine (14%) and OôConnell (11%) Rivers also contributed to the Burdekin NRM 
region in 2016ï17. The Burnett Mary Rivers contributed to the Fitzroy NRM region during the 
large flood event of 2010ï11 but not in 2016ï17. These cross-regional influences are also 
evident in satellite imagery in the 2010ï11 and 2016ï17 events. 

Analysis of the relative contribution of each river to the concentrations in each NRM region is 
presented in the Regional reports in Section 3.4. The next step in this method is to establish 
a reporting metric for future years to represent wet season pollutant load distribution in the 
GBR. 

b) Mapping annual average TSS concentrations in the GBR during 2003ï2016 

The same model developed for DIN dispersion was used to produce maps for the river-derived 
TSS in the GBR, except that the decay function was not included. The dispersion function in 
the model results in some uncertainty in the offshore areas, as seen in the 2008, 2009, 2011 
and 2012 assessments. There has been no validation of the results at the outer boundary of 
the GBR and it is considered unlikely that river-derived TSS would be transported this far 
offshore. Recent research suggests that riverine flows (and associated TSS) could potentially 
influence certain parts of the outer GBR during high flow events (Fabricius et al., 2016), 
although it is unclear whether the influence is related to riverine-derived TSS or influenced by 
primary productivity (i.e., riverine nutrient influence causing phytoplankton blooms). This 
function of the model is currently being revised and would ultimately benefit from input from 
the eReefs modelling platform. 

The annual concentration of model-predicted TSS export to the GBR lagoon was examined 
over 15 years (Figure 3-16). Similar correlations with river discharge were observed as were 
seen for DIN. The highest model-predicted TSS concentration was observed in 2011, followed 
by 2007 and 2008. The areas with high TSS concentration were more variable over the years 
than for the DIN assessment. The greatest incidence of high TSS values occurred in the 
Burdekin region and were correlated with large river discharge events in 2005, 2007, 2008, 
2009, 2010, 2011, 2013 and 2017. High values were also observed in each region in different 
years. For example, high values occurred in the Fitzroy region in 2003 and in each year 
between 2010 and 2013; in the Mackay Whitsunday region in 2008, 2010 and 2011; and in 
the Wet Tropics region in 2008, 2009 and 2011 (Figure 3-16).  

The modelled dispersion is driven by average wind conditions that are typically represented 
in a south-easterly direction. However, in 2017, there was a period of northerly wind conditions 
soon after the large river flow in the Burdekin River, which drove this plume in an 
easterly/south-easterly direction. This is not reflected in the predicted dispersion shown in 
Figure 3-16 and is recognised as a limitation of the model that needs to be addressed (the 
satellite images in Figure 3-78 also illustrates this difference).  

Figure 3-17 shows the difference between the estimated wet season TSS concentration in the 
GBR lagoon for the 2017 water year (1 October to 30 September) (left panel), compared to 
the pre-development loads (centre panel) and the difference between the TSS concentration 
with pre-development end-of-catchment TSS load estimates and the 2017 estimates (right 
panel). This can be interpreted as óanthropogenicô TSS concentrations, highlighting the areas 
of greatest change with current land use. This highlights the Burdekin region as the dominant 
area of anthropogenic influence in the 2016ï17 wet season.  

Figure 3-18: shows the river contributions (x-axis) to the TSS loadings for the six NRM regions 
in 2010ï11 (left column) and 2016ï17 (right column). The large 2010ï11 wet season 
represents an extreme year of TSS loading, which is useful as a point of reference for 
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comparison with the current year. The preferential northward movement of the river plumes in 
the model can result in increased model-predicted TSS concentration in areas that may not 
directly receive high loads from their catchments.  

Similar to DIN, rivers located within a marine NRM region were the main contributors to the 
presence of river-derived TSS in its waters. In the large discharge events of 2010ï11, several 
Wet Tropics Rivers and the Burdekin River contributed to the Cape York region, whereas in 
2016ï17 only the Daintree (7%) and Mossman (2%) Rivers contributed to the TSS loading. 
The Burdekin River contributed to the Cape York and Wet Tropics NRM region in 2010ï11; 
however, its influence was constrained to the Burdekin NRM region in 2016ï17. The Mackay 
Whitsunday region received inputs from the Fitzroy River in 2010ï11 and again in 2016ï17 
(25%). There was also cross-regional influence between the Fitzroy and Burnett Mary regions 
and rivers in 2010ï11, which did not occur in 2016ï17. These cross-regional influences are 
also evident in satellite imagery during the 2010ï11 and 2016ï17 events. As with DIN, these 
results further support the conclusion that the northward plume transport has the potential to 
increase the TSS load impact into zones outside of the NRM region. 

Analysis of the relative contribution of each river to the concentrations in each NRM region is 
presented in the Regional reports in Section 3.4. The next step in this method is to establish 
a reporting metric for future years to represent wet season pollutant load distribution in the 
GBR. 
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Figure 3-13: DIN over the GBR lagoon for the 2003 to 2017 water years (1 October to 30 September). 
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Figure 3-14: DIN concentration in the GBR lagoon, modelled for the (left panel) 2017 water year (1 October to 30 
September), (centre panel) pre-development loads and (right panel) difference between the DIN concentration with 
pre-development end-of-catchment DIN load estimates and the 2017 estimates.  
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Figure 3-15. River contributions (x-axis) to the DIN loading in the six NRM regions. Shading groups rivers in the 
same NRM region: Cape York ï dark green, Wet Tropics ï light green, Burdekin ï blue, Mackay Whitsunday ï 
orange, Fitzroy ï pink, Burnett Mary - red. The left panels show data for the 2010ï11 water year (1 October to 30 
September) and right panels for the 2016ï17 water year.  
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Figure 3-16: TSS over the GBR lagoon for the 2003 to 2017 water years (1 October to 30 September). 
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Figure 3-17: TSS (mg/L) in the GBR lagoon, modelled for the (left panel) 2017 water year (1 October to 30 
September), (centre panel) pre-development loads and (right panel) the difference between TSS concentration 
with pre-development end-of-catchment TSS load estimates and the 2016 estimates.  
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Figure 3-18: River contributions (x-axis) to the TSS loading in the six NRM regions. Shading groups rivers in the 
same NRM region: Cape York ï dark green, Wet Tropics ï light green, Burdekin ï blue, Mackay Whitsunday ï 
orange, Fitzroy ï pink, Burnett Mary - red. The left panels show data for the 2010ï11 water year (1 October to 30 
September) and right panels for the 2016ï17 water year. 
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3.4 Regional reports  

The following sections provide detailed trend analysis of key water quality constituents and 
other environmental drivers within each region. For the Wet Tropics region, data are presented 
for sub-regions corresponding to major catchments.  

Specifically, the information provided here is focused on identification and interpretation of 
inter-annual trends observed in the environmental attributes monitored. For each of the four 
focus regions, the following information is included and discussed: 

¶ A map of the water quality monitoring locations and the water bodies.  

¶ Time-series of the combined discharge from local rivers that influenced the region.  

¶ Regional trends in key water quality parameters and the resultant trend in the Water 
Quality Index, based on ambient sampling. For the Cape York region, only this first 
year of results is available so the data is presented differently to the other focus 
regions. 

¶ Zones of influence for major rivers (excluding Cape York). 

¶ Weekly wet season colour class maps, exposure maps and an analysis of the wet 
season sampling in this context. For the Wet Tropics region, which contains three sub-
regions, these results are presented at the end of the section. 

Site-specific data and additional information tables are presented in Appendix E (referred to 
by Figure and Table numbers prefixed óEô) and may be referred to where specific detail is 
required. These more detailed data summaries include: 

¶ Table E-1: Summary of the relative annual discharge for the major GBR catchment 
rivers.  

¶ Table E-2 (Cape York) and Table E-3 (Wet Tropics, Burdekin and Mackay 
Whitsunday): Summary statistics for each direct water sampling variable from each 
monitoring location, June 2016 to June 2017 

¶ Table E-4: Annual summaries of direct water sampling data, August 2005 to June 2016 
from inshore lagoon sites. 

¶ Table E-5: Annual summaries of WET Labs ECO FLNTUSB Combination Fluorometer 
and Turbidity Sensor-derived turbidity for each monitoring location, presented with 
temperature in Figure E-1. 

¶ Figure E-2: Time-series of temperature and salinity derived from the Sea-Bird 
Electronics (SBE) CTD profilers deployed at eight stations.  

¶ Figure E-3 to Figure E-6: Temporal trends in water quality for the sub-regions including 
AIMS data only.  

¶ Table E-6 to Table E-10: Summary of water quality data (collected as part of the JCU 
event sampling) across the wet season colour classes and water types for GBR-wide 
results and each focus area. 

¶ Table E-11: Interim Water Quality Index for each water quality sampling location in 
2015ï16, calculated using wet and dry season samples. 

 
The Wet Tropics region is divided into three sub-regions and results on the pressures and 
monitoring results are presented separately for each. However, the loading analysis and 
remote sensing products have been conducted at a regional scale and are presented at the 
end of Section 3.4.4.  
 
The Cape York region is divided into four sub-regions: Endeavour Basin, Normanby Basin, 
Stewart River and Pascoe River. Results on the pressures and monitoring results are 
presented separately for each. Given that this is the first year of sampling in the Cape York 
region, some of the data is presented differently to the other focus areas. 
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3.4.1 Cape York region 

Overview 

Regional water quality monitoring by the MMP was commenced in the Cape York region in 
2016ï17. The Cape York region is influenced by discharge from several river systems, 
including the Endeavour Basin, Starke River, Normanby Basin, Stewart River, Jeannie River, 
Claudie River, Lockhart River and the Olive-Pascoe Basin. The marine waters adjacent to the 
Endeavour Basin, Normanby Basin, Stewart River and Pascoe River are monitored as part of 
the MMP. Sampling within Cape York was based on the revised MMP water quality sampling 
design implemented in 2015.Twenty-seven sites throughout four sub-regions (Figure 3-19) 
are sampled four to six times per year during ambient conditions. Up to 20 additional flood 
samples can be collected each year. The timing of ambient sampling is influenced by seasonal 
winds. Average wind strength from May to October exceeds 25 km/hour, restricting safe 
access to sampling locations in some areas (BOM, 2011). During November to April the wind 
speed decreases, so samples for the 2016ï17 monitoring period began in January 2017 and 
ended in April 2017.  

As the 2016ï17 water year is the initial year of sampling for the Cape York Region, long-term 
trends have not been analysed. Concentrations of water quality parameters within each sub-
region have been assessed relative to distance from river mouths and the results compared 
against the draft Eastern Cape York Water Quality Guidelines for the enclosed coastal, open 
coastal and mid-shelf zones (Honchin et al., 2017).  
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Figure 3-19: MMP water quality sampling sites in the Cape York region shown with water body boundaries.  
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Cape York regionïEndeavour Basin 

Overview 

The Endeavour Basin is influenced by discharge from the Endeavour and Annan Rivers. The 
Basin has an area of 2,186 km2 and a relatively high proportion of nature/conservation land 
use (52% as of 2015) and closed grazing (40%) (Queensland Land Use Mapping Program 
[QLUMP], 2015). Additional grazing land has been converted to conservation land use since 
2015. Sources of pollution (sediment, nutrients and toxicants) in the Endeavour catchment 
include the township of Cooktown located at the mouth of the Endeavour River, plus cattle 
grazing, horticulture and road erosion upstream. Historical mining disturbances, cattle grazing 
and road erosion are the primary sources of pollution to the Annan River (Shellberg et al., 
2015). 

Seven sampling stations for the Endeavour and Annan River are located along a transect from 
the river mouths to open coastal waters, representing a gradient in water quality (Figure 3-20). 
An eighth sample location, ER05, was discontinued after the initial sampling event due to the 
difficulty in accessing this location in prevailing weather conditions and distance from the 
coast; however, it may be sampled in the future under flood conditions. During the 2016ï17 
wet season, a total of 44 surface and subsurface samples were collected from the Annan and 
Endeavour transect over 3 days during ambient wet season conditions. Nineteen additional 
flood samples were collected over 3 days in February 2017 during the first and largest 
magnitude flood event of the wet season (Figure 3-21). 

 

Figure 3-20: MMP sampling sites in the Endeavour Basin focus area with water body boundaries.  

The total discharge from the Endeavour Basin for the 2016ï17 water year was slightly above 
the long-term median discharge (Table 3-1, Figure 3-22). Rainfall for the Endeavour Basin 
was 1,570 mm for the 2016ï17 water year, with 85% falling between January and April. This 
is close to the long-term average rainfall of 1,584 mm (https://water-
monitoring.information.qld.gov.au/host.htm).  

The combined discharge and loads calculated for the 2016ï17 water year from the Endeavour 
Basin are shown in Figure 3-23, which were in the average range recorded over the previous 
10 years (Table 3-1, Figure 3-22). Over the 11-year period from 2006, discharge has varied 
from 452,000 ML (2012ï13) to 1,836,000 ML (2010ï11), TSS loads have ranged from 23 kt 
(2012ï13) to 92 kt (2010ï11), DIN loads from 23 t (2012ï13) to 92 t (2010ï11) and PN loads 
from 36 t (2012ï13) to 147 t (2010ï11).  

The estimated area of influence for the Endeavour Basin has not been mapped using the 
hydrodynamic model.  
































































































































































































































































































































































































































































