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1. EXECUTIVE SUMMARY 
The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in the 

Great Barrier Reef (GBR) lagoon assesses the long-term effectiveness of the Australian and 

vǳŜŜƴǎƭŀƴŘ DƻǾŜǊƴƳŜƴǘΩǎ wŜŜŦ ²ŀǘŜǊ vǳŀƭƛǘȅ tǊƻǘŜŎǘƛƻƴ tƭŀƴ (Reef Plan) and the Australian 

GovernmentΩǎ Reef Rescue initiative. 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 improved across GBR catchments. The program forms an 

integral part of the Reef Plan Paddock to Reef Integrated Monitoring, Modelling and Reporting 

Program (P2R program) supported through Reef Plan and Reef Rescue. This report details the 

sampling that has taken place under the Reef Rescue Marine Monitoring Program: Terrestrial 

discharge into the Great Barrier Reef (project 3.7.2b) for the 2010-11 sampling year, led by James 

Cook University (JCU). 

1.1. 2010 -11 flow conditions and sampling  

In the period from September 2010 through to November 2011 a series of extreme events occurred 

on the GBR. With the very strong La Nina beginning in mid-2010, above average rainfall, both 

intense and prolonged occurred across eastern Queensland. Three cyclones crossed the North 

Queensland coast over a period of three months.  The 2010-11 wet season started with high flows in 

the Wet Tropics during the November and December 2010, and extended into April 2011. It was 

characterised by a weather system (Cyclone Tasha crossed the coast near Innisfail in December and 

eventually went south) which caused large scale and in some cases severe flooding from Brisbane, 

Burnett and Fitzroy Rivers and started floods in the Burdekin River. This was followed by Cyclone 

Anthony, a category 2 cyclone which crossed the coast near Bowen. This travelled inland and went 

south where it created flooding conditions from NSW to Victoria. This was then followed by Cyclone 

Yasi (category 5 tropical cyclone, which crossed the Queensland coast near Cardwell in early 

February 2011). 

Nearly all of the GBR Rivers experienced a degree of flooding over the 2010-11 wet season, and flow 

conditions were all above the long term mean and median flow, indicating that this was a very wet 

year for the entire GBR.  Flood waters moved into the GBR from the Burdekin River in late 

December, from the Fitzroy River in the early weeks of January 2011, and indirectly from the 

southern rivers, particularly the Mary-Burnett catchments. Heavy and consistent rain also continued 

in the Wet Tropics region throughout the wet season, peaking in February in association with 

Cyclone Yasi. The total flow for all GBR rivers was 2.6 times the long term median flow, with all rivers 

reported under the Reef Plan exceeding the long term median flow by 2 or more times, except for 

the Tully River which exceeded 1.5 times. 

In the Burdekin River the Burdekin Falls dam flowed over the spillway for more than 300 days and 

the discharge at the mouth was the third highest in the instrumental record (approximately 35 

million ML). This followed greatly above average (mean approximately 8 million ML) flows in the 

Burdekin River in both 2008 (26 million ML) and 2009 (30 million ML).  To the south, the Fitzroy River 

had its largest flow in the instrumental record (approximately 38 million ML) following large flows in 

2008 and 2009, while the Burnett River had its first substantial flow (8 million ML) for 20 years and 

about eight times the mean. The Mary River had its largest flow for 10 years (Pickersgill et al., 2011). 

In most cases the instrumental record extends back about 80 years.  
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Sampling of flood plumes in the GBR was successfully conducted during the 2010-11 wet season 

within river plumes associated with the Fitzroy, Burdekin and Tully Rivers over several intervals. This 

was undertaken as part of the MMP with additional funding from the GBR Extreme Weather 

Response Program implemented by the Great Barrier Reef Marine Park Authority 

(http://www.gbrmpa.gov.au/outlook-for-the-reef/extreme-weather/response-program). Water 

sampling occurred in three marine regions - the Wet Tropics (November to April, 2011), Burdekin 

(January 2011) and the Fitzroy (extending into the Mackay Whitsunday region; January to March 

2011). Higher frequency sampling was initiated for the plume waters associated with the 2011 wet 

season including the record floods in the Fitzroy and the aftermath of Cyclone Yasi. The highest 

frequency of sampling occurred in the Tully/Burdekin and the Fitzroy (Keppel Islands to Mackay). 

Repeated sampling occurred at weekly or fortnightly periods during the high flow periods in the 

Fitzroy and Tully transects. Plume sampling in the Fitzroy River plume included 8 separate transects 

from the Fitzroy mouth to Keppel Island reefs, Shoalwater bay, Rosslyn Bay out past the Keppel 

Islands, Gladstone to Heron Island and north to Mackay.  Sampling in the Tully focused on frequent 

sampling over the wet season, with onset of sampling occurring early in November and continuing 

until the final week of March. It involved 1 transect with repeated sampling at high frequency (days 

to weeks), and incorporated a new pesticide sampling program run through the University of 

Queensland (UQ) and JCU which investigated the concentrations of pesticides measured with 

passive, grab and bioassay sampling.  High frequency sampling was also undertaken in high flow (~ 

every 3 days) during February and March 2011.  An additional transect from the Russell-Mulgrave 

catchments was also undertaken in December 2010. The Burdekin was sampled in collaboration with 

research project (Bainbridge et al., 2012) mapping the sediment signature of plume waters. This 

increased spatial and temporal sampling of plume waters in several locations gives a greater 

understanding of the variability and influence of water quality parameters within the formation and 

evolution of flood plumes in the GBR. 

Sampling within river plumes included the collection of water samples for the analysis of Total 

Suspended sediment (TSS), Chlorophyll-a (Chl-a), Coloured Dissolved Organic Matter (CDOM), 

dissolved and particulate nutrients (nitrogen and phosphorus), salinity, temperature and PSII 

herbicides. Further collection of sediment samples in the Fitzroy River plume was also undertaken 

for the analysis for dissolved and particulate organic matter and pesticides.  Depth profiling was 

undertaken (Seabird CTD) in both Fitzroy and Tully river plumes. A PAR sensor was available for light 

attenuation measurements in the Tully River plume sampling. 

1.2. Water quality characteristics  

Data collected from the Fitzroy, Burdekin and Tully regions is summarised in Table 1.1, showing the 

number of field trips, total number of samples collected, the period of sampling within the wet 

season, and the water quality characteristics for each transect. Satellite images were also obtained 

for each region throughout the wet season, with variable results due to the quality of the images 

mostly associated with high cloud cover. These images were used to define plume extent on the 

particular date. Pesticide samples were also collected in the Fitzroy and Tully transects, as shown in 

Table 1.1.  

http://www.gbrmpa.gov.au/outlook-for-the-reef/extreme-weather/response-program
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Table 1-1: Summary of transects that were completed during the 2010-2011 wet season under the MMP and extreme weather programs. 

NRM 
region 

Transect 
No. 
Field 
Trips 

No. 
Samples 

Start Date End Date 
Depth 
Profiles 

TSS (mg/L) Chl (mg/L) DIN  (µM) 

  min max mean min max mean min max mean 

Burdekin Inner (coastal) 3 18 30-Dec-10 18-Jan-11 yes 1 11 3.7 0.2 2.7 1.1 1 23 4 

Fitzroy 

Gladstone 2 6 11-Jan-11 - yes 3 13 7.5 0.2 2.7 0.69 1.8 2.8 2 

Keppel Islands 8 57 04-Jan-11 14-Apr-11 yes 10 38 22.7 0.2 22 2.2 1.5 14 4.8 

Mackay 1 11 19-Jan-11 - no 1 3.2 2 0.3 4.8 1.6 1.6 2.8 2.3 

Rosslyn Bay to North 
Keppels  3 18 18-Jan-11 20-Feb-11 no 17 33 21.3 0.5 9.1 3.2 1.5 7.8 3.7 

Shoalwater Bay 1 7 20-Jan-11 - no 25 33 28 0.2 1.6 0.5 2.2 6.8 3.3 

Swains (offshore) 1 12 19-Jan-11 26-Jan-11 no 
                  

Keppels -Salinity  runs 6   06-Jan-11 12-Apr-11 yes                   

Russell 
Mulgrave Frankland Islands 1 113 28-Dec-10 - yes 

-     - 
    

- 
    

Tully 
Goold Island to Sisters 

Islands 14 171 22-Nov-10 25-Mar-11 yes 0 38 4.6 0.2 6.1 1.1 0.9 11 3.1 



4 

Fitzroy  

High values of for all water quality variables were measured over all of the transects with highest 

values associated with the Fitzroy River ς the Keppel transect and the Shoalwater Bay transect. 

Water quality values were highest along a northern gradient from the Fitzroy mouth.  Average Chl-a 

values averaged between 0.5 to 2.6mg/L, average TSS values ranged from 3 to 29mg/L and average 

DIN values ranged from 2 to 5mM over the 6 transects located from the Fitzroy River mouth to the 

southern end of the Whitsunday Reefs. These results are comparable to those seen in previous 

plume sampling in the region (2008 and 2010 ), with concentrations elevated for period of weeks 

(Johnson et al., 2011)  However reporting of the 1991 event (Cyclone Joy) showed much higher 

concentrations of chlorophyll biomass which may be related to the prevailing offshore winds at the 

time. Further statistical work is required to develop robust relationships between intensity of 

discharge, wind direction and extended water quality concentrations. 

Wet Tropics  

The Wet Tropics results showed reduced salinity at all sampled sites, with surface salinity 15 ς 25ppt 

and salinity at 5m ranging from 25 to 31ppt. Temperature was also measured at all sites with a mean 

temperature for the Tully sites over the sampling period of 29.1 degrees Celsius. The recorded 

temperature at Bedarra Island was greater than 29 degrees Celsius for over 60 days (January to April 

2011.) Cumulative exposure (in days) is suggested to be no more than 40 days at at temperature of 

290C for inshore reefs (Berklemans, 2008). 

A water quality gradient was evident from the Tully River mouth north to Sisters Island and is linked 

to distance from the river mouth across all sites. Consistently high concentrations of all pollutants 

were evident at the Bedarra Island and King Reef sites (see Fig. 3.4). High concentrations of all water 

quality measurements were measured for an extended period of almost 14 weeks.   

Nutrient transport was dominated by DIN, DON and DOP/PP. DIN values ranged from 1 to 10.5µM 

(ambient concentrations typically ~ 0.5µM).  

Light attenuation was measured this year for the first time using a depth profiler, to increase our 

understanding of the role of light attenuation over the time scales at which we measure flood 

plumes. Pesticides were detected in both grab samples and passive samplers and were found to be 

persistent throughout the wet season sampling. Diuron was detected in all samples, and there were 

repeated detections of atrazine, simazine and tebuthiuron. 

1.3. Site specific risk assessment  

A water quality index (WQI) was calculated for each site and for each transect within the Wet 

Tropics, Burdekin and Fitzroy NRM regions sampled in this wet season. The Burnett-Mary was not 

included in the water quality index as no previous plume water samples have been collected from 

that region. The water quality index is based on combining all the water quality data into a single 

score. This is achieved by the use of Z scores which normalise the variable water measurements by 

adjusting for the standard deviation of each parameter against a common mean. The Z scores 

associated with each water quality parameter combined to give an overall ranking (WQI) for each 

site within the Fitzroy and Tully River plume transects. WQI were also calculated for each transect, 

including the six Fitzroy transects, the Tully and the Burdekin transect. The data from this year from 

each region was then compared to data previously collected in the region to see how this year fared 

in relation to previous years.  Finally, the data from this year was compared to all water quality data 
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previously collected in the GBR (collected over a 20 year period) to assess if any regions had 

comparatively poor water quality. The highest WQI scores were calculated for the sites within the 

Fitzroy ςKeppels transect due to the high concentrations of TSS and DIN. The influence from these 

acute concentrations would have been further exacerbated by the low salinity and higher 

temperatures which were also experienced at these sites. The calculation of a WQI index is a useful 

way to identify the sites which experience the most extreme water quality concentrations and the 

cumulative effect of high concentrations of water quality parameters. However, further work is 

required to understand the factors which drive the variability between water quality measurements 

and to identify the variation which is most likely due to anthropogenic influences.  

1.4. Mapping of surface e xposure ( long term exposure and 2011)  

Interpretation of quasi-true colour images through colour manipulation and the application of 

remote sensing algorithms was used to identify the full extent of the surface river plumes. Remote 

sensing imagery was extracted to coincide with the high flow events in the 2010-11 wet seasons.  

Imagery was selected based on a clear image being associated with the period of high flow. 

Information on the frequency and movement of regional river plumes was calculated from the 

overlay of plume imagery extracted between January and April 2011. Integration of both surface 

plume mapping, knowledge of both long term annual loads and reported measures of the annual 

river pollutant loads provides spatial and temporal information on the scale and content of GBR river 

plumes. An assessment of their potential impact on the short and long term water quality status of 

GBR waters can then be performed.    

Long term measured and/or modelled pollutant loads for each catchment and region have been 

calculated (Brodie et al., 2009) for the three pollutants of concern (DIN, TSS and PSII herbicides). 

These load estimates identified the two large dry catchments (Burdekin and Fitzroy) as the primary 

source of TSS to the reef, with proportional contributions of 42% and 29%, respectively. DIN loading 

is elevated in catchments that are dominated by fertilised agriculture, particularly in the Wet Tropics 

and the lower Burdekin catchments. This is manifested in the high proportional contribution of both 

NRMs to DIN (i.e., 30% for the Wet Tropics and 39% for the Burdekin). PSII herbicides are exported 

from all agricultural catchments, with the pesticide load related to the agricultural activity (Lewis et 

al., 2009), indicating that the Mackay Whitsunday and Wet Tropics NRMs are the major contributors 

(~38% each), followed by the Burdekin (19%). These values are reflected in the calculated surface 

exposure to each pollutant within each marine NRM.  

Surface exposure mapping identifies up to 5,970 km2 and 5,131 km2 of the marine areas of the Wet 

Tropics and Burdekin regions, respectively, which are exposed to flood plumes carrying high DIN 

ƭƻŀŘǎ όƛΦŜΦΣ ŀǊŜŀǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƘƛƎƘέ ƻǊ άǾŜǊȅ ƘƛƎƘέ ŜȄǇƻǎǳǊŜ ǘƻ 5LbύΦ ¢ƘŜǎŜ ŀǊŜŀǎ ǊŜpresent 19% and 

11% of the total marine portion of the Wet Tropics and Burdekin regions, respectively. The surface 

mapping also indicated that up to 5,690 km2 (12%) of the marine area of the Mackay Whitsunday 

region and up to 2,538 km2 (8%) of the Wet TropƛŎǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άǾŜǊȅ ƘƛƎƘέ ŜȄǇƻǎǳǊŜ ŦƻǊ t{LL 

herbicides. Furthermore up to 5,131 km2 (11%) of the Burdekin and 7,998 km2 (9%) of the Fitzroy 

ǊŜƎƛƻƴǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƘƛƎƘέ ǘƻ άǾŜǊȅ ƘƛƎƘέ ŜȄǇƻǎǳǊŜ ŦƻǊ ¢{{Φ  At this time, we have not integrated 

the 2011 load data required to calculate the surface exposure of the 2011 plume waters and cannot 

compare the long term surface exposure mapping with the 2011 area.  
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2. INTRODUCTION 
The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in the 

Great Barrier Reef (GBR) lagoon assesses the long-term effectiveness of the Australian and 

vǳŜŜƴǎƭŀƴŘ DƻǾŜǊƴƳŜƴǘΩǎ wŜŜŦ ²ŀǘŜǊ vǳŀƭƛǘȅ tǊƻǘŜŎǘƛƻƴ tƭŀƴ (Reef Plan) and the Australian 

GovernmentΩǎ Reef Rescue initiative. 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 improved across GBR catchments. The program forms an 

integral part of the Reef Plan Paddock to Reef Integrated Monitoring, Modelling and Reporting 

Program (P2R program) supported through Reef Plan and Reef Rescue initiatives.  

Water quality in the GBR is influenced by an array of factors including land-based runoff and river 

flow, point source pollution, and extreme weather conditions. Monitoring the impacts of terrestrial 

discharge into the GBR is undertaken within the flood plume monitoring component of the MMP, 

which targets sampling of the high flow events which input large volumes of terrestrially sourced 

pollutants through river discharge to the GBR. Results presented in this report summarise the flood 

data collected over the 2010-11 wet season.  

Because of the large size of the GBR Marine Park (350,000 km2), the short-term nature and 

variability of runoff events (hours to weeks) and the often difficult weather conditions associated 

with floods, it is difficult and expensive to launch and coordinate comprehensive runoff plume water 

quality sampling campaigns across a large section of the GBR (Devlin et al., 2001; Furnas, 2003). To 

counter this variability this project, led by James Cook University (JCU), runs a multi-pronged 

assessment of the exposure of selected GBR inshore reefs to material transported into the lagoon 

from GBR Rivers. Plume water quality data is measured through a combination of in situ water 

quality measurements taken at peak and post flow conditions in targeted catchments throughout 

the wet season. River plume extent, frequency and duration are measured through the use of 

remote sensing products.  

The focus of the monitoring for 2010-11 was to better understand how extreme weather events 

affect water quality conditions in the GBR.  The catchments targeted for intensive sampling were 

chosen in line with the overall aims of the MMP and with real time flooding information.  The Tully 

River catchment is the wettest catchment in all of Australia and therefore floods every year.  This 

catchment is the ideal location to assess the long-term effectiveness of the Reef Plan as data can be 

collected every year.  The sampling that took place in the Tully River plume adds to a multi-year data 

set for the region.  The repeated sampling in the Burdekin River and Fitzroy River catchments was 

based on the extreme flooding events that occurred within both catchments.  The Burdekin River 

and Fitzroy River represent the two largest catchments that flow into the GBR.  Since they are both 

located in the dry tropics, flooding does not occur on an annual basis.  In order to understand the 

input of these sporadic but intense flooding events, sampling was focused in these regions to 

capture the 2011 flooding events. 

The wet season in 2010-11 started with high flows in the Wet Tropics during the November and 

December, and extended into April 2011. It was characterised by a weather system which caused 

large scale and in some cases severe flooding from Rockhampton to Victoria, and the formation and 

passage of a Category 5 tropical cyclone, Cyclone Yasi, across the Queensland coast in early February 

2011. Flood waters moved into the GBR from the Fitzroy River in the early weeks of January 2011, 

and indirectly from the southern rivers, particularly the Mary-Burnett catchments. Heavy and 
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consistent rain also continued in the Wet Tropics region throughout the wet season, peaking in 

February in association with Cyclone Yasi. 

In recognition of the scale of events in 2010-11, the Great Barrier Reef Marine Park Authority 

(GBRMPA) implemented an Extreme Weather Response Program (EWRP - 

http://www.gbrmpa.gov.au/outlook-for-the-reef/extreme-weather/response-program) to respond 

to the extraordinary flow and flood conditions experienced in South East Queensland, the Mary and 

Burnett catchments, and the GBR. This extended sampling involved collaboration between a number 

of agencies including JCU, the Department of Environment and Resource Management (DERM), the 

Burnett Mary Regional Group (BMRG), Reef Catchments (Mackay Whitsunday NRM region), and 

Central Queensland University (CQU). Additional funding from the EWP expanded the capacity of the 

MMP with additional sampling effort in both the Fitzroy and Tully regions.  

This report presents the results of the flood monitoring undertaken in the 2010-11 wet season as 

part of the MMP and the EWP. The methods and results are presented in two sections: Part A Water 

Quality (Section 3 and 4), and Part B Mapping of flood plumes (Section 5 and 6). Water quality 

results are presented on a regional basis, and estimation of flood plume extent is provided for the 

GBR. Assessment of the estimated surface exposure of ecosystems in the GBR to a range of water 

quality conditions is also included in Section 6. A combined discussion of the results of the 

monitoring and mapping is provided in Section 7, with conclusions in Section 8. Appendix 1 

summarises the publication and communication effort associated with this project. 

http://www.gbrmpa.gov.au/outlook-for-the-reef/extreme-weather/response-program
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PART A: WATER QUALITY MONITORING 

3. WATER QUALITY METHODS 

3.1. Sampling design  

The flood plume monitoring is part of a water quality assessment for the MMP which includes 

baseline and event sampling. This monitoring is run in partnership with the other MMP sub-

programs including water quality (Schaffelke et al., in prep; Kennedy et al., in prep), coral monitoring 

(Thompson et al., in prep) and seagrass monitoring (McKenzie et al., 2012).  

The three main facets of the marine flood plume monitoring program are: 

1. Assessment of the transport and processing of nutrients, suspended sediment and pesticides. 

Delivered through water quality monitoring in flood plumes. Measurement of water quality 

parameters presented against salinity gradients for each catchment and each event to describe 

the movement and transport of water quality parameters. 

2. Estimation of the extent and exposure of flood plumes to reefs and seagrass beds related to 

prevailing weather and catchment conditions. Delivered through spatial mapping of plume 

extent and frequency. Information acquired from remote sensing products including true colour 

processing of plume waters and the application of water quality algorithms (Chlorophyll, 

Coloured Dissolved Organic Matter {CDOM} and Total Suspended Solids). Catchment runoff 

events involve space scales ranging from hundreds of metres to kilometres and time scales from 

hours to weeks, thus the use of remote sensing products at appropriate time and space scales is 

useful as a key indicators of cause and effect. 

3. Incorporation and synthesis of monitoring data into GBR wide understanding of anthropogenic 

water quality conditions, water models, the MMP and Paddock to Reef reporting. Synthesis and 

reporting of flood plume water quality data and exposure mapping into the MMP. Further work 

on the integration and reporting of water quality data collected under this sub-program and the 

long-term water quality sub-program is currently being investigated by JCU, CSIRO and AIMS 

researchers through Reef Rescue R&D funding (see 

http://www.rrrc.org.au/reefrescue/index.html).  

Data from the flood monitoring feeds into the validation of existing models and the development of 

regionally based remote sensing algorithms (Brando et al., 2008; 2010). Water quality collected in 

flood plume waters is targeted at measuring the conditions during first flush and high flow event 

situations to identify the duration and extent of altered water quality conditions. Data collected 

under the MMP also feeds into the ongoing P2R program reporting.  

3.1. Sample collection  

Water sampling occurred in four marine regions; the Wet Tropics, Mackay Whitsundays, Burdekin 

and Fitzroy. A high frequency of sampling was required for the plume waters associated with the wet 

weather, including the record floods in the Fitzroy and the aftermath of Cyclone Yasi. Water 

sampling was carried out by in the Catchment to Reef Research Group in the Centre for Tropical 

Water and Aquatic Ecosystem Research TropWater JCU. Further sampling was also undertaken by 

http://www.rrrc.org.au/reefrescue/index.html
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boat operators located in the Tully and Fitzroy regions. Appropriate training was carried out with 

these individuals prior to the plume sampling. 

Plume (grab) sampling was carried out on small vessels, taking surface water samples from multiple 

sites for a suite of water quality measurements (Table 3.1). The sampling locations were dependent 

on which rivers were flooding and the areal extent of the plume, but generally samples were 

collected in a series of transects heading out from the mouth of the Tully, Burdekin and Fitzroy 

rivers. A summary of transects sampled in the 2011 wet season are provided in Table 3.2. The timing 

of the sampling also depended on the type of event and the logistics of vessel deployment. Most 

samples were collected inside the visible area of the plume, although some samples were taken 

outside the edge of the plume for comparison.  

Table 3-1: Summary of chemical and biological parameters sampled for the MMP flood plume monitoring. 

Type of data Parameter Unit measure Comments Reported 

Physico chemical Depth  m Taken continuously 
through the water 
column at each 
site. Sampled with 
Sea Bird profiler 

Õ 

 Salinity  psu Õ 

 Temperature  Degrees celcius Õ 

 Turbidity  ntu Õ 

 Light Attenuation (Tully only) PAR Õ 

Water quality Dissolved nutrients µM Surface sampling 
only 

Õ 

 Particulate Nutrients µM Õ 

 Chlorophyll (Chl-a)) µg l
-1
 Õ 

 Phaeophytin  µg l
-1
 Õ 

 Total Suspended Solids (TSS) mg l
-1
 Õ 

 Coloured Dissolved Organic 
Matter (CDOM) 

440m
-1
 Õ 

 Pesticides (PS-II herbicides) () ng l
-1
 Not at all sites Õ 

Biological Phytoplankton counts  Not at all sites No 
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Table 3-2: Summary of transects that were completed during the 2010-2011 wet season under the MMP and 
EWRP. 

 

NRM 
region 

Transect 
No. 
Field 
Trips 

No. 
Samples 

Start Date End Date 
Depth 
Profiles 

  

Burdekin Inner 3 18 30-Dec-10 18-Jan-11 yes 

Fitzroy 

Gladstone 2 6 11-Jan-11 - yes 

Keppel Islands 8 57 04-Jan-11 14-Apr-11 yes 

Mackay 1 11 19-Jan-11 - no 

Rosslyn Bay to North Keppels  3 18 18-Jan-11 20-Feb-11 no 

Shoalwater Bay 1 7 20-Jan-11 - no 

Swains (offshore) 1 12 19-Jan-11 26-Jan-11 no 

Keppels -Salinity  runs 6   06-Jan-11 12-Apr-11 yes 

Russell-
Mulgrave Frankland islands 1 113 28-Dec-10 - yes 

Tully Gould to Sisters 14 171 22-Nov-10 
25-Mar-

11 yes 

 

Surface samples were collected at each site using a clean, rinsed bucket in the top 1 metre of water. 

From this sample nutrient samples were taken using sterile 50 mL syringes and pre-rinsed three 

ǘƛƳŜǎ ǿƛǘƘ ǘƘŜ ǎŜŀǿŀǘŜǊ ǘƻ ōŜ ǎŀƳǇƭŜŘΦ CƻǊ ŘƛǎǎƻƭǾŜŘ ƴǳǘǊƛŜƴǘǎΣ ŀ лΦпр ˃Ƴ ŘƛǎǇƻǎŀōƭŜ ƳŜƳōǊŀƴŜ 

filter was then fitted to the syringe and a 10 mL samples were collected in polypropylene screw top 

sample tubes. Particulate and total nutrient samples are not filtered but are otherwise collected in 

the same way. The tubes were then stored either on ice in an insulated container or in a freezer, 

depending on the sampling vessel. CDOM samples were collected using a 50mL syringe fitted with a 

лΦн ˃Ƴ ŘƛǎǇƻǎŀōƭŜ ƳŜƳōǊŀƴŜ ŦƛƭǘŜǊ ƛƴǘƻ Ǝƭŀǎǎ ōƻǘǘƭŜǎ ŀƴŘ ƪŜǇǘ Ŏƻƻƭ ŀƴŘ ŘŀǊƪ ǳƴǘƛƭ ŀƴŀƭȅǎƛǎ ōȅ the 

TropWater laboratory, which occurs within 24 hours of collection. Individual 1L samples were 

collected for TSS and Chl-a analysis. These were also placed on ice and filtered within 24 hours. At 

every third to fourth site (dependent on size of sampling area), samples were collected for 

phytoplankton enumeration and pesticides. Depth profiles were taken at each site in the Tully and 

Fitzroy transects with a SeaBird profiler, collecting depth profiles of salinity, temperature, dissolved 

oxygen and light attenuation (see Table 3.2). Salinity profiles were taken at all sites. 

Pesticide monitoring during flood plume events focussed on three main activities: 

1. Extended temporal monitoring at three sites from the mouth of the Tully River using both grab 

and passive sampling. 

2. Spatial monitoring at five sites during the major flood event in the Fitzroy River using passive 

sampling over two deployment periods, with concomitant sediment trapping and analysis. 

3. Grab sampling during flood plume events (Fitzroy to Mackay Whitsunday and the Burdekin). 
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For the Tully transect, SDB-RPS empore discs were deployed with a diffusion limiting membrane for 

periods of between 16 ς 34 days to monitor time integrated concentrations.  The discs were 

attached by cable tie to a surface marker buoy that was held in place by weights at the bottom.  It is 

recognised that there may be significant variation in concentration during flood plume events which 

Ƴŀȅ ƴƻǘ ōŜ ǎǳŦŦƛŎƛŜƴǘƭȅ άŎŀǇǘǳǊŜŘέ ǳǎƛƴƎ ǘƘŜǎŜ ŜȄǘŜƴŘŜŘ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘǎΦ To capture these 

ŘƛŦŦŜǊŜƴŎŜǎ ŀ ǎŜǊƛŜǎ ƻŦ ǎƘƻǊǘŜǊ άŜǾŜƴǘέ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘǎ ǿŜǊŜ ŀƭǎƻ undertaken with deployment 

periods of between 3 ς 6 days where the empore discs were deployed without a diffusion limiting 

membrane to increase the sampling rate (see Kennedy et al., in prep). Grab samples were taken at 

the beginning and the end of each passive sampling period in the same location. This sampling 

allowed a comparison of time integrated and event passive sampler concentration estimates and 

point in time grab concentrations throughout the wet season. Further detail of study design and 

methods is incorporated below. 

3.2. Research collaboration  

Additional field work was carried out in collaborative projects assessing the short and long term 

impacts associated with the extreme weather events over this wet season as part of the EWRP. For 

the Fitzroy, impacts to the corals and seagrass beds were related to the long period of freshwater 

flow, exposing the inshore ecosystems to elevated nutrients, sediments and pesticides with 

cumulative impacts from low salinity waters. Work by Alison Jones (Central Queensland University 

{CQU}) and the ongoing MMP component for inshore corals (Thompson et al., 2012;) and seagrasses 

(McKenzie et al., 2010;2012) have reported on the ecosystem impacts of these floods in further 

detail. Inshore ecosystems located between the Burdekin and Barron Rivers were monitored under 

the MMP. In addition, the GBRMPA lead a rapid response monitoring survey to identify the severity 

of impact on 74 coral reefs located between Burdekin River and Barron River. The key findings of the 

EWRP are presented in a consolidated report (GBRMPA, 2011). ).  

3.3. Laboratory analysis  

Laboratory analysis techniques vary slightly between agencies. The methods described in this report 

are for the TropWater laboratories at JCU. Further detailed information on the scope of the field and 

laboratory analyses can be found in the MMP QA/QC Report 

 (http://www.rrrc.org.au/mmp/mmp_pubs.html).  

3.3.1. Dissolved and total nutrients  

Samples were analysed for concentrations of dissolved inorganic nutrients (NH4, NO2, NO3, NO2 + 

NO3, PO4 and Si) by standard procedures (Ryle et al., 1981) implemented on a Skalar 20/40 

autoanalyser, with baselines run against artificial seawater. Analyses of total dissolved nutrients 

(Total Dissolved Nitrogen {TDN} and Total Dissolved Phosphorus{TDP}) were carried using 

persulphate digestion of water samples which are then analysed for inorganic nutrients, as above. 

Dissolved Organic Nitrogen (DON) and Dissolved Organic Phosphorus (DOP) were calculated by 

subtracting the separately measured inorganic nutrient concentrations (above) from the TDN and 

TDP values. Particulate nitrogen (PN) concentrations of the particulate matter collected on the GF/F 

filters were determined by high temperature combustion using an ANTEK Model 707 Nitrogen 

Analyser. The filters were freeze dried before analysis. Following primary (650 ºC) and secondary 

combustion (1050 ºC), the nitrogen oxides produced were quantified by chemiluminescence.  
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Particulate phosphorus (PP) was determined colorimetrically (Parsons et al., 1984) following acid-

persulfate digestion of the organic matter retained on the glass fibre filters. Acid-wash glass mini-

scintillation vials were used as reaction vessels. Filters were placed in the vials with 5 ml of 5% w/v 

potassium persulfate and refluxed to dryness on an aluminum block heater using acid-washed 

marbles as stoppers for the vials. Following digestion, 5 ml of deionized water was added to each vial 

and the filter and salt residue resuspended and pulverized to dissolve all soluble material. The 

residue in the vials was compressed by centrifugation and the inorganic P determined 

colorimetrically in aliquots of supernatant. Inorganic and organic P standards were run with the 

batch of samples.  

3.3.2. Phytoplankton pigments  

Phytoplankton pigments are analysed in the TropWater laboratories using the spectrophotometric 

method. Samples are processed promptly after filtration to prevent possible Chl-a degradation from 

residual acidic water on filter paper. Samples on filters taken from water having pH 7 or higher may 

be stored frozen for three weeks. The pigments are extracted from the plankton concentrate with 

aqueous acetone and the optical density (absorbance) of the extract is determined with a 

spectrophotometer. To achieve consistent complete extraction of the pigments, the cells are 

disrupted the cells mechanically with a tissue grinder. The absorbance of chlorophyll pigments 

within the centrifuged samples is read using a dual beam spectrophotometer. 

3.3.3. Total suspended solids  

Suspended solids refer to any matter suspended in the marine water. TSS concentrations are 

determined gravimetrically from the difference in weight between loaded and unloaded 0.4µm 

polycarbonate filters after the filters had been dried overnight at 60oC. A well-mixed sample is 

filtered through a weighed standard glass fibre filter and the residue retained on the filter is dried to 

a constant weight at 103-105ºC. The increase in weight of the filter represents the TSS.  

3.3.4. Coloured dissolved organic matter (CDOM)  

CDOM is an important optical component of coastal waters defined as the fraction of light absorbing 

ǎǳōǎǘŀƴŎŜǎ ǘƘŀǘ Ǉŀǎǎ ǘƘǊƻǳƎƘ ŀ ŦƛƭǘŜǊ ƻŦ лΦн˃Ƴ ǇƻǊŜ ǎƛȊŜΦ CDOM is typically comprised of humic and 

fulvic substances which are sourced from degradation of plant matter, phytoplankton cells and other 

organic matter. Waters dominated by CDOM often appear yellow/orange in color and often black. 

This is a consequence of strong absorption exhibited by CDOM in the blue and ultra-violet (UV) 

regions of the electromagnetic spectrum. CDOM has been known to contaminate chlorophyll 

satellite algorithms and also has been examined as a tracer estuarine/river transport into the marine 

environment. Thus, knowledge of CDOM variability within the GBR is extremely useful. 

Water samples are collected in glass bottles and kept cool and dark until analysis by TropWater 

laboratory, which should occur within 24 hours of collection generally (on occasion up to 72 hours). 

Beyond this period, there might be a slight effect of biological activity on the CDOM concentrations, 

however provided that the material is cooled this effect will be minimal and compared to other 

measurement issues, negligible. Samples are allowed to come to room temperature before 

placement into a 10 cm path length quartz cell. The CDOM absorption coefficient (m-1) of each 

filtrate is measured from 200-900nm using a GBC 916 UV/VIS spectrophotometer, and Milli-Q water 

(Millipore) used as a reference. CDOM absorption spectra are finally normalised to zero at 680 nm 

and an exponential function fitted over the range 350-680nm.  
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3.3.5. Pesticides 

The water samples were analysed by liquid chromatography mass spectrometry (LCMS) and gas 

chromatography mass spectrometry (GCMS) at the National Association of Testing Authorities 

accredited QHFSS Laboratory. Organochlorine, organophosphorus and synthetic pyrethroid 

pesticides, urea and triazine herbicides and polychlorinated biphenyls were extracted from the 

sample with dichloromethane. The dichloromethane extract was concentrated prior to 

instrumentation quantification by GCMS and LCMS. The only variation to this technique for the 

seawater samples was that sodium chloride was not added for the extractions.  

3.4. Regional sampling  

There were three main regions sampled under the MMP/EWRP in 2010-11, including the Fitzroy 

(January to March 2011), Burdekin (January 2011) and Wet Tropics (Tully) (November to April, 2011). 

There were also a small number of samples taken around the Frankland Islands off the Russell-

Mulgrave catchment (Figure 3.1). The highest frequency of sampling occurred in the Tully/Burdekin 

and the Fitzroy (Keppel Islands to Mackay). 

 

Figure 3-1: Location of sites within the flood plume water quality monitoring for the 2010-11 wet season. 

3.4.1. Fitzroy  region ɀWQ sites 

Table 3.1 identifies all the sampling transects in the southern GBR, which focus on the spatial and 

temporal sampling of the Fitzroy plumes through the months of January and February 2011. The 

location of the sites within each transect is shown in Figure 3.1. 

Water samples were collected in the Fitzroy marine area in response to the flood conditions of the 

Fitzroy and other southern rivers. Samples were taken in a number of different transects, moving 

Burdekin 

Tully 

Fitzroy 
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from the mouth of the Fitzroy along the Keppel Island reef system to the bottom end of the 

Whitsunday Islands reef system and south to Gladstone to Heron Island. There were also a number 

of other research and monitoring programs which carried out sampling in plume waters, particularly 

in the southern regions. These included State government (DERM) monitoring of sites south of 

Agnes Water (Figure 3.1) and CSIRO profiling the inner plume waters. Data from these programs are 

will be reported later this year (Robson, pers comm). 

Passive samplers were deployed at several locations in the Fitzroy region. The aim of the pesticide 

monitoring was to monitor spatial variation in the concentrations of herbicides at sites impacted by 

an extreme flood event in the Fitzroy River. The sites included Middle Reef, Miall, North Keppel 

Island, Halfway and Clam (Figure 3.2). 

 

Figure 3-2: Plume sampling sites where passive samplers were deployed during a major flood event in the 
Fitzroy region. 

The samplers were deployed by Alison Jones (CQU) who also performed sediment trapping at 

different depths and heights within the water column. A proportion of these sediment samples were 

also submitted for pesticide analysis to assess the importance sediment facilitated transport of both 

herbicides and insecticides for these sites. Data from sediment analysis is not available at this time 

due to delays at QHSS laboratories. 

SDB-RPS empore disc passive samplers were deployed from the 2nd  January to 8th  February 2011, 

and the Fitzroy River peak height occurred on the 5 January 2011. These passive samplers were 

analysed for herbicides using the more sensitive ABSciex 4000Q LCMSMS. The sediment samples 
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were analysed for both herbicides (LCMS) and pesticides (GCMS). A second deployment of passive 

samplers at these sites included polydimethylsiloxane (PDMS) passive samplers along-side the 

empore discs. PDMS samplers are used to sample pesticides such as chlorpyrifos and dieldrin. These 

samplers were deployed either from the 8 February to 4 March 2011 or from 21 February to 4 March 

2011 at these sites.  

Grab sampling was also undertaken at 11 sites in the Fitzroy plume extending into the Mackay 

Whitsunday region on 19 January 2011.  

3.4.2.  Burdekin  region ɀ WQ and sediment sites  

The Burdekin region was sampled in collaboration with a research project mapping the sediment 

signature of plume waters (Bainbridge et al., 2012). Sampling trips were completed three times in 

January 2011 extending from the Palm Island group north of the Burdekin, Magnetic Island and the 

Burdekin River mouth (Figure 3.3). This increased spatial and temporal sampling of plume waters in 

several locations gives a greater understanding of the variability and influence of water quality 

parameters within the formation and evolution of flood plumes in the GBR.  

During December/January 2010-11 the sampling of the Burdekin River flood plumes was conducted 

to collect water quality data in two locations north of the Burdekin River during a significant flood 

event that occurred from the 24 December 2010 to 18 January 2011.  The first area was focused 

around the Burdekin River mouth and the second area was north of the mouth from Magnetic Island 

to the Palm Islands. This work also examined the dispersal of suspended sediments and dissolved 

and particulate nutrients through the plume waters. An extreme peak n daily discharge (10,600 m3 s-

1) occurred on 28 December 2010 at the end-of-catchment river gauge (Clare GS120006B), exceeding 

the long term mean peak annual discharge of 9,115 m3 s-1(data sourced from DERM). 

Samples were collected in the flood plume at sites at 2, 9 and 21 days after the flood peak (Figure 

3.3). The initial flood plume sampling sites on 30 December 2010 were located along the plume 

salinity gradient from the river mouth. This transect was repeated approximately three weeks later 

(18 January 2011) to capture changes in plume dynamics. A far-field sampling transect was also 

completed from Magnetic Island to the Palm Island Group (6 January 2011) to capture the visible 

extent of the northward plume boundary using MODIS Rapid Response near real-time (true colour 

satellite) imagery (see Figure 3.2; http://rapidfire.sci.gsfc.nasa.gov). 

Pesticide grab samples were taken in plumes from the Burdekin River on 30 December 2010 (Site 4 

Northern and Site 1 Inner Plume in Figure 3.3). 

 

http://rapidfire.sci.gsfc.nasa.gov/
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Figure 3-3: MODIS satellite image (4 January 2011) of the Burdekin River flood plume, with the location of 
the three sampling transects overlain.  The sampling site in the freshwater part of the Burdekin River at 
Inkerman is also shown. The white patches over water (adjacent to the coast) are clouds. Source: Bainbridge 
et al., (2012). 

3.4.3. Wet Tropics region ɀ WQ sites 

During the wet season the coastal and inshore areas adjacent to the Tully River catchment are 

regularly exposed to flood waters from the Tully River, and to a lesser extent from the Herbert River 

via the Hinchinbrook Channel, carrying high concentrations of TSS, nutrients and pesticides into the 

marine environment. From November 2010 to March 2011, frequent sampling of flood plumes in the 

Tully marine area was conducted at 17 sites in the Tully marine area during a number of significant 

flood events. Five of those sampling periods occurred just after the highest flow period in February 

2011, at approximately 3 day intervals for a period of two weeks. This was designed to capture the 

short term variability associated with the onset of the high flow and assess the ongoing influence of 

the high river discharge in the marine area.  Sites within the Tully marine area were located between 

Goold Island in the south, to Sisters Island in the north including sites at the Tully and Hull River 

mouths, additional coastal locations, Dunk Island and Bedarra Island (Figure 3.4). The sampling area 

includes areas within a high to moderate flood plume exposure area from the Tully-Murray River 

identified by water quality exceedances during previous wet seasons (Devlin et al., 2010a, 2010b; 

Schaffelke et al., 2010) and an area of high frequency of plume coverage (Devlin and Schaffelke, 

2009; Devlin et al., 2010b). In addition, a small number of samples were collected around the 

Frankland Island reefs (adjacent to the Russell-Mulgrave catchment) in late December 2010 (Table 

3.2; Figure 3.4).  

The aim of the pesticide monitoring for the Tully River transect was to assess temporal and spatial 

variation in the concentrations of photosystem II herbicides during the wet season from 16 
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December 2010 to 15 April 2011 using both passive (time integrated and event) and grab sampling 

(point in time) techniques.  

 

 

Figure 3-4:Location and geographical information for the water quality sites sampled in the Wet Tropics 
(Tully and Russell-Mulgrave Rivers) (2010-11). 
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3.5. Methods for Reporting  

3.5.1. Developing a flood water quality metric  

As part of the MMP, it is desirable to report the results against a set of thresholds so that 

measurable changes can be defined in a consistent and relevant manner. As shown in Table 3.3, a 

series of thresholds are suggested for each parameter in the flood monitoring component of the 

MMP. These thresholds are based on either the GBR Water Quality Guidelines (GBRMPA, 2009; 

5ŜΩŀǘƘ ŀƴŘ CŀōǊƛŎƛǳǎΣ нллуΣ нлмлύ, other published thresholds (Moss et al., 2005) or best available 

information on thresholds related to time (Berklemans 2002; Kerswell and Jones 2003; Humphrey et 

al. 2008).  

 

Table 3-3. Thresholds for a range of water quality parameters defined for the risk assessment. 

 

 

 

 

 

 

 

 

 

 

 

This year, considerable effort has been directed towards improving the mapping of flood plume 

extent and predicted concentrations of sediments and nutrients within mapped flood plume extents 

for Reef Plan reporting. In an attempt to convey the combined water quality conditions, we have 

developed a Water Quality metric for the flood plume monitoring data. It is difficult to assess water 

quality in variable conditions experienced during flood plume periods and to identify the cumulative 

impacts of all pollutants carried in flood plumes. We have used the Water Quality metric, as 

reported by Fabricius et al., (2005) and Cooper et al., (2008), that combines the water quality 

information at a site level and normalises this information to be able compare the water quality data 

across sites and time. This allows us to identify the sites which have experienced the most extreme 

water quality values over the plume sampling season.  

The metric, referred to as the Water Quality Index or WQI is based on combining information of 

each water quality parameter measured within a site or a transect and comparing it against water 

quality data collected over the entire 2011 wet season or collected over the entire plume sampling 

program (see Devlin et al., 2001; Devlin and Schaffelke, 2009). Eight water quality variables were 

used to create the index: TSS, Chl-a, dissolved inorganic nitrogen (DIN) and phosphorus (DIN and 

DIP), PN and PP, and DON and DOP.  Each water quality variable was standardised by subtracting the 

mean of all sites divided by the standard deviation.  The standardised values were summed over the 

Parameter Threshold Description 

DIN (mM) 0.2 (Tully)-0.5 

(Fitzroy) 

Moss et al., 2005 

TSS (mg/L) 2.4 (summer 

mean) 

5ŜΩŀǘƘ ŀƴŘ CŀōǊƛŎƛǳǎΣ όнллуΣ нлмлύΤ D.wat! όнллфύ 

Chl-a (mg/L) 0.6 (summer 

mean) 

5ŜΩŀǘƘ ŀƴŘ CŀōǊƛŎƛǳǎΣ όнллуΣ нлмлύΤ D.wat! όнллфύ 

Salinity (ppt) 28 Reduced fertilization success and increased developmental 

abnormalities in coral (Humphrey et al., 2008) 

Temperature 

(degrees 

celcius) 

29 Increased susceptibility to bleaching in corals (Berkelmans, 

2002) 
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eight variables for each reef.  A reef with a high WQI will typically have high concentrations of most 

of the variables that form the index, and a reef with low values has lower concentrations.  A site with 

a high WQI value would have elevated levels of pollutants while one with a low WQI has a low level 

of pollutants. Figure 3.5 illustrates how this index is calculated.  

Using the range of WQI scores measured across all sites and all years calculated from the long term 

data base, a qualitative assessment of the actual WQI value can be calculated for the 2011 data. A 

WQI score approaching zero means that the mean values of all water quality parameters (combined 

as Z scores) calculated for that site or transect was similar to the overall WQI calculated for all sites 

or for all transects. The higher the value away from zero, the greater the difference between the 

WQI for the site or transect and the overall WQI. Higher values of WQI indicate that one or many of 

the water quality parameters within the analysis have very high measurements away from the 

average value. For instance, high TSS measurements (e.g. > 20mg/L) will influence both the Z sore 

calculated for TSS and for the overall WQI.  

Three WQI were calculated for each site: 1) for the site based on 2011 data only; 2)  for the site 

based on all the water quality data from that region through time;  and 3) for the site based on all 

water quality data collected within the flood plume sampling program (1991 ς 2011) (Devlin and 

Waterhouse, in press). 

 

Figure 3-5:  Process of calculating the WQI for each site sampled in the 2011 season. WQI was also be scaled 
up to the transect and regional level for comparison across catchment and year. 

3.5.2. Mapping the extent of flood plumes  

It is proposed that P2R program reporting will now present a measurement of the plume surface 

exposure as an indication of the scale of disturbance, influenced by high flows and pollutant loads. 

Surface plume exposure can be mapped each year through the cumulative mapping of the three 

main water types (primary, secondary and tertiary) identified by information available from remote 

sensing algorithms. The tertiary plume (identified by CDOM value higher than 0.14m2; CDOM is 

proportional to salinity value of 30+/- 4) was used to define the boundary or maximum extent of the 

plume. Algorithms associated with the mapping of secondary water types, characterised by elevated 
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Chl-a and CDOM values, were also used to define the boundary edge in areas of the plume where 

tertiary water is absent or scattered/diffuse and difficult to define. Complementary to this 

automated mapping of water types, the true colour classification techniques offer a good alternative 

to delineate the extent (boundary) of the plume. Through the combination of spectral enhancement 

and unsupervised classification (ISO method) of images, we can identify classes that can potentially 

be related to variations in surface water parameters, such as TSS and Chl-a and therefore contribute 

to understanding the spatial variation and movement of plumes. The overall mapped image, through 

extent and composition, allows a better understanding of the spatial and temporal evolution of river 

plumes.  

The frequency of the incidence of surface plume waters is assessed based on available and 

appropriate imagery and linked to high flow periods. A plume frequency map was constructed by 

counting the overlapping plumes (i.e., combined primary, secondary and tertiary plumes) for each 

pixel, which ranges from 1 to 10 plumes. The frequency was then normalised by calculating its 

logarithm, resulting in frequency values from 0 to 1. Normalised values were then grouped in 5 

frequency classes based on the standard deviation. 

The surface area of the plume waters are then scaled against the proportional contribution of each 

catchment in terms of pollutant loads. To complete this exercise annually, pollutant load data for 

each catchment is required as input data, to be supplied by DERM under the catchment load 

monitoring component of the P2R program. The final surface exposure map presents the full extent 

of the plume but with the spatial movement of the surface pollutants identified to four main classes 

of surface exposure (very high, high, moderate and low).  

As this is the first time that this method is being reported, Section 5 includes further detail of this 

method and examples of the proposed reporting products. 
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4. WATER QUALITY RESULTS 

4.1. 2010 -11Weather Events  

The wet season 2010-11 was characterised by extreme events in the GBR region, starting with a very 

strong La Nina, and beginning in mid-2010, which brought extraordinary rainfall, both intense and 

prolonged, across eastern Queensland. Three cyclones crossed the North Queensland coast in this 

period, including Tropical Cyclone (TC) Tasha, which crossed the coast near Innisfail in December 

2010 and eventually went south causing large scale and in some cases severe flooding from 

Brisbane, Burnett and Fitzroy Rivers and started floods in the Burdekin River. TC Tasha was followed 

by TC Anthony, a category 2 cyclone that crossed near Whitsundays. This travelled inland and went 

south where it created flooding conditions from NSW to Victoria. This was then followed by TC Yasi, 

a category 5 cyclone, which crossed the Queensland coast in early February 2011. The mechanical 

damage from this cyclone was immense and drove further continuing flooding conditions north of 

the Whitsundays. 

The wet season in 2010-11 started comparatively early with high flows in the Wet Tropics during the 

November and December, and extended well into April 2011. Flood waters moved into the GBR from 

the Burdekin River at the end of 2010, and from the Fitzroy River in the early weeks of January 2011, 

and indirectly from the southern rivers, particularly the Mary-Burnett catchments. Heavy and 

consistent rain also continued in the Wet Tropics region throughout the wet season, peaking in 

February in association with Cyclone Yasi. 

Severe TC Yasi made land fall in northern Queensland, in the early hours of 3 February 2011. Yasi 

originated from a tropical low near Fiji. The system intensified to a category 3 cyclone at about 5pm 

AEST (07:00 UTC) on 31 January 2011. Late on 1 February the cyclone strengthened to a category 4 

system, and then intensified to a category 5 system early on 2 February.  

The large destructive core crossed the coast between Innisfail and Cardwell with a central pressure 

of 930 hectopascals and maximum 10-minute sustained winds of 215 km/h (Figure 4.1). Maximum 3-

second gusts were estimated at 285 km/h, with these likely to affect an area spanning from Ingham 

to Cairns according to the Threat Map for a period of 3-4 hours.  

http://en.wikipedia.org/wiki/Queensland
http://en.wikipedia.org/wiki/Fiji
http://en.wikipedia.org/wiki/Tropical_cyclone_scales
http://en.wikipedia.org/wiki/Time_in_Australia
http://en.wikipedia.org/wiki/Coordinated_Universal_Time
http://en.wikipedia.org/wiki/Coast
http://en.wikipedia.org/wiki/Innisfail,_Queensland
http://en.wikipedia.org/wiki/Cardwell,_Queensland
http://en.wikipedia.org/wiki/Hectopascals
http://en.wikipedia.org/wiki/Ingham,_Queensland
http://en.wikipedia.org/wiki/Cairns
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Figure 4-1. Cyclone Yasi passage as it moved across the GBR and approached landfall on 2 February 2011. 
Source: Bureau of Meteorology (www.bom.gov.au). 

In Mission Beach near where TC Yasi made landfall, wind gusts were estimated to have reached 290 

km/h, leaving behind significant damage. A storm surge estimated to have reached 7 metres) 

destroyed several structures along the coast and pushed up to 300 metres inland. The worst 

affected areas were around Tully, Silkwood, Mission Beach, Innisfail and Cardwell. Figure 4.2 shows 

the change in the inshore area before and after the passage of TC Yasi. In August 2010, the water is 

relatively clear with reef and bottom structure clearly seen. In January 2011, the water is more 

turbid due to the onset of the wet season; however, detail over reef and bottom is still visible. After 

the passage of TC Yasi (2 February 2011), the first visual image (5 February 2011) clearly shows a 

large area of scouring and sand visible out to the outer reefs. Mechanical damage, plus the 

cumulative impacts of water quality was most evident in reef systems north of Townsville and south 

of the Russell-Mulgrave (GBRMPA, 2011).  

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Mission_Beach,_Queensland
http://en.wikipedia.org/wiki/Storm_surge
http://en.wikipedia.org/wiki/Tully,_Queensland
http://en.wikipedia.org/wiki/Mission_Beach,_Queensland
http://en.wikipedia.org/wiki/Innisfail,_Queensland
http://en.wikipedia.org/wiki/Cardwell,_Queensland
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Figure 4-2: Aerial imagery of the area affected by Cyclone Yasi,. (a) pre Cyclone Yasi, (b) two days prior to 
Cyclone Yasi, (c) during Cyclone Yasi and (d) post Cyclone Yasi. Note the scouring and turbid conditions 
throughout the central GBR. 

It is understood that the extreme weather events experienced in Australia in 2010-11 were 

associateŘ ǿƛǘƘ ǘƘŜ Ψ[ŀ bƛƴŀΩ ŎȅŎƭŜΦ [ŀ bƛƴŀ is the extreme phase of a naturally occurring climate 

cycle called the El Nino/Southern Oscillation, with El Nino periods themselves on the other end of 

that cycle. The cycle is governed, like so much else on the planet, by the seaτin this case, large-scale 

changes in the sea-surface temperature in the eastern tropical Pacific. Normally the sea-surface 

temperatures in that region fall between 16 to 220C, with warm pools that can rise above 270C in the 

central and western Pacific. In El Nino years, those warm pools expand across much of the tropics, 

but during La Nina years the opposite occurs, and an upwelling brings cold water to the surface that 

can lower temperatures by as much as 130C . For both El Nino and La Nina, abnormal changes to sea-

surface temperatures in turn alter global weather patterns, changing both air temperatures and 

precipitation. El Nino often leads to drought and unusually hot weather in parts of the world, but La 

Nina reverses that effect, leading to more clouds and wetter weather in places like Australia and 

Indonesia. The last time the Australian city of Brisbane flooded was in 1974τthe same year as a 

particularly strong La Nina episode. La Nina events can usually last a year or longer, with the entire El 

Nino/Southern Oscillation cycle lasting three to four years.  

http://www.publicaffairs.noaa.gov/lanina
http://www.smh.com.au/environment/weather/drought-and-floods-whats-coming-next-20110118-19ust.html?from=smh_sb









































































































































































