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1. EXECUTIVE SUMMARY

The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in the
Great Rrrier Reef (GBR) lagoon assesses the-feng effectiveness of the Australian and
vdzSSyatlyR D2@SNYYSyidQa wSSfReet Plan@nNJthe Adstfallaii & t NP
Governmenf2 Reef Rescue initiative. The MMP was established in 2005 to helpsahsdsngterm

status and health of GBR ecosystems and is a critical component in the assessment of regional water
guality as land management practices are improved across GBR catchments. The program forms an
integral part of the Reef Plan Paddock to Ree#&grated Monitoring, Modelling and Reporting
Program (P2R programpupported through Reef Plan and Reef Resduds report details the
sampling that has taken place under tliReef Rescue Marine Monitoring Program: Terrestrial
discharge into the Greata®rier Reef (project 3.7.26pr the 201011 sampling yeailged 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 veryreng La Nina beginning imid-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 2010et seasorstarted with high flows in

the Wet Tropics during the November and DecemB@iQ 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 sasese 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 crossieel coastnear Bowen This travelled inland and went
south where it created floodi conditions from NSW to Victoria. This was then followed by Cyclone
Yasi ¢ategory 5 tropical cyclone, which crossed the Queensland coestr Cardwellin early
February 2011).

Nearly allof the GBR Rivers experienced a degree of flooding over the- 2Dkt 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 tlBairdekin River in late
December, from theFitzroy River in the early weeks of January 2011, and indirectly from the
southern rivers, particularly the MafBurnett catchments. Heavy and consistent rain also continued
in the Wet Tropics region throughout the weseason, peaking in February in association with
Cyclone Yast.he 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 Tuly 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 gatly 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) follolangg 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 mostcases the instrumental o®rd extends back about 80 years.



Samplingof flood plumes in the GBRas successfully conductetliring the 201011 wet season
within river plumes associated with the Fitzroy, Burdekin &otly Riversover several intervalsThis

was undertaken as pardf the MMP with additional funding from the GBR Extreme Weather
Response Program implemented by the Great Barrier Reef Marine Park Authority
(http://mww.gbrmpa.gov.au/outlookfor-the-reef/extreme-weather/responseprogram. Water
sampling occurred in three marine regionthe Wet TropicYNovember to April, 2011)Burdekin
(January 2011and the Fitzroy(extending into the Mackay Whitsunday region; January to Marc
2011) Higherfrequency samplingvas initiatedfor the plume waters associated with the 2011 wet
season including the record floods in the Fitzroy and the aftermath of CydMaseThe highest
frequency of sampling occurred in the Tully/Burdekin andRheroy (Keppdkslandsto Mackay).

Repeated sampling occurred at weekly or fortnightly periods during the high flow periods in the
Fitzroy and Tully transectBlume samplingn the Fitzroy River plume includédseparate transects
from the Fitzroy mouthto Keppellsland eefs, Shoalwater bay, Rosslyn Bay out phstKeppel
Islands Gladstone to Heron Island and north to Mack&ampling in the Tully foced onfrequent
sampling over the wet season, with onset of sampling occurring early in Novembe&oatiduing

until the final week of Marchit involved 1 transect with repeated sampling at high frequency (days
to weeks), and incorporated a new pesticide sampling program through the University of
Queensland (UQ) and JCU which investigated the corat®ns of pesticides measuredith
passive, grab and bioassay sampliftigh frequency sampling was also undertaken in high flow (~
every 3 days) during February and March 20Rh additional transect from the RussMulgrave
catchments was also undaken in December 2010 heBurdekin was sampled in collaboration with
research pragct (Bainbridge et al., 20)2napping the sediment signature of plume wateris
increased spatial and temporal sampling of plume watersseveral locationgyives a grater
understanding of the variability and influence of water quality parameters within the formation and
evolution of flood plume# the GBR

Sampling within river plumes included the collection of water samples for the analysis of Total
Suspended sedimén(TSS), Chlorophydl (Chla), Coloured Dissolved Organic Matter (CDOM),
dissolved andparticulate nutrients (nitrogen and phosphorus), salinity, temperature and PSII
herbicides. Further collection of sediment samples in the Fitzroy River plume wasndiaken

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 Rivéumpe sampling.

1.2. Water quality characteristics

Data collected from the Fitzroy, Burdekin and Tully regions is summari§exbliel.1, showing the
number of field trips, total number of samecollected, the period of sampling within the wet
season, and thevater 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 teeda#fime extent on the
particular date. Pesticide samples were also collected in the Fitzroy and Tully transects, as shown in
Tablel.1.


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

Tablel-1: Summary of transects that were completed during the 262011 wet season under the MMP and extreme weather programs.

NRM NO. 1 No Depth
. Transect Field ’ Start Date | End Date M TSS (mg/L) Chl /L) DIN (uM)
region . Samples Profiles
Trips
min | max | mean | min max | mean | min | max | mean
Burdekin Inner (coastal) 3 18 30-Dec10 18-Janll yes 1 11 3.7 0.2 2.7 1.1 1 23 4
Gladstone 2 6 11-Janll i} yes 3 13 7.5 0.2 27 | 0.69 | 1.8 2.8 2
Keppel Islands 8 57 04-Janll | 14-Aprll yes 10 38 227 | 0.2 22 2.2 1.5 14 4.8
Mackay 1 11 19-Janll - no 1 3.2 2 0.3 4.8 1.6 1.6 2.8 2.3
Rosslyn Bay to North
Fitzroy Keppels 3 18 18Janll | 20-Febll no 17 33 213 | 05 9.1 3.2 15 7.8 3.7
Shoalwater Bay 1 7 20-Janll ) no 25 33 28 0.2 1.6 0.5 2.2 6.8 3.3
Swains (offshore) 1 12 19-Janll | 26-Janll no
KeppelsSalinity runs 6 06-Janll | 12-Aprll yes
Russell i i i
Mulgrave Frankénd Islands 1 113 28-Dec10 - yes
Goold Islandto Sisters
Tully Islands 14 171 22-Nowv10 | 25Mar-11 yes 0 38 4.6 0.2 6.1 1.1 0.9 11 3.1




Fitzroy

High values of for all water quality variables weneasured ovemll of the transects with highest
values associated with the Fitzroy Rivethe Keppel transect and the Shoalwater Bay transect.
Water quality values were highest aloaghortherngradient from the Fitzroy mouth. Avera@hla
values averaged between 0.5 to BifiL, average TSS values ranged from 3 to 29mg/L and average
DIN values naged from 2 to &M overthe 6 transects located from the Fitzroy River mouth to the
southern end of the Whitsunday ReefBhese results are comparable to those seen in previous
plume sampling in the regn (2008 and 2010 ), with concentrations elevated period of weeks
(Johnson et al., 2011) However reporting of the 1991 event (CycloneslBoywed much higher
concentrations of chlorophyll biomass which may be related to the prevailing offshore winds at the
time. Further statistical work is required to dvelop robust relationships between intensity of
discharge, wind direction and extended water quality concentrations.

Wet Tropics

TheWet Tropicgesults showed reduced salinity at simpledsites, with surface salinity 1625ppt

and salinity at 5m raging from 25 to 31pptTemperature vasalso measured at all sites with a mean
temperature forthe Tully sites ovethe sampling period of 29.1 degrees Celsilifie recorded
temperatureat Bedarralslandwasgreater than 29 degrees Celsius for over 60 ddgauary to April
2011.)Cumulative exposure (in days) is suggested to be no more than 40 days at at temperature of
29°C for inshore reefs (Berklemans, 2008).

A water quality gradientvasevident from the Tully River mouth north to Sisters Island andkedi

to distance from the river mouth across all sites. Consistently high concentrations of all pollutants
were evident at the Bedarra Island and King Reef ¢#es Fig. 3.4High concentrations of all water
guality measurements were measured for anended period of almost 14 weeks.

Nutrient transport was dominated by DIN, DON and DOP/PP. DIN values ranged from 1 to 10.5uM
(ambient concentrations typically ~ 0.5uM).

Light attenuationwas measured this year for the first time using a depth profikerincrease our
understanding of the role of light attenuation over the time scales at which we measure flood
plumes.Pesticidesvere detected in both graBamplesand passive samplers and were found to be
persistent througlout the wet seasorsampling Diuron was detected in all samples, and there were
repeated detedbns of atrazine, simazine and tebuthiuron.

1.3. Site specific risk assessment

A water quality indeXWQI)was calculated for each site and for each transect witihe Wet
Tropics, Burdekin and Eioy NRM regions sampled in this wet seas®he BurnettMary 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 dataairgimgle
score. This is achieved by the use of Z scat@sh normalisehe variable watermeasurementdy
adjusting for the standard deviation of each parameter against a common meanZ Hueres
associated with each water quality parameter combinedgiee 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 tran8eetdata from this year from
each regiorwas then comparedo data previously collected in the region to see how this year fared

in relation to previous years. Finally, the data from this yweas comparedo all water quality data



previously collected in théS5BR collected over a 20 year peripdo assessf any regions had
comparativelypoor water quality.The hghest WQI scores were calculated for the sites within the
FitzroycKeppels transect due to the high concentrations of TSS andTh&Nnfluence from these
acute concentrations would hav been further exacerbated by the low salinity and higher
temperatures which were also experienced at these sitége @lculation 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 parametddawever, further work is
required tounderstand the factors which drive the variability between water quality measurements
and to identify the variation which is most likely due to anghwgenic influences.

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

Interpretation of quasirue colour images through colour manipulation and the application of
remote sensing algorithm&asused to identify the full extent of the surface rivelumes. Remote
sensing imagery was extracted to coincide with the high flow events in the-2D1@et seasons.
Imagery was selected based on a clear image being associated with the period of high flow.
Information on the frequency and movement of regibriver 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 providespatial and temporal information on the scale and content of GBR river
plumes An assessment dfieir potential impact on the short and long term water quality status of
GBR watersan then be performed

Long term neasured and/or modelled pollutant loa for each catchment and region have been
calculated (Brodie et al., 2009) for the three pollutants of concern (DIN, TSS and PSII herbicides).
Theseload estimates identified the two large dry catchments (Burdekin and Fitzroy) as the primary
source of TS® 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 thie pigportional 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), indiating 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 mappindentifies up to 5,970 kfand 5,131 krhof the marine areas of the Wet

Tropics and Burdekin regions, respectively, which are exposed to flood plumes carrying high DIN
f2FRA OADPSPT NBlFA Ofld3aAFTASR & dprdsahkiDo antld & @S NI
11% of the total marine portion of the Wet Tropics and Burdekin regions, respectively. The surface
mapping also indicated that up to 5,690 k12%) of the marine area of the Mackay Whitsunday

region and up to 2,538 ki(8%) of the Wet TrapOa | NB Of F aaATFASR I a a@SNE
herbicides. Furthermore up to 5,131 krfl1%) of the Burdekin and 7,998 k(8%) of the Fitzroy
NEIA2ya NBE OfFaaAFASR | &4 @tkhisHries welhde notdghegidited K A I K ¢
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.



2. INTRODUCTION

The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) akeerin the

Great Barrier Reef (GBR) lagoon assesses thetdomg effectiveness of the Australian and
vdzSSyatlyR D2@SNYYSyidQa wSSfReet Plan@nNJthe Adstfalfaii & t NP
Governmenf2 Reef Rescue initiative. The MMP was establish&D@b to help assess the lotgrm

status and health of GBR ecosystems and is a critical component in the assessment of regional water
guality as land management practices are improved across GBR catchments. The program forms an
integral part of the Reef|Bn Paddock to Reef Integrated Monitoring, Modelling and Reporting
Program(P2R program3upported through Reef Plan and Reef Rescue initiatives.

Water quality in the GBR is influenced by an array of factors includingoks®t 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 sampligpof the high flow events which input large volumekterrestrially sourced
pollutants through river discharge to the GBR. Results presented in this report summarise the flood
data collected over the 20101 wet season.

Because of the large size of the GBR Marine Park (350,08 #re shortterm nature and
variability ofrunoff events(hours to weekshnd the often difficult weather conditions associated
with floods, it is difficult and expensive to launch and coordinate comprehensive runoff plume water
guality sampling campaigns across a large section of the GBR (Devlin et al., 2084, Zd3 To
counter this variability this projectled by James Cook University (JCikns a multipronged
assessment of the exposure of selected GBR inshore reefs to material transported into the lagoon
from GBRRivers Plume water quality data is measured througtc@mbination ofin situ water

guality measurements taken at peak and post flow conditions in targeted catchments throughout
the wet seasonRiver plume extent, frequency and duration are measured through the use of
remote sensing products.

The focus of tB monitoring for 201611 was to better understand how extreme weather events
affect water quality conditions in the GBRThe catchments targeted for intensive sampling were
chosen in line with the overall aims of the MMP and with real time flooding ird¢ion. The Tully
River catchment is the wettest catchment in all of Australia and therefore floods every Ybis.
catchment is the ideal location to assess the lbegn effectiveness of the Reef Plan as data can be
collected every year. Thamplingthat took place irthe Tully River plumaddsto a multi-yeardata

set for the region. The regated sampling in the Burdekin River and FitzraxeiRcatchments was
based on the extreme flooding events that occurred within both catchments. The Burdgkin

and FitzroyRiver 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 evenssmpling was focused in these regions to
capture the 2011 flooding events.

The wet season in 20101 startedwith high flows in the Wet Tropics during the November and
December,and extended into Apri2011. Itwas characterisedby a weather system which caused
large scale and in some cases sevkreding from Rockhampton to Victoria, and the formation and
passage of &ategoryb tropical cyclone Cyclone Yasacross 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 Mdwyrnett catchments. Heavy and



consistent rain also continued in the Wet Tropics region throughoutwileé season, peaking in
February in association with Cyclone Yasi.

In recognition of the scale of events in 2010, the Great Barrier Reef Marine Park Authority
(GBRMPA) implemented an Extreme  Weather Response Program (EWRP
http://www.gbrmpa.gov.au/outlookfor-the-reef/extreme-weather/responseprogram to respond
to the extraordinary flow and flood conditions experienced in South East Queenstaidary and
Burnett catchmentsand theGBR. Thisxtendedsamplinginvolved collaboration between a number
of agencies includingCUthe Department of Environment and Resource Management (DERM),
Burnett Mary Regional Group (BMRG), Reef Catchméméskay Whitsundy NRM region), and
Central Queensland University (CQAQditional fundirg from the EVIPexpanded the capacity of the
MMP with additional sampling effort in both the Fitzroy and Tully regions.

This reportpresents the results of the flood monitoring undeken in the 20141 wet season as

part of the MMP and the E¥ The methods and resultare presentedn two sections: Part A Water
Quality (Sectior8 and 4), and Part B Mapping of flood plumes (Sect®hand 6). Water quality

results are presented on l@gional basis, and estimation of flood plume extenprisvided for the

GBR. Assessment of the estimated surface exposure of ecosystems in the GBR to a range of water
quality conditions is alsancluded in Sectior6. A combined discussion of the result$ the
monitoring and mapping is provided in Secti@n with conclusions in SectioB. 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

PARTA: WATERQUALITYMONITORING

3. WATERQUALITYMETHODS
3.1. Sampling design

The food plume monitoring is part of a water quality assessment for the MMP which includes
baseline and event sampling.his monitoring is run in partnership with the other MMP sub
programs including water quality (Schaffelke et al., in prep; Kennedy et ptep), coral monitoring
(Thompson et al., in prep) and seagrass raymg (McKenzie et al., 20).2

The three main facets of the marine flood plume monitonqmmggramare:

1. Assessment of the transport and processing of nutrients, suspended sedimenestinides
Delivered through water quality monitoringn 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. Estimdion of the extent and exposure of flood plumes to reefs and seagrass beds related to
prevailing weather and catchment conditionBelivered through spatial mapping of plume
extent and frequency. Information acquired from remote sensing products includiegcolour
processing of plume waters and the application of water quality algorithms (Chlorpphyll
ColouredDissolved @anic Matter {CDOM}and TotalSuspended Solijls Catchment runoff
events involve space scales ranging flommdredsof metres to kilometes 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 sialeting of anthropogenic
water quality conditions, water models, the MMP and Paddock to Reef repdBymghesis and
reporting of flood plume water quality data and exposure mapping into the MMP. Further work
on the integration and reporting of water glity data collected under this sgwogram and the
longterm water quality sukprogram is currently being investigated by JCU, CSIRO and AIMS
researchers through Reef Rescue R&D funding (see
http://www.rrrc.org.au/reefrescue/index.htmnjl

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 waers is targeted atmeasuing 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 ongoiR@R programeporting.

3.1. Sample collection

Water sampling occurredh four marine regionsthe 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 Fitzrapd the aftermath ofCyclone YasiWater
sampling was carried out by the Catchment to ReeResearch Bup in the Centre for Tropical
Water and Agquatic Ecosystem ReseafobpWater JCU Further sampling was also undertaken by


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

boat operators located inhie Tully and Fitzroyegions Appropriate training was carried out with
these individuals prior to the plume sampling.

Plume(grab)sampling wagarried out on small vessels, taking surface water samples fnaftiple
sitesfor a suite of water quality mesaurements (Table 3.1¥he 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 transecgampled in the 2011 wet season gm®vided inTable 32. 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, athasome samples were taken
outside the edge of the plume for comparison.

Table3-1: 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| .
Salinity psu column at each O
Temperature Degrees celcius | site. Sampled with &
L Sea Bird profiler ~
Turbidity ntu ®)
Light Attenuation (Tully only) PAR 0
Water quality Dissolved nutrients UM Surface  sampling &
Particulate Nutrients pM only 6]
Chlorophyll (Ck&)) ug It 0
Phaeophytin ug It @)
Total Suspended Solids (TSS) | mg I' o]
Coloured Dissolved  Organ 440m* o)
Matter (CDOM)
Pesticides (RB herbicides) () ng I Not at all sites 6]
Biological Phytoplankton counts Not at all sites No




Table3-2: Summary of transects that were completed during the 262011 wet season under the MMP and
EWRP.

No.
NRM Transect Field No. Start Date | End Date Dep_th
region : Samples Profiles
Trips
Burdekin Inner 3 18 30-Decl10 | 18Janll yes
Gladstone 2 6 11-Jan1l - yes
Keppel Islands 8 57 04-Janll | 14-Apr-11 yes
Mackay 1 11 19-Janrll - no
Fitzroy | Rosslyn Bay to North Keppe| 3 18 18-Janll | 20-Feb11 no
Shoalwater Bay 1 7 20-Janll - no
Swains (offshore) 1 12 19-Janll | 26-Janll no
KeppelsSalinity runs 6 06-Janll | 12-Apr-11 yes
Russell
Mulgrave Frankland islands 1 113 28-Dec10 - yes
25-Mar-
Tully Gould to Sisters 14 171 22-Now10 11 yes

Surface samples were collectatleach siteusing a clean, rinsed bucket in the tbpnetre of water.

From this sample nutrient samplaegere taken using sterile 50 mL syringes and-presed three
GAYSa gAGK GKS aSIglGSNI G2 06S &F YL SR® C2NJ RA
filter was then fitted to the syringe and a 10 mL sampiese 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 ontie sampling vessel. CDOM sampiese collected using a 50mL syringe fitted with a
nd®H >Y RAALRalFIO6ES YSYONIrYyS TFAECGSNI Ayiau2 @dl aa
TropWater laboratory, which occur within 24 hours of collection. IndividualL samplesvere
collected forTSSand Chta analysis. Theseere also placed on ice and filtered within 24 hours. At
every third to fourth site (dependent on size of sampling area), sampiere collected for
phytoplankton enumeration and pesticides. Deprofileswere taken at each sitén the Tully and
Fitzroy transectsvith a SeaBird profiler, collecting depth profiles of salinity, temperature, dissolved
oxygen and light attenuatiorséeTable 3.2)Salinity profiles were taken at all sites.

Pesticidemonitoring 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 eventhe 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, SERPS emporeiscs were deployed with a diffusion limiting membrane for

periods of between 16 34 days to monitor time integrated concentrationsThe discs were

attached by cable tie to a surface marker buoy that was held in place by weights at the bdttsm.
recognised thatlere may be significant variation in concentration during flood plume events which

YIe y2i 0SS adFFAOASy(dfte aOF L dzNB Ra& capluteithesde G KS &
RAFFSNBYyOSa | aSNARSa 27F aK2 NlnSedaken SvithSogpfogmend | Y LI A
periods of between 3; 6 days where the empore discs were deployed without a diffusion limiting
membrane to increase the sampling radeeKennedy et al., in prepGrab samples were taken at

the beginning and the end of each gsve sampling perioth the same locationThis sampling

allowed a comparison of time integrated and event passive sampler concentration estimates and
point in time grab concentrations throughout the wet seaséiurther detail of study design and
methodsis incorporated below.

S
Y

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 seasqrart of the EWRHFFor

the Fitzroy, inpacts 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 Jo@estfal Queernand University
{CQY) and the ongoing MMP component for inshore corals (Thompson et aR;28dd seagrasses
(McKenzie et al., 2@2012 have reported on the ecosystemimpacts of these floode further

detail. Inshore ecosystems located betwettie 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 Rinekey findings of the
EWRP are pesented in a consolidated report (GBRMPA, 20111).

3.3. Laboratory analysis

Laboratory analysis techniques vary slightly between agencies. The methods described in this report
are for theTropWaterlaboratories atJCU Further detailed information on the scewf 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 N4 NG, NQ +

NG;, PQ and Si) by standard procedures (Rgk al., 1981 implemented on a Skalar 20/40
autoanalyser, with baselines run against artificial seawateralyses 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 Dssolved Organic Phosphorus (DOPyvere calculated by
subtracting the separately measured inorganic nuttieoncentrations (above) from the TDN and
TDP value®articulate nitroger(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 we freeze dried before analysis. Following primary (650 °C) and secondary
combustion (1050 °C), the nitrogen oxides produced were quantified by chemiluminescence.
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Particulate phosphorugPP)was determined colorimetrically (Parsoes al., 1984) followingacid
persulfate digestion of the organic matter retained on the glass fibre filters-Aa#h 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 drynesa an aluminum block heater using aeigshed
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 thipWaterlaboratories using the spectrophotometric
method. Samples are processed promptly after filtration to prevent pos§ibla degradation from
residual acidic water on filtgpaper.Samples on filters taken from water having pH 7 or higher may
be stored frozen for three weeks he 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 pigsyetime 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 suspeddn the marine water.TSSconcentrations are
determined gravimetrically from the difference in weight between loaded and unloaded 0.4um
polycarbonate filters after the filters had been dried overnight afGOA welimixed sample is
filtered through a wéghed standard glass fibre filter and the residue retained on the filter is dried to
a constant weight at 10205°C. The increase in weight of the filter representsT&S

3.3.4.Coloured dissolved organic matter (CDOM)

CDOM is an important optical componerftamastal waters defined as the fraction of light absorbing
adzoadl yoSa GKFG LI da (KNPOMIKtypicallyFchnipiisSd\aF h2ific andb H > Y
fulvic substances which are sourced from degradation of plant matter, phytoplankton cells ard oth
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 andialkta(UV)

regions of the electromagnetic spectrun€DOM has been known toontaminate 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 bottersd kept cool and dark until analysis byopWater
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 patlength quartz cell. The CDOM absorptiooefficient (') of each
filtrate is measured from 26000nm using a GBC 916 UV/VIS spectrophotometer, andQiater
(Millipore) used as a reference. CDOM absorption spectra are finally normalised to zero at 680 nm
and an exponential function fittedver the range 35&80nm.
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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. Orgarmrité, 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 quantificatio 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 MENRRP in 201011, includingthe Fitzroy

(Jauaryto March 2011), Burdekin (Jaary2011) andNet Tropics Tully) (Novemberto April, 2011).

Therewere also a small number of samples taken around the Feamklislandsoff the Russell

Mulgravecatchment(Figure 3.1)The highest frequency of samplingcurred in the Tully/Burdekin
and the FitzroyKeppel Island® Mackay).

Legend -
Sample Sites A
transect

@ Tully to Sisters
Burdekin
Mackay
Shoalwater Bay
Fitzroy to Keppels
Rosslyn Bay to North keppels
Gladstone to Heron
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Figure3-1: Location of sites withirthe flood plume water quality monitoringfor the 201011 wet season

3.4.1.Fitzroy region ZWQ sites

Table3.1 identifiesall the sampling transects in theouthernGBR, which focus on the spatial and
temporal sampling of the Fitzroy plumes through the months of January and Fel#Oaty The
location of the sites within each transect is shown in Figute 3

Water samples were collected in the Fitzroy marine area in response to the flood conditions of the
Fitzroy and othersouthern rivers Samples were taken in a number of different transects, moving
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from the mouth of the Fitzroy along the Kepplslandreef system to the bottom end of the
Whitsundaylslandsreef system and south to Gladstone to Heron Islartiere were also a number

of other research and monitoring programs which carried out sampling in plume waters, particularly
in the southern regions. hese included State government (DERM) monitoring of siteshsofit
Agnes Water (Figure 3.and CSIRO profiling the inner plume waters. Data from these programs

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

Passive samplers were deployed avesal locations in the Fitzroy regiofhe 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, NaielK
Island, Halfway and Clam (Figure 3.2).

Fitzroy Region - 2011
Water Quality Sampling Sites
2. Plume Sampling Sites:
Depth profiles, TSS,
Chl., CDOM, nutrients,
pesticides, grab.

A Reef Sampling Sites:
Pesticides, salinity loggers,
sediment traps, passive
samplers (pest), grab
samples (pest) & other
MMP work (AIMS, CQU)
Plume flyover 04/01/2011

| Reefs

Plume Exposure

| e

North Keppel I

Rockhampton

Gladstone

0o 5 10 20 &
Ploegaot o111
Kilometres ;

Figure3-2: Plume sampling sites where passive samplers were deployed during a major flood event in the
Fitzroy region.

The samplers were deployed by Alison Jo(@®U who also performed sediment trapping at
different depths and heights within the water column. A proportion of these sediment samjgles

also submitted for pesticide analysis to assess the importance sediment facilitated transport of both
herbicides and insecticides for these sitd3ata from sediment analysis is not available at this time
due to delays at QHSS laboratories.

SDBRPS empore disc passive samplers were deployed from"thdahuaryto 8" February 2011,
and the Fitzroy River peak hght occurred on the 5 JanuaB011l 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
sampekrs at these sites included polydimethylsiloxane (PDMS) passive samplerssidiente

empore discs. PDMS samplers are used to sample pesticides such as chlorpyrifos and dieldrin. These
samplers were deployed either from the 8 Februaryt March2011or from 21 February to 4 March

2011at 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 z WQ and sediment sites

The Burdekirregion was sampledn collaboration with a research project mapping the sediment
signature of plume watergBainbridge 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 moutiFigure 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 plesiin the GBR.

During December/January 2040 thesampling of theBurdekin River flood plumasas 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 Z0fo 18 January 2011. The fimmtea 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 particulaé nutrients through the plume waters. An extreme peak n daily discharge (10,660 m

1) occurred on 28 December 2010 at the esfecatchment river gauge (Clare GS120006B), exceeding
the long term mean peak annual discharge of 9,15 tdata sourced fronDERM).

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 transeeas repeated approximately three weeks later

(18 January 2011) to capture changes in plume dynamics.-#elidrsampling transect was also
completed from Magnetic Island to the Palm Island Group (6 January 2011) to capture the visible
extent of the northvard plume boundary using MODIS Rapid Response neatimeal(true colour
satellite) imagery (see Figure 3tttp://rapidfire.sci.gsfc.nasa.ggv

Pesticide grab samples were taken in plumes from the Bdmdeiver on 30 December 2010 (Site 4
Northern and Site 1 Inner Plume in Figure 3.3).
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Figure3-3: MODIS satellite image (danuary 2Q1) of the Burdekin River flood plume, with the location of
the three sanpling transects overlain. The sampling site in the freshwater part of the Burdekin River at
Inkerman is also shown. The white patches over watadjacent to the coastare clouds.Source: Bainbridge

et al., 012.

3.4.3.Wet Tropics region z WQ sites

During the wet season the coastal and inshore areas adjacent to the Riukly 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 concentratidnESSnutrients and pesticides into the
marine environmentFrom November 2010 to March 201ftequentsampling oflood plumesin the

Tully marine areavas conducted al7 sites in the Tully marine areduring anumber ofsignificant

flood evens. Five d those sampling periods occurred just after the highest flow period in February
2011, at approximately3 dayintervals for a period of two weeks. This was designed to capture the
short term variability associated with the onset of the high flow and asbesengoing influence of

the high river discharge in the marine are@ites within the Tullynarine areavere located between
Gooldlsland in the south, to Sisters Island in the north including sites at the Tully and Hull River
mouths, additional coastdbcations, Dunk Island and Bedarra Island (Figure Biw).sampling area
includes areas within a high to moderate flood plume exposure area from the-Mutay River
identified by water quality exceedances during previous wet seasons (Devlin et g, ZD10h
Schaffelke et al., 2010) and an area of high frequency of plume coverage (Devlin and Schaffelke,
2009; Devlin et al., 201). In addition, a small number of samples were collected around the
Frankland Island reefs (adjacent to the Rudgkilgrave catchment) in late December 2010 (Table
3.2; Figure 31).

The aim of the pesticide monitoring for the Tully River transect was to assess temporal and spatial
variation in the concentrations of photosystem Il herbicides during the wet season from 16

16



December 2010 to 15 April 2011 using both passive (time integrated and event) and grab sampling
(point in time) techniques.

—— Wet Tropics Region
| Water Quality Sample Sites

* Sample Sites
Major Rivers

*& () Reefs
@@ Seagrass

0 5 10 20

Kilometres

Disclaimer:

The representation of
boundaries on this map is
not necessarily authoritive.

©ACTFR, JCU 2010
Prepared by P Harkness
Sources: GA geodata 250k
ACTFR sample locations

Figure 3-4:Locationand geographical information for the water quality sites sampled in the Wet Tropics
(Tully and RusseMulgrave Rivers)2010-11).

17



3.5. Methods for Reporting

3.5.1.Developing a flood water quality metric

As part of the MMP,t is desirable to report the resultagainst 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 thresholdsire suggested for each parametan the flood monitoring component of the

MMP. These thresholds are bad on eitherthe GBR Water Quality Guidelines (GBRMPA, 2009;
5SQI 4K ' yYR CI 6,\Nhe pulitshed thresholds (Massiemal. 02005) or best available
information on thresholds related to time (Berklemans 2002; Kerswell and Jones 2003; Humiphrey e
al. 2008).

Table3-3. Thresholds for a range of water quality parameters defined for the risk assessment.

Parameter Threshold Description

DIN (M) 0.2 (Tully)0.5 Moss et al., 2005
(Fitzroy)

TSS (mg/L) 24 (summer |5SQlFGK FYyR CFoNROADzZAS OHAnN
mean)

Chia( oil) 0.6(summer |5SQlFG4K IyR ClFIONROAdzZAZ OHAN
mean)

Salinity(ppt) 28 Reduced fertilization success and increased developme

abnormalities in coraHumphrey et al.2008)

Temperature 29 Increased susceptibility to bleaching in corals (Berkelm

(degrees 2002)

celcius)

This year, considerable effort has been directed towards improving the mapping of flood plume
extent and predictecconcentrationsof sediments and nutrients within mapped flood plume extents
for Reef Plan reportingn an attempt to convey the combined water quality conditions, we have
developed a Water Quality metrfor the flood plume monitoring datdt is difficut to assess water
guality in variable conditions experienced during flood plume periods and to identify the cumulative
impacts of all pollutants carried in flood plumes. We have usedWhsaer Quality metric, as
reported by Falcius et al., (2005) andCoer et al.,(2008) that combines the water quality
information at a site level and normalises this information to be able compare#ter qualitydata
across sites and time. This allows us to identify the sites which have experienceshextreme
water quality values over the plume sampling season.

The metric, referred to as the Water Quality Index or Wi®lbased on combining information of
each water quality parameter measured within a site or a transect and comparing it against water
guality data collected over the entire 2011 wet season or collected over the entire plume sampling
program (see Devlin et al., 2001; Devlin and Schaffelke, 2808t water quality variables were
used to create the index: TSS, @hHdissolved inorganicitnogen (DIN)and phosphorus (DIN and
DIP), PN and PP, and DON and DOP. Each water quality variablangasdisedyy subtracting the
mean of all sites divided by the standard deviation. Stamdardisedsalues were summed over the
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eight variables foeach 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 atireardow 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 WQievan becalculated for the 2011 data. A

WQI score approaching zero means that the mean values wh#dr qualityparameters (combing

as Z scores) calculated for that site or transect was similar to the overall WQI calculated for all sites
or for all ransects. 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 meaments away from the
average value. For instandeigh TSS measurements..> 20mg/L) will influence both the Z sore
calculated for TSS and for the overall WQI.

ThreeWQI were calculated for each sitg)for the site based on 2011 data onB) for the site
based on all the water quality data from that region throughdjnand 3) for the site based on all
water quality data collected within the flood plume sampling program (1©2@11) (Devlin and
Waterhouse, in press).

Site mean for
—| each WQ —
parameter l
Overall MEAN
for each WQ
parameter for all Z score calculated
sites with the for each WQ
r\ Tully transect parameter
Site 7 sampling OVEFSJ);D for Z score = mean (site) — mean (all sites)
i eac SD (all sites
L parameter for all
sites with the
Tully transect
WQ Index (WQJ) =
2 (Z score) for the
site

Figure3-5: Process of calculating the WQI for each site sdetpin the 2011 season. WQI wadso be scaled
up to the transect and regional levébr 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 cumeulatpping of the three

main water types (primary, secondary and tertiary) identified by information available from remote
sensing algorithms.HE tertiary plume (identified by CDOM value higher than 0.346DOM 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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Chla andCDOM 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 defin@omplementary 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 camabtion 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 aada@hitherefore contribute

to understanding the smtial 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 basedailable 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. Theqgfrency 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 agaiespithportional 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 P2Rrogram. 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 thathis method is being reportedsection 5 includes further detail of this
method and examples of the proposed reporting products.
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4 WATERQUALITYRESULTS
4.1. 2010-11Weather Events

The wet season 20101 wascharacterisedy extreme events in the GBR regiorarihg with a very

strong La Ninaand beginningn mid-2010, which brought extraordinary rainfall, both intense and
prolonged, across eastern Queenslafitiree 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
BrisbaneBurnett 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 Victorias 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 seasoin 2010611 started comparatively early with high flows in the Wet Tropics during the
November and December, and extendedllinto April 2011. Flood waters moved into the GBR from
the Burdekin River at the end of 2010, and from fitzroy River in the ebrweeks of January 2011,

and indirectly from the southern rivers, particularly the Mdwyrnett catchments. Heavy and
consistent rain also continued in the Wet Tropics region throughout the wet season, peaking in
February in association with Cyclone Yasi.

SevereTCYasimade landfall in northernQueenslandin the early hours of 3 February 2011. Yasi
originated from a tropical low nedfiji. The system intensified toategory 3 cyclonat about 5pm
AESTO07:00UTQ on 31 January 2011. Late on 1 February the cyclone strengthenedategory4
system, and then intensified tocategory5 systen early on 2 February.

The large destructive core crossed th@astbetweenInnisfailand Cardwellwith a central pressure
of 930hectopascalsind maximum 16ninute sustained winds of 21&m/h (Figure 4.1). Maximum-3
second gusts were estimated at 285 km/h, with these likely to affect an area spannindgnfybam
to Cairnsaccording to the Threat Map for a period e#idours.
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Figure4-1. Cyclone Yasi passage as it moved across@m?and approached landfall on 2 February 2011.
Source: Bureau of Meteorology (www.bom.gov.au).

In Mission Beaclmear whereTCYasi made landfall, wind gusts were estimated to have reached 290
km/h, leaving behind significant damage. sform surgeestimated to have reached 7 etres)
destroyed several structures along the coast and pushed up tor38@es inland The worst
affectedareas were aroundully, SilkwoodMission Beachinnisfailand Cardwell.Figure 4.2hows

the change in the inshore area before and aftiee passage of CYasi. In August 2010, the water is
relatively clear with reef and bottom structure clearly seen. In Jan28xyl, 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 CYasi (2 Februarg011), the first visual image (5 Februa2911) 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 reefeyst north of Townsville and south

of the RusselMulgrave (GBRMPA2011).
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Figure4-2: Aerial imagery of the area affected by Cyclone Yasi,. (a) pre Cyc¥as (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 -201@/ere
associatR G AGK GKS W[ I isbtheyettréme Orasef sSrdturdlly occorfing klimate

cycle called the El Nino/Southern Oscillation, with El Nino periods themselves othdreend of

that cycle. The cycle is governed, like so much else on the planet, by thénsids case, largscale
changes in the sesurface temperature in the eastern tropical Pacific. Normally thesseface
temperatures in that region fabetween16 to 22°C, with warm pools that can rise abo2&°Cin 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 suafface th
can lower temperatures by as much E¥C. 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 unusubtly 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 irt lihiédsame yeams a
particularly strong La Nina episode. La Nina events can usually last a year or longer, with the entire El
Nino/Southern Oscill&n cycle lasting three to four years.
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