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Executive summary

Acombination of qualitative and senguantitative assessments was used to estimate the relative risk of water
guality constituents tdGreat Barrier Reefcosystem health from major sources in tBeeat Barrier Reef
catchments, focusing on agricultural lansgles.In this assessment, thisk was defined simply as theea of

coral reefs and seagrassthin a range of assessment clasfesry low to very high relative risk) for several
water quality variables in eaatatural resource managemenggion. Thevariables included edogically

relevant thresholds for concentrations of total suspended solids and chloragpfrgiin daily remote sensing
observations, anthe distribution of key pollutants includirtgtal suspended solidslissolved inorganic
nitrogenand photosystenil inhibiting herbicidesn the marine environment during flood conditions (based on
end-of-catchment loads and plume loading estimates). A factor related to water quality influences onaiown
thorns starfish outbreaks was included faral reefs.The main finding was that increased loads of suspended
sediments, nutrients (nitrogen and phosphorus) and pesticides all pose a high risk to some partsreaithe G
Barrier Reef. However, the risk differs between thedividual pollutants, betwen the sourceatchments, and
with distance from the coast.

Supporting points:

9 Overall, nitrogen poses the greatest risk of pollution to coral reefs from catchments between the
Daintree and Burdekin Rivers. Runoff from these rivers during extreme alydnggrseasons is
associated with outbreak cycles of the ceeakingcrown-of-thorns starfishon the northern @Geat
Barrier Reefshelf (15 to 1'flegrees souththat subsequently generate secondary outbreaks throughout
the central Geat Barrier Reef. Great Barrier Reef-wide loss of coral cover due twown-of-thorns
starfishis estimated to be 1.per centper year over theast 25 years, and a new outbreak is underway.
It is estimated thatrown-of-thorns starfisthave affectednore than1000 of theapproximately3000
reefs within the @eat Barrier Reefover thepast 60 years.

9 Of equal importance is the risk to seagrass from suspended sediments discharged from rivers in excess

of natural erosion rates, especially the fine fractions (clays). Whetheedan flood plumes, or
resuspended by waves, suspended solids create a turbid water column that reduces tlawdigddible

to seagrass and corals. Increased sedimentation of fine particles interferes with many functions of
benthic animal and plant commnities. Runoffassociated risk decreases with increasing distance from
rivers. High turbidity affects approximately 200 inshore reefs and most seagrass areas. On a regional
basis, the Burdekin and Fitzroy regions present the greatest risk to the Greigtr Bxgef in terms of
sediment loadsLoss of seagrass habitat as a resuttyaflones, floodand degraded water quality

appears to be associated wittigher mortalityof dugong and turtles.

1 At smaller scales, particularly in coastal seagrass habitats and freshwater and estuarine wetlands,

pesticides can pose a high risk. Concentrations of a range of pesticides exceed water quality guidelines

in many fresh and estuarine waterbodies downstreahtcropping lands. Based on a risk assessment of
the six commonly usephotosystem Il inhibitindperbicides, the Mackay Whitsunday and Burdekin
region are considered to be at highest risk, followed by the Wet Tropics, Fitzroy and Burnett Mary
regions. Howeer, the risk of only a fraction of pesticides has been assessed, witkinafythe 34

pesticides currently detected included in the assessment, and therefore the effect of pesticides is most

likely to have been underestimated.

1 The ranking othe relaive risk of degradedater qualitybetween the regions in the i@at Barrier Reef
is (from highest to lowest)
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Priority areas for management of degraded water quality in thea@Barrier Reefare Wet Tropics for
nitrogen management; Mackay Whitsunday ahe lower Burdekin fophotosystem Il inhibiting
herbicide management; and Burdekin and Fitzroy for suspended sediment management.

1 From a combined assessment of water qualityaalgs in the @at Barrier Reef (using the total area of
habitat affected in theareas identified to be dfighest relative risk) and ernof-catchment
anthropogenic loads of nutrients, sediments gotibtosystemll inhibiting herbicides the regional
ranking of water quality risk to coral reefs(fsom highest risk to lowest)
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Importantly in the Mackay Whitsundaggion, 40per centof the seagrass area is in the highest relative
risk class compared to less thand€r centfor all other regionsThe highly valuable seagrass niesvs

in Hervey Bay, and the importance to associated dugong and turtle populations in the Burnett Mary
Region, were not included in the analyassthey are outside the Great Barrier Reef Marine Park
boundaries

1 Both dssolved(inorganic andrganic)and particulate forms of nutrients discharged into thee@t
Barrier Reefare important in driving ecological effectveralljincreased nitrogen inputs are more
important than phosphorus inputs. Dissolved inorganic forms of nitrogen and phosphorus are
consicered to be of greatest concern compared to dissolved organic and particulate forms as they are
immediately bioavailable fasupportingalgal growth. Particulate formsf nitrogen and phosphorus
mostly become bioavailabléutover longer time framesMostdissolved organinitrogentypically ha
limited and delayed bioavailability.

1 Little is known about the types and concentrations of contaminants bound to sediment discharged by
rivers into the @eat Barrier Reefand the risk that these pose toarineecosystems.

Relative risks to the Great Barrier Reef from degraded water quality
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Introduction

The main water quality pollutants of concefior the Great Barrier Reedre identified inChapter 4,Sources of
sediment, nutrients, pesticides and other pollutants in the Great Barrier Reef catch{ieanet al.,2013)and
indude enhanced levels afuspended sedimentgxcessutrients and pesticidedJntil recently there has been
insufficient knowledge about theelative exposureto and effectsof these pollutants t@uide effective
prioritisation of the management otheir sources|n this chapter, we will review current knowledge of the
relativerisk of pollutantsincluding different nutrient speciesuspendedsediment (including different size
fractions) and pesticide§hese issues were not specifically addressed ir2@@8Reef Plan Scien€onsensus
Statement(Brodieet al.,2008)

This chapter specifically addresses the overarching quegiidinat are the relative risks twarious parts othe
Great Barrier Reef from degradedwater quality?) with the following sulquestions:

a) What is current understanding of thexologicalisk ofindividual pollutants taifferent components of
the QGreat Barrier Reefmarine ecosystents
b) Where are the risks highest or the benefits of improved management greatest?
c) When are the riskhighest or the benefits of improved management greatest?
d) What are the consequences of the water quality impact and which pollutants pose the greatest risk?

It is structured around these four questions. Questions a, b and c are largely supported by theceos
assessment of the relativésk of water quality to the (@at Barrier Reefundertaken by Brodiet al.,(2013a).

Quspended (fine) sediments amaitrients (nitrogen, phosphorysire referred tof & W LJ2 in thidathapieni & Q
In thissituationwe explicitly mean enhanced concentrations of or exposures to these pollutants which are
(directly or indirectly)derived from human activities in ther&at Barrier Reefecosystem or adjoining systems
(e.g. river catchments). Fine sediments and nutrierisirally occur in the environment; all living things in
ecosystems of the @at Barrier Reefrequire nutrients, and many have evolved to live in or on sediment.
Pesticides do not naturally occur in the environment. The natural concentrations of thes@aismin Geat

Barrier Reefwaters and inflowing rivers can vary, at least episodically, over considerable ranges. Pollution
occurs when human activities raise ambient levels of these materials (time averages, oradatat) to
concentrations that case environmental harm and changes to the physical structure, biological communities
and biological functions of the ecosystem.

This chapter was led by TropWATER James Cook University with contributions from several representatives from
the Australian Ingtute of Marine Science (AIMS), tiaistralian Bureau of Agricultural and Resource Economics

and ScienceABARES), the Great Barrier Reef Marine Park Authority (GBRMP@gntineonwealth Science

and Industrial Research Organisat{@5IRO), Queensland Department of Environment and Heritage Protection
(DEHP), Queensland Department of Science, Information Technalogyation and the Arts (DSITIA) and
independent researchers

The chapter was prepared with the support of fundirgg % G KS ! dz2 N> f Ay D2@SNYYSyl
Environmental Research Program. The authors would also like to acknowledge the funding provided by the
Queensland Department of Environment and Heritage Protection for the associated project reported in Brodie

et al, (2013a).
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Synthesis process

The preparation of this synthesis was undertaken with financial support fro@tleensland Department of
Environment and Heritage Protection undbe Reef Protection Package Science Progréme. funding
supported the compliion of the most recent assessment of the relative risk of pollutants in teat®arrier
Reefregion to Geat Barrier Reefecosystem health (Brodigt al.,2013a)which forms the basis of this chapter

Ecological Risk Assessment (ERA) is a term usad/éoiety of methods to determine the risk posed by a
stressor, for example a pollutant, to the health of an ecosysf88/NZS, 2004Risk is usually defined as the
probability that an adverse effect will occur as a result of ecosystem exposure to a certain concentration of the
stressor. Risk is often quantified as the product ofltkelihoodof an event occurring (exposure) and the
consequence@lso measured as effects) of that eveRisk assessments are used as decision tools that rank
risks to human values in order to prioritise management actions and investmegi8grgman 2005; AS/NZS,
2004). A number of methodologies areadlable to carry out the analysis with Bayesian techniques now often
favoured by decision makers.§.Hartet al.,2005; Hart and Pollino, 2@).

In this assessment the relativisk d degraded water quality amonggions was determined by combining
information on the estimated ecological risk of water dtyalo coral reefs and seagrassthe Geat Barrier Reef
and endof-catchment pollutant loads. This approach attempts to relate the water quality conditions in the
Great Barrier Reefto catchment based influences, albeit in a relatively crude way.

Ecological risk is assessed using a relatively simple approadikeliheod ofexposureof a species or habitat to

an impact is typically a function of the intensity of the impact @bacentration or load of a pollutant) and the
length of time it is exposed to the impact. For example, a seagrass meadow may be exposed to a high intensity
impact for a short period of time (acute), or to lower intensities for longer periods (chronic)n \ylremntifying
exposure, it is important to determine the threshold concentrations that lead to an effect on species or habitats,
that is, the concentratiothat potentially leads to damage or mortality within hours or days, as well as
understanding longerm average concentrations and the duration of exposiitds complicates the description

of exposure thresholds given their values may change by one to two orders of magnitude between days, seasons
and yearsHence, some key water quality variables such as suspended sediments are divided into different
thresholds based on ecological responses and periods of exposure. To reflect this, each threshold is classified
into several assessment classes to represenfibiential differences between the duration and severity of the
influence (from lowest to highest).

Theconsequenceare the measured effects of the water quality exposure. Current knowledge of the effects of
degraded water quality on the health of thedat Barrier Reefare summarised in the 2013 Scientific Consensus
Statement. The &at Barrier Reef Water Quality Guidelines reflect our knowledge of ecological thresholds for
water quality variables for coral reefs in thee@t Barrier Reef (GBRMPA, 200%iowever, only limited

information is available to draw conclusions on the effects of the exposure of sediments, nutrients and
pesticides on seagrass health. Evidence shows that one of the greatest drivers of seagrass health is the
availability of light, vich is reduced by increased suspended sediment and the secondary effects of increased
nutrients such as increasgahytoplankton production angrowth of epiphytes (Collieat al.,2012). However, in

the absence of more regionally and speespgcific knowedge of pollutant impacts on seagrass, the same
threshold concentrations have been used for coral reefs and seagrass in this assessment. It is also recognised
that the consequence of the exposure of species or habitats to a range of water quality cosiditio

Relative risks to the Great Barrier Reef from degraded water quality
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complicated by the influence of multiple pressures, and many external influences including weather conditions,
however it is difficult to factor this into the risk assessmerdiily quantitative way.

Given the above and recognising the inconsistenian the spatial and temporal availability of the water quality

data, our capacity to produce a true likelihood or true consequence estimate for this assessment is limited. It

was therefore necessary to develop an effective, simple and standard methgdwlothe risk assessment that

could be implemented with the available data, in a way that could be easily communicated and discussed with
decisionmakers and stakeholders. For this reason, ecologiglkin the Geat Barrier Reefis expressed simply as

the aea of coral reefs and seagrasihin a range of assessment classes (very low to very high relative risk) for
several water quality variables in each region in the GBR catch®@eanmethod for calculating risk essentially
assesses the likelihood of exceedance of a selected threshold. This likelihood wagresfoas parameter and

location if observations or modelled data indicate that the threshold was exceeded. Conversdikelihood

was set azeroif observations or modelled data indicate that the threshold was not exceeledonsequences

are mostly unknown at a regional or species level, potential impact wadai#idwas the area of coral reef and
seagrassin squarekilometreg within the highest assessment classes of the water quality variables (reflecting

the highest severity of influence). The effects of multiplying the habitat arembwpr zerofor the likelihood

mean that thefinal assessment of risk in thissessment is only an indication of potential impdabe area of

coral reef and seagrass in which exceedance of an agreed threshold was modeled or obE@s/Bdcomes an
FaasSaaySyid 27 WNBfFGADBS NRAA]Q o0& hohighestabsksgraentdldasses | NS |
2F GKS QGFINARIFIOoftSa Y2y3d NB3IA2yas YR gl a dzaSR (2 3Sy

Modelled end-of-catchment pollutant loads (generated from the Source Catchments model framework for the
Reef PlafPaddock to Regirogram) were obtained for each region for key pollutants, and only the
anthropogenic portions were considered. The anthropogenic load is calculated as the difference between the
long term average annual load, and the estimategrage annugbre-Europeandad. This information was used
G2 RSTAYS | W[ 2FR& LYRSEQO®

Figure 1lillustrates the geographic boundaries of the assessment and the spatial distribution obttiree

habitats in the assessme(doral reefs and seagrass), based on best available informatienarea oGreat

Barrier Reeflagoon watersvasalsoincludedas an ecological endpoint to represent timeportant pelagic
ecosystemshowever, the assessmemtas limited by associated knowledge of the likely impacts of water quality
on these ecosystemand therefore not reported hereQualitative conclusions were drawn about coastal and
estuarine wetlands where information was available. The selection of the variables and methods used in the
assessmentvere informed by several supporting studies repadtm Brodieet al.,(2013a)and by the reviews of
current knowledge presenteith the other chapters.Unlike the risk assessment undertaken for Reef Plan in 2004
(Greineret al.,2005), this assessmedid not take into account the social and econorsignificancef the
ecologicabssets for example the value of coastal industrigch as tourism anfisheries

A suite of water quality variables were chosen that represent the pollutants of greatest concern with regards to
agricultural runoff and potetmal impacts on @at Barrier Reef ecosystemsEcological impacts of terrestrial

runoff on coral reefs and seagrass can be experienced as either acute, short term changes associated with
formation of highnutrient, highsediment, low salinity flood plumes the more chronic impacts associated

with changes in longerm water quality concentration (Devlgt al.,2012). The ecological impact@dtchment
pollutants varies not only with the type of pollutant, the magnitude and extent of the riverine influiguicalso

with the ecosystems being affected and the frequency and duration of plume occurrencB€glipet al.,

2013h. Long time series of pollutant concentration data provides a way of assessing chronic stress, while river
plume models can help toesvelop risk maps by defining areas which may experience acute or chronic high
exposure to pollutants or stressors (Alvafeameroet al.,2013). Details of the pollutant movement and

Relative risks to the Great Barrier Reef from degraded water quality
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frequency of inundation can be key measurements in attributing waterityugécline to ecosystem change.
This assessment uses a combination of variables that represent chronécatedstress on Bat Barrier Reef
ecosystems.

Theselected variables are summarised in Tab#n@ include eglogically relevant thresholds for concentrations
of total suspended solids and chlorophgfrom daily remote sensingbservations, anthe distribution of key
pollutants includingotal suspended soligslissolved inorganic nitrogen and photosystenmhibiting herbicides

in the marine environment during flood conditions (based on-efidatchment loads and surface water
exposure estimates). A spatial variable was included that represents an area ottitd3&rier Reeflagoon

where primarycrown-of-thorns starfistoutbreaks have most frequently been observetbwin-of-thorns
starfishoutbreaks are an important cause mid and outer shel€oral loss on the @at Barrier Reefé 5 S @t (i K
al.,2012) and are, based on current understanding, a responsgdess nutrient runoff from certain
catchmentghat NB I O K S@wnidfihbras stdrfisth y A G A+ (A 2 v el a2, J050RTheé relévanbeFolO A dzi
each of these variables is described in further detaiVaterhouseet al.,(2013, and more detailed formation

on pollutant impacton Great Barrier Reefecosystems is provided in the Scientific Consensus Statement
Chapter I(Schaffelkest al.,2013).

For each variable, thresholds above which potential impacts have been observed were defined and classified
into three to five classes (from lowest to highest), largely on the basis of the time (or probability) the ecosystem

is likely to be exposedtocongel NI A2y a | 60208 GKS (KNBakKz2fRT GKSasS |
selected variables represent long term conditions (chronic exposure) and wet season pollutant loadings in flood
plumes (acute exposure).

Additional variables were consideredathhave not been included here due to the current lack of data showing
their temporal and spatialariabilityand ecological impacts. These include: phosphorus exposure, chronic
exposure tophotosystem Il inhibitindgperbicides and noihotosystemll inhibiting herbicides, and time series of
pesticide concentration data.he decision to seleclissolved inorganic nitrogess primary nutrient variable
within the assessment is supported by analysighefrelative importance of nutrient forms and of nitrogenca
phosphorus in the (@at Barrier Reef (Furnaset al.,2013b). The analysis indicates that dissolved inorganic and
particulate forms of nutrients discharged into thee@t Barrier Reefare both important in driving ecological
effects but increased nitrogeinputs are more important than phosphorus inputs. Dissolved inorganic forms of
nitrogen and phosphorus are considered to be of greatest concern compared to dissolved organic and
particulate forms of nutrients, as they are immediately and completely libable for algal growth (see Furnas
et al.,2013b). Particulate forms mostly become bioavailable over longer time frames, and dissolved organic
forms typically have limited and delayed bioavailability (see Fuehak,2013b).

Relative risks to the Great Barrier Reef from degraded water quality
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Figure 1. Assessment boundaries considered in the risk assessment for Ree?(RBaand Reef Rescyghase two Consideration of
ecosystems is confined to the areas inside the Great Barrier Reef Marine Park.
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Tablel. Summary of water quality variableassessment classes and data soucmessidered intie marine risk assessment. RefeMifaterhouseet al.,(2013) for further explanation of

the selected variables.

Variables Assessment Class Data source/methodology
Veri Low Lc;w Med3|um H'49h Verysngh Refer towaterhouseet al.,(2013) for a more detailed description of the method
Sediments

TSS concentration Based on daily observations of TSS in the periNdvdember2002 to 30April

(mg/L) 2012. Data has been interpolated across reefs (which are masked during ima

F ¢ processing) using Euclidean Allocation in ArcGIS. Classification of frequency

requzncy 00/ exceedance is based on the number of valid observations in the full observati
exceedance “o period. Method fa extractionisdescribed in Brandet al.,(2013).

Threshold a: thg/L <1 1-10 10-20 20-50 50-100 Threshold correlates strongly with declines in ecosystem condition such as
increased macroalgal growth and declining diversity. Average annual thresho
TSS in the Great Barrier Reef Water Quality Guidelines.

Threshold b: 7mg/L 0 <1 1-10 10-20 20-100 Threshold is equivalent to a turbidity of 5 nephelometric turbidity units (NTU).
Shown to have various ecosystem effects including coral reef stress, declines
seagrass cover (Colliet al.,2012), fish habitat choice, home range movement
(Wengerand McCormick, in presand (above 7.5 nephelometric turbidity units)
foraging and predateprey relationships (Wengeat al.,in press).

TSS Plume Loading Category 1 Category Category 3 The frequency and extent of the influenceflafod plumes containing differing

(mean 20072011) 2 concentrations of total suspended solids is used to provide an estimation of tf

extent of surface exposure of coral reefs and seagrass during wet season
conditions. Modelled using an assessment of plume frequency froellisat
imagery and monitored end of catchment loads in each wet seasorefioerto
May) from 2007 to 2011 (Devlin et al, 2013a). The mean of the five annual m
was selected as a way of factoring in intemual variability in river discharge,
although t is recognised that this period was characterised by several extremg
rainfall events.

Nutrients

Chlorophyll
concentration (pg/L)

Frequency of
exceedance %

Assessment classes were based on daily observations of Chlorophyli
concentrations ovethe period INovember2002 to 30 April 2012. Data was
interpolated across reefs (which are masked during image processing) using
Euclidean Allocation in ArcGIS. Classification is based on the number of valid
observations in the full observation period. kted for extraction described in
Brandoet al.,(2013).

Relative risks to the Great Barrier Reef from degraded water quality
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Variables

Assessment Class

Data source/methodology

Very Low
1

Low

Medium
3

High
4

Very High
5

Refer towaterhouseet al.,(2013) for a more detailed description of the method

0.45ug/L

<1

1-10

10-20

20-50

50-100

/| KE2NRLIKe&tt Aa Iy AYRAOFG2NI 2F ydzi
Fabricius (2008pentified 0.45 pg/L as an important ecological threshold for
macroalgal cover, hard coral species richness, octocoral species richness. Ar,
average threshold for chlorophyll in the Great Barrier Reef Water Quality
Guidelines. Significant benefits fitre ecdogical status of reefs in thegion are
likely if mean annual chlorophyll concentrations remain below this concentrat

DIN Plume Loading
(mean 20072011)

Category 1

Category
2

Category 3

Elevated DIN is an indicator of nutrient enrichment. High concentrations of DI
can reduce coral recruitment (Babcock and Davies 1991; éiasla 2004),
enhance coral bleaching susceptibility/doldridge and Done, 200@nd change
the relationship betwegy O2 NI} £ Yy R YIF ONBLF € 3L f | @
2010). Elevated concentrations can also be deleteriosetmrasdy lowering
ambient light levels via the proliferation of local light absorbing algae thereby
reducing the amount of photosynthesis seagrass, particularly in deeper water
(Collier, 2013).

Modelled using an assessment of plume frequency from satellite imagery anc
monitored end of catchment loads in each wet season @vaverto May) from
2007 to 2011 (Devlin et al, 2013a). The meatheffive annual maps was selecte
as a way of factoring in inteannual variability in river discharge, although it is

recognised that this period was characterised by several extreme rainfall eve

COTS Initiation Zong

Out of the
zone

In thezone

Shows an area defined to be highest risk in initiating COTS outbreaks, defing
the area between Latitude 18°S and 17°S and described in Fursiaal.,(2013a).
Data from this area shows prolonged periods of higlorophyllconcentrations
that exceed 0.8 pg/L, which is important for COTS larval survival.

Pesticides

PSIl Herbicide

modelled

concentration (ug/L)

0.0250.1

0.1-0.5

0.52.3

2.310

>10

Based on an estimate of the relationship between Colour Dissolved Organic
Matter (CDOM) and salinity, and then a salinity to PSII herbicide concentratio
relationship in a flood plume event in one river in eactural resource
managementegionin 20092011. Data has been interpolated across reefs (wh
are masked during image processing) using Euclidean Allocation in ArcGIS. |
posed was determined using a number of methedeme only assessed acute
toxic effects, others both acute and chmic. Described in Lewé al., (2013).

Relative risks to the Great Barrier Reef from degraded water quality
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Variables

Assessment Class

Data source/methodology

Very Low
1

Low

Medium
3

High
4

Very High
5

Refer towaterhouseet al.,(2013) for a more detailed description of the method

>0.0250.1 pg/L: No observable effec.1-0.5 ug/L: Photosynthesis is reduced b
up to 10% in corals (Neggt al.,2011); seagrass (Haynetsal.,2000;Chesworth
et al.,2004; Gacet al.,2011; Floregt al., in review) and microalgae (Magnusson
et al.,2008, 2010). The effect on primary production is miro6:2.3 ug/L
Photosynthesis is reduced by between 10% and 50% in corals @\lefji2011);
seagrassHaynest al.,2000; Cheswortlet al., 2004; Gaet al.,2011; Floregt

al., in review and microalgae (Magnussetal.,2008, 2010). The community
structure of tropical microalgae can be affected by concentrations of diuron a
low as 1.6 pg/L (Magnusset al.,2012). The effect on primary productids
moderate.2.3-10 pg/LPhotosynthesis is reduced by between 50% and 90% in
corals (Jones and Kerswell, 2003; Netal.,2011); seagras€hesworthet al.,,
2004; Gaeet al.,2011; Florest al., in review and microalgae (Magnussemal.,
2008, 2010). A 50% reduction of growth and biomass of tropical microalgae
also reported in this concentration range (Magnussoml.,2008). The
community structure of tropical microalgae is significantly affected and this
causes significant changén the tolerance of microbial communities to herbicid
(Magnussoret al.,2012). The effect on primary production is maprl0 ug/L
reduced growth and mortality in seagrass (&a@l.,2011) and loss of symbionts
(bleaching) in corals (Jonesal., 2003; Negret al.,2005).

TSS: total suspended soliddN: dissolved inorganic nitroge@OTS: crownf-thorns starfish PSIl: photosystem 11 inhibiting herbicid@DOM: coloured dissolved organic matter

Relative risks to the Great Barrier Reef from degraded water quality
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Athree-step approacliof estimating the relative risk of pollutants to thegat Barrier Reefat a regional level
was appliediflustrated in Figure @

1. Assessment of the relative importance of different pollutants esedBBarrier Reef ecosystems (coral
reefs and seagrass). This identifies the areas where each water quality variable is considered to pose the
greatest relative risk to coral reefs and seagrass between the regions. The output can be used to guide
priorities for managemenof individual pollutants between regions.

2. Combined risk of degraded water quality toe@t Barrier Reef ecosystems. The combined assessment
takes into account all assessment classes for each variable to generate a Marine Risk Index for coral
reefs and seagrass. The areas within the Risk Index represent the areas of highest relative risk to
degraded water gality in the Geat Barrier Reefand identify the areas where coral reefs and seagrass
are most likely to be under pressure from degraded water quality.

3. The relative risk of degraded water quality toe@t Barrier Reef ecosystems. This relates the resuifs
PartOneand ParfTwoto land based influences using an assessment ofadrditchment
anthropogenic loads and river discharges (Loads Indexdanvah-of-thorns starfishinfluence Index).

These results inform the regional management priorities requiceaiddress the risks identified in Part
Oneand PartTwoin terms of where to focus effort on which pollutants.

The detailed methods for the risk assessment are describ@dhiternouseet al.,(2013), and are summarised
here.

The relative importance abhe three primary pollutants amongegions was estimated by estimating the areas of

coral reefandseagrassadjacent to each regioff 2 NJ S| OK 2 F { K SIn dompasng theirigkS ffoin O f I 2
sediments and nutrients betweeargions, only the areas ithe highest assessment class were considered as

these were agreed (through expgudgmen) to be the most relevant for assessing potential ecological impact.
Forphotosystem Il inhibitindperbicides, the two highest assessment classes were used in recognition of the

level of toxicity associated with these classes. It should be noted that this assessment does not account for the
potential synergistic or antagonistic effects that these npldtistressors may have on ecosystami®n acting

together.

The output is a map and a table showing the asepu@re kilometresof coral reef andseagrass within each
assessment class for all variables in all regidie results were then anchored foomparisoni.e.the
maximum areacross altegionsis set as an anchor point and given a value of 100, and all other area
calculations are then expressed as a proportion of the maximum (values betzeeeand 100).

To estimate the combined risk of telected water quality variables to marine ecosystems (Pathe results
for the individual variables wersummedat the one square kilometr@ixel scale and normalised betwegaro
andoneusing the MultiCriteria Analysis Shell for Spatial Decisigppdrt (MCASS). This essentially provides a
weighting for each class of each variable, shown in THinlee Pixels in the highest class category all received
the maximum value abne. For example, fadissolved inorganic nitrogesindtotal suspended sadsplume
loading between 2007 and 2011, with three relative classes pixels received a score (bW ®.66(Medium)

or aone (High) Anchoring and normalising the data to the-ditiectional scale oferoto oneensures all
variables are equally wghted and that the ranges in data values (very different among variables) can be
justifiably averaged to produce a single index. Pixels with no data were not included in tleifmaA number

of options were tested for combining the variables including grouping the variables into sediment, nutrient and
pesticides and thesummingthem, or summingof the individual variables.

An important consideration of the assessment is the eglgncy of the assessment classes for each variable.
The classifications for this assessmemete based on expert opinion and are shown in Tdllieee Ideally the
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classes for each variable would be scaled so that they are equivalent in terms of pateatagical impastto
provide comparable weightings between variablBlewever, it is recognised that this may not be the case for all
variables given the inconsistencies in the temporal and spatial characteristics of the datasetspésl and
spatialresolution of data increases and thkaowledge of the impacts of sediments, nutrients gittosystem

Il inhibitingherbicideson Geat Barrier Reefecosystemss advancegthis capabilitycanbe improvedin future
assessments

Table2. Summary of the weightings given to each assessment class and the overall weighting for the water quality variablesaised in th
combined assessmerithe variables are described in TaBl@he cells shaded in grey show the classes included in assessing the relative
risk between variablefPart 1) SourceWaterhouseet al.,(2013.

Variables Overall Assessment Class
weighting ' Very Low Low Medium High Very High
1 2 3 4 5
Total suspendedolids (B3
exceedance mg/L <1 1-10 10-20 20-50 50-100
Frequency of exceedance (%)
MCASS weighting 1/7 0 0.25 0.5 0.75 1.0
TSS exceedance 6.6 mg/L/ 5 20-50
NTU 0 <1 1-10 10-20 50-100
Frequency of exceedance (%)
MCASS weighting 1/7 0 0 0.33 0.66 1.0
TS$lumeloading Category 1 Category Category 3
(mean 20072011) 2
MCASS weighting 1/7 0.33° 0.66 1.0°
Chbrophylla exceedance (0.45
pa/L) <1 1-10 10-20 20-50 50-100
Frequency of exceedance (%)
MCASS weighting 1/7 0 0.25 0.5 0.75 1.0
DINplumeloading Category 1 Category Category 3
(mean 20072011) 2
MCASS weighting 1/7 0.33! 0.66 1.0°
PSlherbicidemodelled
concentration 0.025 0.1 0.5 2.3 10
(20092011) (ug/L)
MCASS weighting 1/7 0 0.25 0.5 0.75 1.0
QOT9gnitiation Zone Outside Within
COTS COTS
Initiation Initiation
Zone Zone
MCASS weighting 1/7 0 1.0

! This class covers Very Low and L'othis class covers High anery High;TSS: total suspended solids; MEASAultiCriteria Analysis
Shell for Spatial Decision Support developed by ABARES, rbfer:twww.daff.gov.au/abares/data/mcassNTU: nephelometric
turbidity units; DIN: dissolved inorganic nitrogen; PSII: photosystem Il inhibiting; COTS:afrtivanns starfish

To calculate the relative risk of water qualitygoosystems andegions in the @at Barrier Reef (Part3in
Figure?) the results of the marine riskssessment were linked to pollutant loads. Anthropogenic-efd
catchment loads were expressed as the proportion of totalaBBarrier Reefload for eactregion torelate to

the outcomes of the marine risk assessmdntri Part2 in Figure2). Anthropogenc loads are calculated as the
difference between modelled current long term annual average loads and modeilaaal averagere-
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European loadsThis recognises that while the totatéat Barrier Reefload is important in influencing the

marine water quaty conditions, it is only the anthropogenic proportion that can be factored into management.
The regional proportional contributions tiftal suspended solidslissolved inorganic nitrogesmnd photosystem
IIinhibiting herbicides anthropogenic loads wesechored (to normalise to a standard scale) and averaged to
generate d_oads Indefor each region. This assumes that the relative importance of each load is equal which
may not be the case, although there is currently insufficient knowledge to weighinpertance of the three
pollutants relative to each other.

It is recognised that assessment of fheut of pesticides from eactegion can be expressed in a number of

ways, and whildoads allow comparison betweergions, it is the toxicity and thereferconcentration that is

most relevant to the receiving environment. However, pesticide concentration data is currently limited across
the Great Barrier Reef. Therefore, in the final conclusions relating to pesticide risk in this assessment, additional
evidence is drawn from a combination of load and concentration data from specific locations, assessed in Lewis
et al.,(2013).

An index specific to the poterat influence of rivedischarge®n the initiation ofcrown-of-thorns starfish

primary outbreaks in the @at Barrier Reefwas added (see Furnasal.,2013a). Ossolved inorganic nitrogen
runoff is considered to be an important factor as approximaté€lydr centof the loss of coral cover in the

Great Barrier Reefsince 1987 has been attributed tmown-of-thorns starfis, INB R | (1 A 2eval., 20325 @ (i K
crownof-thorns starfishoutbreak initiation zone has been defined between Lizard Islad flegees south

and Cairns (1degrees south On total volumetric basis, most (gér cen) of the estimated freshwater input
(direct and indirect) to theone comes from Wet Tropics rivers, with the remainingp&#d centfrom the

Burdekin River (Furnas al., 20133). These estimates were used to creat€awn-of-thorns starfishinfluence
Index The normalised scores are 100 for Wet Tropics, 16 for Burdekin,jilanahm all otherregions.

To provide an overall water quality risk ranking between the regitresMarine Risk Index for coral reefs and
seagrass, Loads Indard Crownof-thorns starfishnfluence Index (for coral reefs) were combined. For coral

reefs, the @wn-of-thorns starfishinfluence Index was included by summing with the Loads Index, yewe

only the Loads Index and the Risk Index were used for seagrass. The final Indexes for coral reefs and seagrass
were then summed and normalized to give an overall assessment of the relative risk of degraded witter qual

to coral reefs and seagraiso generate aRelative Risk Indefor eachregion.

The distribufon of coral reefs and seagrassthe Geat Barrier Reef provide important context for the results of
the risk assessmeltfsee Figurd; insettable shows the areas in eackgion) The Cape Yk region contains the
greatest areas of coral reefs and seagrass in tteaBarrier Reef; it is also the largest area overall. The area
coral reef and seagrags all otherregions argeasonably comparable, with the exception of Mackay
Whitsunday and &rnett Mary. The area of seagrass in the Mackay Whitsunday regiolatiseé/ low

compared to otheregions with only approximately 43@uare kilometresDeepwater seagrasses are sparse in
the Mackay Whitsunday region, particularly south of Mackay,religlal velocities are high and no major
deepwater seagrass meadows exist (Celesl.,2009). High current stress, low Secchi readings and coarse
mobile sediments make this an unsuitable habitat for seagrass growth.

The habitats of the Burnett Mary r@mn are under estimated in this assessment, as thea@arrier Reef

Marine Park and World Heritage Area boundary does not include all of the habitat areas that would be affected
by the catchments of the Burnett Mary region. In particular, there is a large area of seagrass to the south of the
boundary in Hervey Bay whichknown to provide important habitat, and foraging grounds, for species that also
inhabit the Geat Barrier Reef Marine Park
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Figure2. lllustration of the primary steps in the assessment of the relative risk of water qual@etat Barrier Reefecosystems.

GBR Water Quality Relative Risk

Assessment

Part 1:

Relative importance of
different pollutants on
GBR ecosystems (coral

reefs and seagrass)

Part 2:

Combined risk of
degraded water quality to
GBR ecosystems

Relative risk of degraded
water quality to GBR

Part 3:

ecosystems

GBR: Great Barrier Reef; WQ: water quality; MSABUIti-Criteria Analysis Shell for Spatial Decision Supp@8$: total suspended
solids; DIN: dissolved inorganic nitrogen; PSII: photosystem Il inhibiting herbiRlgls;natural resource management; COTS; crofvn

thorns stafish.

Agree on base datasets
and select variables

Define classifications from
low to high based on WQ
guidelines or thresholds
following expert review

Allocate each class a score
in MCAS-S between 0
(lowest severity ) to 1
(highest severity)

Calculate the area of coral
reefs and seagrass in each
NRM region in each
assessment class for all
variables

Compare results for
variables among regions
for coral reefs and
seagrass to assess relative
risk among regions to
individual pollutants by
anchoring to the
maximum area

Combine the spatial layers
for all variables across all
assessment classes in
MCAS-S by summing
results in each 1km? pixel.

Normalise combined
variables to allocate a
score to each pixel
between 0 and 1 within 5
classes - Very Low to Very
High

Calculate the area of coral
reefs and seagrass in the
combined dataset for each
of the 5 classes

Sum the area calculations
in the Very High and High
classes; anchor to
maximum area affected
for each Region for coral
reefs and seagrass =
Marine Risk Index (coral
reefs and seagrass)
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Calculate the Regional
anthropogenic loads of
TSS, DIN and PSlI
herbicides as a proportion
of the total GBR load.
Average results across
variables and anchor them
to maximum result =
Loads Index

Calculate the proportional
influence of river flow
from each Region to the
area associated with the
initiation of COTS primary
outbreaks = COTS
Influence Index

For coral reefs: (Loads
Index + COTS Influence
Index ) + Coral Reef
Marine Risk Index = Coral
Reef Relative Risk Index

For seagrass: Loads Index
+ Seagrass Marine Risk
Index = Seagrass Relative
Risk Index

Relative Risk Index = Coral
Reef Relative Risk Index +
Seagrass Relative Risk
Index



Figurel. Locations of coral reefs and seagrass used for the risk assessment. Coral reef outlines used are@arBagi& Reef
Marine Park Authority Smatial Data Centre official reefs spatial data layer 2013. Seagrass areas are observed (composite of surveyed data

as at June 2010) and modelled deepwater seagrass habitat after&@a@keg2009). Inset table shows the area of coral raefl seagrass
for each marine region.

Legend
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Major rivers
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Cape York
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NRM Region Reef Seagrass NRM region area
Cape York 10,354 11,378 96,073
Wet Tropics 2427 4,868 31,534
Burdekin 2,965 6,083 46,791
Mackay Whitsunday 3,212 430 48,536
o/ Fitzroy 4,855 5,775 85,515
R, Burnett Mary 283 6,330 37,353
4 Total 24,095 34,863 345,804
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Data Sources - layers derived from: "A
Reefs: GBRMPA, 2013. GBR Features shapefile.

Seagrass: Survey composite June 2010;

Deepwater (>15m) modelled, 50% probablity. Qld DAFF, Feb 2013.
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Previous Consensus Statement findings

The 2008 Scientific Consensus Statement did not specifically address the relative risk of specific water quality
pollutants in the Great Barrier Reef. None of the water quality risk assesshoetfdise have attempted to rank
pollutants as a basis for prioritising management effort.

Exposure to landourced pollution has been identified as an important contributor to the waride decline in

coral reef condition (Pandolt al.,2003; Burkeet al.,2011). Different parts of the Great Barrier Reef World
Heritage Area (GBRWHA) are exposed to very different levels eftamded pollutants. The degree of exposure

is a function of factors such as the distance from the coast, the magnitude oflibotrarges, the distance from

river mouths, physical forcing such as the strength and direction of wind and currents, and the mobility and
persistence of different pollutant types. Differential exposure to sodrced pollutants has important
consequencefor the likely degree of degradation that habitats such as coral reefs and seagrass may suffer and
an assessment of exposure is required to prioritise management of such pollution on a regional basis.

To date, the prioritisation of potential managememsponses for different pollutants, land uses and industries,

and regions has been supported by risk assessments using a Multiple Criteria Analysis (MCA) approach (Brodie
and Waterhouse, 2009; Broda al.,2009; Cotselket al.,2009; Greineet al.,2005; Waterhouseet al.,2012).

These assessments, although the best available at the time, are limited for reasons summarised in Table 1. While
the analyses have proved useful for ongoing prioritisation of investment under ReefRieensland

Department ofthe Premier and Cabinet, 20Q®pecifically as part of Reef Rescue and the selection of priority
management areas under the Reef Protection Package, more sophisticated analyses are now needed to more
confidently prioritise between pollutants and acrosgahments.

19



Table3. Summary of the elements included in past and current assessments of the risk of degraded water quality to the Great Barrier

Reef used to inform Reef Plan management prioritisation.

Element Reef Plan Reef Rescue Reef Protection Reef Plan 2013 / Reel
Greineret al., (2005) | Cotselket al.,(2009) package Rescugphase two
Waterhouseet al., Brodieet al.,(2013a)
(2012)
Method Multiple Criteria Multiple Criteria Multiple Criteria Multiple Criteria
Analysis Analysis Analysis Analysis plus
interpretive studies
Data availability Very limited Limited Moderate Good
Analysis end point Coral reefs and Coral reefs Coral reefs, seagrass,| Coral reefs, seagrass,
seagrass water column plus freshwater to
marineecosystems
for pesticides
Relative importance | No No No Yes
of pollutants
Pesticide data Very limited Limited Limited Yes, with limitations

Marine exposure

Limited¢ from Devlin

Moderate¢ from

Moderate¢ from

Goodc from recent

estimate et al.,2003 Maughan and Brodie,| Maughan and Brodie,| work by Devliret al.,
2009 2009 2013a; Alvarez
Romeroet al.,2013
Socio and economic | Yes Yes No No

values included

Spatial coverage

All Great Barrier &€f,
however Burnett
Mary marine area
outside of Great
BarrierReef Marine
Park excluded

All Geat Barrier Reef
however Burnett
Mary marine area
outside ofGreat
Barrier Reef Marine
Parkexcluded

Cape York and Burne
Mary excluded

All Geat Barrier Reef
however Burnett
Mary marine area
outside of Geat
Barrier ReeMarine
Parkexcluded

The most recent risk assessment in this chapter (Breda.,2013a)still uses a Multi Criteria Analysis
approach, however, with improved input data layers and more sophisticated spatial andlijigeeeflects the

current availability of long term water quality data for the Great Barrier Reef and recent studies of links between
end-of-catchment pollutant loads and marine ecosystem health.
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Current evidence on the relative risks of water quality po llutants to the G reat Barrier Reef

Water qualitywithin the Great Barrier Reefisinfluenced by many factorseeChaptes 1, 2 and 4for detailed
description$. The pimary influencesrethe volume and timing afeasonal rainfall and subsequent runoff
events which are determined by the monsoonal climate and extreme weathatts (cyclones), tidal regimes
andcurrents These factorinfluencethe relative risk of different pollutantat particularlocations and to
different habitats in the @&at Barrier Reef.

What is the current relative risk ofpriority pollutants to Great Barrier Reefmarine systems?

The conclusionkereindraw primarilyfrom the risk assessmeiprocess describedbove(Waterhouseet al.,
2013;Brodieet al.,2013a)

Part 1: Therelative importance of different pollutants to Geat Barrier Reefecosystems

The relativeimportance ofthe three primary pollutantso coral reefs and seagraf3art 1 in Figure 2yas
estimated by calculating the arsaf coral reefind seagrassdjacentto eachregionfor each of theassessment
classegTabled). To comparesedimentand nutrient riskdetweenregions only the areas in thaighest
assessmentlasswere consideredForphotosystemll inhibiting herbicides the two highest assessmeitasses
were u®d in recognition of théevel oftoxicity associated witlthese classes.

Table4. Anchored scres for the area of coral reefs ase@agras$or each egion affected by the highesissessmentlasses for the water
quality variables included in the risk analy@isal output of Part 1 in Figure 2)In the case gbhotosystemll inhibiting herbicidesthe

two highestassessmentlassesvare used. Theregion that had thdargest area affectedvas given a score of 108ll otherregionswere
expressed as a percentaased orthe area affected in eactegion relative to the area in theegion with the maximum area affected
Tohighlight differences betweeregions, ells with the greatest and secorgteatest areas affeet are shaded dark and light grey
respectivelyRefer to Table for further explanation of the variableSourceWaterhouseet al.,(2013).

Sediments Nutrients Pesticides
TSS TSS TSS | chbrophylla | PN QOTS | PSiherbicide
. plume plume o
Regions exceedance exceedance loading exceedance loading Initiation modelleq
2mg/L 7mg/L 07-11 0.45ug/L 07-11 Zone | concentration
Coralreefs
Cape York
Wet Tropics
Burdekin
Mackay Whitsunday
Fitzroy
Burnett Mary
Seagrass
Cape York
Wet Tropics 11 27 8 14 30 0
Burdekin 0
Mackay Whitsunday 2 0 1 7 8
Fitzroy 5 27 5 62 81 0
Burnett Mary 9 0 0 15 32 0

TSS: total suspended soli@N: Dissolved inorganic nitrogen; COTS: crofsthorns starfish; PSII: photosystem Il inhibiting.
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Key findings
9 The area of coral reefs gteatest risk from all of the sediment and nutrient variakjescept for the
crownof-thorns starfishinitiation zone) was highest the Burdekin and Fitzroy regions (Ta#l}e The
otherregions(Cape York, Wet Tropics, Mack@&hitsunday and BurnetMary) eachhad approximately
20 per centor less of the coral reef areafectedfor each variable.

1 The area of seagrass greatest risk fronall of the sedimentind nutrientvariableswas highestn the
Burdekin region. The area of seagrass within the Wet Tropics region is second greatest for all variables
but the areas are lesfiin one quarter of the areas affected in the Burdekin region in all cagwess.
area of seagrass within the highest assessment classes of the nutrient variables is greatest in the
Burdekin region and then the Fitzroy.

1 Thecrown-of-thorns starfishinitiation zone straddles the boundary betweehe Cape York and Wet
Tropics regions, witapproximately 6(er centof reefswithin the zone locatedn the Cape Yorkegion

9 Of theregions examined in the assessment, the Mackay Whitsunday region presents by far the highest
ecological risk of pesticides with tipBotosystem linhibitngK SND A OA RS NA &1 2F Wl A 3|
SEGSYRAY3I 2FF (KS Y2dzi Ka 2 SandyEreekA Bhig iS Bliset tyyhe h Q/ 3
Burdekin (due to the Barratta Creek and Haughton Rivers but not the Burdekin River itself), Wet Tropics,
Fitzroy and Burnett Mary regions. It should be noted that theofsR LIS A G A OARSaQ KSNB A &
phatosystemll inhibiting herbicides as these are the dominant pesticides detected in catchments,
however a total of 34 pesticides (herbicides, insecticides and fungicides) have been detected. In
addition, the high risks gdhotosystemll inhibiting herbicides to wetland, estuarine and coastal habitats
which provide important ecosystem services to the&i Barrier Reefincluding fish nursery habitats,
were not included in this stage of the assessment but recognised as imparidritonsidered in the
overall assessment of risk (Tab®.

An assessment of qualitative information on the potential risploftosystemll inhibiting herbicides to other
Great Barrier Reefecosystems (Lewit al.,2013) showed that a variety of coastal habitats (e.g. wetlands,
estuaies, mangroves and seagrass) which provide important ecological services (including nursery habitats,
primary productivity and nutrient cycling) tor€at Barrier Reefbiota are at riskThe assessment was based on
two methods: one that compares the equigat toxicities of differenphotosystemll inhibiting herbicides to

coral reef, seagrass and microalgae species (Toxic Equivalence Quogielkiennedet al.,2012a; Smittet al.,
2012 and the second using thrultiple substances potentially affectécaction (msPAF) methoqTraaset al.,
2002)that assesses the toxicity of a mixture of substances to organisms that photosynthesise (phototrophs).
Importantly both methods use the concentration addition model to determine the toxicity of mixtures of
photosystem Il inhibitindperbicides.

The assessment classified the risk of pesticides in that@arrier Reefinto five groups ranging from Very Low
to Very High.
1 Within the freshwater reaches of rivers and freshwater/coastal wetlands, the risk of joestic
(photosystem Il inhibitingperbicides and some nephotosystemll inhibiting pesticides) is rated in the
Very High classgduced growth and mortality in seagrass and loss of symbionts (bleaching) in corals;
more tharv0 per centof phototrophic specis affected) High(reduction inphotosynthesis by between
10 per centand 50per centin corals, seagrass and microalgae40 per centof phototrophic species
affected)and Medium class (reduction iphotosynthesis by between Jfier centand 50per centin
corals, seagrass and microalg&e40 per centof phototrophic speds affected) (depending on the
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region and stream) particularly for the coastal stream networks that drain a relatively largenavea (
than 20 per cen) of intensive agriculture such as Barratta and Sandy Creeks.

1 Intheestuarine reaches of the rivetthe risk of pesticides is largely in the High to Low category (major
reduction inphotosynthesis by between Sfker centand 90per centin corals, seagss and microalgae
(High) to up to 1@er centphotosynthesis reduction (Low)g70 per centof phototrophic species
affected).A similar risk occurs for thepastal marine environmeitcluding ntertidal and subtidal
seagrass

9 Coral reefs and seagraswadows on the inner sh€lhcludes but not limited to areas extending up to
20 klometresfrom the coast) generally fall into the Low (reductiorphiotosynthesis by between Jer
centand 50per centin corals, seagrass and microalgaeYery Low catgories (no observed effect on
corals, seagrass or microalgdess thard0 per centof phototrophic speies affected) depending on the
region and adjacent catchment(s).

1 The risk tacoral reefs on the mid and outer shisliconsidered Very Low to no ris&ds thamone per
centphototrophic species affected).

Part 2: Combined risk of degraded water quality to keat Barrier Reefecosystems

A combined assessment of all of the water quality variables takes into account all of the assessment classes to
identify the areas of highest relative risk to degraded water quality in treatBarrier Reef (Part 2 in Figure 2)

The resulbf combining thevariablesis shown inthe map inFigure4 and thearea of coral reefs anseagrass

within each of thosdive classess shown in Tablb. AMarineRisk Index was calculated agidingthe areasof

coral reefs andeagrasi the Very High and High classes andmnalsingthoseareas relativeo the maximum

areas Thisshows relative differencesn riskbetweenregions ¢eefinal columnin Table 4) by comparing the

total area of habitat at riskraongregions. However, the proportion of @l reefs and seagrass in eaegion

that is within theMarine Risk Index is also presented as this is most relevant for determininggament

priorities within aregion.

The riskwas found to begreatest for coral reefs in the Fitzroy and Mackay Whitsunday regiondpasdagrass

in the Burdekin and Fitzroy regions. The total amedhkin the Very High and High classes (forminghtaine

Risk Indexare greatest in the Fitzroy, Mackay Whitsunday and Burdekin regions. In most cases, the proportion
of the habitat area in eactegionwithin the High and Very High classesess than 1@er cent except in the

case of seagrass in theddkay Whitsunday region where pér centof the area of seagrass in thegion is

within the Marine Risk Index aredt should be noted that this assessment does not account for the potential
synergistic or antagonistic effects that these multiple stressehen acting together may have on ecosystems.

While the areas of coral reef and seagragthin the highestassessment classéx individual variables antthe
Marine Risk Indexre relatively small, they ofteimcludehighly valued tourism and recreati sites of the &at
Barrier Reef. Examples include Fitzroy Island, Hinchinbrook Island, Magnetic Island, many of the islands in the
Whitsunday Group and the Keppel Island grdaghe case of seagrass, many of the bgjhiisk areas overlap

with dugong protection areas, which are assigned because of the large populations of dugongs feeding in the
associated seagrass meadows.
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Figure2. Combined assessmef(tine square kilometreesolution)of the relative risk of water quality variabl€sutput of Part 2 shown in
Figure 2) The area(in square kilometresof habitat typeswithin eachclassare shown in Table 4TheMarine Risk Indesor coral reefs
and seagrasts definedfrom the combinedareasof the High and Very Higelativeriskclasseslnset bar charshowsreef and seagrass
areasin the Marine Risk Indeky Region pie chartsshow affecteccoral reef and seagrass asfar eachRegion as a percentage tife
total Great Barrier Reef cord reef and seagrass area the Marine Risk IndexSourceWaterhouseet al.,(2013).
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