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Acronyms,units anddefinitions

Acronyms

CDF = cumulative distribution function

CDOM =olour dissolved organic matter

Chta =chlorophylla

CoTs = @wn-of-Thorns starfish

DIN =dissolved inorganic nitrogen

DIN Anth. manthropogenic dissolved inorganic nitrogen
DIP =dissolved inorganic phosphorus

ERA =cological risk assessment

ETVs = ecotoxigithreshold values

Kd =light attenuation coefficient

LOR = limit of reporting

MoA = modes of action

ms-PAF = multisubstandeotentially Affected Fraction
NetCDF smetwork commondataform

NRM =natural resource management

PERA = probabilistic ecological risk assessment
PN= particulate nitrogen

PP=patrticulate phosphorus

PS wet season = primary and secondary wet season wates type
PSII herbicides = photosystem Il inhibiting herbicides
SSDs species sensitivity distribigns

TSS Anth. anthropogenic total suspendeskediments
TSS-total suspendesgedimen?

Units

km? = cubic kilometres

kt = kilotonnes

m = metre

mg/L = milligram per litre

mol/m?/d = moles of light per square metre per day
t = tonnes

Hg/L = microgramper litre

> Y= micrometregmicrons)

1TSS is also often referred totasal suspendedsolids

Riskfrom pollutantsto the Great Barrier Reef iii
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Definitions

Basin There are 35 basins that drain into the Great Barrier Reef. A basin can be made up of a single
or multiple rivers (e.g. North and South Johnsteivers belong tmne basin the Johnstone Bagin

Basins are primarily usdtwrewhen discussing the relative delivery of a pollutant to the marine
system.

Catchment The natural drainage area upstream of a pdimat isgenerallyon the coast. It generally
NEFSNE (2 GKS WK RihNRem2used @hen réfering tdayiddellingtin thisy R A &
document.There may be multiple catchments in a basin.

CoastalecosystemsCoastal freshwater wetlands and estuarine systems connect the land and sea
and have the potential to influence the health and riesite of the Great Barrier Reef. This includes

the Great Barrier Reef catchment and 10% of the Reef waters seawards of the coastline (GBRMPA,
2012). The risk assessment in Chapter 3 specifically includes floodplain wetlands (vegetated swamps
and lakes) anfloodplains, in line with the scope of the Reef Water Quality Protection Plan

EcologicartiskassessmentThe process of determining the nature and likelihood of effect of
anthropogenic actions on animals, plants and the environment (SETAC, 199PAUS998). It is a
systematic process for estimatitige likelihood of occurrence (or probabilitghd the severity of the
conseqguences (or magnitude) of the effects of human actions or natural events on ecosystems of
ecological value and their sustainbtyi (modified from Hart et al., 2005).

Ecosystem healthEcosystem healtls defined here ashe state or condition of an ecosystem in
which its dynamic attributes are expressed within normal ranges of activity relative to its ecological
stage of developmnt.

Hazard:A situationthat poses a level of pressure or threat to ecosystem health.

Management unit There are  management units in the Great Barrier Reatchment,which
incorporatethe 35 basins that drain directly to the Great Barrier Reeludingadditional internal
catchments omanagement units within the Burdekand Fitzroybasins

Other pollutants:Includes pollutants such as antifouling paints, coal particles, metals and metalloids,
marine debris/microplastics, personal camoducts, petroleum hydrocarbons, and pharmaceuticals.

In addition, contaminants such as nanomaterials, perfluorooctane sulfonate and perfluorooctanoic
acid may be present, but no monitoring information is available for the Great Barrier Reef lagoon
(Kroonet al., 2015a).

PesticidesHerbicides, insecticides and fungicides

Pollutants:Pollution means the introduction byumans, directly or indirectly, of substances or

energy into the environment resulting in such deleterious effects as harm to livingreesgunazards

to human health, hindrance to aquatic activities including fishing, impairment of quality for use of
water and reduction of amenities (GESAMP, 2001). This document refers to suspended (fine)
sediments, nutrients (nitrogen, phosphorus) andipes OA RS a | a WLJ2dhdptdrive v i a Q@
explicitly mean enhanced concentrations of or exposures to these pollytahtsh are derived from
(directly or indirectly) human activities in tlg&reat Barrier Reefcosystem or adjoining systems (e.g.

river catchments)Suspended sedimengnd nutrients naturally occur in the environment; all living

things in ecosystems of thereat Barrier Reekquire nutrients, and many have evolved to live in or

on sediment

Risk:Thelikelihoodthat an adverse effect will occur as a result of ecosystem exposure to a certain
concentration of the stressoRisk exists when there is the possibility of adverse or unintended
consequencedt is dten quantified as the product of the likelihood of ament occurring and the
consequences (also measured as effects) of that el ¢BEPA, 1998

Riskfrom pollutantsto the Great Barrier Reef iv
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Risk factors
9 Likelihood ScoreThe likelihood of exposure of coral reefs and seagrasstabsuspended
sedimentsand disstved inorganic nitrogefor eachMarine Zoneusing the area of coral reefs
and seagrass in the highest likelihood classes.

1 LoadIindex The proportional contribution of the anthropogenic pollutant load from each
basin to the total anthropogenic pollutant load for eadglarine Zone Theanthropogenic load
is calculated as the difference between the leegm average annual load and the estimated
pre-developmentannual load.

9 Likelihood IndexAttributes the Likelihood Score for each basin using the Load Index
Likelihood Score x Load Index

1 Consequence Scoréreas of coral reef and seagrass that are exposed to nutrient and
sediment effects; examples providade G-own-of-Thorns starfish{link betweendissolved
inorganic nitrogerand coral reefs) and reduced lighk betweentotal suspended solidand
seagrass).

1 Risk IndexThe likelihood that an adverse effect will occur as a result of ecosystem exposure
to dissdved inorganic nitrogewr total suspended solidsikelihood Index x Consequence
Score.

Region:There are sixatural resource management (NRM) regions covering the Great Barrier Reef
catchments. Each region groups and represents catchments with similar climate and bioregional
setting, with boundaries extending into the adjacent marine area. The regi@e€ape otk, Wet
Tropics, Burdekin, Mackay Whitsunday, Fitzroy and Burnett Mary.

Water types The wet season water tyg@re produced using MODIS true colour imagery reclassified
to six distinct colour classes defined by their colour properfié® wet season war types are
regrouped into three water typegpfimary, secondary andertiary) characterised by different
concentrations of optically active componenssigpended sediment, colour dissolved organic matter
andchlorophylla), which control the colour of the water and influence the light attenuation, and
different pollutant concentrations:

1 Primary water type (colour classes4): rresponds to the brownish to brownigireen
turbid water masses. These watdravehigh nutrientand phytoplankton concentrations but
are also enriched in sediment and dissolved organic matter and have reduced light levels.
They are typical for nearshore areas or inshore regions of flood river plumes.

1 Secondary water type (colour class S)ri€spondgo the greenish to greenishlue water
masses and are typical of coastal waters dominated by algae, but also with some dissolved
matter and some fine sediment present. Relativieilyh nutrient availability and increased
light levels due to sedimentaticiavour an increased coastal productivity in this water type
This water type is typical for the coastal waters or the ngigion of river plumes.

I Tertiary water type (colour class 6yansitional, greenisiblue water mass with slightly above
ambient turbidty andnutrient concentrations. This water type is typical for areas towards the
open sea or offshore regions of flood river plumes.
Timeframes:¢ KS RI Gl &aSia dzaSR Ay GKAA I aadh@his28yio | NB GelL
2014 using the eRéemodell YR W 2y ASNJ GSN¥YQ 6KAOK A& Hnno G2 wnA
The modelled baseline is set at 262@13.

Note: Inshore coral reefs are equivalent in terminology here as inner shelf coral reefs, as distinct from
mid-shelf reefs and outeshelf reefs.

Riskfrom pollutantsto the Great Barrier Reef %
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Executive summary

In thischapter, we applied an ecological risk assessment approach to assess the likelihood of
exposure and potential risks from ladhsed pdiutants to Great Barrier Reafoastal (floodplain
wetlands and floodplains) and marine (coral reefs and seagnasslowg ecosystemsEcological risk
is defined as the product of tHikelihoodof an effect occurring and theonsequenceif that effect
was to occur

The main water quality pollutants of conceimGreat Barrier Reefoastal aquatic and marine
ecosystemare enhanced levels afuspended sedimentgxcessutrients and pesticides
(predominantly photosystem Il inhibitif@Slljherbicides) discharged to theéreat Barrier Reef
lagoon from the adjacent catchments (refer to Chapter 2). The distinct wet and dry seasonal climate
of the Great Barrier Regksults in most sediment, nutrients and pesticidesngdelivered to the
Great Barrier Reefagoon during the summer wet season (Decengldgaril) when high river
discharge occurs, forming distinctive river plumes in the coastal zone that can move north along the
coast but can occasionally move out towards the+aiad outer shelf aredn the dry season,
sediments and nutrients can be remobilised by wirdyen resuspension, leading to conditions of
elevated turbidity yearound, particularly in inshore areaGoastal (floodplain wetlands and
floodplains)ecosystemare similarly influaced by seasonal conditiorBirstflush runroff during the
early wet season can result in inputs of elevated pollutant loads. During the dry seastand
water quality can be affected by irrigation and other localisedotfror cattle and other animal
disturbance depending on locatiofihe assessment of the likelihood of exposure of pollutants to
marine ecosystems (coral reefs and seagrass) (Segjtiosedseveral spatial layers to represent
nutrients and sediments in wet season and annual average conditions. The factors were the
distribution and frequency of anthropogeniissolved inorganic nitrogen arfihe sediment
(referred to suspended sediment) loadiimgthe wet season and assessment of the degree of
difference between current (baseline) average annual concentrati@hlofophylla and light
attenuation compared t@re-development load scenariogdrived from the eReefs coupled
hydrodynamiebiogeochemical modgl

The assessment included all 35 basins that discharge intGtbat Barrier Reefind the risk to
marine ecosystems was assessed within eldatine Zonas: Cape York North, Cape York Calntr
Cape York South, Wet Tropics, Burdekin, Mackay Whitsunday, Fitzroy and Burnett Mary (see
Appendix 1 for details). The boundaries for thddarine Zone differ from the marinenatural
resource managmentregions as they better reflect the collective influence of rivers which may
extend acrossatural resource managnent boundaries. Thdarine Zons typically incorporate the
enclosed coastal and inner shelf water bodies,andhe northern areas, midhef areas.

There werehree primary steps in the marine assessment, each conducted separateytdbdr
suspendedsedimentsanddissolved inorganic nitrogen

1. Calculate the likelihood of pollutant exposure (A) (Sect@n

9 LikelihoodScore (Al¥ The likelihood of exposure of coral reefs and seagraggab
suspendedsedimentsand dissolved inorganic nitrogdéor eachMarine Zoneusing the area
of coral ree$ and seagrass in the highest likelihood classes.

1 Loadindex(A2)= The proportional contribution of the anthropogenic pollutant load from
eachbasin to the total anthropogenic pollutant load for eaetarine ZoneThe
anthropogenic load is calculated @ difference between the lorterm average annual
load and the estimated prdevelopmentannual load.

1 Likelihood Index (A5 Attributes the Likelihood Score for each basin using the Load Index.

Riskfrom pollutantsto the Great Barrier Reef 1
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(A) Likelihood Index = (A1) Likelihood Score x (A2) Load Index

2. Calculate the consequence of pollutant exposure (B) (Secf)on
Consequence Score (BAreas of coral reef and seagrass that are exposé€xoton-of-
Thorns starfisi(dissolved inorganic nitrogeand coral reefs) and reduced lighbtal
suspended solidand seagrass].he consequence, and therefore the risk, assessments were
limited to two examples due to knowledge limitationg:the risk ofdissolved inorganic
nitrogenand the area of influence from Crowof-Thorns garfish on coral reefs, andi) the
risk of the benthic light thresholds for seagrass being exceeded due to excessive
concentrations of fine sediment.

3. Calculatemarine Riskindex (SectiorB)
Risk Index The likelihood that an adverse effect will occur as a result of ecosystem
exposure tadissolved inorganic nitrogeor total suspendedediments

Risk Index = (A) Likelihood Index x (B) Consequence Score

Pesticides are also a pollutant of ceng but were treated separately as it was not possible to
conduct a full pesticide risk assessment for marine ecosystems at this stage. A case study is
presented to demonstrate the capacity to model pesticide risk to seagrass and coral reefs in the
future (Appendix 4)The risk assessment was performed using two methbdsassess

consequence and likelihood. Consequence was first determined using the multisubBtatecially
Affected Fraction (m®AF) method. The analysis assessed whether concentratigresticides (as a
mixture of five PSII herbicides) entering the GreatriBaReef World Heritage Aramould be

protective of 99% of species. This approach assessed the compliance of monitoring data with the
Australian and New Zealand Guidelines for Fr@sd Marine Water QualitANZECC and ARMCANZ,
2000),and the Great Barrier Reef Water Quality Guidelifi@BRMPA, 20)0Likelihood could then

be determined using methods of a probabilistic ecological risk assesstherrea under the curve

of the msPAF cumulative frequency distributiofn ecotoxicity threshold assessment was
completed for28 individual pesticide§or which threshold values are available) collected over a
three-year period (2012016), as many dhese pesticides were not analysed prior to 2013.

A risk assessment of emergipgllutants(recently completed as part of the National Environmental
Science Programe) on Great Barrier Reef ecosystemas also incorporated.

The key results are summarisedldw in conjunction with additional supporting evidence from
published literature.

What is the likelihood of exposure of key pollutants t@&reat Barrier Reefaquatic coastal and
marine systemsand when is the exposure from degraded water quality most likg to be
highest? (Sectiorb)
1 The greatest exposure of coral reef and seagrass to dissolved inorganic nitrogen is from the
Herbert, Haughton, Johnstone, Rusdéiiigrave, Tully, Plane and Murragsins.The
greatest exposure of coral reef and seagrass to fine sediment is from thelkur8ézroy,
Mary, Herbert, Johnstone and Burndisins.

1 Anthropogenigarticulate nitrogenis also likely to be of some importance in the same areas,
as well agn the Fitzroy Basirhowever, our knowledge on the bioavailabityparticulate
nitrogento the marineecosystems relative to that of dissolved inorganic nitrocgestill
limited.

Riskfrom pollutantsto the Great Barrier Reef 2
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1 Given tle small anthropogenic loads of dissolved organic nitrdgem most basins, and its
limited bioavailablity, it is considered to be less important tliéssol/ed inorganic nitrogen

1 Floodplain wetlands in six management units / bagidewson, Lower Burdekin, Herbert,
Burnett, Burrum and Tuljyhave high likelihood of exposure to sediment, nutrient and
pesticide pressures (Sectiér3). The areas of greatest likelihood of exposure of floodplain
wetlands to nutrient pressures are in the Fitzroy and Dawsmmexposure tosedimentsthe
Dawson and Lower Burdekiandfor exposure tgpesticidesthe Lower Burdekin and
Herbert basins.

1 Floodplains in seven management units / bagindly, Belyando, Plane, Dawson, Comet,
Kolan and Burnejthave high likelihood of exposure to sedimentsirients and pesticides
(Section6.3). The areas of greatest likelihood of exposure of floodplains to nutrient inputs
are in the Belyando and Dawg for exposure tosedimentsthe Dawson, Isaac and
Madkenzie and forexposure topesticidesthe Herbert, Lower BurdekjBelyando, Pioneer
and Planéasins.

What are the consequences of the water quality exposure? (Section

9 The greatest area of reefs in the Higlhsequence class f@rownof-Thorns starfistare in
the Wet Tropics Marine Zone, followed by the Cape Gaikth Marine Zone andb a lesser
extent, the Burdekin Marine Zone. None of the otiMdairine Zona contain reefs in the
Crownof-Thorns starfislinfluencearea and are therefore not within the Higlonsequence
class for the consequence assessment.

1 The greatest limitation in eeting benthic light thresholds was predicted in the Burnett Mary
and Cape York Soularine Zones for surveyed seagrass and the Cape York South and Wet
TropicsMarine Zons formodelleddeepwater seagrass.

What is the risk from degraded water quality toGreat Barrier Reefecosystem health? (Section
8)

Nutrients and sediments

1 The greatest area of risk to coral reefs fr@rownof-Thorns starfistinfluence is in thaVet
Tropics Marine Zone followed by the Cape Ye&wlith Marine Zone andb a lesser extent,
the Burdekin Marine Zone. The basicale assessment (estimated by linkihg tesults to
end-of-catchment dissolved inorganic nitroegkrads) indicates that thelerbert Basin has
the greatest contributiorto dissolved inorganic nitrogenisk to coral reefs. This is followed
by the Johnstone, Russ#lulgrave and Tullppasins but to a lesser extent (approximately
50% lower tharfor the Herbert Basin).

1 The greatest area of risk to surveyed seagrass from benthic light limitation is in the Burdekin
Marine Zone followed by the Burnett Mary Marine Zone. fodelleddeepwater seagrass,
the greatest risk was predicted in the Burnett Mary Marine Zone follolyethe Wet Tropics
and Fitzroy Marine Zones. The basgale assessment (estimated by linking the results to
end-of-catchmentdissolved inorganic nitrogdonads) indicates that the Burdekin Basin has
the greatest contribution tdotal suspeled sedimentsrisk to surveyed seagrass and total
seagrass area. The Fitzroy Basin has the greatest contributtotatsuspendedediments
risk tomodelleddeepwater seagrass, and ranks second for surveyed and total seagrass area.

Pesticides

1 Only a few basingresenta Very Highto Moderate riskio end-of-catchment ecosystenfsom
PSII herbicides, with diuron presenting the highest risk. These basins are generally
characterised as smaller coastal catchments with high proportions of sugarcane land use (i.e.
basinswithin the Mackay Whitsunday regiphower Burdekirand Wet Tropics

Riskfrom pollutantsto the Great Barrier Reef 3
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I Management units that contribute the greatest potential pesticide exposuifetmplain
wetland ecosystems are the Herbert and Lower Burdekin.

1 Management units that contribute the grésst potential pesticide exposure ftoodplain
ecosystemsre the Herbert, Lower Burdekin, Belyando, Pioneer and Plane.

1 The ecotoxicity threshold assessment demonstrated thegat Barrier Reedcosystems are
exposed to a large number of other types ofpieides, some of which were a high risk on
their own. Of the pesticides that indicated a risk to freshwater and estuarine ecosystems (i.e.
<95% species protection) analthe Great Barrier Reef World Heritage A(@8% species
protection), imidacloprid hd aVery Highto Moderate risk in a number of basins, and
hexazinone, metolachlor arnichazapichad aHigh toModerate risk in some catchments.

1 A case study presented here demonstrates the utility of the eReefs hydrodynamic model to
model pesticide exposarand risk to seagrass and coral areas in the marine area.

Other pollutants

1 Ina qualitative risk assessment of emergimjutants marine plastic pollution poses the
highest risk to th&sreat Barrier Regharine ecosystemsatrticularly in the Cape YoNRM
region due to exposure to oceanic and local shipping sources. This is followed by chronic
contamination of water and sediments with antifouling paints, and exposure to certain
personal care products imatural resource maagementregions south of Cape York. The
gualitative risks of all other emergimmllutantsare relatively low with some minor
differences betweerNRMregions.

Conclusions

This assessment has shown that the primary pollutants of conceBrdat Barrier Ref coastal and

marine ecosystemshat is,sediments, nutrients and pesticides, are all important at different scales

and different locations. A summary table of the results in Se@ibighlights that several basins are

identified as high exposure for two or more pollutants. These include the Rivgigitave,

W2Kyahz2ySz ¢dzZ tées | dAKG2Y S . d2NRSTAYS hQ/ 2yyStftz:

This assessnme¢ and the supporting literature also show that:

1 Exposure talissolved inorganic nitroges mostsignificant to all inner shelf areas and the
mid-shelf area between Lizard Island and Townsville adjacent to basins with high
anthropogeniaissolvednorganic nitrogeroads. The relative importance dissolved
inorganic nitrogeno seagrass ecosystems is still uncertain, but it may influence light
availability for deepwater seagrass in areas deeper thaji3.én due to increased
phytoplankton growth.

1 The greatesexposure oforal reef and seagrass to dissolved inorganic nitrogen is from the
Herbert, Haughton, Johnstone, Rusdéiilgrave, Tully, Plane and Murragsins. The
Herbert, Johnstone, Russ#llulgrave and Tullpasins also contribute the gresdtdissolved
inorganic nitrogermisk to coral reefs and primary Crovafir Thorns starfish outbreaks.

9 The Dawson and Lower Fitzroy management units contribute the greatest exposure of
floodplain wetland ecosystem to nutrients. The Belyando and Dawson botgrihe
greatest exposure of floodplain ecosystems to nutrients

1 Exposure to fine sediment mostsignificant to areas of shallow seagrass and coral reefs on
the inner shelf adjacent to basins with high anthropogenic fine sediment loads.

1 The greatesexposure ofcoral reef and seagrass to fine sediment is from the Burdekin,
Fitzroy, Mary, Herbert, Johnstone and Burn@sins. The Burdekin and Fitztmgsins also
contribute the greatest fine sediment risk to seagrass ecosystems.

Riskfrom pollutantsto the Great Barrier Reef 4
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1 The Dawson, Isaand Madkenziemanagement uniteontribute the greatest exposure of
floodplain wetland ecosystem to sediment. The Dawson and Lower Burdekin contribute the
greatest exposure of floodplain ecosystem to sediment

9 Pesticides pose the greatest risk to ecosystems cldsdhe source of the pesticideghat is,
freshwater wetlands, rivers and estuaries are exposed to the highest concentrations,
followed by coastal ecosystems, seagrass and coral. Our understanding, at this stage, of the
spatial exposure of pesticides inet marine area is very limited. However, the case study
presented here with the use of the eReefs hydrodynamic modelling demonstrates the utility
of this model for assessing the spatial exposure of pesticides in the marine area. It is
anticipated that futuwe risk assessments of pesticides will be conducted for the marine area
using the eReefs hydrodynamic model and therefore lead to a better understanding of the
risks that pesticides pose to coastal, seagrass and coral ecosystems.

1 The Herbert and Lower Buwelin contribute to the greatest exposure of floodplain wetland
ecosystems to pesticides. The Herbert, Lower Burdekin, Belyando, Pioneer and Plane
contribute to the greatest exposure of floodplain ecosystems to pesticides

Sgnificant data limitationgxistin the Cape Yorkatural resourcemanagmentregiort therefore, it is
difficult to make conclusions about this region with confiderig®mugh evidencés availabldo

conclude that overall the eastern Cape York catchments currently present a rgiddwetiskto

adjacent coastal and marine ecosysterike basins in the Cape York Central Marine Zdhe
Normanby, Hann and Stewart catchmentare likely to pose a risk to ecosystems in the Princess
Charlotte Bay area from degraded water quality, madarly increased turbidity in wet season
conditions.Until the 2016 bleaching event, the coral reef ecosystems in the Cape York region were
typically in good conditiorDue to the potential underestimation and lack of validation of models
pertaining to isks in the Cape York South Marine Zone, this region also warrants further
investigation and management of threats to water quality.

The limitations of the risk assessment have been translated into priority information needs for future
risk assessments ofater quality in theGreat Barrier Reef

1 scoping of the availability and acquisition of more consistent temporal and spatial data for all
water quality variables (including those not included in the most recent assessment such as
phosphorus and particulatnutrients) and their ecological impacts to enable improved
classification in terms of ecological risk and application of a formal risk assessment
framework (which includes assessments of likelihood and consequence)

refinement of the approach to estmat¢i 2y Sa 2F A ybadindzSy O0SQ F2NJ SI O

limitations to nutrient measurements arahlorophyll a spatiallyand temporally. Direct
measurement othlorophyllain the Great Barrier Redagoon is still limited in sample
numbers and locations of sampling. Estimatestddrophylla concentrations can be made
from water type analysis and by using the eReefs model in conjunction with direct
measurements. However, a more intensive direct swgament program is still required to

be able to answer questions regarding the influence of nutrient enrichment on populations
of Crownof-Thorns starfish

1 better understanding of the prevalence and associated effects of other pollutants (e.g.
microplastcs, endocrinalisrupting substances, oil and polycyclic aromatic hydrocarbons
pharmaceuticals and heavy metals) Great Barrier Reefcosystems

1 extending the habitat assessments beyond coral reefs and sedgraiser marine
ecosystems and coastal agiaecosystems such as floodplain wetlands, floodplains,
freshwater wetland and estuarine environments (mangrove and saltpan) andegin
bioregions
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9 incorporation of the principles of conservation management and the increasing need to
protect areas in théreat Barrier Reefnd its catchments that are in good condition as many
parts of theGreat Barrier Reafcosystem become more degraded.

Further discussion of the improvements to the 2013 assessment and the limitations to the current
assessment ipresented in SectiohO.

The results of this new assessment provide an improved analysis of the likelihood of exposure of
nutrients, sediments and pesticides toastal aquatic and marine ecosystems. This information can
be used to inform management priorities for improving water qudlityn the Great Barrier Reef
catchments that is dischargedtanthe Great Barrier Reef World Heritage Area

Riskfrom pollutantsto the Great Barrier Reef
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1. Introduction

This Scentific Consensusstatement applies aiskmanagemenframeworkbased on the 1IS31000
(ASNZS,2004)shown in Figure .XChapter ldescribesGreat Barrier Reafoastal andnarine
ecosystenstatus andcondition, identifies the primary hazards to thesgstems and the known
effects of landbased pollutantand other contaminant®ased on understanding derived through
monitoringand modelling (Schaffelke et &017). Chapter 2 describethe sources of pollutants
otherwise consideredsthe hazardo Great Barrier Reefcosystems (Bartley et a017). This
chapter applies the risk assessment components of the framework by evaluating the likelihood,
consequences and quantified risk to tBeeat Barrier Reefoastal andnarineecosystems,
specificallyfrom different nutrient constituents suspendedediment (including different size
fractions) and pesticide€hapter 4 considers management of the risks.

Knowledgeof marine ecosystem exposuie Great Barrier Redfas improvedproviding greater
confidence in the ability to assei® risk of degraded water quality tGreat Barrier Reeharine
ecosystem healthHowever, there is still insufficient data and knowledge concerning the exposure,
thresholds and effects for coastafjuaticecosystems sucas wetlandsThisgapcurrently constrains
full consideration othe risk of degraded water qualityo these ecosystems and related impacts on
ecologicafunctions at the local or basin scale.this assessment, we assess the likelihood of
exposure ofloodplainwetlands floodplains coral reefs and seagrass to pollutargsdwe provide
examples of consequence and therefore risk for coral reefs and sealrasilition, we draw on a
recent review on contaminants other than sediment, nutrients and pesticides to examine their
potential risk toGreat Barrier Reefind Torres Straitnarine ecosystems

Identify hazardsand pressures
Chapter 1 (statusandtrend, consequences) |[<€

|

Sources of hazard and pressures
< Chapter 2 0
I
Chapter 3 ) )
Identify the likelihood of exposure of ecosystem to Identify the effects on ecosystem caused by hazard
the hazard: (e.g. likelihood of events, frequency, (Consequence)
spatial extent)

Chapter 3 as per Chapter 1
v

Identify risk to ecosystem
Chapter 3 | (Quantified risk assessment Likelihood X Consequence)

A 4

Risk management, options and adoption
Chapter 4 | (e.g. onground works, system repair, policy, regulation,
governance, social and economic factors)

v

Implicationsand recommendations, knowledge gaps >
Chapter 5 (including M&E)

Figurel. Risk management famework adopted for the 2017 Scientific Consensus Statemdderived from
ASNZS (200¢
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This chapter specifically addresses the overarching questiat are the risks tecosystem health
in the Geat Barrier Reeffrom degradedwater qualityarising from catchment land us&ith the
following subguestions:

9 Drawing orchapters1 and2, what are the water quality hazards that pdbe greatest
potential risk toGreat Barrier Reefquatic coastal and marine ecosystems?

1 What is the likelihood of exposure kéypollutants toGreat Barrier Reefquaticcoastal and
marine systemsand when is the exposure from degraded water quality most likely to be
highest?

What are the consequences of the water quality exposure?
What is the riskrom degraded water quality t&reat Barrier Reefcosystemhealth?

This chaptepresentsthe risk assessment specifically completed to inform the 2017 Riegdr
Quality ProtectiorPlan updateand draws or{i) regionally specific studies conducted between 2014
and 2016 to inform the regional Water Quality Improvement Pléis landscape hazard
assessment for wetlands ltige Department of Science, Information Technology and Innovation
(DSITI2015) and(iii) other peer-reviewed,publishedliterature.

2. Previous findings

In the 2013 ScientificConsensust&tement, acombination of qualitative and senguantitative
assessmentg/ere used to estimate the relative ridkom water quality constituents td@reatBarrier
ReefecosystemChealth from major sources in th8reat Barrier Reafatchments, focusing on
agricultural land use@rodie et al.2013a) Marinerisk was defined as the area of coral reefs and
seagrass within a range of assessment clad&ry (ow to Very High relative risk) for several water
quality variables in each natural resource managemegton. The variables includedaagically
relevant thresholds for concentrations of total suspended solids and chlorapfrgiin daily remote
sensingobservations andhe distribution of key pollutants including total suspendasiment(TSS)
dissolved inorganic nitroge®(N) and photosystem Il inhibiting herbicidéBSII herbicidgsn the
marine environment during flood conditions (based on @fadatchment loads and plume loading
estimates). A factor related to water quality influences@awn-of-Thorns starfish outbreaks was
included for coral reefsThe main finding was that increased loaddioé sedimentsnutrients
(nitrogen and phosphorusha pesticides all pose a high risk to some parts ofGheat Barrier Reef
It concluded thathe riskto the marine ecosysterdiffers depending orthe individual pollutants,
between the source catchments and with distarudghe ecosystenirom the coast.The key findings
from 2013 new information or insights and contentious, unresolved or unknown areas are
summarisedn Appendixl. Coastahquaticecosystemsvere not included in the 2013 assessment
and are included here for the first timspecificallyfloodplain wetlands (i.e. vegetated swamps and
lakes) and floodplains

Prior to 2013, assessments of the relative risk of degraded water qualiBreat Barrier Reef
ecosystems were largely undertaken aBeeat Barrier Reefvide scale, with relative assements
betweennatural resource managemenggions (Brodie et al., 2013a; Waterhouse et al., 2012;
Brodie and Waterhouse, 2009; Cotsell et al., 2009; Greiner et al., 2003pamtksser extent,
individual basins (Australian Government, 2014). The tesf@ithese assessments have been used to
inform prioritisation across theatural resource managemenggions in terms of management

effort (such as ReéWater Quality ProtectioPlan 2009 and 2013, the QueenslaBkat Barrier Reef
Protection Amendmentady 2009 or investmentincluding several Re&¥ater Quality Protection

Plan initiativesSince 2013, there has been more effort in regiestdle assessments to support the
update and development of regional Water Quality Improvement Plans.
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Severalmprovements in catchment modelling (see McCloskey et al., 20MZ&loskey et 120170

for most recent published data), marine modelliyiGkman et al., 2014; Schiller et al., 2014; Baird

et al., 2016; Jones et al., 201#nd availability of longerrtie series of monitoring data to support

this modelling effort hae resulted in greater confidence in the input data required for a regionally
based water quality risk assessment. The capability to assess the relative risk of different pollutants
and basingo marine ecosystems has also progressed (e.g. Waterhouse et al.,;2@agahouse et
al.,2016b). Better understanding of ecological thresholds for coral reefs and seagrass improves the
ability to assess the impacts of water quality exposure. Wiager Quality Improvement Plans
assessments were based on revised methodology advanced from the relative risk assessment
undertaken for the wholé&reat Barrier Redbr the 2013ScientificConsensus Statement (see Brodie
et al., 201®) and modified for regionapplications (Waterhouse et al., 202A&aterhouse et al.,

2014k Waterhouse et al.2015g Waterhouse et al20163 Waterhouse et al2016b). Basiscale
priorities were identified in each regiphowever, the methods varied slightly between regions and
are therefore not directly comparable to informGreat Barrier Reefvide assessment.

Part A: Hazard and systems at risk

3. Risk assessment framework

Ecologicatiskassessment is a term used for a variety of methods to determine the risk posed by a
stressor, for example a pollutant, to the health of an ecosystiskexists when there is the

possibility of adverse or unintended consequendeisk is often quantifiedsathe product of the

likelihood of an event occurring (exposure) and the consequences (also measured as effects) of that
event (Hart et al., 2005). A hazard is something that is likely to cause Imatinis context, the

hazard is the source of the riskydiely described in Chapter 2 (Bartley et20.17).

Water quality within theGreat Barrier Reednd its catchmenis influenced by many factors (see
chapters 1 and 2 for detailed descriptions). The primary influencekartkuse contributions of
pollutants, the volume and timing of seasonal rainfall and subsequentaffievents which are
determined by the monsoonal climate and extreme weather events (cyclones), tidal regimes and
currents. These factors influence the relative risk of different polligattparticular locations and to
different habitats in theGreat Barrier Reednd its catchment.

Different parts of theGreat Barrier Reedre exposed to different degrees of influence from land
sourced pollutants. The degree of exposure is a functidaaibrs such as distance from the coast
and river mouths, the magnitude of river discharges, wind and current directions, the mobility of
different pollutant types, and the different langses in theGreat Barrier Reefatchment(Brodie et

al., 2012a) andubsequent events such as widdven resuspension leading to prolonged exposure
(Fabricius et al., 20167 his differentiabpatial and temporagxposure to lanesourced pollutants
results in varying levels of direct and indireisksto coastal and marine ecosystems in Besat

Barrier Reeincluding coral reefs and seagrass and wetland systems. Understanding these
differences is important for prioritising investment between management aRak assessments

are used as decision taothat rank risks to human values in order to prioritise management actions
and investments (e.g. Burgman, 2005; AS/NZS, 2004). A number of methodologies are available to
carry out the analysis with Bayesian techniques now often favoured by deamsikears(e.g. Hart et

al., 2005; Hart and Pollino, 2008)

Thelikelihood of exposuref a species or habitat to an impact is typically a function of the intensity
of the impact (the concentration 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). When quantifying
exposure, it is important taccount forthe threshold concentratios that lead to an effect on
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species or habitats, that is, the concentration that potentially leads to damage or mortality within
hours or days, as well as understanding legn average concentrations and the duration of
exposure.

Theconsequenceare the measured effects of the exposure. Current knowledge of the effects of
degraded water quality on the health obastal and marine ecosystems in {Becat Barrier Reedre
summarised in Chapter(Bchaffelke gal.,2017), but these ecological effects are still difficult to
guantify forGreat Barrier Reafoastal and marine ecosystentairthermore the consequence of the
exposure of species or habitats to a range of water quality conditions is complicated Infltlence
of multiple pressures and many external influendasluding weather conditionand their episodic
nature (refer to Chapter 1)

The 2013 risk assessment (see Brodie et al., 2013a) incorporated factors that represent marine water
quality in the context of water quality guidelines and thresholds, the influen€eayin-of-Thorns
starfish and a factor representing efd-catchment loa contributions to assess the relative risk of
degraded water quality amongatural resource managementgions. This method wdarther
developed for the regionalvater Quality Improvement Plasd conducted at a basin scale
(Waterhouse et aJ20143 Waerhouse et al. 2014k Waterhouse et a).2015a Waterhouse et al.
20163 Waterhouse et a).2016h). These assessments were largely based on analysis of the
likelihood of exposure of pollutants. While ckmowledge of the consequence of degraded water
guality has improved in the lashree years, our ability to quantifthe effects of the exposure to
degraded water quality to coral reefs and seagiiassill limited.This assessment preseritgo
examples of quantified consequence assessments for corafgand seagrago calculate risk);
further analysis could be conducted with additional time and resource allocation.

Advances in understanding and new themes in tisidatedassessment inclued

9 ashift of focus from regions and towards basins

9 incorporation ofahazardand likelihood of exposurassessment of wetland and floodplain
ecosystems to expand the scope of ecosystems being considered in the assessment. Land
usedriven pressuresinderpin this assessment

1 inclusion ofa pesticide risk agssment for freshwater and estuarine systems to recognise
the importance of pesticide toxicity in these ecosystems; the marine assessment is still under
development and is not quantified at this stage

1 new knowledge on the timing, movement and transformation of pollutants withinGneat
Barrier Reefagoon that will be used to assist in interpretation of the quantitative
assessment

1 consideration of the relative importance of all land use when linkingimearisk to the basins

1 recognition of therelativerisk of emerging contaminants.
The scope of the assessment varies for different ecosystems due to data limitations:

1 marine ecosystemsncludeslikelihood of exposure assessments BiNandfine
sediments with an example of consequence and risk for each parameter. An assessment
of pesticide riskdirectlyin marine ecosystems has not been completed due to limitations
in spatial and temporal pesticide daaaross theGreat Barrier Reef

9 coastal agatic ecosystemsncludesconsideratiornof the likelihood of exposure fddIN
fine sedimentsand pesticides for floodplain wetlands and wetlandise assessment of
the consequenceand risk for each parameter cannot be completed due to limitations in
guartitative data across th&reat Barrier ReefA comprehensive risk analysis of
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pesticidedor freshwater and estuarine systems is presented, adoptingjisubstance
Potentially Affected FractiofmsPAF)and probabilistic ecological risk assessment
methods.

The main elements of the framework are showrFigue 2. The approach is summarised in Box 1.

To provide justification for the methods and selection of input layers for the updated risk

assessment, a summary of factors that influence the likelihood of pollutant exposure, the
consequences and the risks from water quality in @reat Barrier Reedre presented below,

structured using the questions being addressed in ¢hapter.

Great Barrier Reef Marine Ecosystems
| |

Sediments e
) Pesticides
Fine total suspended sediment

A quantitative
assessment is not
conducted in this

Chapter due to data
= limitations.
The results of the
freshwater and
estuarine pesticide risk

[
Nutrients
Dissolved inorganic nitrogen

Consequence Example: Consequence Example: considered to pe
Crown of thorns starfish influence area Exceedance of benthic light thresholds relevant to marine
Area of coral reefs inside the COTS | Areaof seagrass (surveyed and ecosystems.

influence area deepwater modelled)

Great Barrier Reef Coastal Ecosystems
(Floodplain wetlands, floodplains,
freshwater and estuarine ecosystems)
|

o

Consequence

assessment are

r

Consequence

A quantitative assessmentis not A quantitative assessmentis not Wetlands: Not completed
conducted in this Chapter due to data conducted in this Chapter due to data Freshwater & Estuaries: Species sensitivity
- limitations. L limitations. distrit PSR the Multisuk

| Potentially Affected Fraction (Risk Assessment)

and Ecotoxicity Threshold Values (Hazard

Assessment)
Figue 2. Framework for the assessment of the relative risk of degraded water quality@ieat Barrier Reef
coastal and marine ecosystemblote thatCDF refers to cumulative distribution functions-PAF refers to
multisubstancePotentially Affected Fraction; and ETV refers to Ecotoxicity Threshold Values
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BOX 1: Summary of the approach for assessing ecological risk ithjster.

Step 1: Defineassessment boundariasspatial and temporal

Marine zones Regionally grouped areas of river influenicenarine waters

Marine habitats: Coral reefs andeagrasgsurveyed composite anthodelleddeepwater)(data limitations
exclude other ecosystems)

Coastalaquatic ecosystemd=loodplain wetlands (lakes and vegetated swamps) and floodglaiosghout the
Great Barrier Reefatchmentand above the tidal influence

Catchments 35 basins for marine ecosystems; 47 management units (basins and catchmentgdial aquatic
ecosystems

Timeframe: All eReefs modelled inputs are 202014; other datasets are typically 202816, presented as a
multi-annual mean.

Do > Do Do >

Step 2: Assess likelihood of exposure (Sect®n

Step 2a: Define Létihood Score for eacMarine Zone

Informed by identification adources of risk (Chapter 2)

Marine ecosystems, for eadharine Zone

A Assess frequency aradeaof influence of anthropogenic wet season and annual factors for nutrietissglved
inorganic nitrogenrt DIN) andfine sediments (TSS) for coral reefs and seagRate the areasligh to Low.

A cCalculate area of coral reefs and seagrass in highest likelihood categories to generate a Likelihood Score.

A Assess probability that the concentrations of pesticides (as a mixture) passing through the river mouth intofthe

Great Barrier Redégoon exceedrte concentrations that would be protective of 99% of species.

Coastal aquatic ecosystems:

A cCalculate areas of floodplain wetlands and wetlanddigh and Very Highazardareas for nutrients, sediments
and pesticidesApply a relative exposure classificati

Step 2b:Link likelihood of exposure to basins

Marine ecosystems, attributiekelihoodScores foiMarine Zons to each basin:

A cCalculateDINand TSS anthropogenic loads fdarine Zonsandad & Sada LINR LR NI A2Y 2F
to the total load for theMarine Zone to generate a Load Index.

A Multiply the basin Load Index by théarine Zonelikelihood Score to generate a Likelihood Index for each bagi

Coastal aquatic ecosystenihe assessment is conducted within the 47 manageroaits.

Step 3: Assess consequence of expos{Bection?)
Informed by discussion of the impacts of pollutant exposure (Chapter 1)
Marine ecosystems, for eadharine Zone
Example 1DINand coral reefsCrownof-Thorns starfistinfluence area. Calculate area of coral reefs in highes
consequence category f@rownof-Thorns starfislinfluence to generate a Consequence Score.
Example 2TSS and seagrass, exceedance of benthic light thresholds. Calculate areas of seagrass in highe
consequence categories to generate a Consequence Score.
Coastal aquatic ecosystenigot completed due to data limitations.

Step 4: Assess ecological risk féreat Barrier Reefnarine ecosystemgSectiond)

Step 4a: Assess examplesaoinsequences on marine ecosystems from exposuneutients and sediments for

eachMarine Zone

Marine ecosystems, for eadlarine Zone

Example 1DINand coral reefsCrownof-Thorns starfistinfluence area

A Multiply DINLikelihood andDIN ®nsequence spatial layers to gener@éNRsk to coral reefs frontrownof-
Thorns starfistinfluence.

A Calculate area of coral reefs in highest risk categorigetmerate a Risk Score.

Example 2: TSS and seagrass, exceedance of benthic light thresholds

A CombineTS3ikelihood andTSSConsequence spatial layers to generat8Risk to coral reefand seagrass from
reduced light

A Calculate area cfeagrassn highest risk categories to generate a Risk Score.

Coastal aquatic ecosystenigot completed due to data limitations.

Step 4b: Assess examples of ecological risk from nutrients and sediments foreagh

A Multiply the basin Load Index (see Step 2b above) byvthene Zone Risk Score to generate a Risk Index for
each basin.

Step 4c: Assess pesticide risk for eaelsin

A Using monitored pesticide concentration data for each basin, assess riskiyipirpatistic ecological risk
assessment (likelihoogand (i) msPAF method (consequence).

Riskfrom pollutantsto the Great Barrier Reef 12



Scientific Consensus Statement 201Chapter3

4. Defining and mapping the ecosystenas risk of exposure tanthropogenic river
derived pollutants

4.1 DefiningMarine Zons

The marinenatural resource managemefRM)regions (as defined ihe Great Barrier Reef

Marine Park AuthorityseeFigure4) extend seawards from the northern and southern boundaries of
each ofthe sixnatural resource managemenggions to the outer edge of the Great Barrier Reef
Marine Park. However, these are administrative boundaries and do not necessarily reflect the extent
of influence of the catchments on the marine environment. Furthemmoivers outside of aatural
resource managemenmtgion may influence the marine ecosystems within a regimnexample, the
northern Wet Tropics rivers influence the southern Cape York NRM region, the Burdekin River can
influence the Wet TropicRMregion, the Fitzroy River can influence the Mackay WhitsuiRiyl
region and the Burnett and Mamyers can influence the Fitzrd§RMregion in largescale events
(Lanborg et al., 2016). Accordinglygw Marine Zons have been defined for this assessment, which
are intended to group waters in th@reat Barrier Redhat regularly receive input from a group of
rivers and are typically geographically constrained by coastal and marine features.

TheMarine Zones used irthis assessmer(Figure3) are based on a combination j the longterm
(20032014) primaryandsecondary wet season water type frequency map (sedib et al. 2015)
used to define the outer boundarige6i) the latest tracer modelling from eRegfaird et al., 2016

to define the northern and southern boundariegjalifiedby, (iii) the existinghatural resource
managemenmarine regions andlVater Quality Improvement Plaamssessment boundarieand (iv)
observationsof plume extentfrom satellite imageryThe rivers that provide the primary influence in
eachMarine Zoneare shown inTablel.

Detailedmethods further justification and limitations of the extent of thidarine Zonsare
described iMAppendix 1

Tablel. Description of theMarine Zones assessed in thishapter and the primarybasinsof influencefor
each zone

Marine zone Primarybasinsof influence (refer also tdable4)

Cape York North Jacky Jacky, Olive, Pasdosckhart

Cape York Central Stewart, HanpNormanby

Cape York South Jeannie, Endeavour with limited influence from Daintree, Mossman, Russell
Mulgrave Johnstone

Wet Tropics Daintree, Mossman, Russ#llulgrave, Johnstone, Tully, Murray, Herbert,
Burdekin (limited)

Burdekin Tully, Murray, Herbert, Black, Ross, Haughton, Burdekin, Don

Mackay Whitsunday t NPASNLIAYSS hQ/2yySttx tA2ySSNE tf|

Fitzroy t NEPAaSNLIAYSS hQ/2yySttz tAz2ySpakiCreekf |
Fitzroy, Calliope, Boyne, Burnett (limited)

Burnett Mary Watemark Creek, Fitzroy, Calliope, Boyne, Baffle, Kolan, Burnett, Buktary
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Figure3. Panel showing theMarine Zones defined for the assessment, using the eReeisdel tracer data (2011
2014), frequency of primary and secondamnet season water types (2003016), satellite imagery and expert
knowledge of the influence of river plumes in théreat Barrier Reef

4.2 Habitats

4.2.1 Marine ecosystems

Themarinehabitats considered in thearine ecosystemassessmenare coral reefs andeagrass meadows,
based orthe best available informatiarThere is insufficient data to inform the assessment of pollutant
exposure to other ecosystems such as mangroves, soft bottom communities artibfigéver, these
systems are still recognised as important to the health of@Gneat Barrier Reedfnd should be includeith
future assessments as more information becomes available.

For coral reefs, the spatial layer used is @reat Barrier Reef Marineafk Authority{ LJ- G A f 51 G|

coral reefs spatial data file (accessed September 2016).

Riskfrom pollutantsto the Great Barrier Reef 14
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The seagrass habitat map used is a combination of the following datasets:

1. collation of seagrass assessments undertaken in the Great Barrier Reef World Herdader
1984to 2014 (Carter et al2016)

2. seagrass mapping of 100 km of coastal seagrass meadows from Walsh Bay to Cape Flafteny and
reef-top meadows, plus additional surveys near the Starcke River mouth (see Waterhouse et al
2016a)

3. Hervey Bay seagss mappingwhich recognises the area of influence of the rivers in the Burnett
Mary NRM region, particularly the Mary River (McKenzie et al., 2014).

Deepwater seagrass is also represented using a statistical model of sepgeaent irGreat Barrier Ref
World Heritage Areavaters >15mn depth. In thisnodel,spatial distribution is a statistically molkd
probability of seagrass presence (using generalised additive mbasésl orbinomial error and smoothed
terms in relative distance across and along @reat Barrier Regfbased orfield validationpoints (Coles et
al., 2009). Locations with seagrass habitat probability ¥8(Bo)were included in the assessment.

Both datasetshould only be presented g®tential seagrass habitat.

Coastalaquatic ecosystem® floodplain wetlands and floodplains

The coastal aquatic ecosystemmnsideredn this assessment are floodplain wetlands and floodplains. The
spatial layers used are the Qeresland Wetland Data Version 4.@0Vetland areas 2013 EHP and Queensland
Floodplain Assessment Overlay 2013 NB&&Figured).

Basins and catchments

The marine assessment links to the 35 maneat Barrier Reefver basins, and theoastal aquatic
ecosystem assessment links to the 47 management units (descrilbiee introduction to theScientific
Consensus Stateménwithin the Great Barrier Reafatchment Figured). The management units were
defined for theWater Quality Improvement PlafslQ Dry Tropics, 201Bitzroy Basin Association, 2015) to
recognise the relative contributions of catchments within the large Burdekin and FBasiys
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Figure4. Map of the marine natural resairce managemenboundaries,management unitsand coastal aquaticand
marine habitatsincluded in thischapter.
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