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Acronyms, units and definitions 

Acronyms 

CDF = cumulative distribution function 

CDOM = colour dissolved organic matter 

Chl-a = chlorophyll a 

CoTs = Crown-of-Thorns starfish 

DIN = dissolved inorganic nitrogen 

DIN Anth. = anthropogenic dissolved inorganic nitrogen 

DIP = dissolved inorganic phosphorus 

ERA = ccological risk assessment 

ETVs = ecotoxicity threshold values  

Kd = light attenuation coefficient 

LOR = limit of reporting 

MoA = modes of action  

ms-PAF = multisubstance-Potentially Affected Fraction  

NetCDF = network common data form 

NRM = natural resource management  

PERA = probabilistic ecological risk assessment  

PN = particulate nitrogen 

PP = particulate phosphorus 

PS wet season = primary and secondary wet season water types 

PSII herbicides = photosystem II inhibiting herbicides  

SSDs = species sensitivity distributions  

TSS Anth. = anthropogenic total suspended sediments 

TSS = total suspended sediment1  

 

 

 

Units  

km3 = cubic kilometres 

kt = kilotonnes 

m = metre 

mg/L = milligram per litre 

mol/m2/d = moles of light per square metre per day 

t = tonnes 

µg/L = micrograms per litre 

˃Ƴ = micrometres (microns) 

 

 

 

                                                           

1 TSS is also often referred to as total suspended solids. 
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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 Johnstone rivers belong to one basin, the Johnstone Basin). 
Basins are primarily used here when discussing the relative delivery of a pollutant to the marine 
system. 

Catchment: The natural drainage area upstream of a point that is generally on the coast. It generally 
ǊŜŦŜǊǎ ǘƻ ǘƘŜ ΨƘȅŘǊƻƭƻƎƛŎŀƭΩ ōƻǳƴŘŀǊȅ ŀƴŘ ƛǎ the term used when referring to modelling in this 
document. There may be multiple catchments in a basin. 

Coastal ecosystems: Coastal freshwater wetlands and estuarine systems connect the land and sea 
and have the potential to influence the health and resilience 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) and floodplains, in line with the scope of the Reef Water Quality Protection Plan. 

Ecological risk assessment: The process of determining the nature and likelihood of effect of 
anthropogenic actions on animals, plants and the environment (SETAC, 1997; US EPA, 1998). It is a 
systematic process for estimating the likelihood of occurrence (or probability) and the severity of the 
consequences (or magnitude) of the effects of human actions or natural events on ecosystems of 
ecological value and their sustainability (modified from Hart et al., 2005). 

Ecosystem health: Ecosystem health is defined here as the state or condition of an ecosystem in 
which its dynamic attributes are expressed within normal ranges of activity relative to its ecological 
stage of development. 

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

Management unit: There are 47 management units in the Great Barrier Reef catchment, which 
incorporate the 35 basins that drain directly to the Great Barrier Reef including additional internal 
catchments or management units within the Burdekin and Fitzroy basins. 

Other pollutants: Includes pollutants such as antifouling paints, coal particles, metals and metalloids, 
marine debris/microplastics, personal care products, 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 
(Kroon et al., 2015a). 

Pesticides: Herbicides, insecticides and fungicides. 

Pollutants: Pollution means the introduction by humans, directly or indirectly, of substances or 
energy into the environment resulting in such deleterious effects as harm to living resources, hazards 
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) and pesǘƛŎƛŘŜǎ ŀǎ ΨǇƻƭƭǳǘŀƴǘǎΩΦ ²ƛǘƘƛƴ ǘƘƛǎ chapter we 
explicitly mean enhanced concentrations of or exposures to these pollutants, which are derived from 
(directly or indirectly) human activities in the Great Barrier Reef ecosystem or adjoining systems (e.g. 
river catchments). Suspended sediments and nutrients naturally occur in the environment; all living 
things in ecosystems of the Great Barrier Reef require nutrients, and many have evolved to live in or 
on sediment. 

Risk: The likelihood that an adverse effect will occur as a result of ecosystem exposure to a certain 
concentration of the stressor. Risk exists when there is the possibility of adverse or unintended 
consequences. It is often quantified as the product of the likelihood of an event occurring and the 
consequences (also measured as effects) of that event (US EPA, 1998). 
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Risk factors 

¶ Likelihood Score: The likelihood of exposure of coral reefs and seagrass to total suspended 
sediments and dissolved inorganic nitrogen for each Marine Zone using the area of coral reefs 
and seagrass in the highest likelihood classes. 

¶ Load Index: The proportional contribution of the anthropogenic pollutant load from each 
basin to the total anthropogenic pollutant load for each Marine Zone. The anthropogenic load 
is calculated as the difference between the long-term average annual load and the estimated 
pre-development annual load. 

¶ Likelihood Index: Attributes the Likelihood Score for each basin using the Load Index: 
Likelihood Score x Load Index. 

¶ Consequence Score: Areas of coral reef and seagrass that are exposed to nutrient and 
sediment effects; examples provided are Crown-of-Thorns starfish (link between dissolved 
inorganic nitrogen and coral reefs) and reduced light (link between total suspended solids and 
seagrass). 

¶ Risk Index: The likelihood that an adverse effect will occur as a result of ecosystem exposure 
to dissolved inorganic nitrogen or total suspended solids: Likelihood Index x Consequence 
Score. 

Region: There are six natural 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 regions are Cape York, Wet 
Tropics, Burdekin, Mackay Whitsunday, Fitzroy and Burnett Mary.  

Water types: The wet season water types are produced using MODIS true colour imagery reclassified 
to six distinct colour classes defined by their colour properties. The wet season water types are 
regrouped into three water types (primary, secondary and tertiary) characterised by different 
concentrations of optically active components (suspended sediment, colour dissolved organic matter 
and chlorophyll a), which control the colour of the water and influence the light attenuation, and 
different pollutant concentrations: 

¶ Primary water type (colour classes 1ς4): Corresponds to the brownish to brownish-green 
turbid water masses. These waters have high nutrient and 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. 

¶ Secondary water type (colour class 5): Corresponds to the greenish to greenish-blue water 
masses and are typical of coastal waters dominated by algae, but also with some dissolved 
matter and some fine sediment present. Relatively high nutrient availability and increased 
light levels due to sedimentation favour an increased coastal productivity in this water type. 
This water type is typical for the coastal waters or the mid-region of river plumes. 

¶ Tertiary water type (colour class 6): Transitional, greenish-blue water mass with slightly above 
ambient turbidity and nutrient concentrations. This water type is typical for areas towards the 
open sea or offshore regions of flood river plumes. 

Time frames: ¢ƘŜ ŘŀǘŀǎŜǘǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŘŜŦƛƴŜŘ ŀǎ ΨŎǳǊǊŜƴǘΩ, which is 2011 to 
2014 using the eReefs model, ŀƴŘ ΨƭƻƴƎŜǊ ǘŜǊƳΩ ǿƘƛŎƘ ƛǎ нлло ǘƻ нлмс ǳǎƛƴƎ ǘƘŜ ǿŀǘŜǊ ǘȅǇŜ ƳŀǇǇƛƴƎΦ 
The modelled baseline is set at 2012-2013. 

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

In this chapter, we applied an ecological risk assessment approach to assess the likelihood of 
exposure and potential risks from land-based pollutants to Great Barrier Reef coastal (floodplain 
wetlands and floodplains) and marine (coral reefs and seagrass meadows) ecosystems. Ecological risk 
is defined as the product of the likelihood of an effect occurring and the consequences if that effect 
was to occur.  

The main water quality pollutants of concern to Great Barrier Reef coastal aquatic and marine 
ecosystems are enhanced levels of suspended sediments, excess nutrients and pesticides 
(predominantly photosystem II inhibiting [PSII] herbicides) discharged to the Great Barrier Reef 
lagoon from the adjacent catchments (refer to Chapter 2). The distinct wet and dry seasonal climate 
of the Great Barrier Reef results in most sediment, nutrients and pesticides being delivered to the 
Great Barrier Reef lagoon during the summer wet season (DecemberςApril) 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 mid- and outer shelf area. In the dry season, 
sediments and nutrients can be remobilised by wind-driven resuspension, leading to conditions of 
elevated turbidity year-round, particularly in inshore areas. Coastal (floodplain wetlands and 
floodplains) ecosystems are similarly influenced by seasonal conditions. First-flush run-off during the 
early wet season can result in inputs of elevated pollutant loads. During the dry season, wetland 
water quality can be affected by irrigation and other localised run-off or cattle and other animal 
disturbance depending on location. The assessment of the likelihood of exposure of pollutants to 
marine ecosystems (coral reefs and seagrass) (Section 6) used several spatial layers to represent 
nutrients and sediments in wet season and annual average conditions. The factors were the 
distribution and frequency of anthropogenic dissolved inorganic nitrogen and fine sediment 
(referred to suspended sediment) loading in the wet season and assessment of the degree of 
difference between current (baseline) average annual concentration of chlorophyll a and light 
attenuation compared to pre-development load scenarios (derived from the eReefs coupled 
hydrodynamic-biogeochemical model).  

The assessment included all 35 basins that discharge into the Great Barrier Reef, and the risk to 
marine ecosystems was assessed within eight Marine Zones: Cape York North, Cape York Central, 
Cape York South, Wet Tropics, Burdekin, Mackay Whitsunday, Fitzroy and Burnett Mary (see 
Appendix 1 for details). The boundaries for these Marine Zones differ from the marine natural 
resource management regions as they better reflect the collective influence of rivers which may 
extend across natural resource management boundaries. The Marine Zones typically incorporate the 
enclosed coastal and inner shelf water bodies and, in the northern areas, mid-shelf areas.  

There were three primary steps in the marine assessment, each conducted separately for total 
suspended sediments and dissolved inorganic nitrogen: 

1. Calculate the likelihood of pollutant exposure (A) (Section 6) 

¶ Likelihood Score (A1) = The likelihood of exposure of coral reefs and seagrass to total 
suspended sediments and dissolved inorganic nitrogen for each Marine Zone using the area 
of coral reefs and seagrass in the highest likelihood classes. 

¶ Load Index (A2) = The proportional contribution of the anthropogenic pollutant load from 
each basin to the total anthropogenic pollutant load for each Marine Zone. The 
anthropogenic load is calculated as the difference between the long-term average annual 
load and the estimated pre-development annual load. 

¶ Likelihood Index (A) = Attributes the Likelihood Score for each basin using the Load Index. 
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(A) Likelihood Index = (A1) Likelihood Score x (A2) Load Index  

 

2. Calculate the consequence of pollutant exposure (B) (Section 7) 
Consequence Score (B) = Areas of coral reef and seagrass that are exposed to Crown-of-
Thorns starfish (dissolved inorganic nitrogen and coral reefs) and reduced light (total 
suspended solids and seagrass). The consequence, and therefore the risk, assessments were 
limited to two examples due to knowledge limitations: (i) the risk of dissolved inorganic 
nitrogen and the area of influence from Crown-of-Thorns starfish on coral reefs, and (ii) the 
risk of the benthic light thresholds for seagrass being exceeded due to excessive 
concentrations of fine sediment. 

3. Calculate marine Risk Index (Section 8) 
Risk Index = The likelihood that an adverse effect will occur as a result of ecosystem 
exposure to dissolved inorganic nitrogen or total suspended sediments. 
 
Risk Index = (A) Likelihood Index x (B) Consequence Score 

Pesticides are also a pollutant of concern 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 methods that assess 
consequence and likelihood. Consequence was first determined using the multisubstance-Potentially 
Affected Fraction (ms-PAF) method. The analysis assessed whether concentrations of pesticides (as a 
mixture of five PSII herbicides) entering the Great Barrier Reef World Heritage Area would be 
protective of 99% of species. This approach assessed the compliance of monitoring data with the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 
2000), and the Great Barrier Reef Water Quality Guidelines (GBRMPA, 2010). Likelihood could then 
be determined using methods of a probabilistic ecological risk assessment: the area under the curve 
of the ms-PAF cumulative frequency distribution. An ecotoxicity threshold assessment was 
completed for 28 individual pesticides (for which threshold values are available) collected over a 
three-year period (2013-2016), as many of these pesticides were not analysed prior to 2013. 

A risk assessment of emerging pollutants (recently completed as part of the National Environmental 
Science Programme) on Great Barrier Reef ecosystems was also incorporated. 

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

What is the likelihood of exposure of key pollutants to Great Barrier Reef aquatic coastal and 
marine systems, and when is the exposure from degraded water quality most likely to be 
highest? (Section 6) 

¶ The greatest exposure of coral reef and seagrass to dissolved inorganic nitrogen is from the 
Herbert, Haughton, Johnstone, Russell-Mulgrave, Tully, Plane and Murray basins. The 
greatest exposure of coral reef and seagrass to fine sediment is from the Burdekin, Fitzroy, 
Mary, Herbert, Johnstone and Burnett basins. 

¶ Anthropogenic particulate nitrogen is also likely to be of some importance in the same areas, 
as well as in the Fitzroy Basin; however, our knowledge on the bioavailabity of particulate 
nitrogen to the marine ecosystems relative to that of dissolved inorganic nitrogen is still 
limited.  
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¶ Given the small anthropogenic loads of dissolved organic nitrogen from most basins, and its 
limited bioavailablity, it is considered to be less important than dissolved inorganic nitrogen. 

¶ Floodplain wetlands in six management units / basins (Dawson, Lower Burdekin, Herbert, 
Burnett, Burrum and Tully) have high likelihood of exposure to sediment, nutrient and 
pesticide pressures (Section 6.3). The areas of greatest likelihood of exposure of floodplain 
wetlands to nutrient pressures are in the Fitzroy and Dawson; for exposure to sediments, the 
Dawson and Lower Burdekin; and for exposure to pesticides, the Lower Burdekin and 
Herbert basins.  

¶ Floodplains in seven management units / basins (Tully, Belyando, Plane, Dawson, Comet, 
Kolan and Burnett) have high likelihood of exposure to sediments, nutrients and pesticides 
(Section 6.3). The areas of greatest likelihood of exposure of floodplains to nutrient inputs 
are in the Belyando and Dawson; for exposure to sediments, the Dawson, Isaac and 
Mackenzie; and for exposure to pesticides, the Herbert, Lower Burdekin, Belyando, Pioneer 
and Plane basins.  

What are the consequences of the water quality exposure? (Section 7) 

¶ The greatest area of reefs in the High consequence class for Crown-of-Thorns starfish are in 
the Wet Tropics Marine Zone, followed by the Cape York South Marine Zone and, to a lesser 
extent, the Burdekin Marine Zone. None of the other Marine Zones contain reefs in the 
Crown-of-Thorns starfish influence area and are therefore not within the High consequence 
class for the consequence assessment.  

¶ The greatest limitation in meeting benthic light thresholds was predicted in the Burnett Mary 
and Cape York South Marine Zones for surveyed seagrass and the Cape York South and Wet 
Tropics Marine Zones for modelled deepwater seagrass. 

What is the risk from degraded water quality to Great Barrier Reef ecosystem health? (Section 
8) 

Nutrients and sediments 

¶ The greatest area of risk to coral reefs from Crown-of-Thorns starfish influence is in the Wet 
Tropics Marine Zone followed by the Cape York South Marine Zone and, to a lesser extent, 
the Burdekin Marine Zone. The basin-scale assessment (estimated by linking the results to 
end-of-catchment dissolved inorganic nitroegen loads) indicates that the Herbert Basin has 
the greatest contribution to dissolved inorganic nitrogen risk to coral reefs. This is followed 
by the Johnstone, Russell-Mulgrave and Tully basins but to a lesser extent (approximately 
50% lower than for the Herbert Basin).  

¶ 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. For modelled deepwater seagrass, 
the greatest risk was predicted in the Burnett Mary Marine Zone followed by the Wet Tropics 
and Fitzroy Marine Zones. The basin-scale assessment (estimated by linking the results to 
end-of-catchment dissolved inorganic nitrogen loads) indicates that the Burdekin Basin has 
the greatest contribution to total suspended sediments risk to surveyed seagrass and total 
seagrass area. The Fitzroy Basin has the greatest contribution to total suspended sediments 
risk to modelled deepwater seagrass, and ranks second for surveyed and total seagrass area.  

Pesticides 

¶ Only a few basins present a Very High to Moderate risk to end-of-catchment ecosystems from 
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. 
basins within the Mackay Whitsunday region, Lower Burdekin and Wet Tropics).  
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¶ Management units that contribute the greatest potential pesticide exposure to floodplain 
wetland ecosystems are the Herbert and Lower Burdekin. 

¶ Management units that contribute the greatest potential pesticide exposure to floodplain 
ecosystems are the Herbert, Lower Burdekin, Belyando, Pioneer and Plane. 

¶ The ecotoxicity threshold assessment demonstrated that Great Barrier Reef ecosystems are 
exposed to a large number of other types of pesticides, 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) and to the Great Barrier Reef World Heritage Area (99% species 
protection), imidacloprid had a Very High to Moderate risk in a number of basins, and 
hexazinone, metolachlor and imazapic had a High to Moderate risk in some catchments.  

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

Other pollutants 

¶ In a qualitative risk assessment of emerging pollutants, marine plastic pollution poses the 
highest risk to the Great Barrier Reef marine ecosystems, particularly in the Cape York NRM 
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 in natural resource management regions south of Cape York. The 
qualitative risks of all other emerging pollutants are relatively low with some minor 
differences between NRM regions. 

Conclusions 

This assessment has shown that the primary pollutants of concern to Great Barrier Reef coastal and 
marine ecosystems, that is, sediments, nutrients and pesticides, are all important at different scales 
and different locations. A summary table of the results in Section 9 highlights that several basins are 
identified as high exposure for two or more pollutants. These include the Russell-Mulgrave, 
WƻƘƴǎǘƻƴŜΣ ¢ǳƭƭȅΣ IŀǳƎƘǘƻƴΣ .ǳǊŘŜƪƛƴΣ hΩ/ƻƴƴŜƭƭΣ tƛƻƴŜŜǊΣ tƭŀƴŜΣ CƛǘȊǊƻȅΣ .ǳǊƴŜǘǘ ŀƴŘ aŀǊȅΦ  

This assessment and the supporting literature also show that: 

¶ Exposure to dissolved inorganic nitrogen is most significant to all inner shelf areas and the 
mid-shelf area between Lizard Island and Townsville adjacent to basins with high 
anthropogenic dissolved inorganic nitrogen loads. The relative importance of dissolved 
inorganic nitrogen to seagrass ecosystems is still uncertain, but it may influence light 
availability for deepwater seagrass in areas deeper than 10ς15 m due to increased 
phytoplankton growth. 

¶ The greatest exposure of coral reef and seagrass to dissolved inorganic nitrogen is from the 
Herbert, Haughton, Johnstone, Russell-Mulgrave, Tully, Plane and Murray basins. The 
Herbert, Johnstone, Russell-Mulgrave and Tully basins also contribute the greatest dissolved 
inorganic nitrogen risk to coral reefs and primary Crown-of-Thorns starfish outbreaks. 

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

¶ Exposure to fine sediment is most significant to areas of shallow seagrass and coral reefs on 
the inner shelf adjacent to basins with high anthropogenic fine sediment loads. 

¶ The greatest exposure of coral reef and seagrass to fine sediment is from the Burdekin, 
Fitzroy, Mary, Herbert, Johnstone and Burnett basins. The Burdekin and Fitzroy basins also 
contribute the greatest fine sediment risk to seagrass ecosystems. 
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¶ The Dawson, Isaac and Mackenzie management units contribute the greatest exposure of 
floodplain wetland ecosystem to sediment. The Dawson and Lower Burdekin contribute the 
greatest exposure of floodplain ecosystem to sediment. 

¶ Pesticides pose the greatest risk to ecosystems closest to the source of the pesticides; that 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 in the 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 future 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. 

¶ The Herbert and Lower Burdekin 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. 

Significant data limitations exist in the Cape York natural resource managment region; therefore, it is 
difficult to make conclusions about this region with confidence. Enough evidence is available to 
conclude that overall the eastern Cape York catchments currently present a relatively low risk to 
adjacent coastal and marine ecosystems. The basins in the Cape York Central Marine Zone ς the 
Normanby, Hann and Stewart catchments ς are likely to pose a risk to ecosystems in the Princess 
Charlotte Bay area from degraded water quality, particularly increased turbidity in wet season 
conditions. Until the 2016 bleaching event, the coral reef ecosystems in the Cape York region were 
typically in good condition. Due to the potential underestimation and lack of validation of models 
pertaining to risks 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 of water quality in the Great Barrier Reef: 

¶ 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 particulate nutrients) 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 estimate ΨȊƻƴŜǎ ƻŦ ƛƴŦƭǳŜƴŎŜΩ ŦƻǊ ŜŀŎƘ basin 

¶ limitations to nutrient measurements and chlorophyll a spatially and temporally. Direct 
measurement of chlorophyll a in the Great Barrier Reef lagoon is still limited in sample 
numbers and locations of sampling. Estimates of chlorophyll a concentrations can be made 
from water type analysis and by using the eReefs model in conjunction with direct 
measurements. However, a more intensive direct measurement program is still required to 
be able to answer questions regarding the influence of nutrient enrichment on populations 
of Crown-of-Thorns starfish  

¶ better understanding of the prevalence and associated effects of other pollutants (e.g. 
microplastics, endocrine-disrupting substances, oil and polycyclic aromatic hydrocarbons, 
pharmaceuticals and heavy metals) on Great Barrier Reef ecosystems 

¶ extending the habitat assessments beyond coral reefs and seagrass to other marine 
ecosystems and coastal aquatic ecosystems such as floodplain wetlands, floodplains, 
freshwater wetland and estuarine environments (mangrove and saltpan) and non-reef 
bioregions 
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¶ incorporation of the principles of conservation management and the increasing need to 
protect areas in the Great Barrier Reef and its catchments that are in good condition as many 
parts of the Great Barrier Reef ecosystem become more degraded. 

Further discussion of the improvements to the 2013 assessment and the limitations to the current 
assessment is presented in Section 10.  

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

This Scientific Consensus Statement applies a risk management framework based on the ISO 31000 
(AS/NZS, 2004) shown in Figure 1. Chapter 1 describes Great Barrier Reef coastal and marine 
ecosystem status and condition, identifies the primary hazards to these systems and the known 
effects of land-based pollutants and other contaminants based on understanding derived through 
monitoring and modelling (Schaffelke et al., 2017). Chapter 2 describes the sources of pollutants, 
otherwise considered as the hazard to Great Barrier Reef ecosystems (Bartley et al., 2017). This 
chapter applies the risk assessment components of the framework by evaluating the likelihood, 
consequences and quantified risk to the Great Barrier Reef coastal and marine ecosystems, 
specifically from different nutrient constituents, suspended sediment (including different size 
fractions) and pesticides. Chapter 4 considers management of the risks. 

Knowledge of marine ecosystem exposure in Great Barrier Reef has improved, providing greater 
confidence in the ability to assess the risk of degraded water quality to Great Barrier Reef marine 
ecosystem health. However, there is still insufficient data and knowledge concerning the exposure, 
thresholds and effects for coastal aquatic ecosystems such as wetlands. This gap currently constrains 
full consideration of the risk of degraded water quality to these ecosystems and related impacts on 
ecological functions at the local or basin scale. In this assessment, we assess the likelihood of 
exposure of floodplain wetlands, floodplains, coral reefs and seagrass to pollutants, and we provide 
examples of consequence and therefore risk for coral reefs and seagrass. In addition, we draw on a 
recent review on contaminants other than sediment, nutrients and pesticides to examine their 
potential risk to Great Barrier Reef and Torres Strait marine ecosystems.  

Figure 1. Risk management framework adopted for the 2017 Scientific Consensus Statement. Derived from 
AS/NZS (2004). 
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This chapter specifically addresses the overarching question: What are the risks to ecosystem health 
in the Great Barrier Reef from degraded water quality arising from catchment land use? with the 
following sub-questions:  

¶ Drawing on chapters 1 and 2, what are the water quality hazards that pose the greatest 
potential risk to Great Barrier Reef aquatic coastal and marine ecosystems?  

¶ What is the likelihood of exposure of key pollutants to Great Barrier Reef aquatic coastal and 
marine systems, and 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 risk from degraded water quality to Great Barrier Reef ecosystem health?  

This chapter presents the risk assessment specifically completed to inform the 2017 Reef Water 
Quality Protection Plan update and draws on (i) regionally specific studies conducted between 2014 
and 2016 to inform the regional Water Quality Improvement Plans, (ii) a landscape hazard 
assessment for wetlands by the Department of Science, Information Technology and Innovation 
(DSITI, 2015), and (iii) other peer-reviewed, published literature. 

 Previous findings 

In the 2013 Scientific Consensus Statement, a combination of qualitative and semi-quantitative 
assessments were used to estimate the relative risk from water quality constituents to Great Barrier 
Reef ecosystemsΩ health from major sources in the Great Barrier Reef catchments, focusing on 
agricultural land uses (Brodie et al., 2013a). Marine risk was defined as the area of coral reefs and 
seagrass within a range of assessment classes (Very Low to Very High relative risk) for several water 
quality variables in each natural resource management region. The variables included ecologically 
relevant thresholds for concentrations of total suspended solids and chlorophyll a from daily remote 
sensing observations and the distribution of key pollutants including total suspended sediment (TSS), 
dissolved inorganic nitrogen (DIN) and photosystem II inhibiting herbicides (PSII herbicides) in the 
marine environment during flood conditions (based on end-of-catchment loads and plume loading 
estimates). A factor related to water quality influences on Crown-of-Thorns starfish outbreaks was 
included for coral reefs. The main finding was that increased loads of fine sediments, nutrients 
(nitrogen and phosphorus) and pesticides all pose a high risk to some parts of the Great Barrier Reef. 
It concluded that the risk to the marine ecosystem differs depending on the individual pollutants, 
between the source catchments and with distance of the ecosystem from the coast. The key findings 
from 2013, new information or insights and contentious, unresolved or unknown areas are 
summarised in Appendix 1. Coastal aquatic ecosystems were not included in the 2013 assessment 
and are included here for the first time, specifically, floodplain wetlands (i.e. vegetated swamps and 
lakes) and floodplains. 

Prior to 2013, assessments of the relative risk of degraded water quality on Great Barrier Reef 
ecosystems were largely undertaken at a Great Barrier Reefςwide scale, with relative assessments 
between natural resource management regions (Brodie et al., 2013a; Waterhouse et al., 2012; 
Brodie and Waterhouse, 2009; Cotsell et al., 2009; Greiner et al., 2005) and, to a lesser extent, 
individual basins (Australian Government, 2014). The results of these assessments have been used to 
inform prioritisation across the natural resource management regions in terms of management 
effort (such as Reef Water Quality Protection Plan 2009 and 2013, the Queensland Great Barrier Reef 
Protection Amendment Act, 2009) or investment, including several Reef Water Quality Protection 
Plan initiatives. Since 2013, there has been more effort in regional-scale assessments to support the 
update and development of regional Water Quality Improvement Plans.  
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Several improvements in catchment modelling (see McCloskey et al., 2017a; McCloskey et al., 2017b 
for most recent published data), marine modelling (Brinkman et al., 2014; Schiller et al., 2014; Baird 
et al., 2016; Jones et al., 2016) and availability of longer time series of monitoring data to support 
this modelling effort have 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 basins to marine ecosystems has also progressed (e.g. Waterhouse et al., 2016a; Waterhouse et 
al., 2016b). Better understanding of ecological thresholds for coral reefs and seagrass improves the 
ability to assess the impacts of water quality exposure. The Water Quality Improvement Plans 
assessments were based on revised methodology advanced from the relative risk assessment 
undertaken for the whole Great Barrier Reef for the 2013 Scientific Consensus Statement (see Brodie 
et al., 2013b) and modified for regional applications (Waterhouse et al., 2014a; Waterhouse et al., 
2014b; Waterhouse et al., 2015a; Waterhouse et al., 2016a; Waterhouse et al., 2016b). Basin-scale 
priorities were identified in each region; however, the methods varied slightly between regions and 
are therefore not directly comparable to inform a Great Barrier Reefςwide assessment. 

Part A: Hazard and systems at risk 

 Risk assessment framework 

Ecological risk assessment 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 ecosystem. Risk exists when there is the 
possibility of adverse or unintended consequences. Risk is often quantified as the 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 harm. In this context, the 
hazard is the source of the risk, largely described in Chapter 2 (Bartley et al., 2017). 

Water quality within the Great Barrier Reef and its catchment is influenced by many factors (see 
chapters 1 and 2 for detailed descriptions). The primary influences are land-use contributions of 
pollutants, the volume and timing of seasonal rainfall and subsequent run-off events, which are 
determined by the monsoonal climate and extreme weather events (cyclones), tidal regimes and 
currents. These factors influence the relative risk of different pollutants at particular locations and to 
different habitats in the Great Barrier Reef and its catchment.  

Different parts of the Great Barrier Reef are exposed to different degrees of influence from land-
sourced pollutants. The degree of exposure is a function of factors 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 land uses in the Great Barrier Reef catchment (Brodie et 
al., 2012a) and subsequent events such as wind-driven resuspension leading to prolonged exposure 
(Fabricius et al., 2016). This differential spatial and temporal exposure to land-sourced pollutants 
results in varying levels of direct and indirect risks to coastal and marine ecosystems in the Great 
Barrier Reef including coral reefs and seagrass and wetland systems. Understanding these 
differences is important for prioritising investment between management areas. Risk assessments 
are used as decision tools that 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 decision-makers (e.g. Hart et 
al., 2005; Hart and Pollino, 2008). 

The likelihood of exposure of 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 to account for the threshold concentrations that lead to an effect on 



Scientific Consensus Statement 2017τChapter 3 

Risk from pollutants to the Great Barrier Reef   10 

species or habitats, that is, the concentration that potentially leads to damage or mortality within 
hours or days, as well as understanding long-term average concentrations and the duration of 
exposure.  

The consequences are the measured effects of the exposure. Current knowledge of the effects of 
degraded water quality on the health of coastal and marine ecosystems in the Great Barrier Reef are 
summarised in Chapter 1 (Schaffelke et al., 2017), but these ecological effects are still difficult to 
quantify for Great Barrier Reef coastal and marine ecosystems. Furthermore, the consequence of the 
exposure of species or habitats to a range of water quality conditions is complicated by the influence 
of multiple pressures and many external influences, including weather conditions and 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 influence of Crown-of-Thorns 
starfish and a factor representing end-of-catchment load contributions to assess the relative risk of 
degraded water quality among natural resource management regions. This method was further 
developed for the regional Water Quality Improvement Plans and conducted at a basin scale 
(Waterhouse et al., 2014a; Waterhouse et al., 2014b; Waterhouse et al., 2015a; Waterhouse et al., 
2016a; Waterhouse et al., 2016b). These assessments were largely based on analysis of the 
likelihood of exposure of pollutants. While our knowledge of the consequence of degraded water 
quality has improved in the last three years, our ability to quantify the effects of the exposure to 
degraded water quality to coral reefs and seagrass is still limited. This assessment presents two 
examples of quantified consequence assessments for coral reefs and seagrass (to calculate risk); 
further analysis could be conducted with additional time and resource allocation. 

Advances in understanding and new themes in this updated assessment include: 

¶ a shift of focus from regions and towards basins 

¶ incorporation of a hazard and likelihood of exposure assessment of wetland and floodplain 
ecosystems to expand the scope of ecosystems being considered in the assessment. Land-
use driven pressures underpin this assessment  

¶ inclusion of a pesticide risk assessment 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 

¶ new knowledge on the timing, movement and transformation of pollutants within the Great 
Barrier Reef lagoon that will be used to assist in interpretation of the quantitative 
assessment 

¶ consideration of the relative importance of all land use when linking marine risk to the basins 

¶ recognition of the relative risk of emerging contaminants.  

The scope of the assessment varies for different ecosystems due to data limitations: 

¶ marine ecosystems: includes likelihood of exposure assessments for DIN and fine 
sediments, with an example of consequence and risk for each parameter. An assessment 
of pesticide risk directly in marine ecosystems has not been completed due to limitations 
in spatial and temporal pesticide data across the Great Barrier Reef  

¶ coastal aquatic ecosystems: includes consideration of the likelihood of exposure for DIN, 
fine sediments and pesticides for floodplain wetlands and wetlands. The assessment of 
the consequences and risk for each parameter cannot be completed due to limitations in 
quantitative data across the Great Barrier Reef. A comprehensive risk analysis of 
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pesticides for freshwater and estuarine systems is presented, adopting multisubstance-
Potentially Affected Fraction (ms-PAF) and probabilistic ecological risk assessment 
methods.  

The main elements of the framework are shown in Figure 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 the Great Barrier Reef are presented below, 
structured using the questions being addressed in this chapter. 

Figure 2. Framework for the assessment of the relative risk of degraded water quality to Great Barrier Reef 
coastal and marine ecosystems. Note that CDF refers to cumulative distribution function; ms-PAF refers to 

multisubstance-Potentially Affected Fraction; and ETV refers to Ecotoxicity Threshold Values.   
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BOX 1: Summary of the approach for assessing ecological risk in this chapter. 

Step 1: Define assessment boundariesτspatial and temporal 
Å Marine zones: Regionally grouped areas of river influence in marine waters 
Å Marine habitats: Coral reefs and seagrass (surveyed composite and modelled deepwater) (data limitations 

exclude other ecosystems) 
Å Coastal aquatic ecosystems: Floodplain wetlands (lakes and vegetated swamps) and floodplains throughout the 

Great Barrier Reef catchment and above the tidal influence  
Å Catchments: 35 basins for marine ecosystems; 47 management units (basins and catchments) for coastal aquatic 

ecosystems 
Å Time frame: All eReefs modelled inputs are 2011-2014; other datasets are typically 2003-2016, presented as a 

multi-annual mean. 
 

Step 2: Assess likelihood of exposure (Section 6) 
Step 2a: Define Likelihood Score for each Marine Zone 
Informed by identification of sources of risk (Chapter 2) 
Marine ecosystems, for each Marine Zone: 
Å Assess frequency and area of influence of anthropogenic wet season and annual factors for nutrients (dissolved 

inorganic nitrogen - DIN) and fine sediments (TSS) for coral reefs and seagrass. Rate the areas High to Low. 
Å Calculate area of coral reefs and seagrass in highest likelihood categories to generate a Likelihood Score.  
Å Assess probability that the concentrations of pesticides (as a mixture) passing through the river mouth into the 

Great Barrier Reef lagoon exceed the concentrations that would be protective of 99% of species. 
Coastal aquatic ecosystems: 
Å Calculate areas of floodplain wetlands and wetlands in High and Very High hazard areas for nutrients, sediments 

and pesticides. Apply a relative exposure classification. 
Step 2b: Link likelihood of exposure to basins 
Marine ecosystems, attribute Likelihood Scores for Marine Zones to each basin: 
Å Calculate DIN and TSS anthropogenic loads for Marine Zones and aǎǎŜǎǎ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŜŀŎƘ ōŀǎƛƴΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ 

to the total load for the Marine Zones to generate a Load Index. 
Å Multiply the basin Load Index by the Marine Zone Likelihood Score to generate a Likelihood Index for each basin.  
Coastal aquatic ecosystems: The assessment is conducted within the 47 management units. 
 

Step 3: Assess consequence of exposure (Section 7) 
Informed by discussion of the impacts of pollutant exposure (Chapter 1) 
Marine ecosystems, for each Marine Zone: 

Example 1: DIN and coral reefs, Crown-of-Thorns starfish influence area. Calculate area of coral reefs in highest 
consequence category for Crown-of-Thorns starfish influence to generate a Consequence Score.  
Example 2: TSS and seagrass, exceedance of benthic light thresholds. Calculate areas of seagrass in highest 
consequence categories to generate a Consequence Score.  

Coastal aquatic ecosystems: Not completed due to data limitations. 
 

Step 4: Assess ecological risk for Great Barrier Reef marine ecosystems (Section 8) 
Step 4a: Assess examples of consequences on marine ecosystems from exposure to nutrients and sediments for 
each Marine Zone 
Marine ecosystems, for each Marine Zone: 
Example 1: DIN and coral reefs, Crown-of-Thorns starfish influence area.  
Å Multiply DIN Likelihood and DIN Consequence spatial layers to generate DIN Risk to coral reefs from Crown-of-

Thorns starfish influence. 
Å Calculate area of coral reefs in highest risk categories to generate a Risk Score.  
Example 2: TSS and seagrass, exceedance of benthic light thresholds.  
Å Combine TSS Likelihood and TSS Consequence spatial layers to generate TSS Risk to coral reefs and seagrass from 

reduced light. 
Å Calculate area of seagrass in highest risk categories to generate a Risk Score.  
Coastal aquatic ecosystems: Not completed due to data limitations. 
Step 4b: Assess examples of ecological risk from nutrients and sediments for each basin 
Å Multiply the basin Load Index (see Step 2b above) by the Marine Zone Risk Score to generate a Risk Index for 

each basin. 
Step 4c: Assess pesticide risk for each basin 

Å Using monitored pesticide concentration data for each basin, assess risk using (i) probablistic ecological risk 
assessment (likelihood), and (ii) ms-PAF method (consequence).  
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 Defining and mapping the ecosystems at risk of exposure to anthropogenic river-
derived pollutants 

 Defining Marine Zones 

The marine natural resource management (NRM) regions (as defined by the Great Barrier Reef 
Marine Park Authority; see Figure 4) extend seawards from the northern and southern boundaries of 
each of the six natural resource management regions 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. Furthermore, rivers outside of a natural 
resource management region may influence the marine ecosystems within a region; for example, the 
northern Wet Tropics rivers influence the southern Cape York NRM region, the Burdekin River can 
influence the Wet Tropics NRM region, the Fitzroy River can influence the Mackay Whitsunday NRM 
region and the Burnett and Mary rivers can influence the Fitzroy NRM region in large-scale events 
(Lønborg et al., 2016). Accordingly, new Marine Zones have been defined for this assessment, which 
are intended to group waters in the Great Barrier Reef that regularly receive input from a group of 
rivers and are typically geographically constrained by coastal and marine features. 

The Marine Zones used in this assessment (Figure 3) are based on a combination of (i) the long-term 
(2003-2014) primary and secondary wet season water type frequency map (see Devlin et al., 2015a) 
used to define the outer boundaries, (ii) the latest tracer modelling from eReefs (Baird et al., 2016) 
to define the northern and southern boundaries, qualified by, (iii) the existing natural resource 
management marine regions and Water Quality Improvement Plan assessment boundaries, and (iv) 
observations of plume extent from satellite imagery. The rivers that provide the primary influence in 
each Marine Zone are shown in Table 1. 

Detailed methods, further justification and limitations of the extent of the Marine Zones are 
described in Appendix 1.  

Table 1. Description of the Marine Zones assessed in this chapter and the primary basins of influence for 

each zone.  

Marine zone Primary basins of influence (refer also to Table 4) 
Cape York North Jacky Jacky, Olive, Pascoe, Lockhart 

Cape York Central Stewart, Hann, Normanby 

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

Wet Tropics Daintree, Mossman, Russell-Mulgrave, Johnstone, Tully, Murray, Herbert, 
Burdekin (limited)  

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

Mackay Whitsunday tǊƻǎŜǊǇƛƴŜΣ hΩ/ƻƴƴŜƭƭΣ tƛƻƴŜŜǊΣ tƭŀƴŜ 

Fitzroy tǊƻǎŜǊǇƛƴŜΣ hΩ/ƻƴƴŜƭƭΣ tƛƻƴŜŜǊΣ tƭŀƴŜΣ {ǘȅȄΣ {ƘƻŀƭǿŀǘŜǊ /ǊŜŜƪΣ ²ŀǘŜǊpark Creek, 
Fitzroy, Calliope, Boyne, Burnett (limited) 

Burnett Mary Waterpark Creek, Fitzroy, Calliope, Boyne, Baffle, Kolan, Burnett, Burrum, Mary 
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Figure 3. Panel showing the Marine Zones defined for the assessment, using the eReefs model tracer data (2011-
2014), frequency of primary and secondary wet season water types (2003-2016), satellite imagery and expert 

knowledge of the influence of river plumes in the Great Barrier Reef. 

 Habitats 

 Marine ecosystems 

The marine habitats considered in the marine ecosystems assessment are coral reefs and seagrass meadows, 
based on the best available information. There is insufficient data to inform the assessment of pollutant 
exposure to other ecosystems such as mangroves, soft bottom communities and fish; however, these 
systems are still recognised as important to the health of the Great Barrier Reef and should be included in 
future assessments as more information becomes available. 

For coral reefs, the spatial layer used is the Great Barrier Reef Marine Park Authority {Ǉŀǘƛŀƭ 5ŀǘŀ /ŜƴǘǊŜΩǎ 
coral reefs spatial data file (accessed September 2016). 
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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 Heritage Area from 
1984 to 2014 (Carter et al., 2016) 

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

3. Hervey Bay seagrass mapping, which 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 seagrass present in Great Barrier Reef 
World Heritage Area waters >15 m depth. In this model, spatial distribution is a statistically modelled 
probability of seagrass presence (using generalised additive models based on binomial error and smoothed 
terms in relative distance across and along the Great Barrier Reef), based on field validation points (Coles et 
al., 2009). Locations with seagrass habitat probability >0.5 (50%) were included in the assessment.  

Both datasets should only be presented as potential seagrass habitat. 

 Coastal aquatic ecosystemsɂfloodplain wetlands and floodplains 

The coastal aquatic ecosystems considered in this assessment are floodplain wetlands and floodplains. The 
spatial layers used are the Queensland Wetland Data Version 4.0τWetland areas 2013 EHP and Queensland 
Floodplain Assessment Overlay 2013 NRM (see Figure 4). 

 Basins and catchments 

The marine assessment links to the 35 main Great Barrier Reef river basins, and the coastal aquatic 
ecosystem assessment links to the 47 management units (described in the Introduction to theScientific 
Consensus Statement) within the Great Barrier Reef catchment (Figure 4). The management units were 
defined for the Water Quality Improvement Plans (NQ Dry Tropics, 2016; Fitzroy Basin Association, 2015) to 
recognise the relative contributions of catchments within the large Burdekin and Fitzroy Basins. 
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Figure 4. Map of the marine natural resource management boundaries, management units and coastal aquatic and 

marine habitats included in this chapter.   
























































































































































































































































































































