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1. Introduction

1.1 The Great Barrier Reef

The Great Barrier Reef is renowned internationally for its ecological importance and beauty.
It is the largest and best known coral reef ecosystem in the world, extending more than
2,300 kilometres along the Queensland coast and covering an area of 350,000 square
kilometres. It includes more than 2900 coral reefs, as well as extensive seagrass meadows,
mangrove forests and diverse seafloor habitats. It is a World Heritage Area and protected
within the Great Barrier Reef Marine Park (Marine Park) in recognition of its diverse, unique
and universal values. The Great Barrier Reef is also critical for the prosperity of Australia,
contributing about $5.5 billion annually to the Australian economy.*

The Great Barrier Reef is home to thousands of species, including corals and other
invertebrates, bony fish, sharks, rays, marine mammals, marine turtles, sea snakes and
seabirds, as well as a wide variety of other animals, algae and marine plants.! The high
biodiversity of the region is nationally and internationally important for the continued survival
of many species, particularly species of conservation concern such as dugongs, whales,
dolphins, sharks and marine turtles. It is this biodiversity that builds such a remarkable
ecosystem and supports human use of the Great Barrier Reef.

The Great Barrier Reef remains one of the most healthy and well managed coral reef
ecosystems in the world.* However, there is no room for complacency as the future health
and resilience of the Great Barrier Reef remains under threat from a range of factors
including climate change, pollutants from the catchments and expanding coastal
development. Effective management and strategic investment in improving water quality will
mitigate some of the short-term impacts of climate change through enhancing Great Barrier
Reef resilience. The health of the Great Barrier Reef depends on the integrity of its

ecological processes and its capacity to recover from anthropogenic and natural disturbance.

1.2 Threats from poor land management practices

The Great Barrier Reef receives run-off from 35 major catchments, which drain 424,000
square kilometres of coastal Queensland. The Great Barrier Reef Region is relatively
sparsely populated; however, there have been extensive changes in land use since
European settlement, driven by increased urban, agricultural and industrial development,
particularly in areas adjacent to the coast.>® The combination of expanding catchment
development and modification of land use has resulted in a significant decline in the quality
of water flowing into the Reef lagoon over the past 150 years.>**® Flood events in the wet
season deliver low salinity waters and loads of nutrients, sediments and pesticides from the
adjacent catchments into the Great Barrier Reef lagoon that are well above natural levels
and many times higher than in non-flood waters.” Pesticides, which are manufactured
chemicals with no natural level, are now widespread in Great Barrier Reef waters.

Numerous studies have shown that nutrient enrichment, turbidity, sedimentation and
pesticides all affect the resilience of the Great Barrier Reef ecosystem, degrading coral reefs
and seagrass meadows at local and regional scales.?*'° Pollutants may also interact to have
a combined negative effect on Great Barrier Reef resilience that is greater than the effect of



each pollutant in isolation.™*? For example, differences in tolerance to nutrient enrichment
and sedimentation between species of adult coral can lead to changes in community
composition.***3

Generally, reef ecosystems decline in species richness and diversity along a gradient from
outer reefs distant from terrestrial inputs to near-shore coastal reefs more frequently
exposed to flood waters.*®** The area at highest risk from degraded water quality is the
inshore area, which makes up approximately eight per cent of the Marine Park within 20
kilometres of the shore. The inshore area supports significant ecological communities and is
also the area of the Great Barrier Reef most utilised by recreational visitors, commercial
tourism operators and commercial fishers.

1. 3 Disturbances affecting the Great Barrier Reef

The Great Barrier Reef ecosystem is affected by a range of human-induced and natural
disturbances, including floods, cyclones, high seawater temperatures, outbreaks of coral
disease and crown-of-thorns starfish. The impact of disturbances on the Great Barrier Reef
depends on their frequency, duration and severity, as well as the state of the ecosystem.*°

A resilient coral community has high rates of recruitment and growth that compensate for
losses resulting from the combination of acute disturbances (such as cyclones) and chronic
environmental stressors (for example poor water quality). However, coral recovery following
a major disturbance is variable, with slow growing species taking decades to recover.'® Over
time, chronic stress may decrease the resilience of the Great Barrier Reef ecosystem, by
slowing or inhibiting recovery from acute disturbances.®*°

Importantly, reducing one stress will often help the ecosystem recover from or resist the
impact of other pressures. For example, managing water quality may help minimise the
effects of climate change.

1.4 Influence of climate change

Under future climate change scenarios, the frequency and intensity of disturbances is set to
increase.™ The average annual seawater temperature on the Great Barrier Reef is likely to
be as much as 1 to 3°C warmer than the present average temperature by 2100.*"*® In
addition, it is predicted that Great Barrier Reef waters will become more acidic, sea level will
continue to rise, patterns of ocean circulation will change and weather events will become
more extreme.'” The Great Barrier Reef Outlook Report 2009" assessed the overall outlook
for the Great Barrier Reef to be poor and reported that catastrophic damage to the
ecosystem may not be averted. It reported that building ecosystem resilience will give the
Reef the best change of adapting to and recovering from the serious threats ahead,
especially from climate change.

The extent and persistence of damage to the Great Barrier Reef will depend to a large

degree on the rate and magnitude of future chang
resilience of the Great Barrier Reef ecosystem.* This has important implications for the

future management of the Great Barrier Reef and run-off entering the Great Barrier Reef

lagoon. For example, modelling suggests that the upper thermal bleaching limit of corals is



correlated with exposure to dissolved inorganic nitrogen and that reducing land-based run-
off of this nutrient may enhance the resilience of inshore corals.'® There is strong evidence
that halting and reversing the decline of water quality entering the Great Barrier Reef lagoon
will increase the natural resilience of Great Barrier Reef ecosystems to future challenges.



2. Methods

2.1 The Marine Monitoring Program

The most significant water quality issues for the Great Barrier Reef are those affecting
inshore waters, and the majority of the assessment and monitoring information relates to this
area. The Reef Rescue Marine Monitoring Program (MMP) monitors the condition of water
quality in the inshore Great Barrier Reef lagoon and the long-term health of key marine
ecosystems (inshore coral reefs and seagrasses). There are four sub-programs, the broad
objectives of which are outlined below along with a brief overview of a sub-section of the
methods.

More information about the MMP is available from the Great Barrier Reef Marine Park
Authority's (agency) website: http://www.gbrmpa.gov.au/about-the-reef/how-the-reefs-
managed/science-and-research/our-monitoring-and-assessment-programs/reef-rescue-
marine-monitoring-program

2.1.1 | nshore water quality

Long-term monitoring of marine water quality in inshore areas of the Great Barrier Reef
lagoon is essential to assess improvements in regional water quality that will occur as a
result of reductions in pollutant loads from adjacent catchments.

Monitoring includes the measurement of concentrations of dissolved and particulate
nutrients (nitrogen and phosphorus) and carbon, chlorophyill, salinity, temperature,
suspended solids (water turbidity) and pesticides. Techniques used to monitor water quality
include satellite remote sensing, automated high-frequency data loggers, and collection of
water samples from research vessels for standard laboratory analysis. Passive samplers are
used to measure the concentration of pesticides in the water column integrated over time, by
accumulating chemicals via passive diffusion.?®*' Key points include:

1 Remote sensing of water quality utilises satellite images acquired on a daily basis
across the Great Barrier Reef, except on overcast days.

1 Monitoring of site-specific water quality by data loggers and direct water sampling is
primarily conducted at the 14 inshore coral monitoring sites, two to three times per
year, to allow for correlation with Great Barrier Reef ecosystem condition. Six open
water sites off Cairns are also monitored to extend an existing long-term data series
initiated in 1989 by the Australian Institute of Marine Science (AIMS).

1 Pesticide concentrations are assessed with passive samplers at 12 sites at monthly
intervals in the wet season and bi-monthly intervals in the dry season (Figure 1).

Water quality parameters are assessed against the Water Quality Guidelines for the Great
Barrier Reef Marine Park (Water Quality Guidelines).*

Further information is available in the annual science reports on the Agency website:
http://www.gbrmpa.gov.au/resources-and-publications/publications/scientific-and-technical-

reports
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Figure 1. Passive samplers monitor marine water pesticide concentrations and WetlLabs fluorometer water quality
loggers for in situ marine water quality monitoring

2.1.2 Flood plume dynamics

The majority of the annual pollutant load to the Great Barrier Reef is delivered by flood
events in the wet season. Assessing trends in the delivery of pollutants by floods and the
exposure of inshore ecosystems is essential to target management actions in regions with a
high probability of exposure to elevated pollutant concentrations.

Monitoring of water quality during flood events and throughout the wet season includes
measurements of salinity, concentrations of nutrients, chlorophyll, suspended solids (water
turbidity) and pesticides from water samples collected directly from research vessels. The
movement of the flood plume across inshore waters of the Great Barrier Reef is assessed
using images from aerial flyovers and remote sensing. Key points include:

1 Monitoring is carried out in marine waters adjacent to targeted catchments along a
north-east transect away from the river mouth, in the wet and dry tropics depending
on flood conditions.

1 Remote sensing of water quality utilises satellite images acquired on a daily basis
across the Great Barrier Reef, except on overcast days (Figure 2).

Water quality parameters are assessed against the Water Quality Guidelines.? Further
information is available in the annual science reports on the Agency website:
http://www.gbrmpa.gov.au/resources-and-publications/publications/scientific-and-technical-

reports
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Figure 2: Satellite images (MODIS-Aqua) of the inshore Fitzroy region of the Great Barrier Reef during normal
(low) flow conditions in November 2009 (a) and flood conditions in March and April 2010 (b, c, d).

The discharge from the Fitzroy River was more than four times the annual median flow and images b-d show
large plumes of dissolved and suspended material in the coastal waters.

2.1.3 Seagrass status

Seagrasses are an important component of the marine ecosystem of the Great Barrier Reef.
They form highly productive habitats that provide nursery grounds for many marine and
estuarine species, including commercially important fish and prawns. Monitoring temporal
and spatial variation in the status of intertidal seagrass meadows in relation to changes in
local water quality is essential in evaluating long-term ecosystem health.

Monitoring includes assessment of the abundance of seagrass species, percentage of cover
and seagrass reproductive effort (Figure 3), which provides an indication of the capacity for
meadows to regenerate following disturbances and changed environmental conditions.
Tissue nutrient composition is assessed in the laboratory as an indicator of potential nutrient
enrichment. Key points include:
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