Catchment to Reef

New tools for mitigation and monitoring of water quality
and ecosystem health

The Catchment to Reef program

The Catchment to Reef program was conceived to address problems raised in a
number of forums, including the Baker Report and the Reef Water Quality Protection
Plan. At about the time these documents appeared, the opportunity arose for the
Rainforest and Reef Cooperative Research Centres to apply for supplementary
funding. They collaborated over this joint program, which was funded for three years.
The program was due to commence in July 2003, but delays in finalising contracts
resulted in the program not commencing until February 2004. The results reported
here, therefore, relate to just over two years’ work, and consequently they are
incomplete. Nevertheless the general thrust of the work is continuing, firstly under
the Catchment to Reef banner, and subsequently within the Marine and Tropical
Research Facility, which is broadly taking up research where the CRCs have left off.

Research focus

The problems addressed by the Catchment to Reef program relate to water quality
and ecosystem health in streams, rivers and coastal waters, and to the connectivity
from the headwaters in the catchment to reefs and other marine habitats in the Great
Barrier Reef (GBR) lagoon. The focus of the research was on the Wet Tropics
biogeographic region, and contiguous marine habitats, reflecting the area of interest
of the two CRCs. This region is remarkable for its natural habitats, for the greatest
concentration of biodiversity in Australia, and for the juxtaposition of two World
Heritage Areas with extensive human development and use — for grazing, agriculture,
mining, urban development and infrastructure in the catchments; for recreational and
commercial fishing in the reef lagoon; and for intensive and extensive tourism across
the whole region. The management challenges are substantial for sustaining all
industries whilst retaining the qualities that warrant World Heritage listing. The
Catchment to Reef program was designed to provide the necessary science to
underpin management of a crucial component of ecosystem health, namely water
quality in its broadest sense.

The research program has explicitly recognised that in considering the health of
aquatic ecosystems from the catchment to the reef, water quality is an issue that
cannot be separated from broader issues of natural ecosystem processes and
human land use, land and water management, infrastructure development, and
changes over time. Some of these considerations are captured in Figure 1, which
paints with a broad brush the characteristics of different parts of the catchment and
the biophysical processes that occur there.

Environmental problems that need addressing

According to up-to-date information in the Baker Report and elsewhere, the export of
nutrients, sediments and other contaminants the GBR lagoon, the world’s largest reef



system, has increased massively since European settlement, severely threatening
the condition and viability of these ecosystems and the industries that depend on
them. Approximately 200 near-shore reefs are under direct pressure from declining
water quality in the Wet Tropics and Whitsunday areas. Runoff of excess sediments
and agricultural chemicals also severely impacts the health of river catchments and
wetland ecosystems that feed into the GBR lagoon and threatens the ecology of
these systems, their unique biodiversity and their capacity to cleanse water entering
the sea. The Commonwealth Government has established long-term targets for
improving water quality in the GBR lagoon and will need effective tools for monitoring
the status and trends of water quality entering the GBR lagoon. Regional Natural
Resource Management (NRM) Bodies will soon have some of the resources needed
to significantly influence and broker land-use changes, and will need advice on
options for catchment and riparian vegetation management, on methods of
measuring the health of rivers, estuaries, ports and coastal waters, and on methods
of measuring status and trends in water quality in their region for both benchmarking
and on-going monitoring.

While new institutional arrangements and policy frameworks are required to bring
about effective changes in coastal and marine ecosystems, it is imperative that tools
be developed to both improve the quality and ecological integrity of terrestrial and
aquatic systems and monitor the effectiveness of those changes. Both Reef and
Rainforest CRCs have worked together to tackle this critical issue by developing new
cost-effective tools, protocols and expertise to identify, monitor and mitigate riparian
and water quality problems and to assess the health of aquatic ecosystems in the
Wet Tropics and GBR World Heritage Areas. This approach is seen as an essential
step towards minimising the downstream effects of agriculture and improving the
ecosystem health of the GBR lagoon and its feeder catchments.

The restoration of water quality and mitigation of the ecosystem effects of degraded
water supplies is Australia’s most important environmental issue. The National Action
Plan for Salinity and Water Quality (NAP) and NHT2 are major government responses
designed to support what must be, ultimately, a community-led change in land-use
across the entire spectrum of human activities that affect the quality of the water
running off the land and the ecological health of our rivers and coastal ecosystems.
The Catchment to Reef aim is to ensure the sustainable future of the Great Barrier
Reef (GBR) and adjacent wet tropical catchments by providing new tools, protocols
and knowledge systems for environmental managers whose aim is to restore
catchment health and the quality of runoff water flowing into the coastal waters of the
Great Barrier Reef World Heritage Area.

Recent scientific opinion indicates that high loadings of nutrients, sediments and
other contaminants are a major cause of declining ecological health of rivers, coastal
habitats and the Great Barrier Reef lagoon, the world's largest reef system, thereby
causing significant impacts on the tourist industry and consequently Australia's
external earnings. Targets for reduced loads in catchments draining into the GBR
have been identified (GBRMPA 2001) to halt the decline in water quality. Land
management practices to minimise loads have been promoted for many years
through voluntary codes of practice for example, but, there is little observable
improvement to date in water quality and in some cases conditions continue to
deteriorate. This could be due to a range of factors including the small spatial extent
of changes in land management in comparison with the cumulative effect of past
land-use practices, drivers other than best resource management, institutional and
industry collaboration issues and the time lag for ecological responses to become
evident.



Research providers and partners

The Rainforest and Reef CRCs were partnerships of research providers and
research users, funded by the DEST CRC program and by partner contributions.
Major partners include the Great Barrier Reef Marine Park Authority, The Wet
Tropics Management Authority, the Far North Queensland NRM Body, and
Queensland Government departments. Major research providers for the Catchment
to Reef program include staff and postgraduate students from James Cook
University, Griffith University, CSIRO, Australian Institute of Marine Science and the
Queensland Department of Natural Resources and Water

Catchment to Reef role

The major goal of the Catchment to Reef program was to develop new cost-effective
tools, protocols and expertise to identify, monitor and mitigate riparian and water
quality problems and to assess the functional health of aquatic ecosystems in the
Wet Tropics and Great Barrier Reef World Heritage Areas. This goal was regarded
as an essential step towards minimising the downstream effects of development and
improving the health of catchment and Reef ecosystems. To address this goal
required the research team to address current deficiencies in understanding of
condition and processes in Wet Tropics catchments and coastal marine systems of
the GBR.

The research plan included a series of tasks (Figure 1) that encompass the concept
of a continuum of processes from catchment source to sea (Figure 2), and grouped
as ‘riverine health and water quality’ (Tasks 1-4) and ‘water quality and the health of
marine coastal systems’ (Tasks 5 and 6). The individual tasks represent themes that
are closely interlinked and which overlap operationally (information from one feeds
into the other). Task 7 (training/capacity building) runs in parallel with the other tasks.
Previous research on water quality in the Wet Tropics focused on gaining a synoptic
view of the fate and flux of nutrients and sediment. The Catchment to Reef program
focused on the links between water and the land, and on tools for measuring success
or failure of improved land use practices.

Task outlines

Taskl. Riparian zone performance: tools and protocols for assessment and
monitoring, and development of guidelines for improvement.

A major management tool for improving water quality is manipulation of the riparian
zone — the river bank and its vegetation. Riparian vegetation is vital for bank
stabilisation, shade, organic input, habitat for terrestrial and emerging aquatic fauna,
and for filtering out dissolved and suspended contaminants resulting from catchment
land use. In the tropical GBR catchments seasonally intense rainfall and extremes of
stream flow also create unusual patterns in sediment and nutrient runoff from the
land.

This task has investigated the various roles of riparian vegetation, including filtering
of sediment and nutrient runoff, to guide riverbank management for water quality and
river ecosystem health benefits in the tropics. By measuring concentrations of
sediments and nutrients in streams, from different land uses, the researchers have



compared losses from sugarcane and banana paddocks, pine plantations, grazing
lands and urban areas, and have recommended best management practices for a
range of activities.

During a flood event, sediment and nutrient loss from the land varies with the flow
rate — rising, peak and falling floodwaters — as well as the land use and topography.
During monitoring of runoff from banana and cane paddocks, JCU researchers found
that the highest nutrient and suspended sediment levels occurred at the rising stage
of drainage flows, just before it peaked. This information will help with timing and
accuracy of water quality monitoring in flood events.

Task 2. Monitoring tools for water quality assessment against benchmarks.

For water quality monitoring to be accurate and useful there are various
considerations, including:

- The need to account for variables such as time of day, extent of in-stream
vegetation and history of hydrological disturbance in the catchment.

- The importance of monitoring the overall condition of a catchment — not just
end-of-river. This will account for all discharge pathways, such as via
wetlands, which can strip contaminants from water.

- Flood-based monitoring quantifies material loads leaving the system but
misses periods of steady contaminant transport between such events; chronic
inputs to the inshore marine system may be just as important as flood pulses
as they supply readily accessible nutrients through the year.

- A need for water quality reporting frameworks for scientists and managers.

This task has addressed these problems by developing cost-effective protocols for
water quality monitoring, analysis and reporting. It has established methods for
variable sampling, and has developed guidelines for effective site selection — at the
sub-catchment scale, at the river mouth and across floodplain distributaries.

Task3. River health assessment tools

River health describes the naturalness (and deviation from it) of river/stream
ecosystems. It includes measures of physical and biological condition, including
biodiversity, habitat integrity, food webs and community metabolism, water quality
and response to natural disturbances (flood, drought). A healthy river system
supports rich biodiversity, provides contaminant-stripping mechanisms, and provides
for the many different uses within a catchment.

In this task, a case study of paired sub-catchments identified clear patterns of natural
change in fish and macro-invertebrates along the length of streams. However,
additional changes from the expected natural patterns were recorded as a result of
human activities in the landscape. Models of stream health have been developed
and tested from the study and will be used to improve stream health monitoring
protocols for the region.

The task has developed various indices of river health, that compare measures of
different components of the system against measures expected from benchmark or
reference sites. Measures such as dissolved nutrients and diversity of fish put a
value on different aspects of health. By combining physical, chemical and biological



variables an overall indication of river health can be established. This has been
adopted for contemporary catchment health reporting in South Eastern Queensland.
As the Wet Tropics bioregion is very different from elsewhere (in terms of hydrology,
biodiversity, etc.) measures, protocols and benchmarks are being developed
separately for this region through this research task.

Task 4. Frameworks for integrated catchment management

The Great Barrier Reef catchment is a patchwork of different land and water uses,
with different levels of disturbance, ecological health and protection of ecological
functions and values. In many sub-catchments riparian vegetation has been cleared
or modified. The integrated management and restoration of riparian vegetation to
maintain water quality and river health is therefore a regional natural resource
management priority. However, there are currently no clear guidelines for this that
take into account the associated issues of riparian restoration, water quality
management and environmental flows specific to the Wet Tropics.

This task uses recent research results, including outputs from tasks 1-3, to create an
integrated catchment management case study, and a framework for prioritising river
rehabilitation and restoration actions. This will improve river health and water quality
across all Great Barrier Reef catchments.

Task 5. Tools for the detection of sublethal stress in aquatic organisms exposed to
elevated levels of nutrients

Traditional monitoring techniques can be slow and ineffective ways of detecting
environmental impacts on aquatic populations, especially when changes are subtle
and/or mixed with other sources of variability. The current public debate about water
quality in the GBR World Heritage Area demands more sensitive and unambiguous
indicators of environmental quality. The task has concentrated on developing new
indicators of sublethal stress based on the principle that physiological stress
develops in organisms long before conditions become so bad that organisms die,
populations change in abundance, or communities change in species composition.

The research task has focussed on changes in key inshore tropical organisms (corals
and seagrasses) to measure water quality condition, using biodiversity, coral colour,
and gene expression as indicators of change. Studies of ‘biofilms’, the coating of
microscopic organisms on sediments and substrates, along nutrient and turbidity
gradients has also demonstrated changes in response to water quality. Once
validated, these new tools will be applied to assess the condition and trends in health
of inshore habitats in the Wet Tropics.

Task 6. Condition and trend assessments for coastal marine communities

Coastal marine systems, including coral reefs and seagrass beds within 20 km of the
coast, are most at risk from the consequences of changing land use in adjacent
catchments. These systems are naturally dynamic because they are subject to
multiple stressors including floods, coral bleaching, cyclones, fishing, and crown-of-
thorns starfish. The complexity of these variables makes conventional monitoring
inadequate in detecting chronic impacts from poor water quality.



Despite the importance of coastal marine communities to biodiversity and sustainable
fisheries, there is little information about their current condition. Most monitoring effort
in the Great Barrier Reef is invested in offshore systems, beyond land-based
influences.

This task has provided the first baseline measurements of herbicide concentrations in
wet tropical rivers and coastal waters, and tested protocols for effective monitoring of
organic pesticides. These methods are now being applied in the marine monitoring
program for the Reef Water Quality Protection Plan.

The task has also improved the accuracy of large-scale marine monitoring from
satellite images of ocean colour, which provide a measure of chlorophyll in coastal
waters, and also account for the effects of sediment in the water.

Task 7. Achieving outcomes: adoption of tools through training of the current and
new generation of practitioners.

An important component of this program is conversion of the project outputs into
outcomes. These are being delivered through through print and electronic products
(including this website) tailored for different interests, and through pecific education
and post-graduate training activities.

Since the program began in 2003 over sixty publications reporting results of the
various research tasks — refereed scientific papers, books and book chapters,
conference papers and reports — have been published or are in press or preparation.
Catchment to Reef researchers have been invited to present at national and
international conferences, to audiences facing similar problems around the world.

The Catchment to Reef science forms the basis of a series of technical reports
covering:
- Aspects of water quality monitoring under different land uses
- Impacts of land use and riparian disturbance on the ecology of streams; and
- Indicators of health of marine inshore ecosystems.

In the future, monitoring manuals will be developed from the technical information,
to guide technical practitioners and land managers in water quality and integrated
river health monitoring in Tropical Queensland catchments.

Community publications

Early in 2006 the Catchment to Reef program released the eight-page booklet and
poster Are you Connected? A guide to processes linking Land, Sea and Reef to
assist our understanding of the ecological connections between river catchments and
inshore reefs, and for distribution to schools, catchment groups and land managers.

A second community publication ‘Nutrients, catchments and reefs B A guide to
nutrients in the tropical landscapeOwill be available in early 2007. The 16-page
booklet, designed for landholders, land managers and senior students, uses
character driven storytelling to introduce the role of nutrients in the tropical
environment. It explains key nutrient cycles in terms of the latest scientific
understanding, the effects of nutrients in Great Barrier Reef catchments, and some of
the management solutions.



A field guide for water quality monitoring in the tropics — a simple, practical ‘how to’
for agency and community members working in the field, is in preparation in
collaboration with staff of the National Action Plan for Salinity and Water Quality
(NAPSWQ) Program, to avoid duplication.

Through other partnerships the Catchment to Reef program will also produce an
interactive atlas of macro-invertebrates to guide identification of commonly found
tropical species and indicators of catchment health.

Final reporting via interactive disc

The development and testing of an interactive CD that will deliver the reporting of the
Catchment to Reef program has already been completed. This product will not only
make the program outputs searchable but will integrate the scientific and technical
reporting with further resources for study and exploration. Location and NRM
community linkages will be accessible from the interface as will high quality printable
files of all reports and extension products.

Future research and applications

The short duration of the Catchment to Reef program has limited the extent to which
it could develop its research outputs into on-ground applications, although there are
some notable exceptions such as the testing and calibration of nutrient strips (Task
1) and the development and deployment of cheap and effective water samplers
(Task 2). The main aims of the program are expected to be completed either through
partnerships with end-user organisations or through the new Marine and Tropical
Science Research Facility, which will progress the research of Catchment to Reef
and its application.



