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About this report

This report provides a synthesis of information collected as part of the Reef Rescue Marine
Monitoring Program during 2008/2009. The information provided had been extracted from
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1 Schaffelke, B., Thompson, A., Carleton, J., Davidson, J., Doyle, J., Furnas, M., Gunn, K.,
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Final Report of AIMS Activities 2008/2009. Report submitted to the Reef and Rainforest
Research Centre. Australian Institute of Marine Science, Townsville.

1 Devlin, M., Brodie, J., Lewis, S. and Bainbridge, Z. (2009) Reef Rescue Marine
Monitoring Program: Flood plumes in the GBR 1 Case studies for Marine Monitoring
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Catchment to Reef Group, James Cook University, Townsville.
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1. Executive Summary

The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in
the Great Barrier Reef (GBR) lagoon assesses the long-term effectiveness of the Australian
and Queensl|l and @ Water Queditpy ProtactiorRPlan, including the Reef
Rescue initiative. The MMP was established in 2005 to help assess the long-term status and
health of GBR ecosystems and is a critical component in the assessment of regional water
quality as land management practices are improved across GBR catchments. The program
forms an integral part of the Reef Plan Paddock to Reef Integrated Monitoring, Modelling and
Reporting Program. This Synthesis Report presents the results of the 2008/2009 MMP
monitoring period as well as trend analysis for the four years of the program where possible.
The data and information presented in this Synthesis Report also provides the foundation for
the development of the Great Barrier Reef Water Quality and Ecosystem Health component
of the Reef Plan Baseline Water Quality Report.

The 2008/2009 MMP assessed the condition of water quality in the inshore GBR lagoon and
the health of key GBR marine ecosystems 1 inshore coral reefs and intertidal seagrass
meadows i for the 2008/2009 sampling period. The MMP has two core programs: (i) inshore
GBR water quality monitoring, and (ii) inshore GBR biological monitoring of seagrass
meadows and coral reefs, including biological indicators. The main water quality constituents
and pollutants of concern (suspended solids, nutrients and pesticides) are monitored at
fourteen inshore sites along the GBR during both ambient and flood conditions, and
herbicides were monitored in sediments at seagrass sites. The MMP uses the traditional
monitoring techniques of grab sampling, automated water quality loggers, passive sampling
of pesticides and remote sensing (for inshore and offshore waters), in combination with
biological indicators. These biological indicators include seagrass abundance, reproductive
potential, tissue nutrients, and epiphyte cover; reef benthic cover; and coral demographics,
diversity and recruitment.

Water quality and ecosystem health in the GBR is influenced by an array of factors including
land-based runoff and river flow, point source pollution, and extreme weather conditions. The
roles these factors play in influencing the quality of inshore waters have been considered
using a comparative analysis of the last four years of MMP water quality data. The data
showed that there are significant high-level interactions between sampling year, season and
geographic Region i meaning that none of these individual factors can be considered in
isolation as an overarching driving factor for influencing GBR water quality. The data also
showed that there is a clear water quality gradient away from river mouths and that flood
events and resuspension are significant driving factors in influencing lagoon water quality.
Other factors affecting lagoon water quality include the quantity of sediment, nutrients and
pollutants entering from adjacent catchments, regional sediment grain size and tidal and
wind forcing. The quantification of these factors will now allow for a greater capacity to
predict the benefits derived from improvements in land management, highlighting the critical
role of supporting research in optimisation of the MMP.

The past two years has seen exceptional river flows in the GBR catchment. In 2007/2008,
both the dry tropical Burdekin and Fitzroy Rivers experienced extensive flooding, and this
unusual situation was repeated for the Burdekin River in the 2008/2009 wet season. During
the same two year period, the Wet Tropics (except for the Herbert River) and Mackay
Whitsunday Regions experienced either just above average flow or in fact below-average
flow for the Russell/Mulgrave River. Freshwater discharge from the GBR catchment in
2008/2009 was 2.2 times the long-term annual median flow, with the Burdekin River
experiencing more than five times the annual median flow, and the Herbert River more than
three times the annual median flow. Flow peaked in all GBR rivers between mid-February
and mid-March 2009.



Johnson et al. 2010

The water quality data collected in the MMP for 2008/2009 was considered against the Water
Quality Guidelines for the Great Barrier Reef Marine Park (the &uidelines§ GBRMPA 2009)
and a preliminary Pesticide Index based on five ranges of Herbicide Equivalency (HEQ).
Targeted flood monitoring campaigns collected nutrient, chlorophyll and turbidity data, in situ
water quality loggers collect chlorophyll and turbidity data, and remote sensing techniques
collected chlorophyll and suspended solids proxy (non-algal particulate matter) data in
inshore and offshore waters. A simple comparison across the Regions for the 2008/2009
year, indicates that the highest rate of exceedances of the chlorophyll Guidelines were
measured in the Mackay Whitsunday and Burdekin Regions in both the dry and the wet
seasons, and elevated turbidity concentrations were most frequently measured (using the in-
situ logger data) in the Fitzroy Region (Pelican Island which is a naturally turbid site) and at
one site in the Wet Tropics Region (Dunk Island).

Assessment of the water quality data against the Guidelines highlighted areas that require
further consideration with regard to Regional and seasonal variations in the data. The
Guidelines are defined for annual mean values and estimates are made for seasonal
variation of chlorophyll, suspended solids and particulate nutrient values for the wet and dry
seasons. Presently, the wet season is defined as January to March, and the dry season as
July to September each year. Interannual variations in the extent of the actual wet and dry
seasons will have implications for compliance with the Guidelines when considering seasonal
means.

During the initial four years of the MMP (2005/2006 to 2008/2009), pesticides have been
detected at all fourteen inshore reef monitoring sites with some clear differences between
Regions. Routine monitoring showed the pesticide profile at inshore reef sites is dominated
by diuron, atrazine and hexazinone, herbicides used to control weeds in sugar cane, cotton,
broadacre crops and some horticultural crops. Other chemicals that can be detected
regularly included tebuthiuron, a herbicide used to control woody weeds in grazing lands and
simazine, a herbicide used on cropping land. For most sites diuron was detected at the
highest concentrations.

Pesticide concentrations were generally higher in the wet season than the dry season at all
sampling sites, often increasing by one to two orders of magnitude. All Regions that were
monitored for pesticides were assessed to have average pesticide ratings in the lower
ranges (generally 1-10 ng/L) and the Cape York Region had an average pesticide rating in
the range less than 1 ng/L. There were no exceedances of the Guidelines values for
pesticides.

Intertidal seagrass abundance was significantly lower (>20% difference) in the 2008/2009
monitoring period compared to 2007/2008 at two thirds of the locations examined across the
GBR. These locations were all south of the Wet Tropics Region and half showed an overall
decline in seagrass abundance since 2005.

Seagrass species dominance varies between habitats (reef, coastal and estuary) and
latitude, and trends for each habitat suggest water quality and environmental conditions
could be a major influence upon the degree of this variability. The indicator of light availability
explained 58% of the variability in percent seagrass cover between coastal and estuarine
sites, suggesting light availability (linked to turbidity) is a major factor influencing inter-site
variability in these habitats.

Over the entire period of the currently available data (2006-2009) all seagrass monitoring
sites showed some evidence of reproductive effort (measured as the number of seeds per
square metre). However, the sites at Green Island (Cairns), Lugger Bay (Tully River/Mission
Beach) and Urangan (Mary River/Hervey Bay) showed virtually no production of reproductive
structures across the entire sampling period. A continued absence of flowering and fruiting in
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these sites will result in poor capacity to recover from disturbance. Inter-annual differences in
sexual reproduction are evident and these differences principally relate to the decline of
meadows. The status of the sites listed in poor reproductive health, where little evidence of
seed set over the entire monitoring period has been seen, is such that careful attention
should be paid as to the cause of their failure to sexually reproduce.

Seagrass epiphyte cover appears to be increasing in coastal areas. Combined with evidence
from tissue nutrient ratios, data indicates that some sites, particularly coastal sites within the
Wet Tropics and Burdekin Regions are becoming nutrient saturated environments. Seagrass
ecosystems can survive under nutrient saturated conditions until they reach a point of
extreme stress, when the ecological balance changes and decline happens quickly.
Macroalgal abundance in seagrass meadows is generally low but variable in coastal and reef
habitats.

Within-canopy temperatures of seagrass meadows were warmer at northern locations and
cooler at southern locations compared to previous monitoring years. Temperatures above
40°C were recorded at Picnic Bay, Magnetic Island; these temperatures are known to be
detrimental to seagrass health. No herbicides were detected in the sediment of seagrass
monitoring sites.

At the spatial scales of locations and sites, there is considerable variability in seagrass cover.
Seagrasses as bioindicators of the environmental conditions of the GBR indicate a general
trend of reducing light availability and nutrient enrichment. Tissue nitrogen levels within the
Wet Tropics and Burdekin Regions coastal and mid-shelf reef habitats have increased over
the last fifteen years and further increased from 2005 to 2008. The implications of this are
that in these Regions many of the sites are becoming nutrient saturated.

Locations where seagrasses are growing in generally low light environments (C:N ratio is
low, <20), with a relatively large phosphorus pool (C:P ratio <500) and an even larger
nitrogen pool (N:P is high, >30 or replete (abundant), 25-30) would indicate relatively poor
water quality. Three coastal locations met these criteria in the 2008/2009 monitoring period:
Lugger Bay and Yule Point (both Wet Tropics Region) and Townsville (Burdekin Region).
Flood plume modelling estimates indicate that Yule Point is within a zone impacted annually
(Devlin et al. 2001) by the Barron River. During major flood events, plumes from the
Mulgrave-Russell and Johnstone Rivers could also impact Yule Point. In the southern section
of the Wet Tropics, the coastal seagrass meadows of Lugger Bay would be influenced
primarily by the Tully and Murray Rivers (approximately 8km and 15km south of Lugger Bay
respectively) which experience regular flood events (Devlin and Schaffelke 2009). The
Townsville monitoring sites are located in the zone of influence of the Burdekin River, which
experienced significant flow events in the last two years. It is estimated that the inshore
areas north of the Burdekin River (including Magnetic Island) receive riverine waters on a
less frequent basis, perhaps every two to three years (Wolanski et al. 1981; Maughan et al.
2008).

In conclusion, the health of inter-tidal seagrasses in the GBR are variable across locations
and sites, and there is concern about declining abundance and light availability, lower
reproductive potential, higher nutrient enrichment, and the development of nutrient saturated
conditions at a number GBR monitoring sites.

The completion of the fourth inshore coral reef survey under the MMP allows the first
temporal assessment of the status of coral reef communities using four years of data.
Estimates of coral community status were calculated as an aggregate score for four
indicators: coral cover, macroalgal cover, juvenile hard coral density, and settlement of coral
spat.
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Of the reefs surveyed in 2007 and 2008, there was no overall change in hard coral cover
(mean cover for all Regions was 36% in both years). On reef sites, the average density of
juvenile colonies per square metre has reduced from a high of 5.8 in 2005 to a low of 3.9 in
2008. This decline has been observed in all Regions. It is possible that such variation occurs
naturally. However, as there are no previous studies of this nature and only future data from
this project can provide estimates of the scales and magnitudes of variation in juvenile
abundances. Possible explanations for these declines include a combination of variation in
river flows and response to disturbance events. Numbers of juvenile colonies are the result of
settlement and survival over the preceding three years. Recent disturbances (e.g. Tropical
Cyclone Larry and associated flooding in 2006, and coral bleaching in 2006) may explain the
subsequent effect of these events in the lower density of juvenile colonies observed during
this last year.

Over the period 2005-2008 the average number of hard coral genera recorded in this
monitoring program on core reef sites remained relatively stable, and increased slightly in
2008. At the level of genus there is no evidence for a loss of diversity.

Inshore coral community composition also showed a relationship with water column
chlorophyll levels at ten of the fourteen reef sites. At sites where the annual mean Guideline
value for chlorophyll in the water column was exceeded, reefs had high cover of macroalgae.
Where annual means were below the Guideline value, macroalgal cover was very low. The
exceptions to this pattern were Barren and Humpy lIslands in the Fitzroy Region, which had
high cover of the brown macroalga Lobophora variegata despite low chlorophyll
concentrations, and Pelorus Island (Burdekin Region) and Double Cone Island (Mackay
Whitsunday Region) which exceeded the chlorophyll trigger value but currently have only low
macroalgal cover.

The key findings for each Region are summarised below, followed by implications of the
results.

Cape York Region

1 Freshwater discharge from the Normanby River was below the annual long-term median
flow.

1 Monitoring of water column pesticides detected diuron and hexazinone in the water
column, although their concentrations did not exceed the Guidelines. All samples
collected in the Cape York Region had pesticide ratings in the lower ranges, generally
less than 3 ng/L, with most below 1 ng/L and an average rating of <1 ng/L.

1 Seagrass cover is seasonal and has remained stable during the 2008/2009 monitoring
period. Seagrass species composition has varied since 2003 but stabilised over the
2008/2009 year. Reproductive health status over the period 2006-2009 was variable, with
variable seed count in 2008/2009. .

9 During 2008, seagrasses were subject to potentially low light availability. Tissue nutrients
show the Region to be nutrient rich. Epiphyte cover has declined.

9 Coral monitoring is not undertaken in the Cape York Region.

Wet Tropics Region

91 Freshwater discharge from the Herbert River was more than three times the annual
median flow. Flow conditions in the Barron, Johnstone and Tully Rivers were slightly
above long-term annual median levels (1.1 to 1.3 times).

1 Water quality parameters were below Guideline values except at the Snapper Island and
Dunk Island sites, where annual and seasonal suspended solids means exceeded the
Guidelines for suspended solids, likely due to flood events and resuspension.
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Seasonal means of chlorophyll and suspended solids for the four years of monitoring did
not exceed Guideline values, except at Dunk Island, which generally had the highest
seasonal means of all sites in this Region.

Results for the Cairns coastal transect indicate that flood events and resuspension events
at the time of sampling are the most prominent drivers of water quality variables. The
highest concentrations of chlorophyll and suspended solids were measured in periods
with above median flow.

Pesticides were detected in water column samples from all sites, and included diuron,
simazine, atrazine, hexazinone and tebuthiuron. The maximum water concentrations of
individual pesticides ranged from 0.26 to 15 ng/L. Diuron, hexazinone and tebuthiuron
were detected in all locations; diuron was generally found at the highest concentrations.
There were no exceedances of the Guidelines.

The pesticide profile in the Tully River was dominated by diuron and atrazine, with mean
concentrations of 32 ng/L and 31 ng/L respectively.

Seagrass cover, although seasonal, has generally increased or stabilised over the past
year and is naturally lower at coastal habitats compared to reef habitats. Seagrass
reproductive health status over the period 2006-2009 was poor at Green Island (reef) and
Lugger Bay (coastal), and variable at other sites. In 2008/2009, seed counts were
generally lower than in previous years.

Seagrass epiphytes and tissue nutrients at coastal habitats suggest nutrient saturated
conditions, with potentially low light availability. Seagrass in reef habitats are growing in
clearer waters (higher light environments) and are nitrogen limited.

Coral community status scores were negative for reefs in the Herbert/Tully sub-Region.
On average, reefs in these locations had relatively high cover of macroalgae and
moderate to low coral cover with no signs of recovery from past disturbances (e.g.
Cyclone Larry). This may be an indication of local environmental conditions hindering
recruitment. However, more surveys over time are required to detect any consistent trend.

A positive score of coral community status was returned for the Daintree and Johnstone-
Russell/Mulgrave sub-Regions with on average high coral cover, low macroalgae cover
and high juvenile colonies densities.

Burdekin Region

1

1

Median freshwater discharge from the Burdekin River was more than five times the long-
term annual median flow.

Guideline values were exceeded at all sites for wet and dry season means of chlorophyll
and suspended solids. Geoffrey Bay (Magnetic Island) generally had the highest seasonal
means of all sites in this Region, and the means of all variables, except for particulate
nitrogen in the wet season, exceeded Guideline values.

High values for chlorophyll and turbidity coincided with discharge from the Burdekin River.

Spatial representation of the exceedances for chlorophyll and suspended solids identifies
the area between Magnetic Island and the Palm Islands as being highest risk.

Pesticides were detected in water samples from all sites, and included diuron, simazine,
atrazine, hexazinone, tebuthiuron and ametryn. Atrazine was generally found at the
highest concentrations. The maximum water concentrations of individual pesticides
ranged from 0.25-10 ng/L, with no exceedances of the Guidelines recorded.

Seagrass abundance declined in the latter part of the 2008/2009 sampling period at
coastal habitats and was variable at reef habitats. Seagrass reproductive health status
over the period 2006-2009 was was assessed to be good at the Townsville coastal site,
and variable at Magnetic Island. Seagrass tissue nutrients indicate a potentially low light



Johnson et al. 2010

environment at all sites. Decreasing C:N ratios at coastal sites since 2006 indicate
decreasing light availability.

Coastal and reef habitats were found to be nutrient rich (large phosphorus pool), with
nutrient availability to the plant phosphorus limited at the coastal site and replete at the
reef site. However, epiphytes declined at the Townsville coastal site and were variable at
Magnetic Island, following similar patterns as seagrass abundance.

Coral community status had a negative score, with overall status lower than the Wet
Tropics Region to the north and the Mackay Whitsunday Region to the south because of
the high occurrence of disturbance events in the Region, including significant bleaching
events in 1998 and 2002, and several major flood events since 1990.

Coral recruitment had a negative score which could also be related to disturbances and
large flood events in the last two years.

Mackay Whitsunday Region

f

Freshwater discharges fromt he Pr oser pi ne, O6Connel I,
above long-term annual median flows, with the greatest relative difference in the
Prosperine River.

Chlorophyll Guideline values were exceeded for the annual and dry season means at all
sites, and wet season means exceeded the Guidelines at Pine Island. Between 65 and
100% of the dry season chlorophyll values were above the Guidelines at all locations,
which is more than in any other monitored Region.

Most of the turbidity maxima were associated with flood influences during the 2008 and
2009 wet seasons, however, the turbidity records show a regularity that implies a strong
tidal influence and high turbidity values are associated with the summer king tides.

A minor flow event was sampled in the Pioneer River for pesticide concentrations. A range
of polar pesticides were detected with diuron and atrazine dominating the chemical profile,
followed by hexazinone, and ametryn.

Diuron, atrazine and tebuthiuron were detected in the water column at all sites, with diuron
generally found in the highest concentrations. Pesticide water concentrations ranged from
0.15 to 4.1 ng/L, with one higher diuron concentration from the Inner Whitsundays (120
ng/L). There were no exceedances of the Guideline values.

The pesticide profile in the Pioneer River was dominated by diuron and atrazine, with
mean concentrations of 230 ng/L and 180 ng/L respectively, exceeding the Guidelines in
at least one wet season sampling period.

Coastal and estuarine seagrass abundance was variable over time, but reef seagrass
continued to decline. Seagrass reproductive health status was variable over the period
2006-2009. In 2008/2009, seed counts declined from previous years at the Pioneer Bay
(coastal) and Sarina Inlet (estuarine) site .

Seagrass tissue ratios indicated that all sites were low light environments, and levels were
at their lowest since monitoring began in 2006. All habitats were nutrient rich (large
phosphorus pool). Nutrient availability to the plant was nitrogen limited at the Pioneer Bay
site and replete at the estuarine and reef sites.

Although sediment nutrient data was generally highly variable, levels found at reef and
coastal sites were high, particularly for sediment phosphorus which was the highest of any
GBR site indicating a potential issue of nutrient enrichment in the Region. Seagrass
epiphyte cover was highly variable at inshore coastal and estuarine sites and is seasonal,
with higher abundance in the dry season. Epiphyte cover declined at the reef habitat sites
over the monitoring period.

Coral community status was positive with average coral cover high but it did not increase
despite a lack of acute disturbance. Macroalgae cover was low and the relative density of
juvenile colonies and spat settlement to tiles was moderate relative to other Regions.

Pi
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Fitzroy Region

1
1

Freshwater discharge from the Fitzroy River was below the annual long-term median flow.

For the 2008/2009 period, the highest values for all four water quality parameters
(chlorophyll, suspended solids, secchi depth and particulate nutrients) were found at
Pelican Island, the most inshore location with naturally turbid waters. High values for both
chlorophyll and suspended solids at all three locations coincided with discharge from the
Fitzroy River in 2008.

High marine chlorophyll and suspended solids values during the wet season are likely to
be associated with wind-driven resuspension.

Pesticide sampling of the Fitzroy River during peak flow (February 2009) detected
atrazine (polar pesticide) with a maximum water concentration of 254 ng/L. Tebuthiuron
was the second highest polar pesticide, with a maximum concentration of 64 ng/L.

Inshore marine water column pesticides detected included diuron and tebuthiuron; diuron
was found at the highest concentration, with the maximum water concentrations of
individual pesticides ranged from 0.18 to 1.1 ng/L. There were no exceedances of the
Guidelines recorded.

Coastal and estuarine seagrass meadow cover remained highly variable, but reef
seagrass at Great Keppel Island declined in abundance since 2007. Over the period
2006-2009, reef and estuarine sites had variable seagrass reproductive health status and
the coastal site had stable reproductive health status. However, no seeds were measured
in all locations in 2008/2009.

Estuarine and reef seagrass habitats had potentially low light environments, whilst the
coastal site had moderate light availablity. The estuarine and reef habitats were rich in
nutrients (larger phosphorus pool) except for the coastal site that was nutrient poor.
Nutrient availability to the plant was replete at all locations. Seagrass epiphytes were
variable at all sites.

Coral community status was marginally positive with high average coral cover, high
settlement of spat but also high macroalgal cover and low densities of juvenile colonies.
The strong gradient in turbidity between inshore locations and the more offshore islands is
expected to account for the variation in coral diversity between these sites with lower
diversity at inshore locations.

Burnett Mary Region

1

1

Freshwater discharge from the Burnett-Mary River was well below the long-term annual
median flow.

Seagrass abundance has varied greatly across the Region, and significant declines
occurred in 2009. Over the period 2006-2009, the seagrass reproductive health status at
Rodds Bay was assessed to be good, but poor at Urangan. No seeds were measured in
these locations in 2008/2009.

Seagrass leaf tissue ratios indicate seagrass at Urangan to be growing in a low light
environment, whilst seagrass in Rodds Bay are growing in a moderate light environment.
Seagrass habitats were nutrient rich (larger phosphorus pool) and nutrient availability to
the plant was N limited at Rodds Bay and replete at Urangan. Epiphyte cover was low.

Coral surveys and water column pesticide monitoring are not undertaken in this Region.
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Implications

The ecological consequences of degraded water quality (particularly low light and elevated
nutrient, suspended solids and pesticide concentrations) reported at some seagrass
locations have not been fully quantified within the GBR. Increased seagrass growth could be
expected in response to low level nutrient enrichment, but as nutrients increase a
comparable increase is likely to occur in epiphyte and phytoplankton abundance. These
conditions can result in light limitation and subsequent seagrass decline, ultimately resulting
in habitat loss. The low light availability observed throughout the GBR in 2008 could indicate
high turbidity, however in intertidal environments it is generally understood that epiphyte
shading is a more likely source of this reduced light, particularly in shallow sites (Pollard and
Greenway 1993). Such interactions are poorly understood and require further investigation.
Seagrasses also respond to nutrient enrichment at the meadow scale, with shifts in seagrass
dominance reported in tropical seagrass, where species with higher elemental requirements
may have a competitive advantage. Elevated plant nutrient content can also increase rates of
herbivory.

Environmental conditions clearly influence the benthic communities found on coastal and
inshore coral reefs of the GBR with these reefs differing markedly from those found in
clearer, offshore waters. Coral reef monitoring results indicate that the particulate
components of marine water quality T suspended solid and particulate nutrients and carbon i
are important drivers of coral reef communities. Specific indicators of environmental stress to
coral reef communities have been monitored to document change over time for example,
reef sediment composition and juvenile corals.

Inshore reefs are regularly exposed to pesticides during flood plumes and concentrations at
inshore reefs are detectable during both the wet and dry seasons. Whilst the concentrations
did not exceed the current Guidelines, the ecological consequence of this chronic exposure
is currently unknown. However, chronic stress due to poor water quality is likely to manifest
as decreased resilience: either in an increase in the susceptibility of corals to disturbance
events such as thermal bleaching or inhibition of their recovery following disturbance.

The MMP is revealing trends between inshore GBR water quality and the status of key GBR
ecosystems. In particular, there is information regarding seasonal patterns, high risk areas
and pollutants of concern in relation to ecological impacts that can inform future management
decision-making. As changes in land management practices in the catchments under Reef
Plan lead to decreased loads of sediments and nutrients to GBR coastal and inshore waters,
associated changes in seagrass and coral reef communities are expected to be detected by
the MMP after an initial lag period. High frequency water quality monitoring and improved
system understanding will enhance this assessment.

In conclusion, the data suggest that elevated nutrients and high suspended solids levels are
generally the main water quality issues in the GBR throughout the year and that elevated
pesticide concentrations are largely correlated with low salinity (flood plume) waters and wet
season delivery. Based on exceedances of Guideline values, suspended solids are of
greatest concern in the Fitzroy and Wet Tropics Regions however, continued monitoring of
these parameters will provide information to determine the ecological veracity of the
Guideline values, the specific delivery pathways of these pollutants and whether targeted
management interventions may be required for some Regions that continue to show high
concentrations of these pollutants. While water quality indicators of nutrients and suspended
solids are likely to take extended periods to respond to land management improvements,
reductions in pesticide runoff to the GBR should be detectable in shorter timeframes.
Therefore, intensive pesticide sampling at end of catchment locations is likely to provide
useful indicators of water quality improvement in response to land management practice
change when coupled with a an event-monitoring program in the catchment that can identify
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pollutant sources and delivery pathways. In addition, further work in designing reporting
metrics for inshore water quality data, and ways to integrate the assessment of all variables
is needed to provide a higher degree of integration of, and confidence in monitoring results.
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2. Introduction

Water quality is a key issue for the health of the Great Barrier Reef (GBR), its catchments
and for the communities, industries and ecosystems that rely on good water quality in North
Queensland. Substantial investment is being undertaken to halt and reverse the decline of
water quality entering the GBR lagoon.

The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) is a
component of the Reef Plan Paddock to Reef Program and is undertaken in the Great Barrier
Reef (GBR) lagoon. The MMP assesses the long-term effectiveness of the Australian and
Queens!| and Go eetWaten@uality Bretectidon Plan (Reef Plan) and Reef Rescue
initiative. Reef Plan was released by the Australian and Queensland Governments in
October 2003, and was updated in 2009. It focuses on identifying and implementing solutions
to improve water through sustainable natural resource management, with the ultimate goal to
dalt and reverse the decline in water quality entering the Reef within ten yearsé The update
of Reef Plan in 2009 added a long-term goal to ensure that by 2020 the quality of water
quality entering the Reef from adjacent catchments has no detrimental impact on the health
and resilience of the GBR, with specific end of catchment pollutant load reduction targets.

As part of Reef Plan, the MMP was established in 2005 to help assess the long-term status
and health of GBR ecosystems. The MMP is a critical component in the assessment of any
long-term improvement in regional water quality that will occur as best land management
practices are adopted across GBR catchments. The program forms an integral part of the
Reef Plan Paddock to Reef Integrated Monitoring, Modelling and Reporting Program
supported through Reef Plan and Reef Rescue initiatives, which will produce annual reports
that detail improvements in land management practices and catchment, end of catchment
and inshore marine water quality. This Synthesis Report presents the results of the
2008/2009 MMP monitoring period as well as trend analysis for the four years of the program
where possible. The data and information presented in this Synthesis Report will provide the
foundation for the development of the Great Barrier Reef Water Quality and Ecosystem
Health component of the Reef Plan Baseline Water Quality Report.

A consortium of monitoring providers in partnership with the North Queensland based Reef
and Rainforest Research Centre (RRRC) implemented the MMP in 2008/2009, overseen by
the Great Barrier Reef Marine Park Authority (GBRMPA) (refer to Figure 2.1).

The 2008/2009 MMP assessed the condition of water quality in the inshore GBR lagoon and
the health of key GBR marine ecosystems 1 inshore coral reefs and intertidal seagrass
meadows 1 for the period July 2008 to June 2009. The MMP has two core programs: (i)
inshore GBR water quality monitoring, and (ii) inshore GBR biological monitoring of seagrass
meadows and coral reefs, including biological indicators (Figures 2.1 and 2.2). The main
water quality constituents and pollutants of concern (suspended solids, nutrients and
pesticides) are monitored at fourteen sites along the GBR within twenty kilometres of the
coast line (Figure 2.3), during both ambient and flood conditions. The MMP has been
designed to utilise traditional monitoring techniques such as grab sampling, automated water
quality loggers, passive sampling of pesticides and remote sensing technologies in
combination with marine biological indicators. These biological indicators include seagrass
abundance, reproductive potential (seed bank and flowering), epiphyte cover, tissue nutrients
(C:P, P:N), light availability (C:P); reef benthic cover; and coral demographics, diversity and
recruitment.

The data from the water quality monitoring is complemented with biological monitoring of

seagrass and coral reef ecosystems to determine the ecological relevance of these
pollutants.

10
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The data collected is considered against the Water Quality Guidelines for the Great Barrier
Reef Marine Park (GBRMPA 2009) and a preliminary Pesticide Index. Assessment of the
water quality data against the Guidelines highlighted areas that require further consideration
with regard to Regional and seasonal variations in the data. The Guidelines are defined for
annual mean values and estimates are made for seasonal variation of chlorophyll,
suspended solids and particulate nutrient values for the wet season and dry seasons. For
example, chlorophyll is estimated to be twenty percent higher than the annual mean in the
wet season, and twenty percent lower than the annual mean in the dry season. Presently,
the wet season is defined as January to March, and the dry season is defined as July to
September each year. Interannual variations in the extent of the actual wet and dry seasons
will have implications for compliance with the Guidelines when considering seasonal means.
Therefore, it is recommended that further work is undertaken to consider defining the wet
season and dry season for each year for the MMP and that the Guidelines are applied only
within those periods. This is relevant to all water quality data collected in the MMP including
the remote sensing.

This information is presented at a GBR-wide scale and at a Regional scale. Synthesised
information from the full four years of the MMP (2005 to 2009) is also presented where
available. Addition water quality trend information has been derived from long-term
monitoring data in the Cairns Region, with the Cairns Coastal Transect ongoing since 1989.

The MMP is strongly linked to research under the Austr al i an Gvanne and
Tropical Sciences Research Facility (MTSRF), which provides critical knowledge and
information for the continued improvement of water quality and ecosystem health indicators
and ecosystem processes.

For an overview of each of the monitoring sub-programs, including objectives and detailed
methods, refer to Appendix 1. Detailed documentation of the methods for the MMP are
provided in the Reef Rescue Marine Monitoring Program Quality Assurance/Quality Control
Methods and Procedures Manual (RRRC Consortium, 2009) (http://www.rrrc.org.au/mmp/
mmp_pubs.html).

11
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Figure 2.1: Diagramatic representation of all components
of the Reef Rescue Marine Monitoring Program.
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Figure 2.2: Conceptual representation of the Reef Rescue Marine Monitoring Program.
See Key provided on page 14 (Source: GBRMPA).
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Key to conceptual diagrams used in Figure 2.2.
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Figure 2.3: Location of all monitoring sites for the Reef Rescue Marine Monitoring Program.
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