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Executive Summary 

The management of water quality remains an essential requirement to ensure the long-term 
protection of the coastal and inshore ecosystems of the Great Barrier Reef (the Reef). The land 
management initiatives under the Australian and Queensland Government's Reef Water Quality 
Protection Plan (Reef Plan) are key tools to improve the water quality entering the GBR with the 
goal ñTo ensure that by 2020 the quality of water entering the reef from broadscale land use has no 
detrimental impact on the health and resilience of the Great Barrier Reef.ò This report summarises 
the results of water quality and coral reef monitoring activities, carried out by the Australian 
Institute of Marine Science as part of the Reef 2050 Plan Marine Monitoring Program (MMP) from 
2005 to 2014. 
 

Methods  

The objective of the MMP is to assess trends in ecosystem health and resilience indicators for the 
Great Barrier Reef in relation to water quality and its linkages to end-of-catchment loads. The 
sampling design for the inshore water quality and coral reef monitoring components was selected 
for the detection of change in benthic communities on inshore reefs in response to changes in 
water quality parameters. Within each of four Natural Resource Management (NRM) regions: Wet 
Tropics (comprising three sub-regions), Burdekin, Mackay Whitsunday and Fitzroy, sites were 
selected along a gradient of exposure to runoff to ensure coverage of communities occupying a 
range of environmental conditions. 
 
Reefs were designated as either ócoreô or ócycleô reefs. At the 14 core reefs, detailed manual and 
instrumental water sampling was undertaken as well as annual surveys of reef status, foraminifera 
communities, and sediment quality. The 18 cycle reefs are visited every other year for surveys of 
reef status and the monitoring of sediment quality. Originally, cycle reefs were sampled each year 
(2005 and 2006), however, the sampling design was altered in 2007 as a result of fiscal limitations. 
Sampling cycle reefs in alternate years was a cost-effective solution to maintaining the spatial 
coverage of the program. Sampling of the six open water stations along the long-term óCairns 
Transectô was also continued for the implicit value of the continuous long term data set it provides.  
 

Trends in key ecosystem health indicators  

In this report we provide temporal trends of water quality indicators, together with trends in 
sediment quality and coral reef condition indicators. The water and sediment quality around 
inshore reefs declines in response to increased river flows, which are used here as a proxy for river 
loads of sediments, nutrients and pollutants. Changing environmental conditions have clear 
impacts on the resilience of these inshore coral reef communities.  
 
The general trends of key ecosystem health indicators, summarised as report card indices, are 
presented at the scale of geographic regions (corresponding to the four NRM regions) to give a 
general overview of major changes in the water quality and benthic community composition at 
inshore coral reefs along sections of the northern, central and southern Reef (Figure 1). 
 
The water quality index has maintained ógoodô index scores throughout the program in the Wet 
Tropics Region. It is pertinent to note at this point that the regional water quality index is currently 
based on a selected set of variables for which GBR water quality guidelines are available. The 
index does provide a valid estimation of water quality condition, however, it is important to 
emphasise that a more comprehensive index would encompass a much wider range of variables 
and more sampling sites in a region to cover a wider range of conditions along environmental 
gradients. For example, the index does not reflect the marked increases measured in organic 
carbon and NOX over the monitoring period from 2005-2014. 
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Developing such a WQ index will be a time consuming and challenging task, as the processes 
controlling the changing WQ are poorly understood. Future process-oriented field studies and 
detailed statistical analysis will therefore be needed to resolve and understand these changes 
before a more reliable and comprehensive WQ index can be developed. 
 
The 2014 assessment of the coral health index for the Wet Tropics is ómoderateô and represents 
an improvement from the ópoorô assessments over the previous three years. The improved 
assessment reflects recovery of community condition in both the Johnstone Russell-Mulgrave and 
Herbert Tully sub-regions where the rate of coral cover increase has improved, the cover of 
macroalgae has declined and the density of juvenile corals has increased (Table 1) following a 
period of multiple stressors. 
 
In both the Barron-Daintree and Johnstone Russell-Mulgrave sub-regions there were high levels of 
coral disease in 2010 and 2011 followed by outbreaks of crown-of-thorns seastars (COTS), both 
stressors with potential links to poor water quality. Physical damage occurred during the passage 
of tropical cyclones at most reefs with the cyclones Larry (2006), Tasha (2010), Yasi (2011) and Ita 
(2014) variously reducing coral cover at reefs across the region. In tandem with the loss of coral 
cover was an increase in the cover of macroalgae, particularly at those reefs situated closer to the 
coast or on the sheltered sides of islands where exposure to pollutants is greatest. There was, 
however, some indication that this increase had stabilised, if not reversed, on many reefs in 2014. 
The proliferation of macroalgae indicates that, despite regionally good assessments, water quality 
at some sites is sufficiently poor to foster macroalgal blooms. 

 
Figure 1 Ecosystem health indicators. The water quality index aggregates scores for four indicators: concentrations of particulate 

nitrogen and phosphorus, chlorophyll and a combined water clarity indicator (suspended solids, turbidity and Secchi depth), 

relative to Guideline values (GBRMPA 2010). The coral health index aggregates the attributes: cover of corals, cover of 

macroalgae, density of juvenile corals and the rate of coral cover increase. Red= very poor, orange= poor, yellow= moderate, 

light green= good, dark green= very good. Detailed derivation of scores can be found in Appendix 1.2.3 and Appendix tables A2-3 

and A2-5. 
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The settlement and growth of juvenile corals is a key component of coral community recovery from 
disturbance. Regionally, the density of juveniles had declined to a low point in 2012. The reverse of 
this decline with increasing densities of juvenile corals in 2013 and 2014 contributed to the 
improvement of the coral health index and indicates the recovery potential of these reefs. Some 
caution around this reversal in the trend is warranted as the increase is primarily due to just one 
genus of coral, Turbinaria, a genus typically associated with turbid or nutrient-rich environments. At 
some reefs there has been an increase in the density of the genus Acropora, a genus more 
typically occurring in cleaner waters and so it will be informative to document how the juvenile 
community responds should NOx or dissolved organic carbon concentrations return to levels 
observed prior to the recent period of high rainfall. 
 
Within the Wet Tropics, the lower variation in annual discharge of local rivers means that the direct 
response of coral communities to extremes in water quality may not be as clear as those observed 
in response to flood events of the larger and more variable discharge of rivers to the south. 
However, of concern in this region are the larger, GBR-scale implications of poor water quality, 
such as proposed links between COTS outbreaks and run-off derived nutrients. The current 
outbreak of adult COTS in this region strongly coincides with the onset of heavier river discharge to 
the inshore waters from 2007 onwards. 
 
The overall condition of the water quality in the Burdekin Region showed initial improvements at 
the start of the monitoring program and has remained stable over the last several years with 
continuous overall index scores of ógoodô or óvery goodô since 2008. There has, however, been a 
noticeable increase in the organic carbon, NOX and turbidity levels, which is not reflected in the 
index scores. Despite the ógoodô or óvery goodô water quality index scores, regionally low coral 
cover as a result of wide spread disturbances coupled with slow rates of coral recovery and low 
densities of juvenile corals result in the continued ópoorô rating of the coral health index (Table 1). 
The recent upward trend in the coral health index does, however, indicate some improvement in 
the condition of coral communities from the low point reached in 2012 following damage caused by 
Cyclone Yasi and several years of the Burdekin River flooding. The slight improvement in the index 
represents an increase in the density of juvenile corals and improved rate of coral recovery with 
coral cover beginning to increase at some reefs. 
 
Historically, inshore reefs in the Burdekin Region have demonstrated low recovery potential 
following widespread loss of corals. This low recovery potential appears linked to a combination of 
water quality-related pressures and limited connectivity between these reefs and coral 
communities further offshore. Suppression of coral community health as a result of poor water 
quality is indicated by observations of high levels of coral disease and subsequent mortality that 
coincided with the change from a period of low flow years of the Burdekin to consecutive years of 
flooding. The availability of nutrients is also indicated by persistently high cover of macroalgae on 
four of the five reefs with the poorest water quality. The indication that reefs in this region have 
limited connectivity to reefs further offshore potentially limits larval supply to these reefs when local 
coral cover is reduced. In combination with potentially limited larval supply, the consequences of 
poor water quality for the recovery of coral communities in this region are potentially magnified. 
 
Water quality in the Mackay Whitsunday Region has steadily declined over the course of the 
MMP monitoring and continues to score a ómoderateô rating for the third consecutive year. As 
indicated by the increased concentrations of organic carbon and NOX and of turbidity levels, this 
decline most likely reflects the impacts of above-median river flows in this region from 2007 
onwards, along with the likely exposure to runoff from the neighbouring large catchments of the 
Burdekin and Fitzroy rivers. 
 
In contrast to declines in water quality, the coral health index maintained a ómoderateô score. The 
positive attributes of moderate to high coral cover coupled with regionally low cover of macroalgae 
balanced the low rate of coral cover increases (Table 1). The influence of prevailing environmental 
conditions such as high turbidity, nutrient availability and sedimentation have clearly selected for 
coral species tolerant of those conditions and this, in combination with a lack of recent severe 
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disturbance events, explains the relatively high and stable coral cover in this region despite 
declines in water quality. The ongoing selection for corals tolerant to the declining water quality in 
the region is evidenced by increased levels of coral disease and declines in the density of juvenile 
corals, both of which coincided with declining water quality. Recent increases in both coral cover 
and juvenile density observed in 2013 and 2014 further indicate the tolerance of the coral 
communities to the regionôs impaired water quality. What remains largely untested in this region is 
how resilient these communities will be if exposed to a severe disturbance event. The slow rate of 
coral cover increase in this region suggests recovery from disturbance may be slow.  
 
The overall condition of the water quality in the Fitzroy Region has fluctuated over the course of 
the MMP monitoring, more or less following the discharge pattern of the Fitzroy River, but still 
maintained an overall index score of ógoodô. There has, however, been a noticeable increase in the 
organic carbon, NOX and turbidity levels, which is not reflected in the index scores. The influence 
of flooding on the water quality within the region has contributed to the continued decline in coral 
reef condition to the óvery poorô rating attained following the record floods of 2011. The 2011 flood 
had a severe impact on reefs inshore of Great Keppel Island by killing the majority of corals to 
depths of at least 2m below low tide, with negligible recovery from this event to date. Elsewhere, 
the resilience of coral communities was compromised by a persistent bloom of macroalgae and 
occasional high levels of disease since high water temperatures in 2006 bleached and killed corals 
across the region. In addition, the density of juvenile corals has been consistently low across the 
entire region. This may in part be linked to the high cover of macroalgae. Both the prevalence of 
disease and persistence of high macroalgae cover provide a clear indication that the water quality 
surrounding these reefs is inhibiting the coral communities and has contributed to the declines in 
the coral heath index (Table 1). 
 
FORAM index-based assessments of the reef condition reinforce observations from previous years 
of a substantial shift in community composition from those observed in 2005-2007. In all regions, 
values of the FORAM index declined to a óvery poorô rating as the abundance of autotrophic 
species, which favour high light and low nutrient environments, declined relative to the abundance 
of heterotrophic species, which are typically associated with lower light conditions and fine 
sediments high in organic matter. The consistency of this decline strongly implies an increase in 
fine sediments and/or nutrients in all regions over the period 2009- 2014. This interpretation is 
supported by observed increases in the concentrations of dissolved organic carbon, NOx, and in 
turbidity levels in the water column and nitrogen levels in reefal sediments. The concurrent change 
in foraminiferal community composition, declines in coral community condition and declines in 
water quality combine to demonstrate that ecosystem responses coinciding with elevated levels of 
runoff are consistent across a range of benthic organisms. 
 

Conclusions 

After ten years of monitoring it is evident that large-scale changes in the water quality have taken 
place, with the data clearly showing large increases in the concentrations of dissolved organic 
carbon, NOx and in turbidity levels in all regions. These findings show that the mechanisms 
controlling the carbon and nutrient cycle in the Reef lagoon have undergone dramatic changes. 
The coincidence of these changes with a period of elevated runoff as a result of high rainfall 
implies the responsiveness of these fundamental cycles to terrestrial inputs. 
 
The steady decline of the FORAM index on most reefs is a strong indication that the observed 
changes in water and sediment quality represent a shift in environmental conditions that were 
sufficient to alter the composition of foraminifera communities. 
 
In contrast to the relatively short life span of foraminifera, corals are long-lived and their community 
composition and dynamics reflects the cumulative result of selective pressures over longer time 
frames. Interactions between environmental variables, other organisms, and the effects of past 
disturbances events are all likely to influence the state of a coral community at any point in space 
and time. The general responses of coral reef communities to water quality are relatively well 



MMP  Inshore water and coral reef monitoring- Annual Report 2013/14 

 

 5 

understood and contribute to differences in the composition of key organisms along environmental 
gradients in the inshore Reef. In addition, corals are subject to acute disturbance events such as 
cyclones, crown-of-thorns seastar (COTS) outbreaks and thermal bleaching events. The potential 
role of poor water quality in suppressing the resistance to, or recovery from, these disturbances is 
a critical factor determining the resilience of coral communities on inshore reefs. We interpret the 
recent declines in our assessments of coral community health to reflect a combination of acute 
disturbances and environmental limitations to coral community resilience.  Collectively, changes in 
resilience indicators (cover of macroalgae, juvenile density, rate of coral cover increase), were 
broadly similar along regions and across environmental gradients and declined to low levels 
following a prolonged period of high runoff to the Reef lagoon. This consistent response affecting a 
diversity of taxonomic groups demonstrates the importance and the broad ófootprintô of runoff within 
the inshore Reef lagoon. The improvements in the coral health index in 2014 that coincided with a 
return to lower levels of runoff in most regions provide encouragement that coral communities are 
responsive to reduced loads of contaminants in runoff and, hence, support the continued efforts of 
Reef Plan.  
 
Recent research into the interactions between water quality and climate change suggests that the 
tolerance to heat stress and ocean acidification of corals and foraminifera is reduced by exposure 
to contaminants including nutrients, herbicides and suspended particulate matter. The initiation of 
COTS outbreaks have also been linked to increased nutrient loads delivered to the Reef lagoon 
during major flood events. With the prediction that he severity of disturbance events is projected to 
increase as a result of climate change, any increase in susceptibility to these disturbances as a 
result of local stressors will compound the pressures imposed on sensitive species and potentially 
lead to profound changes in coral community composition. At present, there is a limited 
understanding of the cumulative impacts of these multiple pressures. The 2014 GBRMPA Strategic 
Assessment and Outlook reports identified this as a key knowledge gap and the management of 
these impacts as a key strategic challenge. The evidence summarised in the recent Reef Plan 
Scientific Consensus Statement ñindicates that a reduction in catchment pollutant loads is essential 
to halt and reverse further decline in the Reef ecosystem condition at a time of rapidly warming 
climate and ocean acidification.ò Continued monitoring of the coastal and inshore Reef lagoon is 
fundamental to determine and track long-term trends in the condition of marine water quality and 
ecosystem health and to identify the ecosystem responses to management actions and 
interventions, for example those under Reef Plan. 
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Table 1 Report card metric scores for coral and foraminifera communities through time within each sub-region 

 

 Region   2008 2009 2010 2011 2012 2013 2014 

D
a

in
tr

e
e 

Coral cover 0.88 0.88 1.00 0.88 0.88 0.63 0.63 

Macroalgae 1.00 0.88 0.88 0.50 0.50 0.50 0.50 

Juvenile coral 0.63 0.25 0.50 0.25 0.13 0.00 0.00 

Cover change 0.88 0.50 0.38 0.25 0.12 0.0 0.00 

          
Report Card Score 0.84 0.63 0.69 0.47 0.41 0.28 0.28 

  
 

      

J
o

h
n

s
to

n
e

 R
u

s
s
e

ll-

M
u

lg
ra

v
e 

Coral cover 0.67 0.79 0.83 0.46 0.54 0.58 0.63 

Macroalgae 0.83 0.96 0.92 0.79 0.75 0.71 0.83 

Juvenile coral 0.50 0.46 0.42 0.13 0.13 0.21 0.29 

Cover change 0.54 0.50 0.67 0.29 0.21 0.21 0.55 

              
Report Card Score 0.64 0.68 0.71 0.42 0.41 0.43 0.58 

FORAM index    0.17 0.00 0.00 0.00 0.00 

  
 

      

H
e

rb
e

rt
 T

u
lly 

Coral cover 0.06 0.06 0.13 0.00 0.00 0.00 0.06 

Macroalgae 0.19 0.19 0.25 0.69 0.31 0.25 0.31 

Juvenile coral 0.31 0.56 0.75 0.25 0.38 0.63 0.88 

Cover change 0.25 0.38 0.44 0.38 0.38 0.38 0.44 

              
Report Card Score 0.20 0.30 0.39 0.33 0.27 0.31 0.42 

FORAM index    0.00 0.50 0.00 0.00 0.00 

  
 

      

B
u

rd
e

k
in 

Coral cover 0.35 0.27 0.27 0.19 0.12 0.19 0.23 

Macroalgae 0.42 0.50 0.54 0.77 0.58 0.50 0.58 

Juvenile coral 0.35 0.35 0.46 0.15 0.19 0.35 0.42 

Cover change 0.58 0.65 0.34 0.27 0.23 0.19 0.27 

              
Report Card Score 0.42 0.44 0.40 0.35 0.28 0.31 0.38 

FORAM index    0.17 0.00 0.00 0.00 0.00 

  
 

      

M
a

c
k
a

y
 W

h
it
s
u

n
d

a
y

 Coral cover 0.71 0.68 0.57 0.54 0.57 0.61 0.61 

Macroalgae 0.86 0.93 0.89 0.82 0.82 0.82 0.79 

Juvenile coral 0.57 0.61 0.39 0.29 0.29 0.43 0.46 

Cover change 0.14 0.21 0.21 0.14 0.11 0.21 0.18 

              
Report Card Score 0.57 0.61 0.52 0.45 0.45 0.52 0.51 

FORAM index    0.33 0.33 0.17 0.00 0.17 

  
 

      

F
it
z
ro

y 

Coral cover 0.54 0.54 0.46 0.29 0.21 0.13 0.17 

Macroalgae 0.38 0.29 0.54 0.67 0.29 0.21 0.08 

Juvenile coral 0.04 0.08 0.13 0.08 0.08 0.04 0.08 

Cover change 0.62 0.54 0.29 0.21 0.04 0.17 0.17 

              
Report Card Score 0.40 0.36 0.35 0.31 0.16 0.14 0.13 

FORAM index    0.50 0.25 0.25 0.25 0.00 
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Preface 

Management of human pressures on regional and local scales, such as enhanced nutrient runoff 
and overfishing, is vital to provide corals and reef organisms with the optimum conditions to cope 
with global stressors, such as climate change and ocean acidification (Bellwood et al. 2004, 
Marshall and Johnson 2007, Carpenter et al. 2008, Mora 2008, Hughes et al. 2010). The 
management of water quality remains a strategic priority for the Great Barrier Reef Marine Park 
Authority (GBRMPA) to ensure the long-term protection of the coastal and inshore ecosystems of 
the Reef (GBRMPA 2014 a, b). A key management tool is the Reef Water Quality Protection Plan 
(Reef Plan; Anon 2013), with the actions being delivered through the Reef 2050 Plan1. The Reef 
2050 Plan includes the Reef Trust, to which the Australian Government has committed continued 
funding to protect the Reef through improvements to the quality of water flowing into the Reef 
lagoon, and the Reef 2050 Long Term Sustainability Plan, which provides a framework for the 
integrated management of the GBRWHA.  
 
The Marine Monitoring Program (MMP), formerly known as the Reef Plan MMP, was designed and 
developed by the GBRMPA in collaboration with science agencies and is currently funded by the 
Reef 2050 Plan. A summary of the MMPôs overall goals and objectives and a description of the 
sub-programs are available at http://www.gbrmpa.gov.au/managing-the-reef/how-the-reefs-
managed/reef-2050-marine-monitoring-program and http://e-atlas.org.au/rrmmp. The MMP forms 
an integral part of the Paddock to Reef Integrated Monitoring, Modelling and Reporting Program, 
which is a key action of Reef Plan and is designed to evaluate the efficiency and effectiveness of 
implementation and report on progress towards the Reef 2050 Plan goals and targets. A key 
output of the Paddock to Reef Program is an annual report card, including an assessment of Reef 
water quality and ecosystem condition to which the MMP contributes assessments and 
information. The first Annual Reef Plan Report Card for 2009 (Anon. 2011), serves as a baseline 
for future assessments, and report cards for 2010, 2011 and 2012/13 have since been released 
(available at www.reefplan.qld.gov.au). 
 
The Australian Institute of Marine Science (AIMS) and the GBRMPA entered into a co-investment 
agreement in February 2014 to provide monitoring activities under the MMP from 2013 to 2014. 
The AIMS monitoring activities in the current contract period of the MMP are largely an extension 
of activities established under a previous arrangements from 2005 to 2012 and are grouped into 
two components: 
 

¶ Inshore Marine Water Quality Monitoring 

¶ Inshore Coral Reef Monitoring 
 
As in the previous year, this report combines the results of the AIMS Water Quality and Coral Reef 
Monitoring into an integrated report. This better reflects the monitoring design, which is based on 
co-location of sampling sites, and the overarching objective of the MMP to:  

ñAssess trends in ecosystem health and resilience indicators for the Great Barrier Reef in 
relation to water quality and its linkages to end-of-catchment loadsò 

An objective that in turn allows the ongoing progress toward Reef 2050 Planôs single long-term 
goal for the marine environment that is, 

ñTo ensure that by 2020 the quality of water entering the reef from broadscale land use has 
no detrimental impact on the health and resilience of the Great Barrier Reef.ò 

 

This report covers monitoring conducted from December 2013 to November 2014 for the coral reef 
monitoring, and May 2013 to June 2014 for the water quality monitoring activities, with inclusion of 
data from previous MMP monitoring since 2005. 

                                                
1 http://www.environment.gov.au/marine/gbr/reef2050 

http://www.gbrmpa.gov.au/managing-the-reef/how-the-reefs-managed/reef-2050-marine-monitoring-program
http://www.gbrmpa.gov.au/managing-the-reef/how-the-reefs-managed/reef-2050-marine-monitoring-program
http://e-atlas.org.au/rrmmp
http://www.reefplan.qld.gov.au/
http://www.environment.gov.au/marine/gbr/reef2050
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1. Introduction 

Coastal areas around the world are under increasing pressure from human population growth, 
intensifying land use and urban and industrial development. As a result, increased loads of 
suspended sediment, nutrients and pollutants, such as pesticides and other chemicals, invariably 
enter coastal waters and may lead to a decline in estuarine and coastal marine water quality.  
 
It is well documented that sediment and nutrient loads carried by land runoff into the coastal and 
inshore zones of the Great Barrier Reef (Reef) have increased since European settlement (e.g., 
Kroon et al. 2012; Waters et al. 2014). Nutrients to sustain the biological productivity of the Reef 
are supplied by a number of processes and sources such as upwelling of nutrient-enriched deep 
water from the Coral Sea and nitrogen fixation by (cyano-) bacteria (Furnas et al. 2011). However, 
land runoff is the largest source of new nutrients to the inshore Reef (ibid.), especially during 
monsoonal flood events. These nutrients augment the regional stocks of nutrients already stored in 
biomass or detritus (Furnas et al. 2011) which are continuously recycled to supply nutrients for 
marine plants and bacteria (Furnas et al. 2005, Furnas et al. 2011). Reflecting differences in inputs 
and transport, water quality parameters in the Reef vary along cross-shelf, seasonal and latitudinal 
gradients (Brodie et al. 2007, Deôath and Fabricius 2008, Schaffelke et al. 2012a).  
 
Coral reef communities also vary in response to environmental conditions such as light availability, 
sedimentation and hydrodynamics and occur in a wide range of environmental settings (e.g. Done 
1982, Fabricius and Deôath 2001a, DeVantier et al. 2006, Deôath and Fabricius 2010). Coral reefs 
in the coastal and inshore zones of the Reef, which are often fringing reefs around continental 
islands, are located in shallow, and generally more turbid, waters than reefs further offshore due to 
frequent exposure to re-suspended sediment and episodic flood events. It is difficult to quantify the 
changes to coral reef communities caused by runoff of excess nutrients and sediments because of 
the lack of historical biological and environmental data that predate significant land use changes on 
the catchment. However, recent research has strengthened the evidence for causal relationships 
between water quality changes and the decline of some coral reefs and seagrass meadows in 
these zones (reviewed in Brodie et al. 2012a and Schaffelke et al. 2013). 
 
Concern about these negative effects of land runoff triggered the formulation of the Reef Water 
Quality Protection Plan (Reef Plan) for catchments adjacent to the GBR World Heritage Area by 
the Australian and Queensland governments (Anon. 2003; 2009).  Reef Plan was revised and 
recently updated (Anon. 2013). The current Reef 2050 Plan actions and initiatives aim to improve 
land management practices that are expected to result in measurable positive changes in the 
downstream water quality of creeks and rivers. These actions and initiatives should, with time, also 
lead to improved water quality in the coastal and inshore Reef (see Brodie et al. 2012b for a 
discussion of expected time lags in the ecosystem response). Given that the benthic communities 
on inshore reefs of the Reef show clear responses to gradients in water quality, especially of water 
turbidity, sedimentation rate and nutrient availability (Deôath and Fabricius 2010, Thompson et al. 
2010, Uthicke et al. 2010, Fabricius et al. 2012), improved land management practices have the 
potential to reduce levels of chronic environmental stresses that impact on coral reef communities. 
However, recent assessments raise the question whether these actions will be sufficient to ensure 
the resilience of the Reef ecosystems into the future (Bartley 2014a,b; Kroon et al. 2014). 
 
Reef Plan actions also include the establishment of monitoring programs extending from the 
paddock to the Reef (Anon. 2010), to assess the effectiveness of the Reef Plan's implementation, 
which are predominantly funded by the Australian Governmentôs Reef 2050 Plan. The MMP is an 
integral part of this monitoring providing reliable physicochemical and biological data to investigate 
the effects of changes in inputs from the Reef catchments on marine water quality and the 
condition of inshore ecosystems. 
 
The information gathered under the current MMP inshore water quality sampling program has 
improved our understanding of the spatial distribution and temporal variability of water quality in the 
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coastal and inshore Reef. This includes detailed information about the site-specific state of water 
quality around inshore coral reefs (this report), detailed information about water quality in flood 
plumes (separate report by JCU, Devlin et al. 2014 in prep.) and information about herbicide levels 
in the inshore Reef (separate report by UQ, Gallen et al. 2014). 
 
The MMP inshore coral reef monitoring focuses on key condition attributes that indicate whether 
reef communities are self-perpetuating and óresilientô, i.e., able to recover from disturbance. 
Common disturbances to inshore reefs include cyclones (often associated with flooding), thermal 
bleaching, and outbreaks of crown-of-thorns starfish, all of which can result in widespread mortality 
of corals (e.g. Sweatman et al. 2007). Recovery from such events is reliant on both the recruitment 
of new colonies and regeneration of existing colonies from remaining tissue fragments (Smith 
2008, Diaz-Pulido et al. 2009). Previous studies have shown that elevated concentrations of 
nutrients, agrichemicals, and turbidity can negatively affect reproduction in corals (reviewed by 
Fabricius 2005, van Dam et al. 2011 Erftemeijer et al. 2012) and increased organic carbon 
concentrations can promote coral diseases and mortality (Kline et al. 2006, Kuntz et al. 2005). 
Furthermore, high rates of sediment deposition and accumulation on surfaces can affect larval 
settlement (Babcock and Smith 2002, Baird et al. 2003, Fabricius et al. 2003) and smother juvenile 
corals (Harrison and Wallace 1990, Rogers 1990, Fabricius and Wolanski 2000). Any of these 
water quality-related pressures on the early life stages of corals have the potential to suppress the 
resilience of communities reliant on recruitment for recovery. Suppression of recovery may lead to 
long-term degradation of reefs as extended recovery time increases the likelihood that further 
disturbances will occur before recovery is complete (McCook et al. 2001b). For this reason, the 
MMP included estimates of the density and composition of juvenile coral communities to identify 
areas of the inshore Reef where there are declines or improvements in this key life history 
processes.  
 
In addition to influences on the early life stages of corals, the position of a reef along environmental 
gradients can influence the health and hence, distribution of mature colonies. In very general 
terms, community composition changes along environmental gradients due to the differential 
abilities of species to derive sufficient energy for growth in a given environmental setting. Corals 
derive energy in two ways, by feeding on ingested particles and plankton organisms and from the 
photosynthesis of their symbiotic algae (zooxanthellae). The ability to compensate by feeding 
where there is a reduction in energy derived from photosynthesis, e.g. as a result of light 
attenuation in turbid waters, varies between species (Anthony 1999, Anthony and Fabricius 2000). 
Similarly, the energy required to shed sediments varies between species due to differences in the 
efficiencies of passive (largely depending on growth form) or active (such as mucus production) 
strategies for sediment removal (Rogers 1990, Stafford-Smith and Ormond 1992). At the same 
time, high nutrient levels may favour particle feeders such as sponges and heterotrophic soft corals 
which are potential space competitors of hard corals. In addition, macroalgae have higher 
abundance in areas with high water column chlorophyll concentrations, indicating higher nutrient 
availability (Deôath and Fabricius 2010). High macroalgal abundance may suppress reef resilience 
(e.g. Hughes et al. 2007, Cheal et al. 2010; Foster et al. 2008; but see Bruno et al. 2009) by 
increased competition for space or changing the microenvironment for corals to settle and grow in 
(e.g. McCook et al. 2001a, Hauri et al. 2010). Macroalgae have been documented to suppress 
fecundity (Foster et al. 2008), reduce recruitment of hard corals (Birrell et al. 2008b, Diaz-Pulido et 
al. 2010), diminish the capacity of growth among local coral communities (Fabricius 2005),and 
suppress coral recovery by altering microbial communities associated with corals (Morrow et al. 
2012, Vega Thurber et al. 2012).The result is that the combination of environmental parameters at 
a given location will disproportionately favour some species and thus influence the community 
composition of coral reef benthos. Documenting and monitoring change in the absolute and 
relative cover of coral reef communities is an important component of the MMP as our expectations 
for the rate of recovery from disturbances will differ based on the community composition 
(Thompson and Dolman 2010).  
 
  



MMP  Inshore water and coral reef monitoring- Annual Report 2013/14 

 

 10 

It is important to note, however, that coral colonies exhibit a degree of plasticity in both their 
physiology (e.g. Falkowski et al. 1990 and Anthony and Fabricius 2000), and morphology 
(reviewed by Todd 2008) which allows them, within limits, to adapt to their environmental setting. 
This plasticity has the potential to decouple the relationship between benthic communities and their 
environmental setting, especially in locations that have been spared major disturbance. In effect, 
stands of large (typically old) colonies may represent relics of communities that recruited and 
survived under conditions different to those occurring today. The response of the coral reef 
community to chronic changes in environmental conditions may be delayed until a severe 
disturbance resets the community (through mortality of the relic community components) with 
subsequent recovery of species suited to the current conditions.  
 
In recognition of the potential lagged response of coral communities to changing conditions, 
monitoring of benthic foraminifera communities was added to the suite of biological indicators as 
an indicator of environmental change that appears to respond faster and more specifically to 
changes in water quality (Uthicke and Nobes 2008, Uthicke and Altenrath 2010, Uthicke et al. 
2010).  
 
In order to relate inshore coral reef community health to variations in local reef water quality, this 
component of the MMP has three key objectives: 
 

1. To quantify temporal and spatial variation in the status of inshore coral reef communities in 

relation to local water quality changes;  
2. To assess temporal and spatial trends in marine water quality in inshore areas of the Reef 

lagoon; 
3. Provide an integrated assessment of water quality and inshore coral community condition 

allowing the reporting of progress toward Reef 2050 Plan goals. 
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2. Methods summary 

In the following an overview is given of the sampling design and indicators collected. More details 
of the data collection, preparation and analytical methods are in Appendix 1 and in a separate 
QAQC report, updated annually (GBRMPA 2014c), which covers, the objectives and principles of 
analyses, step-by-step sample analysis procedures, instrument performance, data management 
and quality control measures. 
 

2.1 Sampling design 

The key goal of the MMP inshore water quality and coral reef monitoring components is to 
accurately quantify temporal and spatial variation in inshore coral reef community condition and 
relate this variation to differences in local reef water quality. To facilitate the identification of 
relationships between the composition and resilience of benthic communities and their 
environmental conditions it is essential that the environmental setting of each monitoring location is 
adequately described, to this end: 
 

¶ Water temperature is continuously monitored at all locations to identify instances of 
thermal stress; 

¶ Assessments of the grain size distribution and nutrient content of sediments were added in 
2006/07 as indicators for the accumulation of fine sediments and/or nutrients and to infer 
the general hydrodynamic setting of sites; 

¶ The water quality monitoring sites are matched to the core coral reef monitoring locations. 
 
The sampling design was selected for the detection of change in benthic communities on inshore 
reefs in response to improvements in water quality parameters associated with specific 
(sub-) regions. Within each (sub-)region sites were selected along a gradient of exposure to runoff, 
largely determined as increasing distance from a river mouth in a northerly direction to reflect the 
predominantly northward flow of surface water forced by the prevailing south-easterly winds 
(Larcombe et al. 1995, Brinkman et al. 2011). Sub-regions were included in the Wet Tropics region 
as in this region sites were selected along gradients extending from the combined catchments of; 
the Barron and Daintree rivers, the Johnstone and Russell-Mulgrave Rivers, and the Herbert and 
Tully rivers. 
 
Reefs within each of four Natural Resource Management (NRM) regions were designated as either 
ócoreô or ócycleô reefs (Figure 2, Table 1). At core reefs, detailed manual and instrumental water 
sampling was undertaken as well as annual surveys of reef status including the monitoring of coral 
recruitment, the FORAM index, and sediment quality.  Cycle reefs were visited every other year for 
surveys of reef status including the monitoring of sediment quality. Sampling of the six open water 
stations of the long-term óAIMS Cairns Transectô was also continued (Figure 2, Table 1). The 
sampling design of the Cairns Transect was changed in 2008/09 when only six of the original 
eleven sites were continued, after a statistical analysis indicated that this reduced number of 
stations would provide enough information for a robust time series analysis. 
 
Coral reef surveys were undertaken predominantly over the months May-July. Water sampling was 
conducted three times a year with sampling nominally in February, in June/July and then again in 
September/October. 
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2.2 Sampling methods 

This section provides a brief overview of sampling undertaken. Detailed descriptions of 
methodologies can be found as Appendix 1. 
 
 

 
 
Figure 2  Sampling locations of the MMP coral and water quality monitoring. Table 1 describes monitoring activities undertaken at 

each location.  NRM Region boundaries are represented by coloured catchment areas. 

  



MMP  Inshore water and coral reef monitoring- Annual Report 2013/14 

 

 13 

Table 2 Sampling locations of the MMP coral and water quality monitoring.  

At óCore reefsô: coral communities, sediment composition, seawater temperature and benthic foraminifera assemblage 

composition are monitored annually; water quality is monitored by both grab samples and water quality loggers. At óCycle reefsô: 

coral communities, sediment composition and seawater temperature are monitored in either odd or even years. At óCairns water 

quality transectô sites only grab sampling of water quality is undertaken.  Locations within the ómidshelfô water body (GBRMPA 

2010) are underlined. 

 

NRM region Sub-Regions Core reefs 
Cycle reefs Cairns water 

quality transect Odd years Even Years 

Wet Tropics 

Barron, Daintree 

Snapper North Snapper South* Snapper South* Cape Tribulation 

   Port Douglas 

   Double  

   Green  

   Yorkey's Knob 

   Fairlead Buoy 

Johnstone, Russell-
Mulgrave 

Fitzroy West  High East Fitzroy East  

High West Franklands East    

Franklands West    

Herbert, Tully 
Dunk North Barnards King Reef  

  Dunk South  

Burdekin 

Palms West Havannah Palms East  

Pandora Reef Middle Reef Lady Elliot Reef  

Magnetic    

Mackay Whitsunday 

Double Cone Dent Shute Harbour  

Daydream Seaforth Hook  

Pine    

Fitzroy 

Barren North Keppel Peak  

Pelican  Middle   

Keppels South    

* No temperature monitoring at Snapper South and surveyed in both odd and even years. 

 

2.2.1 Water quality monitoring 

At each of the 20 sampling locations, vertical profiles of water temperature, salinity, chlorophyll, 
and turbidity were measured with a Conductivity Temperature Depth profiler (CTD). The CTD casts 
are used to characterise the water column and identify how well mixed the water column is and 
record any stratification. Immediately following the CTD cast, discrete water samples were 
collected with Niskin bottles. Samples were collected from the surface, 1m from the seabed and, 
where the water depth exceeded 15m, from mid-water. In addition to the ship-based sampling, 
water samples were also collected by diver-operated Niskin bottle sampling, close to the 
autonomous water quality instruments (see below).Sub-samples taken from the Niskin bottles were 
analysed for the following species of dissolved and particulate nutrients and carbon:  

¶ ammonium= NH4,  

¶ nitrite= NO2,  

¶ nitrate= NO3,  

¶ phosphate/filterable reactive phosphorus= PO4,  

¶ silicate/filterable reactive silicon= Si(OH)4,  

¶ dissolved organic nitrogen= DON,  

¶ dissolved organic phosphorus= DOP,  

¶ dissolved organic carbon= DOC,  

¶ particulate organic nitrogen= PN, 

¶ particulate phosphorus= PP, 

¶ particulate organic carbon= POC.  
(note that +/- signs identifying the charge of the nutrient ions were omitted for brevity). 
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Continuous in situ measurements of chlorophyll fluorescence and turbidity were perform at the 14 
core reefs using WET Labs ECO FLNTUSB Combination Fluorometer and Turbidity Sensors, 
deployed at 5m at the start of coral survey transects.  
 

2.2.2 Sea temperature monitoring 

Temperature loggers were deployed at, or in close proximity to, each coral survey location at both 
2m and 5m depths and routinely exchanged at the time of the coral surveys (i.e. every 12 or 24 
months).  
 

2.2.3 Sediment quality monitoring 

Sediment samples were collected from all reefs visited for analysis of grain size and of the 
proportion of inorganic carbon, organic carbon and total nitrogen.  
 

2.2.4 Foraminifera monitoring 

The composition of foraminiferal assemblages was estimated from surface sediment samples 
collected at the 14 core coral monitoring sites. Species composition of foraminifera was determined 
using a dissection microscope following Nobes and Uthicke (2008). Data are presented as a 
FORAM index (Hallock et al. 2003) based on the relative proportions of species classified as either 
symbiont-bearing, opportunistic, or heterotrophic, a method that has been used as an indicator of 
coral reef water quality in Florida and the Caribbean Sea (Hallock et al. 2003) and successfully 
tested on GBR reefs (Uthicke and Nobes 2008, Uthicke et al. 2010). Detail of the methods used for 
the calculation of the FORAM index is presented in Appendix, A1.3.4. 
 

2.2.5 Benthic community sampling 

To account for spatial heterogeneity of benthic communities within reefs, two sites were selected at 
each survey reef. During a pilot study to the current monitoring program (Sweatman et al. 2007), 
marked differences were found in community structure and exposure to perturbations with depth; 
hence sampling within sites was stratified by depth. Within each site and depth, fine scale spatial 
variability was accounted for by the use of five replicate transects. Four separate sampling 
methods were used to describe the benthic communities of inshore coral reefs, as outlined below. 
These were each conducted along the fixed transects. 
 
Benthic composition  
The photo point intercept (PPI) method was used to gain estimates of the composition of the 
benthic communities. The method followed closely the Standard Operation Procedure Number 10 
of the AIMS Long-Term Monitoring Program (Jonker et al. 2008).  
 
Juvenile coral surveys  
These surveys aimed to provide an estimate of the number of both hard and soft coral colonies 
that were successfully recruiting and surviving early post-settlement pressures. Importantly, this 
method aims to record only those small colonies (<10 cm) assessed as juveniles, i.e. which result 
from the settlement and subsequent survival and growth of coral larvae, and does not include small 
coral colonies considered as resulting from fragmentation or partial mortality of larger colonies.  
 
Scuba search transects 
Scuba search transects document the incidence of disease and other agents of coral mortality and 
damage. Tracking of these agents of mortality is important, because declines in coral condition due 
to these agents are potentially associated with changes in water quality. This method follows 
closely the Standard Operation Procedure Number 9 of the AIMS Long-Term Monitoring Program 
(Miller et al. 2009).  
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2.3 Data analyses 

In this report results are presented to reveal temporal changes in coral community attributes and 
key environmental variables. Generalized additive mixed effects models were fitted to community 
attributes and environmental variables for each NRM region, or sub-region to identify the presence 
and consistency of trends. More detailed description of statistical methods and data summaries 
can be found in Appendix 1.2. 
 
Water quality data were summarised as a simple water quality index, which is based on 
comparisons with existing water quality guidelines (DERM 2009,GBRMPA 2010), to generate an 
overall assessment of water quality at each of the 20 water quality sampling locations (14 core reef 
locations, 6 open water sites of the Cairns Water Quality Transect). Detail of the methods used for 
the calculation of the water quality index is presented in Appendix, A1.2.3.  
 
The coral reef community indicators were summarised into a coral reef condition index, which is 
also used in the Reef Plan Report Card. This index was based on a combination of indicators of 
the current condition (cover of corals and macroalgae) and of the potential to recover from 
disturbance (rate of coral cover increase and density of juvenile corals).  The underlying 
assumption is that a óhealthyô community should show clear signs of recovery after inevitable acute 
disturbances, such as cyclones and coral bleaching events, or, in the absence of disturbance, 
maintain a high cover of corals and successful larval recruitment and survival of juveniles.  Detail of 
the methods used for the calculation of the coral index is presented in Appendix, A1.3.7. 
 

2.4 Water type classifications 

Within each section of the results region maps include an overlay of river plume exposure. These 
estimates were supplied by Dr Michelle Devlin of the Centre for Tropical Water and Aquatic 
Ecosystem Research, Catchment to Reef Research Group, James Cook University. These 
exposure maps represent the proportion of time within the wet season (December to April, over the 
years 2007 to 2012 inclusive) during which the optical properties of the water were consistent with 
those classified as either ñprimaryò or ñsecondaryò water masses in GBR flood plumes as described 
by Devlin et al. (2012).  Flood plumes are grouped into primary and secondary plumes, based on 
water-quality characteristics (TSS, CDOM and chl a). The primary flood plume is characterised by  
higher levels of mean TSS (approx. 23 vs. 14 mg l-1) and CDOM (0.36 vs. 0.26 m-1) and lower chl a 
(1.1 vs. 1.4 µg l-1  ) values (Devlin et al. 2012). The plume types therefore represent different 
degrees of coral exposure to stressors such as decreased light availability and smothering by high 
sedimentation. In brief, the estimates of exposure were derived following the methodology of 
Alvarez Romero et al. (2013) wherein water type was classified on the basis of two ocean-colour 
products (nLw667 and adg443, see Alvarez Romero et al. 2013 for further detail) applied to data 
derived from the satellite-mounted Moderate Resolution Imaging spectroradiometer (MODIS) Aqua 
sensor.  
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3. Results and discussion 

This section provides detailed trend analysis of key water quality constituents, other environmental 
drivers, and reef condition indicators within each region. For the Wet Tropics Region, data are 
presented for sub-regions corresponding to major catchments.  
 
Specifically, the information provided here is focused on identification and interpretation of 
temporal trends observed in the environmental and community attributes monitored. For each 
region the following information is included and discussed: 

¶ A figure including a map of the water quality and benthic community monitoring locations 
with an overlay derived from satellite imagery that categorises the long-term exposure of 
the area to flood plumes.  

¶ A figure providing time-series of environmental pressures, i.e. the discharge from local 
rivers, sea temperature, and the timing of tropical cyclones that influenced the region. This 
figure is presented to allow the reader to visualise the major climatic drivers of 
environmental variability that influence water quality and benthic communities. 

¶ A figure providing regional trends in key water quality parameters and the resultant trend in 
the water quality index. 

¶ A figure providing regional trends in the Foram index, sediment composition, the coral 
health index, and the coral reef community data from which the Coral index is derived. 

 
Site-specific data and additional information tables are presented in Appendix 2 (referred to by 
Figure and Table numbers prefixed ñA2ò) and may be referred to where specific detail is required. 
These more detailed data summaries include: 

¶ Table A2-1. Annual freshwater discharge for the major Reef Catchments relative to long 
term medians 

¶ Table A2-2, Summary statistics for each direct water sampling variable from each 
monitoring location. 

¶ Table A2-3, Annual summaries of WET Labs ECO FLNTUSB Combination Fluorometer 
and Turbidity Sensor derived turbidity for each monitoring location. 

¶ Table A2-4. Time series of the water quality index for each location 

¶ Table A2-5 Chronology of disturbance to coral communities at each monitoring location. 

¶ Table A2-6 Report card metric scores for coral communities at each monitoring location. 

¶ Figure A2-1, Time-series of temperature, Chlorophyll a and turbidity derived from WET 
Labs ECO FLNTUSB Combination Fluorometer and Turbidity Sensors. 

¶ Figure A2-2, a panel of seasonal trends in water quality variables allowing inter-regional 
comparison. 

¶ Figure A2-3, Long term trends in concentrations of dissolved organic carbon (DOC) for 
each (sub-)region. 

¶ Figure A2- to A2-9, Time series of coral community composition for both cover and juvenile 
observations for each reporting region. 

¶ Figure A2-10, Time series of incidence of coral mortality in each reporting region. 

¶ Figure A2-11 to A2-14, Time series of coral community compositional change scores for 
each reef 

¶ Figure A2-15, Time series of the rate of change in coral cover indicator 
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3.1 Regional reports  

3.1.1 Wet Tropics Region: Barron Daintree sub-region 

The Barron Daintree sub-region has a high proportion of forest and National Park areas, 
particularly within the Daintree catchment, with the primary agricultural land use being grazing 
(Brodie et al. 2003, GBRMPA 2012). The sampling sites in this sub-region are influenced by the 
discharge from the Daintree and Barron rivers, and, to a lesser extent, the Mossman River and 
other rivers south of the sub-region. 
  
Snapper Island lies 4km from the mouth of the Daintree River (Figure 3). Here two reefs, Snapper 
North and Snapper South are sampled annually for coral reef condition assessments and there is a 
water quality sampling location co-located with Snapper North. This sub-region also contains the 
six open water sites of the óCairns long-term water quality transectô.  
 
Most of the sampling locations in this region are frequently exposed to secondary plume-type 
waters (Figure 3, definitions of exposure categories in caption). Two Cairns transect sites in Trinity 
Inlet are exposed to secondary plume-type waters most days during the wet season, while the two 
locations in the midshelf water body (Green and Double, Table 1) are rarely exposed to secondary 
plume-type waters.  
 
Over the period 2006 to 2012, annual discharge for both the Daintree and Barron rivers has been 
at, or slightly above, median levels in most years with major floods of the Barron River in 2008 and 
again in 2011 when the Daintree River also flooded (Figure 4, Table A2-1). The 2011 floods were 
the highest flows recorded for the Barron over the last 14 years (Table A2-1). Discharge levels in 
the Daintree for 2014 were three times the long-term median, the highest in the past 14 years, and 
were strongly influenced by Cyclone Ita. (Figure 4, Table A2-1). 
 

 
 
Figure 3 MMP sampling sites in the Barron Daintree sub-region.  Black symbols are water quality and core reef sampling 

locations and white symbols are cycle reef locations. Gradients of exposure to flood plume water types (Álvarez-Romero et al. 

2013) during the wet season (December to March) are represented as areas exposed to primary plume-type waters most days (> 

67% of days during the wet season, red shading) or frequently (33% - 67% of wet season days, orange shading), and areas 

exposed to secondary plume-type waters most days (>67% of wet season days, solid green shading), frequently (33% - 67% of 

wet season days, transparent green shading) or rarely (< 33% of wet season days, light blue shading). 

 

From 2005 to 2014, two acute disturbances had an impact on these locations; a storm event 
(possibly associated with Cyclone Hamish in March 2009), and Cyclone Ita (2014). Both caused 
physical damage to corals at Snapper North, (Figure 4, Figure A2-4, Table A2-5).  
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Temperature records showed periods of above or below long-term average temperatures, 
however, no extreme temperature events have been recorded that would have led to coral 
bleaching (Figure 5). 
 

 
Figure 4 Combined discharge for the Barron and Daintree Rivers.  Daily (blue) and annual (October to September, red) 

discharge shown. Red dashed line represents long-term median of the combined annual discharge. 

 

  
Figure 5 Sea temperature for the Barron Daintree sub-region. Red and blue regions signify periods of above and below seasonal 

average. 

 
The water quality index in this sub-region remained ógoodô, although declined slightly since 2009 
(Figure 6a). Concentrations of chlorophyll a (chl a), suspended solids (SS) and particulate nitrogen 
(PN) were high at the beginning of the MMP sampling in 2005-06, then declined, and increased 
again after the major Barron River floods in 2008 (Figure 6b,c,f). Highest concentrations of chl a, 
PN, SS and particulate phosphorus (PP) were observed in 2013-14, with the predicted overall 
trend-line for chl a, PP and SS exceeding water quality guidelines (guideline) (GBRMPA 2010). 
Secchi depth did until 2013 only show minor variations, but a decrease was seen in 2013-2014 
(Figure 6e). 
 
The concentrations of dissolved oxidised nitrogen (NOx) steadily increased over the course of the 
monitoring program, with the overall trend-line approaching the guideline value in 2013 where it 
remains during the wet season of 2013-14 (Figure 6d). The nitrogen content of sediments at the 
reef sites has also increased, indicating a widespread change in nitrogen levels within this sub-
region (Figure 7g). The concentrations of dissolved organic carbon (DOC) steadily increased over 
the course of the monitoring period with levels approaching a stable level during the wet season of 
2012 ï 2013 (Figure A2-3). 
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High-frequency instrumental chlorophyll (chl) and turbidity values were from only one location, 
Snapper North. The chl trend-line showed more pronounced fluctuations than the regional trend, 
which summarised a number of manual sampling locations along gradients of water quality, with 
values above the guideline in the wet seasons from 2010 to 2014 (Figure 6). The trend-line of the 
instrumental turbidity was consistently above the guideline, and generally, has continued to 
increase over the monitoring period (Figure 6g). This location has very variable turbidity, mostly 
influenced by wind-driven resuspension of sediments. The suspended solids (SS) and turbidity 
(NTU) showed different temporal trends (Figure 6c and g), which is to be expected as these 
indicators are derived by two different methods. While SS is measured as dry mass of particles on 
a filter (0.4 µm poresize), turbidity is measured by optical instruments as total light absorption and 
scattering. The SS does therefore not account for material passing the filter (e.g. colloidal particles) 
or the optical properties of particles at a certain location (e.g. influenced by the mineralogy of the 
adjacent catchment), both of which will influence the in-situ turbidity (Bowers et al. 2011). The 
difference in trends between these measures therefore indicates that the size 
spectrum/composition of the optical active fraction has changed over the monitoring period.  
 
At the location-specific level, Fairlead Buoy and Yorkeyôs Knob, which are close to the coast and 
more frequently exposed to flood plume water types (Figure 6), exceed the guideline for many 
variables, while the midshelf locations Double and Green were generally compliant (see Table A2-
2 for detailed data).  
 
Two reefs, Snapper North and Snapper South are sampled annually in this sub-region (Figure 3). 
Prior to MMP surveys in 2005, these reefs were monitored annually by Sea Research from 1995 
(Ayling and Ayling 2005). The location of Snapper Island exposes corals to low salinity waters 
during flood events with high rates of mortality recorded at Snapper South 2m depth as a result of 
flooding in 1996 and then again in 2004 (Ayling and Ayling 2005). While not monitored at that time, 
anecdotal evidence suggests the deeper 5m sites were below the impact of these flood events. 
The coral communities at Snapper North were less damaged by these floods, though they did 
suffer substantial reductions in cover caused by coral bleaching in 1998 and then Cyclone Rona in 
1999 (Ayling and Ayling 2005). Following each of these events coral cover began to increase 
demonstrating the resilience of these communities (Sweatman et al. 2007, Table A2-5). 
 
This capacity to recover is also evident in the observations presented here with coral cover 
increasing over the period 2005 to 2007 at all locations (Figure 7d, Figure A2-4) and contributes to 
the initial óvery goodô assessment of the coral health index in 2008. Since this initial assessment 
the coral health index has progressively declined to a ópoorô rating in 2014 (Figure 7b). The decline 
in the coral health index represents the culmination of several processes, beginning with the onset 
of a period of ówetterô wet seasons from 2008 to 2012, followed by high incidence of disease in 
2009-10, then a COTS outbreak from 2012-2013, with intermittent disturbances such as a severe 
storm (2009) and cyclone (Ita 2014). In 2012 small numbers of small (generally <20cm diameter) 
crown-of-thorns seastars (COTS) were observed. By 2013 the numbers (288 per hectare at 
Snapper North, 613 per hectare at Snapper South) and size (most >25cm diameter) of COTS had 
increased and these coral predators were clearly causing substantial damage to coral 
communities, and in particular, reducing the cover of the family Acroporidae in the shallows of 
Snapper North (Figure A2-4).  
 
In 2014, coral cover at Snapper North had been severely reduced (Figure A2-4) with clear 
evidence for physical disturbance as a result of exposure to waves generated by Cyclone Ita. No 
COTS were observed in 2014 though given their abundance in 2013 at least some of the reduction 
in cover will have been due to COTS feeding.  In contrast at Snapper South, COTS were still 
present in 2014 though at a reduced density (63 per hectare). No physical damage was noted at 
Snapper South and so it can be reasonably assumed the observed loss in coral cover (Figure A2-
4) was caused by COTS. The density of juvenile corals has generally declined throughout the 
Snapper Island reefs, with the exception of the 2m depth at Snapper South where Acroporidae, 
Poritidae and Pocilloporidae are the common families recruiting (Figure A2-4). 
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In compensation for the loss of coral as a result of disease, COTS, and Cyclone Ita, was a rapid 
increase in the cover of macroalgae at Snapper North (Figure 7f, Figure A2-4), predominantly the 
genus Asparagopsis.  As a group, red macroalgae has been shown to inhibit coral growth by both 
direct shading and also by causing changes to the chemical microenvironment of the surrounding 
water (Hauri et al. 2010). By contrast, at Snapper South the macroalgal cover further declined 
(Figure A2-4). The rather exposed orientation of Snapper South may preclude long-term 
development of extensive cover of macroalgae. 
 
In parallel to the decline in the coral health index was a substantial decline in the FORAM index 
through to a value below 4 in 2013 before improving in 2014 (Figure 7a).  In the Caribbean, 
FORAM index values of between 2 and 4 reflect environmental conditions that are marginal for 
coral reef growth (Hallock et al. 2003). This result remains largely unexplained as it would be 
expected that the flooding of the Daintree River (Figure 4), ongoing high turbidity and NOx (Figure 
6 d, g) and increase in sediment nitrogen (Figure 7 g) in 2014 would not have provided an 
environment conducive for an improvement in the FORAM index.  
 

In summary, the coral communities at Snapper Island have been exposed to a series of 
disturbances at a range of intensities and temporal scales. These reefs have a history of strong 
recovery and, with the continuing ógoodô rating for water quality, similar resilience maybe expected. 
That said, the very low level of coral remaining at Snapper North, and the continued presence of 
COTS at Snapper South, suggests that recovery may be slow and reliant on the supply of coral 
larvae from other reefs in the vicinity, many of which are likely to have had similar exposure to 
either COTS or cyclone Ita. 
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Figure 6 Temporal trends in Water Quality for the Barron-Daintree sub-region. a) water quality index, b) chlorophyll a, c) total 

suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity and h) particulate phosphorus Water quality 

index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery poorô. The water 

quality index is the aggregate of variables plotted in with the exception of NOx and calculated as described in Appendix 1.2.3. 

Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% 

confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments are 

represented in red, individual records are not displayed. Dashed reference lines indicate guideline values. 
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Figure 7  Coral reef community and sediment quality trends in the Barron Daintree sub-region.  
Coral health index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery poorô. 
Coral index is calculated from variables plotted in d, f, h, along with the derived estimate of ñrate of cover increaseò as described in  
Appendix 1.3.7.Trends in Foram index, sediment and benthic community variables are represented by blue lines with blue shaded 
areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual 
reefs. 
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3.1.2 Wet Tropics Region: Johnstone Russell-Mulgrave sub-region 

The catchments within this sub-region have a high proportion of upland National Park and forest, 
while 20% have been modified for sugar production on the coastal flat. There is also a significant 
area used for grazing within the Johnstone catchment (Brodie et al. 2003). The inshore reefs 
adjacent to these catchments are influenced by the discharge from the Russell-Mulgrave and 
Johnstone rivers, and to a lesser extent, by other rivers south of the sub-region, such as the 
Burdekin (Furnas et al. 2013).  
 
Six reefs are sampled for coral reef condition assessments in this sub-region. Three are also water 
quality sampling locations, co-located with the annually monitored core reefs (Figure 8).  Of the 
sampling locations in this region that are located in the open coastal water body (see Table 1), 
Fitzroy and High are frequently exposed to secondary plume-type waters during the wet season, 
while the Franklands are located in the midshelf water body and rarely exposed to secondary 
plume-type water (Figure 8).  
 

 
 

Figure 8 MMP sampling sites in the Johnstone Russell-Mulgrave sub-region. Black symbols are water quality and core reef 

sampling locations and white symbols are cycle reef locations. Gradients of exposure to flood plume water types (Álvarez-

Romero et al. 2013) during the wet season (December to March) are represented as areas exposed to primary plume-type waters 

most days (> 67% of days during the wet season, red shading) or frequently (33% - 67% of wet season days, orange shading), 

and areas exposed to secondary plume-type waters most days (>67% of wet season days, solid green shading), frequently (33% 

- 67% of wet season days, transparent green shading) or rarely (< 33% of wet season days, light blue shading). 

 

Over the period 2006 to 2014, annual discharge for both the Russell-Mulgrave and Johnstone 
rivers was at, or slightly above, median levels in most years with major floods in 2011 (Figure 9, 
Table A2-1).  
 
Tropical cyclones Larry in 2006, Tasha in late 2010 and Yasi in 2011 (Figure 10) caused 
reductions in coral cover predominantly on the eastern sides of the islands (Figure A2-5, Table A2-
5). In 2014 TC Ita tracked inland and parallel to the coastal margin as a category 1 cyclone: Minor 
storm damage was observed at Fitzroy East. 
 
Temperature records since 2005 reveal no periods of extreme temperatures that would have led to 
coral bleaching (Figure 10). Temperatures were consistently low in 2011, although no effect on 
coral communities was evident during the winter surveys of that year. 
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Figure 9 Combined discharge for the North and South Johnstone, Russell and Mulgrave rivers.  

Daily (blue) and annual (October to September, red) discharge shown. Red dashed line represents the long-term median of the 

combined annual discharge. 

 
Figure 10 Sea temperatures for the Johnstone Russell-Mulgrave sub-region. Red and blue regions signify periods of above and 

below seasonal average. 

 
 
The water quality index at the coral reef sampling locations in this sub-region remained relatively 
stable maintaining scores of ógoodô for the last two years (Figure 11a). Concentrations of 
chlorophyll a (chl a), suspended solids (SS), particulate nitrogen (PN) and particulate phosphorus 
(PP) were close to guideline levels at the beginning of the MMP sampling in 2005-06, then 
declined, prior to slight increases during the major flood period in 2011 with a continued increase 
until 2014 (Figure 11b,c,f,h). The predicted overall trend line for chl a was at or above the guideline 
from 2011 onwards; the trend lines for SS and PP approach the guideline in 2014, while PN was 
below (Figure 11). Secchi depth has shown a decline since the beginning of the monitoring 
program reaching a new low in 2014 with levels noncompliant with the guideline (Figure 11e). The 
concentrations of dissolved oxidised nitrogen (NOx) have steadily increased over time approaching 
the QLD guideline in 2012 where it has remained since (Figure 11d).  
 
The clay-silt and nitrogen content of the sediments at the coral reef sites was also elevated during 
2011-12, with peaks that correspond to the high discharge from local rivers (Figure 9) and the likely 
influence of redistributed sediments following TC Yasi (Figure 12c, g). The concentrations of 
dissolved organic carbon (DOC) have shown a steep increase over the course of the monitoring 
period with levels continuing to increase in 2014 (Figure A2-3).  
 
  



MMP  Inshore water and coral reef monitoring- Annual Report 2013/14 

 

 25 

Instrumental chlorophyll (chl) and turbidity records show more pronounced fluctuations than the 
manual sampling data (Figure 11b,g). The chl trend line exceed the guideline during the wet 
season 2011-12 and again in 2013-2014, while the turbidity showed increasing level which are still 
below the guideline values (Figure 11b, g).  
 
The suspended solids (SS) and turbidity (NTU) again in this region showed different temporal 
trends (Figure 9c and g). While SS is measured as dry mass on a filter (0.4 µm pore size), turbidity 
is measured by the loggers as total light absorption and scattering. The SS does not, therefore, 
account for material passing the filter and also doesnôt measure the particle optical properties; 
simply, the nature of the measurements is different (Bowers et al. 2011). The difference in trends 
between these measures, therefore, indicates that the size spectrum/composition of the optical 
active particle fraction has changed over the monitoring period. 
 
The ógoodô and increasing values of the coral index up to 2010 (Figure 12b) demonstrate that water 
quality in the region was not strongly limiting coral communities. Prior to the commencement of 
MMP monitoring in 2005, surveys conducted by AIMS and Sea Research indicated that coral 
communities at Fitzroy Island and the Frankland Group were in a state of recovery following 
impacts attributed to predation by the crown-of-thorns seastar (COTS) and coral bleaching 
(Sweatman et al. 2007, Ayling and Ayling 2005). Since 2005, Cyclone Larry in 2006 caused 
substantial loss of cover at Franklands East (Figure A2-5). Up until 2010 the ógoodô and increasing 
assessment of the coral health index reflected the recovery from, or resistance to these past 
disturbance events. 
 
The sharp decline in the coral health index after 2010 (Figure 12b) was due to reductions in coral 
cover caused by cyclones Tasha and Yasi and compounded by feeding of COTS at Fitzroy Island 
sites. These losses of coral cover along with already declining numbers of juvenile corals (Figure 
15h) resulted in a decline in the juvenile density metric (Table 1). The rate of coral cover increase 
has also been low since 2011 (Figure A2-15), with only High East and Franklands East showing 
positive signs of recovery between 2011 and 2013 (Figure A2-5). 
 
In 2014 the coral communities in this sub-region were again assessed to be in moderate condition 
though were clearly improving from previous years (Figure 12b). Scores for all four metrics 
included in the index had increased. Most notable were the cover change metric that improved 
from a poor rating in 2013 to a moderate rating in 2014 (Table 1, Figure A2-15) and the reduction 
in macroalgae cover at Franklands West that improved the macroalgae metric score to óvery goodô  
(Tables A2-6, 1).  
 
It should be noted however that the ongoing presence of COTS at Fitzroy Island in 2014 precluded 
the estimation of the cover change metric at those sites. The density of COTS at Fitzroy West (300 
per hectare in 2012), have been reduced by regularly culls under the Australian Government 
funded crown-of-thorns seastar management program program to 38 per hectare in 2014. Similar 
declines were observed at Fitzroy East. Despite this decline, their continued presence continues to 
reduce coral cover. Estimates of COTS at Frankland West have risen four-fold since 2013; from 25 
per hectare to 100 per hectare in 2014. The individuals observed in 2014 where all juveniles and 
located deep within stands of coral suggesting this may be a serious underestimate of the actual 
density of COTS present and so a potential for further coral loss in coming years. 
 
At High West and Frankland West communities have high proportions of the family Poritidae 
(Figure A2-5). This group is typically more tolerant to both water quality and other disturbances 
impacting reefs than the Acroporidae present at other locations. The coral change metric applies a 
different growth rate expectation to Acroporidae than other slower growing corals which is why the 
rate of change score improved while regional coral cover did not. 
 
Over the last two years a gradual reversal of previous declines in juvenile abundance has emerged 
(Figure 12h), particularly among the Acroporidae at the windward reefs of High, Fitzroy and 
Frankland East (Figure A2-4).  
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The sampling of foraminifera occurs at the western sides of the reefs sampled in this sub-region. 
These sites are relatively sheltered from wave action which predisposes them to the accumulation 
of fine-grained sediments (Wolanski et al. 2005). The decline in the FORAM index is consistent 
with the observed changes in sediment composition toward higher proportions of clay -silt sized 
particles and higher nitrogen content (Figures 12: c, g): conditions known to favour heterotrophic 
species (Uthicke et al. 2010). The slight increase in the proportion of clay-silt sized particles in 
sediments and declines in the FORAM index observed in 2010 coincided with increasing turbidity 
recorded at these locations (Figure 11g) but preceded both cyclone Yasi and high flows of local 
rivers. While sediment trap deployments over the period of cyclone Yasi and subsequent flooding 
clearly demonstrate the mobilisation of sediments corresponding to these events (Thompson et al. 
2012) the increase in turbidity and change in sediment composition preceding these events 
suggest that these changed environmental conditions could be a delayed response to flooding of 
the more distant Herbert or Burdekin Rivers in 2009. Of note is that levels of coral disease also 
increased in 2010 (Figure A2-10), further indicating a shift in environmental conditions that 
preceded local runoff events. 
 
The 2014 results indicate the potential for coral communities to recover from disturbance events.  
The differences between the East and West locations on the reefs in this sub-region highlight the 
need to consider the hydrodynamic setting of each location when assessing the possible 
influences of runoff. On the wave-exposed Eastern reefs, coral communities have a high proportion 
of the fast-growing family Acroporidae and have shown a clear ability to recover from disturbance 
events (Figure A2-5). However, these communities are susceptible to predation by COTS and 
even the ongoing presence of these seastars poses a substantial risk to the coral cover at both 
Fitzroy Island and The Frankland Group. Links between COTS and elevated nutrient levels 
resulting from large flood events have been proposed (Brodie et al. 2008, Fabricius et al. 2010) 
and given the severity of disturbance these seastars impart on the Reef in general (Osborne et al. 
2011, Deôath et al. 2012), further research into the role of water quality plays in promoting such 
outbreaks is justified. In contrast, while the more sheltered reefs of High West and Franklands 
West have been less susceptible to acute disturbance the rate of recovery of these communities is 
naturally slow. The rapid response of the FORAM index provides evidence for the selective 
pressures attributed to environmental fluctuations at these more sheltered locations. 
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Figure 11 Temporal trends in Water Quality for the Johnstone Russell-Mulgrave sub-region. a) water quality index, b) chlorophyll 

a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity and h) particulate phosphorus 

Water quality index colour coding:  dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery 

poorô. The water quality index is the aggregate of variables plotted in with the exception of NOx and calculated as described in 

Appendix 1.2.3. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas 

defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB 

instruments are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values. 
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Figure 12 Coral reef community and sediment quality trends in the Johnstone Russell-Mulgrave sub-region.  

Coral health index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery 

poorô. Coral index is calculated from variables plotted in d, f, h, along with the derived estimate of ñrate of cover increaseò as 

described in Appendix 1.3.7.Trends in Foram index, sediment and benthic community variables are represented by blue lines with 

blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over 

depths at individual reefs. 
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3.1.3 Wet Tropics Region: Herbert Tully sub-region 

The Tully catchment has a high proportion of forest and National Park areas while the predominant 
land use in the Herbert catchment is grazing. Around 10% of the sub-regional area is used for 
sugar production, especially in the lower catchment areas (Brodie et al. 2003, GBRMPA 2012). 
 
The sampling sites in this sub-region are influenced by the discharge from the Tully and Herbert 
rivers, and, to a lesser extent, by the Burdekin River (Furnas et al. 2013). Four reefs are sampled 
for coral reef condition assessments in this sub-region, there is one water quality sampling location 
co-located with the coral site at Dunk North (Figure 13). Dunk Island is exposed to secondary 
plume-type waters on most days during the wet season, while the other two reefs are frequently 
exposed to this water type (Figure 13).  
 

 

Figure 13 MMP sampling sites in the Herbert Tully sub-region. Black symbols are water quality and core reef sampling locations 

and white symbols are cycle reef locations. Gradients of exposure to flood plume water types (Álvarez-Romero et al. 2013) during 

the wet season (December to March) are represented as areas exposed to primary plume-type waters most days (> 67% of days 

during the wet season, red shading) or frequently (33% - 67% of wet season days, orange shading), and areas exposed to 

secondary plume-type waters most days (>67% of wet season days, solid green shading), frequently (33% - 67% of wet season 

days, transparent green shading) or rarely (< 33% of wet season days, light blue shading). 

 

 
Over the period 2006 to 2012, annual discharge for both the Tully and Herbert rivers (Figure 14) 
has been at, or slightly above, median levels in most years with major floods of the Tully River in 
2011 and of the Herbert River in 2009 and 2011 (Appendix Table A2-1).  
 
Discharge in 2013 was below the long-term median (Figure 14); discharge data for 2014 were 
incomplete at time of writing. Tropical cyclones Larry in 2006 and Yasi in 2011 (Figure 15), had 
significant negative impacts on coral cover on the reefs in this sub-region (Figure A2-6, Table A2-
5).  
 
Temperature records since 2005 do not reveal any prolonged exposure to high temperatures that 
would have resulted in coral bleaching (Figure 15). 
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Figure 14 Combined discharge for Tully and Herbert Rivers. Daily (blue) and annual (October to September, red) discharge 

shown. Red dashed line represents the long-term median of the combined annual discharge. 

 
Figure 15 Sea temperature for the Herbert-Tully sub-region. Red and blue regions signify periods of above and below the long 

term seasonal average. 

 
The water quality index has been stable over the past six years, maintaining a ómoderateô rating 
(Figure 16a). Trends in concentrations of chlorophyll a (chl a), particulate nitrogen (PN) and 
particulate phosphorus (PP) showed distinct cycles, with periods of high values in 2006-07, 2011-
12 and 2013-14 (Figure 16b,f,h), coinciding with the beginning of the relatively ñwetò period with at 
or above median flows. Trend-lines for PP were almost entirely above water quality guidelines 
(guideline) until 2014, while chl a trend-lines exceeded or was near the guideline in the beginning 
of the monitoring and again from 2010 onwards (Figure 16b, h). Concentrations of suspended 
solids (SS) were generally above guideline values throughout the program, decreasing until 2013 
but with an upward trend in 2014 (Figure 16c). 
 
The concentrations of dissolved oxidised nitrogen (NOx) showed increasing concentrations that 
exceeded the guideline from 2011 onwards (Figure 16d). Secchi depth remained relatively stable 
with at a long-term average of about 5m, which is non-compliant with the guideline (Figure 16e). 
The concentrations of dissolved organic carbon (DOC) increased until 2012, after which the 
concentrations have slightly declined (Figure A2-3). 
 
The instrumental Chlorophyll (chl) and turbidity records showed more pronounced fluctuations than 
the manual sampling data (Figure 16b,g). The trend-lines of chl showed distinct maxima above the 
guideline during the wet seasons of 2011 and 2014 (Figure 16b). The turbidity showed overall 
levels around  twice the guideline levels, steadily increasing over the course of the monitoring 
period with peak levels in 2011-2012 and 2014 (Figure 16g). The turbidity at Dunk North was 
generally very variable (see Appendix 2 Figure A2-1), mostly driven by sediment resuspension 
from the surrounding shallow seabed.  
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The SS and turbidity (NTU) showed different temporal trends (Figure 16c and g), which is mainly 
due to that they measure different properties, as described above (see e.g. Johnstone, Russell-
Mulgrave sub-region). This difference in trends indicates that the size spectrum/composition of the 
optical active particle fraction has changed over the monitoring period.  
 
The clay-silt content of the sediments at Dunk North had been higher than at other reef locations in 
this sub-region (Figure 17c, highest grey line) but declined over 2013 and 2014 corresponding to 
the decrease in the Tully River discharge. On a sub-regional level the proportion of clay-silt sized 
particles in sediments was generally high in the period 2010-2012, while sediment nitrogen content 
has steadily increased (Figure 17c, g). These changes in sediment composition are also 
manifested in the FORAM index at Dunk North which continues to decline in 2014 (Figure 17a) 
 
In 2006, Cyclone Larry severely damaged the coral reefs in this sub-region, in particular the 
Barnards and Dunk North. In 2011, Cyclone Yasi again damaged the reefs in this sub-region, 
resulting in low cover on all reefs in 2011 through to 2013, with slow recovery only now becoming 
apparent in 2014 (Figure 20d, Figure A2-6). This regionally low cover of corals has influenced the 
poor values of the coral health index since first assessed in 2008 (Table A2-6, 1).  
 
The coral health index has improved from ópoorô to ómoderateô (Figure 17b). This improvement 
predominantly reflects the increased density of juvenile corals observed in 2014. This rise is 
predominantly driven by large numbers of Turbinaria sp (family Dendrophylliidae) at all four reefs. 
That Turbinaria did not constitute a substantial part of hard coral communities prior to the recent 
disturbance events (Figure A2-6) along with this genusô apparent tolerance of low water quality 
(Section 3.2) suggest this increase in juvenile density does not necessarily imply a response to 
improved environmental conditions. In contrast, the strong recruitment of Acroporidae at Dunk 
South (Figure A2-6), a taxon favouring better water quality (Section 3.2), is a biological indication 
for an improvement of environmental conditions at this location. 
 
Dunk South is a particularly interesting location in this sub-region as the coral communities appear 
strongly influenced by poor water quality. The persistently high cover of macroalgae in the shallow 
areas is indicative of high nutrient availability, while substantial change in composition of the coral 
communities between the 2 m and 5 m depths is indicative of high turbidity. The coral community 
at 5 m includes taxa that are relatively tolerant of high turbidity (Figure 33b, Chapter 3.2). Dunk 
South is more directly exposed to the influences of runoff than other reefs in the region due to the 
proximity to local rivers (Figure 13), and so the recovery evident in 2014 is particularly 
encouraging. In addition to the improvement in juvenile densities, the indicators coral cover and the 
rate of increase in hard coral cover improved slightly to 2014 and at Dunk North and Barnards 
(Figure A2-15, Table A2-6, Figure 17h) the recovery of Acroporidae cover is now underway. It is 
only at King Reef that recovery of coral cover is not advancing at an expected rate, based on the 
cover and composition of the community present (TableA2-6).  
 
Persistent high macroalgae cover in the region reflects the ongoing availability of nutrients. A 
primary consideration for the setting of guideline values for nutrients was that exceedance of these 
levels, as occurs in this region, corresponded to higher cover of macroalgae (Deôath and Fabricius 
2008, 2010). The cover of macroalgae was high on most reefs prior to Cyclone Larry, was 
temporarily reduced as a consequence of cyclones Larry and Yasi, and quickly increased to similar 
or higher levels in subsequent years (Figure 17f, Figure A2-4). This high and persistent cover of 
macroalgae decreased the coral health index in this region (Tables A2-6, 1).  
 
The FORAM index measured at Dunk North has stabilised around the low point reached in 2012, 
indicating that water quality has not markedly improved over the last few years.  
 
In summary, the reefs of the Tully Herbert sub-region continue to be subject to water quality stress 
as evidenced by the continued high cover of macroalgae and low FORAM index. The coral 
communities are however demonstrating the potential to recover from the consecutive 
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disturbances of TC Larry and TC Yasi. The coral health index achieved a ómoderateô level for the 
first time in 2014, reflecting high juvenile densities and moderate rates of cover increase on most 
reefs (Figure 17h, A2-15). 
 

 
Figure 16 Temporal trends in water quality for the Herbert-Tully sub-region. a) water quality index, b) chlorophyll a, c) total 

suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity and h) particulate phosphorus Water quality 

index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery poorô. The water 

quality index is the aggregate of variables plotted in with the exception of NOx and calculated as described in Appendix 1.2.3. 

Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% 

confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments are 

represented in red, individual records are not displayed. Dashed reference lines indicate guideline values. 
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Figure 17 Coral reef community and sediment quality trends in the Herbert-Tully sub-region.  

Coral health index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery 

poorô. Coral index is calculated from variables plotted in  d, f, h, along with the derived estimate of ñrate of cover increaseò as 

described in  Appendix 1.3.7.Trends in Foram index, sediment and benthic community variables are represented by blue lines 

with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over 

depths at individual reefs. 
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3.1.4 Burdekin Region 

 
The Burdekin Region is one of the two large dry tropical catchment regions adjacent to the Reef, 
with cattle grazing as the primary land use on over 95% of the catchment area (Brodie et al. 2003, 
GBRMPA 2012). There is also extensive irrigated planting of sugarcane on the floodplains of the 
Burdekin and Haughton rivers. Fluctuations in climate and cattle numbers greatly affect the state 
and nature of vegetation cover, and, therefore, the susceptibility of soils to erosion and off-site 
transport of suspended sediments and associated nutrients.  
 
Seven reefs are sampled for coral reef condition assessments in this region, with three water 
quality sampling locations co-located with the annually-monitored core reefs (Figure 18). The 
monitoring locations are located along gradients away from the Burdekin River mouth and from the 
coast, that coincide with a gradient in water quality (Figure 18); there are no well-developed reefs 
closer to the Burdekin River than Magnetic Island, over 100km north from the mouth of the 
Burdekin River. Havannah, Pandora and the Palm Group are located in the midshelf water body 
(GBRMPA 2010, Table 1).  
 

 
 
Figure 18  MMP sampling sites in the Burdekin NRM Region. Black symbols are water quality and core reef sampling locations 

and white symbols are cycle reef locations. Gradients of exposure to flood plume water types (Álvarez-Romero et al. 2013) during 

the wet season (December to March) are represented as areas exposed to primary plume-type waters most days (> 67% of days 

during the wet season, red shading) or frequently (33% - 67% of wet season days, orange shading), and areas exposed to 

secondary plume-type waters most days (>67% of wet season days, solid green shading), frequently (33% - 67% of wet season 

days, transparent green shading) or rarely (< 33% of wet season days, light blue shading). 

 

Over the period 2007 to 2012, annual discharge from the Burdekin River was above median levels 
(Figure 19). The 2011 flood was the third largest on record, at almost six times the long-term 
median discharge (Table A2-1). Long-term weather patterns now appear to be entering another 
cycle of ódrierô wet seasons. Discharge from the Burdekin River was well below the long-term 
median in both 2013 and 2014 as the El NiñoïSouthern Oscillation (ENSO) continued to remain 
neutral.  
 
The monitoring locations were variously disturbed by tropical cyclones Larry in 2006, Olga in 2010 
and Yasi in 2011 (Figure 20), all of which caused reductions in coral cover at some reefs (Figure 
22d, Table A2-5, Figure A2-6). There was no detectable damage caused to these reefs by TC 
Dylan that passed to the south of the region in late January 2014, or by ex-TC Ita that tracked 
southward through the region with sustained wind speeds of around 40kts.  
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Temperature records since 2005 continue to reveal no extreme temperature events that would be 
expected to cause coral bleaching (Figure 20). 
 

 
Figure 19  Discharge for the Burdekin River. Daily (blue) and annual (October to September, red) discharge shown. Red dashed 

line represents the long-term median annual discharge. 

 

 
Figure 20 Sea temperature for the Burdekin region. Red and blue regions signify periods of above and below the long term 

seasonal average. 

 

The water quality index in this region has been relatively stable over the past four years, oscillating 
between ógoodô and óvery goodô ratings (Figure 21a). Trends in concentrations of chlorophyll a (chl 
a), suspended solids (SS), particulate nitrogen (PN) and particulate phosphorus (PP) declined 
slightly over the course of the program, with a period of slightly increased values in the latter three 
variables around 2011-12 (Figure 21b, c, f, h), likely influenced by Cyclone Yasi and extreme 
flooding of the Burdekin and local rivers in 2011 (Figures 19, 20 and Table A2-1).  
 
From 2007 onwards, the overall trend-lines for chl a, SS, PN and PP were below water quality 
guidelines (GBRMPA 2010). Secchi depth remained relatively stable at around 7 m, but still non-
compliant with the guideline values (Figure 21e). The concentrations of dissolved oxidised nitrogen 
(NOx) increased sharply after the first major flood event in 2008 and have since remained at levels 
close to or above the guideline (Figure 21d). The concentrations of dissolved organic carbon 
(DOC) increased until 2011, and then slightly decreased (Figure A2-3). 
  
Instrumental chlorophyll (chl) and turbidity records showed more pronounced fluctuations than the 
manual sampling data (Figure 21b, g).The trend-lines of chl showed distinct maxima above the 
guideline during the wet seasons of 2008-09, 2011-12 and 2013-14 (Figure 21b). The turbidity 
record increased over the monitoring period with maxima above the guideline in 2011, 2013 and 
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2014 (Figure 21g). The SS and turbidity data showed different temporal trends, with SS decreasing 
and turbidity increasing, indicating that the size spectrum/composition of the optical active particle 
fraction has changed over the monitoring period.  
 
The grain size distribution and organic carbon content has changed little (Figure 22c, e). However, 
the sediment nitrogen content increased since the large floods of 2011 (Figure 21c,e,g). Over the 
monitoring period, the FORAM index has declined considerably (Figure 21a), signifying a shift in 
the foraminiferal community composition from autotrophic to heterotrophic dominance. This shift 
indicates a likely response to the increase in organic carbon and nutrients seen during the 
monitoring period, both in the water column and the sediment, which can lead to reduced growth of 
autotrophic foraminifera (Uthicke et al 2010 and . 2012b, Figure 22d). While the recent drier years 
of 2013 and 2014 have resulted in a stabilisation and signs of a recovery among the autotrophic 
foraminifera communities at Pandora and Palms West, the combined FORAM index for all three 
core reefs in the region (Table A2-6) is still low, continuing the óvery poorô rating for FORAM 
community condition in this region (Table 1). 
 
Since reaching a low point in 2012 the coral health index has remained ópoorô. However, the 
upward trend in the index reflect the increasing densities of juvenile corals and marginal recovery 
of coral cover at some reefs (Figure 22b,d,f, Table 1). Overall, the recovery from past disturbance 
events has been limited.  
 
Hydrodynamic modelling (Luick et al. 2007, Connie 2.02) and differences in population genetics of 
corals (Mackenzie et al. 2004) indicates limited connectivity between Halifax Bay and reefs further 
offshore. This isolation, coupled with widespread loss of cover as occurred in 1998 and 2002 as a 
result of thermal bleaching (Berkelmans et al. 2004, Sweatman et al. 2007, Table A2-5) may 
explain the typically low densities of juvenile colonies and then slow rate of cover increase 
observed in this region (Done et al. 2007, Sweatman et al. 2007, Figure A2-15, Table 1).  In late 
2010, we recorded a strong settlement pulse of Acropora to settlement tiles that followed the 
gradual increase in cover of Acropora within the region, potentially indicating the release from 
chronic brood-stock limitation, or that atypical currents provided greater connectivity to more 
distant brood-stock in that year (see case study in Thompson et al 2013). Irrespective of the source 
of these Acropora larvae, their survival and progression into juvenile size classes was not apparent 
in the survey data from 2011 (Figure A2-7), with the proviso that the 2011 survey followed the 
disturbance caused by TC Yasi and associated extreme flooding.  It is encouraging that juvenile 
densities had increased in 2014 (Figure 22h) to the point of improving the regional score for that 
metric (Table A2-6). However, on closer examination, it is the rapid increase in abundance of 
Turbinaria sp. (family Dendrophylliidae) at Lady Elliot Reef that has driven the index upwards 
(Figure A2-7, Figure 24b). Turbinaria are turbidity-tolerant corals, and so the increase in the 
density of juveniles of this genus cannot be taken as a response to improved water quality. There 
was a slight increase in the density of Acroporidae juveniles at Palms East; an encouraging sign 
that community recovery is underway following the scouring of that site by TC Yasi in 2011.  
 

The cover of macroalgae increases with the availability of nutrients (Deôath and Fabricius 2008, 
2010). As opportunistic colonisers, macroalgae out-compete corals, recovering more quickly 
following physical disturbances. In order to consolidate their presence within the reef habitat, 
macroalgae have been documented to suppress coral fecundity (Foster et al. 2008), reduce 
recruitment of hard corals (Birrell et al. 2008b, Diaz-Pulido et al. 2010), diminish the capacity of 
growth among local coral communities (Fabricius 2005), and suppress coral recovery by altering 
coral associated microbial communities (Morrow et al. 2012, Vega Thurber et al. 2012). 
Macroalgae cover was regionally high following the first flood of the Burdekin River in 2007, and 
has generally declined since (Figure 22f). Low cover in 2011 was the result of removal during TC 
Yasi. The declines in cover of Macroalgae will have at least partially released their downward 
pressure on coral settlement and survival (Birrell et al 2008 a, b).  

                                                
2 Connie 2.0, CSIRO Connectivity Interface, http://www.csiro.au/connie2/ 

http://www.csiro.au/connie2/
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The composition of coral communities vary in response to environmental gradients, with water 
clarity and exposure to sedimentation widely acknowledged as key parameters. Within the 
Burdekin region there is a shift from communities dominated by the families Acroporidae, 
Pocilloporidae and Poritidae (genus Porites) in clearer waters through to communities dominated 
by families such as Agariciidae, Oculinidae, Pectiniidae and Poritidae (Genus Goniopora) in more 
turbid and sheltered settings (Figure A2-7). In addition to selecting for different community types, 
the environmental setting of these reefs has also resulted in differential exposure to disturbances. 
The orientation of the reef differentially exposes corals to physical damage by cyclone-driven 
waves, while differences in community composition result in differential impact of bleaching events 
as susceptibility to thermal stress varies among species (Marshall and Baird 2000). The 
communities dominated by Acroporidae at Palms East, and Palms West (2m) and Lady Elliot (2m) 
have been most damaged by cyclones and bleaching events and in 2014 share very low coral 
cover (Figure A2-7). The exception is Havannah where the Acroporidae at 2m was sheltered from 
Cyclone Yasi and cover has since increased. Conversely, the relatively sheltered communities at 
Middle Reef and at the 5m depth at Lady Elliot Reef maintain a moderate coral cover due to being 
sheltered from recent cyclones and having a high representation of slow growing species that are 
relatively resistant to physical disturbance, thermal stress, and high turbidity. 
 
Recent palaeo-ecological evidence suggests that present-day coral assemblages in the Burdekin 
Region are the result of a shifted baseline from dominant arborescent Acropora to a remnant 
community of sparse Acropora and/or dominant non-Acropora species (Roff et al. 2013). An 
implied cause of this change is the sustained decline in water quality resulting from the expansion 
of agriculture in the catchment. Exposed to increased chronic stress the once ubiquitous suite of 
arborescent Acropora species were no longer able to recover from recurring impacts of cyclones 
and floodwaters, suffering a systematic collapse between 1920 and 1955. In the context of Roff et 
al. (2013), the current Acropora assemblages on inshore reefs represent fragile communities 
exposed to poor water quality, with low resistance and resilience, and an uncertain future. This 
interpretation is supported by our observations of increased levels of disease in 2007-2009 (Figure 
A2-10) that coincided with increased discharge of the Burdekin River (Table A2-1, Figure 19) and 
increases in NOx concentrations in the regionsô waters (Figure 21d), suggesting the ongoing 
selection for benthic communities tolerant of the elevated levels of pollutants delivered in flood 
plumes. Nutrient enrichment has been suggested as increasing the incidence of coral disease 
(Vega Thurber et al. 2013). There has been a notable reduction in coral disease observed over the 
past two years, in tandem with a decline in Burdekin River discharge to below median levels.  
 
In summary, the ógoodô water quality index for the Burdekin Region suggests a supportive 
environment for the continued recovery and resilience of coral communities, at least at some reefs. 
Historically, recovery in this region has been slow, potentially because of a lack of larval supply 
due to locally depleted populations. Although recent gains in the coral health index indicate that 
recovery is underway, much longer periods free from disturbance may be required for substantial 
recovery to occur. Any water quality-related pressures that reduce the recovery potential may have 
a disproportionate influence in this region as they would compound the effect of low connectivity. 
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Figure 21 Temporal trends in water quality for the Burdekin region.  a) water quality index, b) chlorophyll a, c) total suspended 

solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity and h) particulate phosphorus Water quality index 

colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery poorô. The water quality 

index is the aggregate of variables plotted in with the exception of NOx and calculated as described in Appendix 1.2.3. Trends in 

manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals 

of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments are represented in red, 

individual records are not displayed. Dashed reference lines indicate guideline values. 
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Figure 22 Coral reef community and sediment quality trends in the Burdekin region.  

Coral health index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery 

poorô. Coral index is calculated from variables plotted in d, f, h, along with the derived estimate of ñrate of cover increaseò as 

described in Appendix 1.3.7.Trends in Foram index, sediment and benthic community variables are represented by blue lines with 

blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over 

depths at individual reefs. 
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3.1.5 Mackay Whitsunday Region  

The Mackay Whitsunday Region is located in the central section of the Reef and comprises four 
major river catchments, the Proserpine, OôConnell, Pioneer and Plane catchments that enter the 
sea to the south of the monitoring locations. The region is also potentially influenced by runoff from 
the Burdekin and Fitzroy rivers during extreme events or through longer-term transport and mixing. 
The climate in this region is wet or mixed wet and dry tropical with the catchment land use 
dominated by agriculture broadly divided into grazing in the upper catchments and sugarcane 
cultivation on the coastal plains (Brodie et al. 2003, GBRMPA 2012). In addition, there are 
expanding urban areas along the coast.  
 
Seven reefs are sampled for coral reef condition assessments in this Region, all located in the 
Whitsunday Islands, a group of high continental islands that is a major tourist destination. Tidal 
range in this region can exceed four metres, which is greater than in most other inshore areas of 
the Reef. The monitoring locations are located along gradients away from the Proserpine and 
OôConnell river mouths and away from the coast with four reefs sampled in the inner Whitsundays 
and three in the outer Whitsundays, separated by a relatively deep channel (Figure 23). Three 
water quality sampling locations are co-located with the annually monitored core reefs in the inner 
Whitsundays.  
 

 
 

Figure 23 MMP sampling sites in the Mackay Whitsunday NRM Region. Black symbols are water quality and core reef sampling 

locations and white symbols are cycle reef locations. Gradients of exposure to flood plume water types (Álvarez-Romero et al. 

2013) during the wet season (December to March) are represented as areas exposed to primary plume-type waters most days (> 

67% of days during the wet season, red shading) or frequently (33% - 67% of wet season days, orange shading), and areas 

exposed to secondary plume-type waters most days (>67% of wet season days, solid green shading), frequently (33% - 67% of 

wet season days, transparent green shading) or rarely (< 33% of wet season days, light blue shading). 

 
Over the period 2007 to 2013, annual discharge from the Proserpine, OôConnell and Pioneer rivers 
was above median levels (Figure 24, Table A2-1). Extreme floods (> 3x median) were recorded for 
the OôConnell River in 2011, the Pioneer River in 2008 and 2010 to 2013, and the Proserpine River 
each year 2008-2013 (Table A2-1). The 2011 flood was the largest on record for the Proserpine 
River and the third largest for the OôConnell River. Annual discharge for 2014 was below long-term 
median flows for both the Proserpine and OôConnell rivers, and 1.4 times the long-term median for 
the Pioneer River discharge (Table A2-1). 
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Figure 24 Combined discharge for the O'Connell, Proserpine and Pioneer Rivers. Daily (blue) and annual (October to 

September, red) discharge shown. Red dashed line represents the long-term median of the combined annual discharges. 

 

 
Figure 25 Sea temperature for the Mackay Whitsunday region. Red and blue regions signify periods of above and below the long 

term seasonal average. 

 

The water quality index in this sub-region has declined since 2008 to the current ómoderateô rating 
(Figure 26a). Trends in concentrations of chlorophyll a (chl a), suspended solids (SS) and 
particulate phosphorus (PP) have increased since 2008 coincident with sustained high or extreme 
flows of the adjacent rivers. The concentrations of chl a were generally above water quality 
guidelines (guideline) from 2010 to 2014, while SS and PP rose above guideline values from 
2011(Figure 26b,c,h),. The overall trend for particulate nitrogen (PN) was stable (Figure 26f). 
Secchi depth has declined steadily by about 50% since 2008 remaining on levels non-compliant 
with the guideline (Figure 26e). The concentrations of dissolved oxidised nitrogen (NOx) increased 
sharply after the first above-median river flows in 2007 and has since increased further with the 
trend-line reaching above guideline values since 2013 (Figure 26d). The concentrations of 
dissolved organic carbon (DOC) increased steadily until 2012, and then slightly decreased (Figure 
A2-3). 
 
Instrumental chlorophyll (chl) records showed more pronounced fluctuations but generally followed 
the same trend as the manual sampling data (Figure 26b, g). The trend-line of the instrumental 
turbidity record was above the guideline for most of the monitoring period, with an upward trend 
from 2012; this broadly mirrors the increase in SS to above guideline levels in 2009 and 
corresponding decline in Secchi depth, with all three indicators of water ñclarityò continuing to not 
comply with the guideline (Figure 26c, e, g). This is especially the case for Pine and Daydream 
(Tables A2-2 to A2-4, Figure A2-1 j, k) that are more frequently exposed to flood plumes (Figure 
23). The reef sediments in this region have the highest proportion of clay and silt-sized particles, 
organic carbon and nitrogen of all sampling regions. Whilst levels of organic carbon levels 
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plateaued in recent years, the levels of clay/silt and nitrogen continued to increase despite reduced 
discharge from the regions rivers since 2012 (Figure 23, Figure 27 e, g).  This highlights the need 
to consider residence times and lag effects when assessing responses of coral communities to 
changes in terrestrial inputs. 
 
There are limited historical time-series data available for the coral communities in the inner 
Whitsundays (Sweatman et al. 2007). The largest widespread disturbances in recent history were 
coral bleaching events in 1998 and 2002, which most likely affected the reefs monitored by this 
program (Table A2-5). Observations from Dent Is and Daydream Is suggest an approximate 40% 
reduction in coral cover during 1998, while observations from AIMS LTMP monitoring sites at reefs 
in the outer Whitsunday Group record no obvious impact in 1998 and only marginal reductions in 
2002 (Sweatman et al. 2007). Temperature records since 2005 show no extreme temperature 
events that would have led to coral bleaching (Figure 28). Since monitoring began in 2005, 
Cyclone Ului in 2010 has been the only acute disturbance to coral communities with impacts 
largely restricted to Daydream and Double Cone (Figure A2-8, Table A2-5). 
 
Despite the continued decline of water quality in the region, the coral health index remains 
ómoderateô for 2014 (Figure 27b). This is primarily due to the low macroalgal and moderate to high 
coral cover on most reefs(Figure 27d,f), attributes which compensate for slow rates of coral cover 
increase (Figure A2-15) in the calculation of the health index. 
 
High coral cover on these reefs appears to be the result of both the low incidence of recent 
disturbance events but also the predominance of species tolerant of the high turbidity and nutrient 
levels in this region (Figure A2-8). The selective pressure associated with high turbidity and high 
rates of sedimentation (Thompson et al. 2012), have clearly influenced the composition of both 
adult and juvenile coral as well as foraminiferal communities. Marked differences in composition of 
coral communities between 2m and 5m (Figure A2-8) indicate a steep gradient in environmental 
conditions, most likely due to high water turbidity. Whilst the coral community composition varies 
between reefs, there is a clear predominance of corals tolerant of low light and high rates of 
sedimentation at 5m (e.g. families Oculinidae, Pectinidae, genus Goniopora) compared to the 2 m 
depth where Acroporidae and Porites are most represented (Figure A2-8, see also Section 3.2 and 
Thompson et al 2014). Where Acropora had established at 5m depths, cover was reduced by 
Cyclone Ului in 2010 although cover had been in slow decline since 2007 when high incidence of 
disease was noted (Figure A2-10). The connection between physiochemical aspects of terrestrial 
runoff and disease prevalence (Bruno et al. 2003, Kaczmarsky and Richardson 2010, Haapkylä et 
al. 2011, 2013, Vega Thurber et al. 2013) is consistent with our observations. 
 
The cover of macroalgae has remained stable and low throughout the region. Only Pine and 
Seaforth maintain significant macroalgal cover (Figure A2-8). These reefs are closest to the rivers 
influencing the region. Water quality data from Pine shows that many water quality variables 
consistently exceeded the guideline (Tables A2-2 to A2-4). Turbidity and chlorophyll concentrations 
are lower at Daydream Is, albeit still mostly exceeded the guideline. However, macroalgal cover 
has not increased here in recent years despite the availability of substratum for colonisation 
following Cyclone Ului. It is not certain what has inhibited increased macroalgal cover at 
Daydream. One possible explanation is a difference in grazing pressure. Herbivory has been 
demonstrated as critically important for the maintenance of reefs in a coral-dominated state 
(Hughes et al. 2007), and postulated to offer resilience to conditions that may otherwise support a 
shift to algal dominance (Cheal et al. 2013). At Daydream, we consistently see higher numbers of 
the grazing urchin Diadema sp. than at Pine. High turbidity in combination with high rates of 
sedimentation are also likely limiting the capacity of macroalgae to proliferate on these reefs, 
especially at the deeper 5 m sites. 
 
In 2014 there were slight increases in the number of juvenile corals on several reefs, representing 
a reversal of the declines observed through to 2012. However, the scoring for this indicator is 
biased in this region as a result of the high levels of silt deposited on the substrate. Juvenile 
density is corrected for area of available substrate, i.e. the proportion of the transect occupied by 
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algae. Where sediment builds up on the substrate, that sediment is scored and so reduces the 
area of algae, inflating the estimate of juvenile density. This is an artefact of the metric that is under 
review. 
 
Over the last year the FORAM index has consistently declined (Figure 27 a), reflecting changes in 
water quality and coral health indices. Values in the Mackay Whitsunday Region are the lowest 
from all regions, with values approaching 2, indicating that the community nearly exclusively 
consists of heterotrophic species thriving under low light, and increased sediment organic carbon. 
In the Caribbean, FORAM index values of between 2 and 4 reflect environmental conditions that 
are marginal for coral reef growth (Hallock et al. 2003). Also in contrast to other regions, there is 
currently no noticeable increase, with the possible exception of Double Cone.  
 
A recent study of sediment cores from the Whitsunday area showed clear shifts in foraminiferal 
assemblages at Daydream, Double Cone, and Dent from a composition of relatively high 
proportions of autotrophic species over several thousand years to increasing proportions of 
heterotrophic species and, hence, a decline in the FORAM index post European settlement 
(Uthicke et al. 2012a). The recently observed changes in the assemblage composition and decline 
in the FORAM index to the currently very low values (Figure 27a) indicate the ongoing selective 
pressures of recently experienced environmental conditions. However, FORAM index values 
described here are within the ranges of historically observed levels from sediment cores discussed 
in Uthicke et al. 2012a. Consistent with the steep decline in the water quality index, possible 
reasons for declines in the FORAM index are reduced light availability for photosynthetic species 
and increased nutrient supply favouring heterotrophic species (Uthicke and Altenrath 2010, 
Reymond et al. 2011, Uthicke et al. 2012b). 
 
Overall, the influence of prevailing environmental conditions such as high turbidity, nutrient 
availability and sedimentation have clearly selected for coral species tolerant of those conditions. 
What is uncertain is the resilience of these communities if they were subject to an acute 
disturbance event. The slow rate of coral cover increase in this region (Table 1, Figure A2-15) 
suggests recovery from fragments may be slow. At the same time, while the density of juvenile 
corals is presently moderate, there is a lack of suitable substratum for recruitment due to an 
accumulation of silt deposits on reefs in this area. This accumulation, along with the continuing 
decline in water quality, may suggest a high residence time for contaminants introduced in runoff. 
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Figure 26 Temporal trends in water quality for the Mackay Whitsunday region. a) water quality index, b) chlorophyll a, c) total 

suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity and h) particulate phosphorus Water quality 

index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery poorô. The water 

quality index is the aggregate of variables plotted in with the exception of NOx and calculated as described in Appendix 1.2.3. 

Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% 

confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments are 

represented in red, individual records are not displayed. Dashed reference lines indicate guideline values. 
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Figure 27 Coral reef community and sediment quality trends in the Mackay Whitsunday region.  

Coral health index colour coding: dark green- óvery goodô; light green-ógoodô; yellow ï ómoderate; orange ï ópoorô; red ï óvery 

poorô. Coral index is calculated from variables plotted in d, f, h, along with the derived estimate of ñrate of cover increaseò as 

described in Appendix 1.3.7.Trends in Foram index, sediment and benthic community variables are represented by blue lines with 

blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over 

depths at individual reefs. 
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3.1.6 Fitzroy Region  

The Fitzroy NRM Region has the largest catchment area draining into the Reef. The climate is dry 
tropical with highly variable rainfall, high evaporation rates and prolonged dry periods, followed by 
infrequent major floods. By area, cattle grazing is the primary land use in the catchment (Brodie et 
al. 2003, GBRMPA 2012) and the initial clearing of vegetation for this purpose marked a significant 
change in the sources and increase in quantity of sediment exported by the Fitzroy River (Hughes 
et al 2009).  Intensive cultivation of food crops also contribute to the sediment load in the Fitzroy 
River (Hughes et al 2009). Fluctuations in climate, cattle numbers and farming can greatly affect 
the state and nature of vegetation cover, and therefore, the susceptibility of soils to erosion which 
leads runoff of suspended sediments and nutrients. 
 
Six reefs are sampled for coral reef condition assessments in this region. These fringing reefs are 
formed around continental islands in Keppel Bay, many of which are used extensively for 
recreational and tourism activities. The monitoring locations are located along gradients away from 
the Fitzroy River mouth and away from the coast (Figure 28). Three water quality sampling 
locations are co-located with the annually monitored core reefs. 

 
 

Figure 28 MMP sampling sites in the Fitzroy NRM Region.  

Black symbols are water quality and core reef sampling locations, white symbols are cycle reef locations, grey symbols are the 

six open water sites of the AIMS Cairns Transect. Gradients of exposure to flood plume water types (Álvarez-Romero et al. 2013) 

during the wet season (December to March) are represented as areas exposed to primary plume-type waters most days (> 67% 

of days during the wet season, red shading) or frequently (33% - 67% of wet season days, orange shading), and areas exposed 

to secondary plume-type waters most days (>67% of wet season days, solid green shading), frequently (33% - 67% of wet 

season days, transparent green shading) or rarely (< 33% of wet season days, light blue shading). 

The location of reefs along water-quality gradients away from the Fitzroy River influences both the 
composition and dynamics of benthic communities. Peak and Pelican are situated in relatively 
turbid and nutrient-rich waters compared to the reefs further offshore (Figure 28, Tables A2-2 to 
A2-4).  At these reefs benthic communities differ markedly between the 2m and 5m depths (Figure 
A2-9), illustrating the substantial differences in light conditions due to attenuation by high turbidity. 
Although water quality is not measured at Peak Is, the low coral cover, low density of juvenile 
corals, high cover of macroalgae, along with a lack of substantial reef development suggest that 
the environmental conditions at this location are marginal for most corals (Figure A2-9). Further 
offshore, reefs become dominated by the family Acroporidae (mostly the branching species 
Acropora intermedia and A. muricata) at both 2m and 5m (Figure A2-9). 
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Since 2008 the Fitzroy NRM region has experienced a period of intense flooding with annual 
discharge of the Fitzroy River exceeding the long-term median in 2008, 2010-2013 with the 2011 
event being the largest on record (Figure 29, Table A2-1). During the 2011, reduced salinity was 
the likely cause of the widespread mortality of corals at the 2m depths of Peak, Pelican, Keppels 
South (Figure A2-9, Table A2-5, see also Berkelmans et al. 2012). Annual discharge of the Fitzroy 
River in 2014 was below the long-term median for the first time since 2009 (Figure 29).  
 
Temperature records highlight a period of prolonged high temperatures over the summer of 2005-
2006 that led to widespread bleaching of the coral communities, since this there has been no 
extreme temperature events that would be expected to cause coral bleaching (Figure 30). 
 

 
Figure 29 Discharge for the Fitzroy River. Daily (blue) and annual (October to September, red) discharge shown. Red dashed 

line represents the long-term median annual discharge. 

 
Figure 30 Sea temperatures for the Fitzroy region. Red and blue regions signify periods of above and below the long term 

seasonal average. 

 
The water quality index in this region maintained a rating of ógoodô, while showing fluctuations that 
coincided with the major floods in 2008, and 2012-13 (Figure 31a). Trends in concentrations of 
chlorophyll a (chl a) and suspended solids (SS) declined, after a period of high values in 2009-11 
and 2012-13, respectively (Figure 31b, c). Particulate nitrogen (PN) and particulate phosphorus 
(PP) changed less but also show a slightly declining trend (Figure 31f, h). Except for chl a and 
Secchi depth, the overall trend-lines for all indicators complied with the Water Quality Guidelines 
for the Great Barrier Reef Marine Park (guideline). Secchi depth remained relatively stable at 
around 7 m, but was non-compliant with the guideline (Figure 24e). The concentrations of 
dissolved oxidised nitrogen (NOx) increased sharply after the first major flood event in 2008 and 
have since remained at levels close to or above the guideline (Figure 31d). The concentrations of 
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dissolved organic carbon (DOC) increased steadily until about 2011, and then slightly decreased 
(Figure A2-3). 
 
Instrumental chlorophyll (chl) and turbidity records showed more pronounced fluctuations than the 
manual sampling data (Figure 31b, g). The trend lines of chl showed distinct maxima above the 
guideline during the wet seasons of 2010 and 2013 (Figure 31b). The reason for these higher 
levels during 2010 and 2013 are uncertain, as no clear link was found with delivery of nutrients 
from e.g. flood events. . The turbidity record slightly increased over the monitoring period with 
higher levels in 2008, 2010-12, 2013 and 2014, albeit the regional trend-line remained below the 
guideline (Figure 31g). The SS and turbidity (NTU) showed different temporal trends, with SS 
decreasing and turbidity increasing. This indicates that the size spectrum/composition of the optical 
active particle fraction has changed over the monitoring period.  
 
The ongoing ñvery poorò rating for coral communities in this region (Figure 32b, Table 1) reflected 
the combination of direct and indirect influences of recent floods and disturbances associated with 
high temperatures in 2006 and a series of severe storms in 2008, 2010, 2013 and 2014 (Figure 30, 
Table A2-5). While it is expected that coral communities will be occasionally impacted by acute 
disturbance events such as storms, freshwater inundation and, with warming oceans, thermal 
extremes, it is the potential for poor water quality to either compound the effects of such events or 
supress the rate that communities recover that is of primary interest to the MMP. 
 
Prior to the commencement of the MMP in 2005, Queensland Parks and Wildlife Service 
monitoring of reefs in Keppel Bay from 1993-2003 recorded substantial losses of coral cover as a 
result of thermal bleaching events in 1998 and 2002 (Table A2-5). Importantly, these surveys also 
demonstrated the resilience of the corals to these events, with coral cover clearly increasing in 
subsequent years (Sweatman et al. 2007).  Initial MMP surveys in 2005 documented moderate to 
high hard coral cover on all the Acropora-dominated reefs confirming this recovery. In 2005-06, 
high sea surface temperatures (Figure 30) again led to a severe bleaching event resulting in 
marked reductions in coral cover, in particular Acroporidae, and a resultant bloom of the brown 
macroalgae Lobophora variegata (Figures 32d and A2-8, see also Diaz-Pulido et al. 2009). 
Evidence for recovery following the 2006 bleaching event was inversely related to the persistence 
of macroalgal communities (especially on reefs dominated by L. variegata). At the three reefs often 
exposed to a secondary plume water type (Keppels South, Middle and North Keppel), macroalgal 
cover remained high and rates of change in coral cover have remained low or cover has continued 
to decline (Figure A2-9, A2-15, Table 1). In contrast at Barren Is, which is rarely exposed to flood 
plumes and has consistently lower levels of all water quality variables (Tables A2-2 to A2-4), the 
bloom of L. variegata was less pronounced and ephemeral, and recovery of the coral community 
clearly progressed in 2007 (Figure A2-9). 

In addition to potentially facilitating the persistence of macroalgae within the Keppel Group, 
flooding of the Fitzroy River also appears to have directly stressed the corals across the region. 
The incidence of coral disease has shown distinct maxima, the first was associated with the coral 
bleaching event in 2006, subsequent high levels of disease in 2008, 2010 and 2011 followed 
extreme flood events (Figure A2-10, Table A2-1). The consistent pattern of high incidence of 
disease amongst coral communities following each of the recent floods supports the hypothesis 
that increased organic matter availability, reduced salinity (Haapkylä et al. 2011), and increased 
nutrient enrichment (Vega Thurber et al. 2013) facilitate coral disease. Reduction in light levels 
over extended periods of time as a result of higher turbidity from increasing concentrations of 
suspended sediments as well as dense plankton blooms is another plausible explanation for 
reduced fitness of corals (Cooper et al. 2008).  
 
Low and declining densities of juvenile corals further contribute to the ongoing óvery poorô 
assessment of the coral health index (Figure 32h). Most notable are the extremely low densities at 
2m depths at Peak and Pelican where almost all juveniles were killed by flood waters in 2011 
(Figure A2-9). At most other reefs, juvenile densities have been consistently low following the loss 
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of corals and increase in macroalgae in 2006. While Birrell et al. (2008b) found that the presence 
of L. variegata promoted the settlement of Acropora coral, this contradicts reports from the 
Caribbean (Kuffner et al. 2006 ) and the general literature indicating that macroalgae suppress 
coral recruitment via a range of physical and chemical mechanisms (e.g. Birrell et al. 2008a). 
Juvenile corals are also likely to be susceptible to the same chronic environmental conditions that 
led to disease of larger colonies, as discussed above.  
 
Declines in the FORAM index are relatively minor compared to other regions (Figure 32a), 
although do imply a change in environmental conditions consistent with the observed increases in 
organic content and the proportion of clay and silt grainsized particles in sediments and NOx in the 
water column (Figures 32c,e,g and 31d). In 2014, improvements in the index values were apparent 
at Barren Is and Keppels South the two sites furthest along the water quality gradient. As with 
other regions these changes are demonstrating that the sediment dynamics and foraminiferal 
communities on inshore reefs respond to riverine inputs. 
 
In summary, the óvery poorô assessment of the coral health index comes after a period of repeated 
flooding and contrasts recovery of coral cover following previous bleaching events during periods 
with low river flows. Light reduction as a result of turbidity, increased nutrient supply, along with 
lower salinity, are all mechanisms that reduce coral fitness or contribute to higher rates of disease 
in corals (e.g. Fabricius 2005, Voss and Richardson 2006, Haapkylä et al. 2011). In the event of a 
return to lower flows, the rate at which the current suppression of resilience is reversed will help to 
assess the longer term impacts of runoff on the ecology of the reefs in this region. However, given 
the highly variable flow of the Fitzroy River, periods of low rainfall, which in this catchment may 
reduce vegetation cover and so increase the potential for erosion and mobilisation of catchment 
soils, will inevitably be followed by large flood events carrying this available material into coastal 
waters.  
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Figure 31 Water quality trends in the Fitzroy region.  a) water quality index, b) chlorophyll a, c) total suspended solids, d) 

nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity and h) particulate phosphorus. Water quality index colour coding: 

dark green- óvery goodô, light green-ógoodô, yellow ï ómoderateô, orange ï ópoorô, red ï óvery poorô. The water quality index is the 

aggregate of variables plotted in with the exception of NOx and calculated as described in Appendix 1.2.3. Trends in manually 

sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those 

trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments are represented in red, individual 

records are not displayed. Dashed reference lines indicate guideline values.  
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Figure 32 Coral reef community and sediment quality trends in the Fitzroy region.  

Coral health index colour coding: dark green- óvery goodô, light green-ógoodô, yellow ï ómoderateô, orange ï ópoorô, red ï óvery 

poorô. Coral index is calculated from variables plotted in d, f, h, along with the derived estimate of ñrate of cover increaseò as 

described in Appendix 1.3.7.Trends in Foram index, sediment and benthic community variables are represented by blue lines with 

blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over 

depths at individual reefs.  
























































































































































































































