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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
goalATo ensure that by 2020 the quality of water

detri ment al i mpact on the health Eisckpornummarisese nc e

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.

e

n

(0]

Reefs were designated as either 6cored or o6cycl ebd

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-t e r mirn® C
Transect 6 wa s foathesnmplicitvalwetofithe noatithuous 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 O6Wetod?©d
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 NOy over the monitoring period from 2005-2014.

nd
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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 Tropicsi s 6 moder ated and r
an i mprovement from the 6époorbé assessments over t
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.

Wet Tropics Burdekin Mackay Whitsunday Fitzroy
1.0 - 1.0 - 10 9
0.5
z 00000g 1 05 - 05 -
T
3 8
s 20T Y/ - 004 - = -———= 0 -- -_————
g
-0.5 1 05 05 -0.5
-1.0 T T T -1.0 T T T -1.0 T T T -1.0 T T T
2009 2011 2013 2009 2011 2013 2000 2011 2013 2000 2011 2013
1.00 = 1.00 = 1.00 = 1.00 =
0.75 0.75 075 0.75 -
s
T =
T 3os0- 050 - 0.50 - 0.50 -
T £
G
S W
0.25 025 025 0.25 -
0.00 0.00 0.00 0.00

I I I I I I I I I I I I
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Figurel Ecosystemealth indicatofidie water quality index aggregates scoresrfdickdors: concentratiomaudfculate

nitrogen and phosphorus, chlorophyll and a combined water clarity indicator (suspended solids, turbidity and Secchi depth
relative to Guidaivalues (GBRMPA 201iB.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= moderz
light green= good, dark greery good. Detailed derivation of scores can be found in Appendix 1.2.3 and Apfendix tables A2
and A%.
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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 overal/l index scores of ,bowyweverdbéenar Over
noticeable increase in the organic carbon, NOx and turbidity levels, which is not reflected in the
indexscores.Despi te t he 06 g owatdr@ualityindgxgceresyregmmaky tb@ coral

cover as a result of wide spread disturbances coupled with slow rates of coral recovery and low
densities of juvenile coral s r ewalledlthindex (Talleel). cont i n
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
guality 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 scorieeyer.dsmoder at e
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.

I n contrast to declines in water quality, the cor
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

3
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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 region® 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
mai ntained an over alThereihasgdheweves loeenramoticedble ihngease th the
organic carbon, NOyx 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 conditi on t oattainedfolldvingtheyrecardofloodsbof 2014.tTher2@l1 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 taototraphidvery poo
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, NO, 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, NO, 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
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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 dootprintéof 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 Aindicates that a
to halt and reverse further decline in the Reef ecosystem condition at a time of rapidly warming
climate and ocean aci di f i fahe toastahandinshore Rdefilagaoreisl mo ni t
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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Tablel Report card metric scores for coral and foraminifera communities through timeregtioin each sub

Region 20 2009 2010 2011 2012 2013 2014
Coral cover 0.88 0.88 00 0.88 0.88 0.63 0.63
o Macroalgae 00 38 38 0.50 0.50 0.50 0.50
‘% Juvenile coral 063| 025/ 050/ 0.25
o Cover change 0.50 0.38 0.25
Report Card Scort 0.84 0.63 0.69 0.47 0.41 0.28 0.28
§ Coral cover 0.67 0.79 0.8 0.46 0.54 0.58 0.63
é @ Macroalgae 0.8 0.96 0.9 0.79 0.75 0.71 0.8
o g Juvenile coral 0.50 0.46 0.42 0.21 0.29
% g Cover change 0.54 0.50 0.67 0.29 0.21 0.21 055
c
S Report Card Scort 0.64 0.68 0.71 0.42 0.41 0.43 0.58
” FORAM index
Coral cover
2 | Macroalgae 025 069 031 025 031
- .
+ Juvenile coral 0.31 0.56 0.75 0.25 0.38 0.63 88
]
% Cover change 0.25 0.38 0.44 0.38 0.38 0.38 0.44
= Report Card Scor 0.20 0.30 0.39 0.33 0.27 0.31 0.42
FORAM index 0.50
Corakover 0.35 0.27 0.27 0.23
c Macroalgae 0.42 0.50 0.54 0.77 0.58 0.50 0.58
é Juvenile coral 0.35 0.35 0.46 0.35 0.42
E’ Cover change 0.58 0.65 0.34 0.27 0.23 0.27
Report Card Scort 0.42 0.44 0.40 0.35 0.28 0.31 0.38
FORAM index
g Coral cover
7 | Macroalgae . 089 082 082 08 079
S |uenile coral | .
§ Cover change . ‘
cE% Report Card Scor{  0.57 0.61 0.52 0.45 0.45 0.52 0.51
FORAM index 0.33 0.33
Coral cover 0.54 0.54 0.46 0.29 0.21
Macroalgae 0.38 0.29 0.54 0.67 0.29 0.21
5 Juvenile coral
N
T Cover change 0.62 0.54 0.29 0.21
Report Card Scor 0.40 0.36 0.35 0.31
FORAM index 0.50 0.25 0.25 0.25
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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 Plan®. 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 s ummary of the MMPO&6s overall goal s and c
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.gld.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:

9 Inshore Marine Water Quality Monitoring
9 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:
fAssess trends in ecosystem health and resilience indicators for the Great Barrier Reef in
relation to water quality and its linkages to end-of-catchment loadso
An objective that in turn all ows t hsegleoongterinng pr og
goal for the marine environment that is,
AfiTo ensure that by 2020 th
no detri ment al i mpact on t

e quality of water e
he health and resil:@

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.

! 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 (Brodieetal.2 0 0 7 , Debath and Fabetbal20l@a3. 2008, Schaff

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 Rebald h6,20De@agt Deadvrmchtkhaebri ci us
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
Quiality 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, sedi mentation rate and nutrienetalavail a
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
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 communitiesareself-per petuating and O6resilientd, i .e., at
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 (Debdbath and Fabricius 2010). Hi gh ma
(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).
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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.

10
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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:

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

1 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;

1 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
6cored or O6cycledb reefs (Figure 2, Table 1). At c
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 thelong-t er m 6 Al MS Cairns Transectd® waslheal so coni
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.

11
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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.
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Table2 Sampling locations of the MMP coredtEmdjuality monitaring

At 6Core reefsd: coral communities, sediment compositi
composition are monitored annually; water quality is monitored by both grab samples and wates quiglity loggers. Ate f s ¢
coral communities, sediment composition and seawater t

guality transectd sites only grab sampl i ndy(@RMPAvat er qu
2010 areunderlined

. : Cycle reefs Cairns water
NRM region SugRefens o e Odd year)s/ Even Years | quality transect
Snapper North [Snapper SouthiSnapper South*Cape Tribulation
Port Douglas
Barron, Daintree Double
Green
Yorkey's Knob
Wet Tropics Fairlead Buoy
Fitzroy West  |High East Fitzroy East
Johnstone, Russeg, ,.
Mulgrave High West Franklands Eas|
Franklands We;s
Dunk North Barnards King Reef
Herbert, Tully Dunk South
Palms West Havannah Palms East
Burdekin Pandora Reef [Middle Reef |[Lady Elliot Reef
Magnetic
Double Cone |Dent Shute Harbour
Mackay Whitsunday Daydream Seaforth Hook
Pine
Barren North Keppel [Peak
Fitzroy Pelican Middle
KeppelsSouth

* 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= NHy,,

nitrite= NO,,

nitrate= NOs,

phosphateffilterable reactive phosphorus= PQO,,

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

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).

E R e
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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 Seatemperature 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 6éhealthyd6 community should s
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 fprimaryd or fAsecondar
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 I'*) and CDOM (0.36 vs. 0.26 m™) and lower chl a
(1.1 vs. 1.4 ug I ) 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 (nNLw667 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:

1 Afigure 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.

1 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.

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

1 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 numberspr ef i xed AA20) and may be referred to
These more detailed data summaries include:
i Table A2-1. Annual freshwater discharge for the major Reef Catchments relative to long
term medians
I Table A2-2, Summary statistics for each direct water sampling variable from each
monitoring location.
91 Table A2-3, Annual summaries of WET Labs ECO FLNTUSB Combination Fluorometer
and Turbidity Sensor derived turbidity for each monitoring location.
1 Table A2-4. Time series of the water quality index for each location
1 Table A2-5 Chronology of disturbance to coral communities at each monitoring location.
i Table A2-6 Report card metric scores for coral communities at each monitoring location.
1 Figure A2-1, Time-series of temperature, Chlorophyll a and turbidity derived from WET
Labs ECO FLNTUSB Combination Fluorometer and Turbidity Sensors.
1 Figure A2-2, a panel of seasonal trends in water quality variables allowing inter-regional
comparison.
9 Figure A2-3, Long term trends in concentrations of dissolved organic carbon (DOC) for
each (sub-)region.
1 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
9 Figure A2-15, Time series of the rate of change in coral cover indicator

=a =4
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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
sixopen water sites -oédr mhwatt€rmaigquwal ltoymwgtransect 6.

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).

Figurs MMP sampling sites in the Barron DaintregicuBlack symbols are water quality and core reef sampling
locations and white symbols are cycle reef locations. Gradients of exposure to flopepliiivarsatmeyet al

2013) during the wet season (December to March) are represented as areas exposedyp@riratersphoaedays (>
67% of days during the wet season, red shading) or frequéty (@306t season days, orangeghadid areas
exposed to secondary plype waters most days (>67% of wet season days, solid green shading), fréqdemdy (33%
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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