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Executive Summary

Introduction

Scientists and managers have realiseddhgbingmanagement of human pressures on regional and
local scales, such as enhanced nutrient runoff and overfishing, is vital to peowilestems, including
coral reefs with the maximum resilience to cope with global stress@tsch as climate change. The
management of water quality remains an essential requirement to ensure thielomgrotection of

the coastal and inshore reefs of ti&reat Barrier ReefGBR. Theland management initiatives under
the Australian and Queensland Government's Reef Water Quality Protection Plan 2009 (Reef Plan)
are key tools to improvahe water quality entering the GBR and will, in the letegm, improve

coastal and inshore marine water quality. Sustainedtermg monitoring of the coastal and inshore
GBR lagoon is fundamental to determine the status of marine water quality antelongrends

related to Reef Plan. The AIMS monitoring activities in 2DI,0¢arried out by the Australian

Institute of Marine Science as part of the Reef Rescue Marine Monitoring Program (MMP), were an
extension of activities established under previous arrangements from 2005 to 2010.

Methods

Water quality monitoring in therishore lagoon was carried out at 14 fixedral reeflocations in

four NRM regions, the Wet Tropic$N=5), Burdekin(N=3), Mackay Whitsunda§N=3) and Fitzroy
regions(N=3). This included direct water sampling and analyses of a comprehensive suite of
dis®lved and particulate nutrients and carbon, suspended solids, chlor@pydl salinity, as wedls
using state of the art sensors with lotgrm data logging capacitgr measurements of temperature,
chlorophyll and turbiditySampling of the longest @able time series of water quality data for the
Great Barrier Reef (GBR) in coastal waters between Cape Tribulation and Cairns from 1989 to the
present was also continued undiére MMP(N=6 fixed open water sampling locations)

The Water Quality Guidelies for the Great Barrier Reef Marine Park (GBRMPA 2009; hereafter
called O0the Guidelinesd) were used as a framewor
the 20 samplindpcations and to identify areas/locations with potential water quality issnes.
addition to these indicatespecific assessmerdscompliance with or exceedances of the Guidelines
we proposeal an interim water quality indexThe indexaggregates thasessmentsf compliance
(score= 0) orexceedancéscore =1), as compared to the Guidelinés; each offour indicators
(chlorophyll; an indicator combining turbidity, suspended solids and Secchi depth; particulate
nitrogen; particulatephosphorusbased a longterm means since the start of sampling each
indicator to June 20J)linto an overall rating for the water quality at the 20 fixed sampling s#tes (
Tablebelow; O is the lowest overall score indicating full compliance of all indicators with the
gudelines; 4 is the maximum score if all 4 indicators exceed guideline values, indicating impaired
water quality. The colour scheme used is consistent with other marine condition reporting under
the Paddock to Reef Monitoring, Modelling and Reporting Pragrad colours reflect the status of
water quality: red (very poor), orange (poor), yellow (fair), light green (good), dark green (very
good).

GBRwide results

The MMP inshore water quality monitoring has now completedfty&ar and the results have
improved our understanding of the spatial and temporal variability of biogeochemical and physical
variables in the GBR inshore lagoon. The-specific vater quality in the inshore GBBenerally
shows clear gradients away from river mouths and is influehgeitbod events and resuspension.
Detailed results are presented for each site, grouped by NRM region.
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Regional results

These assessments showed that the water quality indeighitout of the eleven Wet Tropics

locationswas r at ed as 0;ghoee df these are Iatated in the myidsleelfivéater body

The remaining three | ocatiobwsniwvelrel arad,edY arsk e&ypydo
Fairlead Bugyalllocationsclose to river moutls that drain highlg e vel oped catchment s.
score was due to longerm means of chlorophyll, turbiditselated values (combined SS, Secchi and

turbidity data) and PP that exceed#dt Guidelines.

Interim sitepecific water quality index. The index aggregzdes\sao tourindicators in comparison tGBie

Water Quality Guidelines (GBRMPA 2009): A combineslspereld solids concentrations in water samples, Secchi
depth and turbidity measured by FLNTUSB instruments (where available)lcaauhmibbiseotet{measured in water

samples and by FLNTUSB, where available); scores for particulate nitrogen (PN) and, particulate phosphorus (PP)
concentrations in water samfhessibol c at i ons o fTrtahres edcAtl MS( oCpae rntalimsat er s amp |

Underlined |l ocations are in the fimidshelfd water body
al |l other | ocations are in the fAopen coastal o water b
Region Location cﬁ%mﬂ;ﬁ ?r%rrq)?clj?t?/d sEoNre szie Os\ég::"
score score

0 0.5 0 0 0.5

0 0.7 0 0 0.7

0 0.5 0 0 0.5

0 0.5 0 0 0.5

0 0 0 0 0

WetTropics | yorkey's Knob 1.0 1.0 0 1.0 3.0

Fairlead Buo 1.0 1.0 0 10 3.0

0 0.3 0 0 0.3

05 0.3 0 0 0.8

| 0 0.3 0 0 03

Dunk Island 0.5 1.0 0 1.0 2.5

Pelorus / Orpheus Island 0.5 0.3 0 0 0.8

Burdekin | pandora Reef 0 0.3 0 0 0.3

Magnetic Island 0.5 1.0 0 1.0 2.5

Double Cone Island 0.5 0.3 0 0 0.8

Mackay Whitsun Daydream/West Molle Is| 1.0 1.0 0 0 2.0

Pine Island 1.0 1.0 0 0 2.0

\ 0 0 0 0 0

Fitzroy 1.0 0.3 0 10 2.3

\ 1.0 1.0 10 1.0 4.0

Of the three sites in the Burdekin Region, the water quality index of the two sites located in the

mi dshelf water body was rated as 6good6, while t
and to riverine i nf | tesmnoean tutbaity (cambidgu score @ SS, Setchin g . L
and turbidity), chlorophyll and PP values exceeded the Guidelines.

Vi
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The water quality index at Double Cone Island in the Mackay Whitsunday Region was rated as
0goodo, while the two ot her -teromeatsiofchosophyllande r at e d
turbidity (combined scores) at these locations exceeded the Ginds!

I n the Fitzroy Region, the most inshore | ocation
poor 6. -t&rimeeahsmhaljfourindicators exceeded the Guidelines. The other two locations
in this region, wereoda@teisnalsi pgowidtbh anlde o eiryc iy

river influence.

Discussion and conclusions

The state of water quality in the inshore GBR shows clear gradients away from river mouths and is
influenced over short time periods by flood events and sediment resuspension. Statistical analyses
show significant yean-year, seasonal and regional vaility, which means that no single factor or
process can be considered in isolatidime inherent seasonal differences and extreme difference in
river discharges since the start of the MMP sampling are currently the main factors explaining the
data variabhity. A longer time series will be required to extricate any influences of land management
changes from the high temporal variability in the marine water quality data.

An analysis oflata from the longest time series of water quality data for the GBR AWMS Cairns
Transect(sampled since 1988howedforthe first time a significant correlation between lanse
change on the catchment (land clearing rate) and marine water quality. However, this required an
acute large change on the catchment and a leater quality time series, spanning several cycles of
wet, dry and average years in terms of river runoff.

The broad suite of manualsampled water quality parameters are important when interpreted in
conjunction with the continuous instrumental waterality monitoring at core reef sites. The
instruments currently monitor only three variables (chlorophyll fluorescence, turbidity and
temperature) but over long periods at a high frequency (every ten minutes). Chlorophyll
fluorescence is considered to beuaeful measure of phytoplankton biomass which, in turn, generally
reflects nutrient availability. Turbidity and temperature are important physical water quality variables
that influence the environmental suitability of a water body for marine biota, whiahGBR context

is particularly relevant for coral reef development. Globally, all three indicators are widely used in
water quality monitoring programsAt this time, we consider thénstrumentdata to provide a good
description of water quality at out4 core coral reef site€Continued instrumental and remolie

sengd monitoring of chlorophyll and turbidity will deliver informati@ssential fodetermiring

whether further management action may be required at individual locations or regions thatumntin
to show highchlorophyll and turbidity levels relative to thH@uidelines

Effective management of coastal water quality has to consider ecosystiEmesponses, cascading
effects and ecological feedbacks as well as interactions with other pressutie ooastal zone.

Water quality, impacts of land runoff and eutrophication have to be considered as part of global
change. We need to better understand the complex responses and thresholds of coastat@&mssys

to anthropogenic pressure®rograms likeie MMP will allow us to both measure the trajectories of
change and to improve our ecosystem understanding of the coastal and inshore Great Barrier Reef.

Vii
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1. Introduction to the Program

The Reef Rescue Marine Monitoring ProgréviMP) formerly known agReef Water Quality

Protection Plan Marine Monitoring Programme (Reef Plan Mivd®) designed and developed by the

Great Barrier Reef Marine Park Authority (GBRMPA) and is now furijatie Australian

Government 0s &edsihce RO&G théMPhas Ipeennanagedy the GBRMPAA

summary of the MMPO&ds overall g¢goalpsogransi$availbleect i v e
at: http://www.gbrmpa.gov.au/abetiie-reef/howthe-reefsmanaged/scienendresearch/ous
monitoringandassessmerprograms/reefescuemarinemonitoringprogram

and at:http://e-atlas.org.au/content/rrmmp

The MMP forms an integral part of tiaddock to Reef Integrated Monitoring, ModellRgpamtng
Programwhich is a key action of Reef Plan 2009 and is designedaiuate the efficiency and
effectiveness of implementation and report on progress towards the Reef Plan and Reef Rescue goals
and targetsA key output of he Paddock to Reef Prograisian annual report cardncluding an
assessment dReef water quality and ecosystarondition to which the MMP contributes

assessments and information. The first AnrRport Card which will serve as a baseline for future
assessments, was released in August 2011 (availalleateefplan.gld.gov.au

The Australian Institute of Marine Science (AIMS) andGB&RMP Aentered into a ceinvestment
contractin May 201 to provide water qualitymonitoring activities under th&MPfor the period
2009/1.

The AIMSmonitoring activities in the current contract period of the MMP are largely an extension of
activities established under a previous arrangements frord 202009 andare grouped into two
components:

1 Inshore Marine Water Quality Monitoring

9 Inshore coral eef monitoring

The first component, thénshore Marine Water Quality Monitorings reported in this Final Report,
presentinghe results of AIMSvater qualitymonitoring activitieover the period 01 May 200 to 30
April 2011, with inclusion of data fronthe previous MMP monitoring since 2005

Outcomes from the Inshore Coral Reefdviitoring component were reported earlier iDecember
2010(Thompsonet al.2011), with the next report due in December 2011.



http://www.gbrmpa.gov.au/about-the-reef/how-the-reefs-managed/science-and-research/our-monitoring-and-assessment-programs/reef-rescue-marine-monitoring-program
http://www.gbrmpa.gov.au/about-the-reef/how-the-reefs-managed/science-and-research/our-monitoring-and-assessment-programs/reef-rescue-marine-monitoring-program
http://e-atlas.org.au/content/rrmmp
http://www.reefplan.qld.gov.au/
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2. Introduction to the MMP Inshore Marine
Water Quality Monitoring

Coastal areas around the world are undecreasing pressuregom human populatiomgrowth,

intensifying land use and urban and industrial developrAsrd.result,icreased loads sfuspended
sediment, nutrients angollutants such as pesticides and other chemigciaegariablyenter coastal

waters andlead to a decline iestuarine and@oastl marinewater quality This increase in sediment,
nutrients and other pollutants results gutrophication and increased turbiditylany tropical coastal
regions are considered to be at great risk because of strong economic and population growth paired
with limited environmental management. However, after decades of decline, some areas along the
coasts of wealthier countries, generally in the temperadethern hemisphere, are showing signs of
water quality improvements due to significant regulatory aalicy intervention over the last two
decades (Cloern 2001, Nixon 2009).

It is well documented in the scientific literature that sediment and nutrient loads carried by land
runoff into the coastal and inshore zones of the Great Barrier R&&R)have inceased since
European settlemenfThis increase has been implicated in the decline of some coral reefs and
seagrass meadows in these zo(reviewedin Brodieet al.2008and Brodieet al.in pres3. Concern
about these negative effects of land runofjgered the formulation of thReef Water Quality
Protection Plan (Reef Plan) for catchments adjacent to the GBR World Heritagebiriee
Australianand Queensland governmerits2003 (Anon. 2003)The Reef Plamwvasrevised and
updated in 2009 (Anon. 2009) and has two primary goals:

1 immediate goal to halt and reverse the decline in qual@fwater entering the Reef
by 2013

1 longterm goal- to ensure that by 2020 the quality of water entering the Reef from adjacent
catchments has no detrimental impact on the health and resilience of the Great Barrier Reef.

Reef Plamctions also includthe establishment of water quality monitoripgogramsextending

from the paddock to the Reef (Anon. 2010), to assess the effectiveness of the Reef Plan's
implementationThe MMP is an integral part of this monitoring to providdiable physicochemical

and biological data to investigate the effedtglmanges in inputs from the GBR catchments on marine
water quality and inshore ecosystems.

Interpretation of the MMP inshore reef water quality monitoring results is supported by an
understanding of the ecosysterasthe GBR, their underlying biologiahd chemical processes and
their physical drivers. This knowledge is still developing and has improved greatly over the last
decade. The watequalityrelated processes in the costal and inshore GBR have to be viewibe in
context of the whole system, ituding the GBR lagoon, the adjacent coast and the neighbouring
Coral Sea.

The biological productivity of the Great Barrier Reef (GBR) is sustained by nutrients (e.g. nitrogen,
phosphorus, silicate, iron), which are supplied by a number of processesamnes (Furnast al.

1997; Furnas 2003, Furnesal.2011). These include upwelling of nutrieatiriched subsurface water
from the Coral Sea, rainwater, fixation of gaseous nitrogen by (cYaacteria and freshwater runoff
from adjacent catchments. Langhoff is the largest source of new nutrients to tireshoreGBR
(Furnas2003 Furnaset al.2011), transported into the GBR lagoon especially during monsoonal flood
events (Devlin and Brodie 2005, Devlin and Schaffelke 2009). However, most of the inorgan
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nutrients used by marine plants and bacteria on atdagay basis come from recycling of nutrients
already within the GBR ecosystem (Fureasl.2005, Furnast al.2011).

To understand the effects of land runoff on GBR coastal and inshore waters and biota, it is important
to understand thundamentaprocesses thatontrol the fate and impact of freshwater, sediment,
nutrients and pesticides delivered froratchments intahe receiving waters of the GBR lagoon.
Importantarethewat er fl ows, exchange rates and residenc
influenced by larggo mesa-scale oceanographic processéater residence times in the GBR

lagoon are still debatedsdifferent approachebavedelivered very different results. Hancoekal.

(2006), Wanget al.(2007) and Choukrouret al.(2010) estimateesidence times of weeks, indicating

a wellflushed system, while Brinkmanal.(2002) and Luiclet al.(2007) esimate much longer
residence times of several month$owever, water residence times may not accurately reflect the
period of time materialssuch as sediments, nutrients and pesticidesain in the GBR lagoon. This
time is not only determined by physidshnsport and flushing but also by other processegh as
biological uptake and transformation, sedimentation and burial, resuspension and remineralisation
which are not yet qualified on a whetd-GBR scale although a recent comprehensive nutrient

budget has been assembled by Furegal.(2011). Analysis of satellite imagery of flood plumes
suggest residence times in the GBR coastal and inshore zones of several weeks (Sdtrakider
revisior) and rapid episodic transport of floeldorne materiainto the midshelf and outer shelf reef
regions (Devlin and Schaffelke 2009). The wiafl&BR hydrodynamic modelecently completed as

a proofof-concept,will in the futuredeliver improved estimates of residence times as well as resolve
trajectories andspatial distribution of major freshwater inputBr{nkmanet al.2011). This model will
become the foundation for future sediment dynamics, biogeochemical and ecotogisling under

the upcoming multagency project eReefs (led by the CSIR@hichwill providethe capacity to
predictchanges in water quality in space and time in response to changing land use and runoff load
scenarios.

The information gathered under theurrent MMPsampling program has improved our understanding
of the spatial distibution and temporal variability efater quality in the coastal and inshore GBR.
This includes detailed information about the s$igecificstate ofwater quality around inshore coral
reefs (this report), widefield spatial patterns in water quality meesii by remote sensing (separate
report by CSIRQ Brandoet al.2011), detailedinformation about water quality in flood plumes
(separate report by JClDevlinet al.2011) and information about herbicide levels in the inshore
GBR (separate report by UKennedyet al.2011).

Before the MMPpublishednformation on water quality data in the coastal and inshore areas of the
GBR lagoon was limited to a handfullofalresearch studiesa | ker and Od&dDonnell 1
Schaffelket al.2003 and references theie Cooperet al.2007). However, extensive water sampling
throughout thewhole GBR lagoon over the last 25 years had established typical concentration

ranges of nutrients, chlorophydland other water quality parameters and described the occurrence

of persistent latitudinal, crosshelf and seasonal variations in these concentrations (Fetras

1997, Furnas 2005, Brod& al.2 0 0 7 , Dedath and Fabricius 2008).
nutrients, suspended particles and chloroplaydire normallylow, water quality conditions in the

coastal and inshore zones can abruptly change and nutrient levels increase dramatically for short
periods following disturbance events (widdven re-suspension, cyclonic mixing, river flood pluges
Furnas 1989, Schelffe et al.2009, Devlin and Schaffelke 2009, Braati@l.2010). However,

nutrients introduced, released or mineralised into GBR lagoon waters during these events are
generally rapidly taken up by pelagic and benthic algae and microbial communities #Atb

McKinnon 2005), sometimes fuelling shtwied phytoplankton blooms and high levels of organic
production (Furnas 1989, Furnatal.2005).
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A detailedstatisticalanalysis of the MMP inshore water quality datd&dbruary2010 issoonto be

published (Schaffellat al, inpresy. Thisanalysisr ovi des a Obase ranged of
for the inshore GBR lagoon and illustrates ttensiderabléemporal and spatial variabiliity this

systemMost variation was explained by the teorpl variableshighlighting the extremely variable

climate d the Great Barrier Reef region. Geographical aspects explained a smaller, albeit still
significant, amount of the variation in the data. For example, concentrations of partiaalte
qualityconstituentsat sites near the dry tropical catchments (Burdekin and Fitzroy) were more

variable, and were correlated with latitude, distance to the nearest river and the rate of vegetation
clearing on the catchment.

The key objective of thisomponentofthe MMRS® ns hor e Mari ne Watistar Qual it

1 describe spatial and tempdistributionsf GBR marine water quality variables at permanent
monitoring sites at selected inshore reefs and open water sites

The data have variowspplications:

1 As a baseline and start of a leteym time series against which future change can be
measured, e.g. in response to land management changes as part of the RartiRaef
Rescue initiativedut also in response talimatic event®r other longterm systemic
changes

1 As environmental variables for correlative analyses wighbiological indicatorsnonitored
as part of the MMPsuch as the status of coral reef communitisse Thompsoret al.201Q
Uthicke et al.2010) The data have alssupported complementary research (Fabrichisl.
201Q Fabriciuset al.in press, Fabriciust al.in review). It isanticipated that these data will be
more widely used in the future as they are developing into a valuable data resource.
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3. Methods

In the following an overview is given of the sample collection, preparatioranalyticamethods.
Detailed documentation of the AIMS methods used in the MMP can be found in a seRa@te
report (GBRMPA in pregsoutlining e. g., thelgectiveand pinciples of analysg stepby-step
sample analysjsroceduresjnstrument performance, data managemant quality control

Sample locations

The 14 fixed sampling locations, spanning féatural Resource ManagememRM) regions, are
congruent cwirtehd tshiet els4 o6f t he i nshore cor al reef
these sites, detailed manual and instrumental water sampling was undertaken (see below) as well as
annual surveys of reef status, including assessments of coral recruitment (sepsbinamnal.2011).

Sampling athesixopenwat er st ations of the OAIl MSTalfled,i r ns Tr 8
Figurel).

Tablel Locations selected for inshore quetiely monitoring (water sampling during researchJenuédeal/i2@0
Septembedctober 2Wand February 204nd continuous deployment of autonomous water quality instruments). The six
ocati ons ofTrtanes edcAtl M S( Caaeiinritaliefihh &€d e & aenll li ngi)ndi cate | oc
water body, as designated by the GBRMPA Water Quality
coastal 0 water body

NRMregion Primarycatchment Water qualitynonitoring locations

Cape Tribulation

Snapper Island North

Port Douglas

Double Island

Green Island

Wet Tropics Yorkeybés Knob
Fairlead Buoy

Fitzroy Island West

Daintree, Barron

RusselMulgrave, Johnstone High Island West
Frankland Group We&sissell Is)
Tully Dunk Island North
Herbert, Burdekin Pelorus & Orpheus Is West
Burdekin Pandora Reef
Burdekin Geoffrey Bay, Magnetic Island
Proserpine Double Cone Island
Mackay Whitsunday Pioneer, Daydream Island
O6Connel |l Pine Island
Barren Island
Fitzroy Fitzroy Pelican Island

Humpy & Halfway Island
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Figurel Sampling locatiasfshe Reef Rescue MMP inshore marine water quality task. Red symbols indicate the 14
locations where autonomous water quality instruments (temperature, chlorophyll and turbidity) were deployed and regu
water sampling was undertaken. Yellow symimls dreotlt at i ons of the 6Cairns Transe
AIMS since 198%¥RM region boundaries are represented by coloured catchment areas and the black line for marine
boundaries.
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Direct water s ample collection, preparation and analyses

At each location, vertical profiles of water temperature and salinity were measured with a
Conductivity Temperature Depth profiler (CTD) (Seabird SBE25 or SBE19). The CTD was fitted
with a fluorometer (WET Labs) analbeam transmissometer (Sea Tech, 25660nm) for
concurrent chlorophyll andurbidity measurements

Immediately following the CTD castisdrete water samplewere collected from twoto three
depths through the water column with Niskin bottles. Ssdimples taken from the Niskin bottles
were analysed fothe following species afissolvedand particulatenutrients and carbon
ammonium=NH4,

nitrite= NO »,

nitrate=NO 3,

phosphate ffilterable reactive phosphor&3s,

silicateffilterable reactive silicorsi(OH)),

dissolved organinitrogen=DON,

dissolved organic phosphoru$OP,

dissolved organic carbor®OC),

particulateorganic nitrogen= PN

particulatephosphorus = PP

particulate organicarbon= POC

(note that+/- signs identifying the charge if the nutrient ions were omifi@dbrevity).

= =4 -8 -4 -8 _8_4a_-4a_-2°_-49_-2

Subsamplewere also taken foranalyses aduspended solids (SS) and chloropaghd for
laboratory salinity measurements using a Portasal Mod#)84&alinometerTemperaturesvere
measured with reversing thermometers from at least 2 tthasp

In addition to the shigbased sampling, water samples weodlected by diveoperated Niskin bottle
sampling, i) close to the autonomous water quality instruments (see below) and ii) within the
adjacent reef boundary layer. Thesater samples wex processed in the same way as the ship
based samples.

The subsamples for dissolved nutrients weiramediatelyhandfiltered through a 0.4%m filter
cartridge (Sartorius Mini Sart N) into acidashed screwap plastic test tubes and stored frozen (
18°C) until later analysis ashor8eparatesamplegor DOC analysis were filteredcidified with 100
el of AR-grade HCI and stored at 4°C until analysBeparate suisamples folSi(OH), were filtered
and stored at room temperaturentil analysis

Inorganic dissolved nutrients (NHNO2, NO3, POy, Si(OH),) concentrationsvere determined by
standard wet chemical methods (Rgal.1981) implemented on a segmentiolw analyserAnon.
1997) after return to the AIMS laboratories (Section 3). Anadysktotal dissolved nutrients (TDN
and TDP)were carriedout using persulphate digestion olter samples (Valderrani®81), which

are then analysed for inorganic nutrients, as above. DON and B@¥ calculated by subtracting
the separately measured inganic nutrient concentrations (above) from the TDN and TDP values.

To avoid potential contamination during transport and storage, analysis of ammonium concentrations
in triplicate subsamples per Niskin bottle westso immediately carried out on board the vessel

using a fluorometric method bad®n the reaction of orthephthatdialdehydg OPA) with

ammonium (Holmest al.1999). These samples weamalysed on fresh unfiltered seawater samples
using specially cleangthssware, because AIMS experience shows that the risk of contaminating
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ammonium samples by filtration, transport and storage is fiigivailable, the NiHvalues measured
at sea wereused for the calculation of DIN

Dissolved organic carbon (DOC) congtations were measured by high temperature combustion
(680°C) using a Shimadzu TEBDOOA carbon analysePrior to analysis, C@remaining in the
acidifiedsample watewasremoved by sparging with &rarrier gas

The subsamples for particulate nutriémandchlorophylla determinationswere collectedby vacuum
filtration on pre-combusted glaskbre filters (Whatman GF/F). Filters weverapped in pre
combusted aluminium foil envelopes and storedl&C until analyses.

Particulate nitrogen (PNWasdetermined by highemperature combustion of filied particulate
matter on glassibre filters using an ANTEROO0O NSnitrogen analyser(Furnaset al.1995) The
analysemvascalibrated using AR Grade EDTA for the standard curve and marine sedimentBCSS
as a control standard.

Particulatephosphorus (PPyasdetermined spectrophotometrically as inorganic P ¢PRarsonset
al.1984) after digesting the particulate matter in 5% potassium persulphate (FlraiaE995). The
methodwasstandardised usingrthophosphoric acid and dissolved sugar phosphates as the primary
standards.

The particulate organic carbon content (POC) of material collected on fikkexsdetermined by high
temperature combustion (950°C) using a Shimadzu T@€arbon analyser fittewith a SSM5000A
solid sample moduleFilters containing sampled matemare placed in precombustel (950°C)
ceramic sample boatdnorganic C on the filters (e.g. CaGPwasremoved by acidification of the
sample with 2M hydrochloric acidl'he filter wasthen introduced into the sample oven (950°C),
purged of atmospheric C&and the remaining organic carbarasthen combusted in an oxygen
stream and quantified by IRGAhe analysesvere standardised using certified reference materials
(e.qg. MESS).

Chlorophylla concentrationswvere measured fluorometrically using a Turner Designs 10AU
fluorometer after grinding the filters in 90% acetone (Parseinal.1984). The fluoroneter was
calibrated against chlorophwyllextracts from logphase diatom cultures. The extract chlorophg/l
concentrationsvere determined spectrophotometrically using the wavelengths and equation
specified by Jeffrey and Humphrey (1975).

Subsamples fosuspended solids wereollected on preweighed 0.dm polycarbonate filtersSS
concentrations are determined gravimetrically from the difference in weight between loaded and
unloaded 0.4um polycarbonate filters (47mm diameter, GE Water & Process Teduies) after the
filters had been dried overnight at 8D.

Details abouimethod performance an@AQC procedures are given in Appendix 2.

Autonomous Water Quality Loggers

Instrumental water quality monit@sagdertaken using WETIEtzsFLNTUSB Combination Fluorometer and
Fluorometer and Turbidity Sensors. Details about deployment periods and description of instrument failures that led to «
failures that led to data losses are summaygezhotix-Tablel and
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Appendix tTable2.

The Eco FLNTUSEhstrumentsused in theMMPinshore water qualitynonitoring perform

simultaneousn situmeasurements of chlorophyll fluorescence, turbidity and temperatiitee

fluorometer monitors chlorophyll concentration by directly measuring the amount of chlorophyll
fluorescence emission, using blue LEDs (centred at 455 nm and modulated at 1 khkizeasitation

source.The fluorometer measures fluorescence from a number of chlorophyll pigments and their
degradation products which are collectively refe
direct water sampling which specifically mease s 0 c rad @ptical ;terfetericeand hence an
overestimation of the true o0ftubrdsaentcompoyndsind concent
dissolved organic matteare abundanf{Wright and Jeffrey 2006jor example in waters affected by

flood plumes (see also Appendix 2).the following the instrument data are referred to as
ochlorophyl Il 6, in contrast to data from the dire
0 ¢ hl o ra®Abiug ihtérference filter is used to reject the small amoof red light emitted by

the LEDs. The blue light from the sources enters the water at an angle of approxima&él9 55

degrees with respect to the end face of the unit. The red fluorescence emitted (683 nm) is detected

by a silicon photodiode positioneghere the acceptance angle forms a Htyree intersection with

the source beam. A red interference filter discriminates against the scattered blue excitation light.

Turbidity is measured simultaneously by detecting the scattered light from a rech(@PQED at

140 degrees to the same detector used for fluore
mode and recorded a data point every 10 minutes for each of the three parameters, which was a

mean of 50 instantaneous readings.

Pre- and postdeployment checks of each instrument included measurements of the maximum
fluorescence response, the dark count (instrument response with no external fluorescence,
essentially the 6zerod point) and of a malution
custommade calibration chamber (see Schaffetkal.2007 for details on the calibration procedure).
After retrieval from the field locations, the instruments were cleaned and data downloaded and
converted from raw instrumentakecords into actual masurement units (pg-Lfor chlorophyll
fluorescence, NTU for turbidity, °C for temperature) according to standard procedures by the
manufacturer. Deployment information and all raw and converted instrumental records were stored
in an Oraclebased data management system develdpeAIMS. Records are quahtiiecked using a
time-series data editing software (WISKTV, Kisters). Instrumental data were validated by
comparison with chlorophyll and suspended solid concentration obtained by analyses of water
samples collected cloge the instruments, which was carried out at each changer (see

Appendix 2).

Data analysis

Comparison with trigger values from the GBR Water Quality Guideline S

The Water Quality Guidelingfor the Great Barrier Reef Marine Park (GBRMPA 2009) provide
useful framework to interpret the water quality values obtained at the fourteen core sampling sites
and to identify areas/locations with potential water quality isstiesle? gives a summary of the
Guidelines for five water quality variablda four crossshelf water bodies. The MMP inshore
monitoring locations are mostly located in the open coastal water body, with four sites (Russell Is.,
Pelorus Is., Pandord Bnd Barren Is.) located in the Midsheatiter body, which has the same
Guidelinedrigger values.

1C
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Table2 Trigger values from the GBRMPA Water QualitysGoidbBn@reat Barrier Reef Marine Park (GBRMPA
2009).

WateBody
Enclosed coastal .
Parameter ] Open coastal| Mdshelf Offshore
(Wet Tropics/Central Coast
Chlorophydl (% g 2.0 0.45 0.45 0.40
Secchi (m) 1.0/1.5 10.0 10.0 17.0
Suspended solids (mjp L 5.0150 2.0 2.0 0.7
Particul athe ni t n/a 20.0 20.0 17.0
Particul atel) phgc n/a 2.8 2.8 1.9

Summary statistics and data presentation

Values for water quality parameters at each station were calculated as-dejghted meanby
trapezoidal integration of the dafeom discrete sampling depth$his included the samples collected

by divers directly above the reef surface and the dgmtbffile station collected from the research

vessel. Summary statistioger all sampling yeaof these depthweighted mean values aregzented

as box and whisker plots (see box below for definitiarsl details of the box plots usgtbr the

water quality constituents for which Guideline trigger values (GBRMPA 2009 arid2) are

available: chlorophydl particulate nitrogerfPN), particulatephosphorus (P), suspended solids (SS)
and Secchi depthAvailable data are combinedd@5/06to 2010/11) for each of the 14 sampling
locations and presented separately for dry and wet seasons. The dry season was defined as May to
October, the wet season as November to April. The results are reported separébelgachof four
monitored NRM regions: the Weflropics, Burdekin, Mackay Whitsunday and Fitzroy Nfefgions

(using the marine boundaries of each NRM regasprovided by the GBRMPAJhis allows the
characterisation of the water quality at each site and a comparison along regional gradientslygeneral
away from the coast. Complete water quality data for all variables (depighted mean values for

each station and sampling occasion) are reported in Appendix this stage of the program it is

too early to analyse temporal trends of the data be@ati®e data series is too short and the direct
water sampling too infrequenda t r end analysis is conducted for
below), whichhavebeen sampled since 1989.

Daily averages of the chlorophyll concentrations and turbiléitaels measured by the Eco FLNTUSB
instrumentsat each of 14 locationare presented as line graphénnual means and medians were
alsocalcubed for each si twatbars €idecmritot3d Septdnbdrakd o
compared with theGuidelinesThe turbidity trigger value (1.54 NTU) was derived by transforming
the suspended solids trigger value in the Guidelines (2-Hhgding an equation based on a
comparison between direct water samples and instrumental turbidity readings (see Scletifitlke
2009).

11
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Extreme values—p*
Outliers —» @

Mean —p
Median ——p

1y

T_f Nonroutlier range values

75% percentile

= Interquartilerange (IQR)

25% Percentile

Note: Outliers are defined>ds5-times the IQRxtremevalues as3-times the IQR

Temporal trend analysis of the Cairns Transect water quality data

Data from t he 0 C adsbesmegulary samglerl byt AGVIS sincd 198nesonly

available lonterm dataset fora comprehensive range wfater quality parameters in the GBR lagoon

(other than chlorophylh, see below)with whichto conduct temporal trend analgs.Water quality
parameters were measured atevenlocations from 198% 2008. Each site was typically visited
twice per year butsamplingraried fromnone to four visitsper yeatr From 2008/09 only sixsee
Figure 1)of the initial 11 sites were continued to be sampled after a statistical analysigeddicat

this reduced number of stations would provide enough information for a robust time series analysis

(E. Cripps, AIMSers. comm).

The complete suite ofvater quality parameterésee above) wereneasuredht the Cairns transect

locations. For theanalysis of temporal trends we have chosesubset of six parameters, chlorophyll
a (ugLy), particulate nitrogen (PNygL1), particulate phosphorus (PRgL1), suspended solids (SS,
mgL-1), dissolvedrganicnitrogen OON, pgLt) anddissolvedorganicphosphorus DOP, pgL-t).

These si x parameters

2005, CRC Reef Consortium 2006, Schaffedkal.2007, 2008, 2002010 andare the most likely

have shown

tempor al

trends

parametergo show temporal trends because they are less variable over small spatial and temporal
scales and are considered to integrate water column proceddes primary objective of this analysis
was to assess thiengterm trend of these six water quality paramers in the GBR lagoon over the

observation period.

Initially, data were screened for outliers and fero valuegi.e. concentrations below the detection

limit) that were subsequently replaced by their liroftdetection values, defined here as ha# th

smallest positive observed value. The data were then averaged across duplicates and depth because i)
depth effects appeared to be small anthpiing was welbalancedand ii) depth effects were not of

interest in this study. Preliminary analysis of tae€ation between sites showed them to laéso
consistent over time. That is, the losigrm trend for each water quality variable was similar at each
site. Hencethe data were averaged over sites for subsequent analysis. Temporal trends in the six

parametes were assessed using lbigear models (quadtoisson) with the temporal effects being

decomposed into variation across years (thin plate regression splines) and within years by months
(cyclical trends). The smoothness of the fitted trends was selecsathicrossralidation. The

significance of the termsasbased on Rests. The analyses were carried out using thet&istical

packagd€R_Development_Core_Team 20).

12
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Interim site-specific water quality  index

We developed a simple water quality indexgeneratean overall assessment of water quality at

each ofthe 20water qualitysamplindocations(14 inshore reef locationsvith FLNTUSB

instruments, 6 open water sites of the Cairns Water Quality Transethisindexis based on all
available datato June 20l e consi der this index as ointerimo
need to be undertaken to refine, for example, ttaging of exceedancebeyond a simple binary

compliance vs neoompliance assessmermisdthe potentialweighting of the water quality

parameters.

The indexaggregates scores givenftur indicators in comparison with theGBR Water Quality
Guidelines (GBRMPA 2009). Tfaur indicators(or indicators groupsyvere:

1. Suspended solids conn@ration, SS, in water samplesecchi depthandturbidity
measurements by FLNTUSB instruments, where available.

2. Chlorophylla concentrationin water samplesandchlorophyll fluorescence measurements
by FLNTUSB instruments, where available.

3. Particulate nitrogen (PN) concentrations in water samples;

4. Particulate phosphorus (PP) concentrations in water samples

The indicators are a subset of the comprehensive suite of water quality variables nukistlire

MMP inshore water quality program. @ have been selected because guideline trigger values
(GBRMPA 2009) are available for these measures and they can be considered as relatively robust
indicators, integrating a number of bpdysical processeSuspended solidsutbidity and Secchi

depth ae indicators for the clarity of the water, which is influenidey a number of oceanographic
factors such as wind, waves and tides as well as by suspended solids carried into the coastal zone by
rivers (Fabriciugt al, in review). Chlorophylh concentmations/chlorophyll fluorescencre widely
usedasproxiesfor phytoplankton biomasas a measure of the productivity of a system or its
eutrophication status and are considereditwlicat nutrient availability (Brodiet al.2007).

Particulate nutrient¢§PN, PP) are asefulindicator for nutrient stocks in the water column
(predominantly bound in phytoplankton and detritus as well as adsorbed to fine sediment particles)
but are less affected by smatlale variability in space and time than dissolvedenis (Furnaset al.

2005 Furnaset al.2011).

The overall mean values for each of these indicators, i.e. all values from the startrespeetive
sampling pgram to June 201 were converted into soresusing the following decision rules:

1. Combinedturbidity score

a. Suspended solidsoncentration: the overall mean from six years of sampling was
used for this assessment.
-If the overall mean waselowthe Guidelines, a score of 0 was given;
-If the overall mean waabovehe Guidelines, a score ofas given

b. Turbidity measured by FLNTUSB instrumeritngterm mean valuefom four
years of samplingrere used for this assess&mt.
-If the overall mean waselowthe Guidelines, a score of 0 was given;
-If the overall mean waabovehe Guidelines, acore of 1 was given

c. Secchi depth: the overall mean from six years of sampling was used for this
assessment.
-If the overall mean waabovehe Guidelines, a score of 0 was given;
-If the overall mean waselowthe Guidelines, a score of 1 was given
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Note: Secchi depth readingbovehe guidelines indicate clearer water, as the Secchi
depth increases with increasing clarity of the water.

d. Allindividual indicators scoremvailable foonesitewer e averaged i nto a
turbidity scoreo.

2. Combined tlorophyll score

a. Chlorophylla concentrations : the overall mean from six years of sampling was used
for this assessment.
-If the overall mean waselowthe Guidelines, a score of 0 was given;
-If the overall mean waabovehe Guidelines, a score of 1 was given

b. Chlorophyll measured bFLNTUSB instruments: lortgrm mean values from four
years of sampling were used for this assessment.
-If the overall mean waselowthe Guidelines, a score of 0 was given;
-If the overall nean wasabovehe Guidelines, a score of 1 was given

c. Allindividual indicators scoremvailable foonesitewer e aver aged into a
chl orophyl | scored.

3. Particulate nitrogen (PN) concentrations in water sampthae overall mean from six years
of sampling was used for this assessment.
-If the overall mean waselowthe Guidelines, a score of 0 was given;
-If the overall mean waabovehe Guidelines, a score of 1 was given

4. Particulate phosphorus (PP) concentratiomsvater samples: the overall mean from six
years of sampling was used for this assessment.
-If the overall mean waselowthe Guidelines, a score of 0 was given;
-If the overall mean waabovehe Guidelines, a score of 1 was given

The four individualindicatorscores were added foeach siteto give an overalindicatorscore
between 0 and 4 (i.e., 4 for the poorest water quakitysites where allour indicatorsreturnedthe
maximumscore of 1 indicating norcompliance with the Guidelings

In accordancavith other GBR Report Card indicators and metric calculation proess&ee Anon.
2011),the summedoverall indicatorscorewas standardisetb a range from 0 to 100 such that zero
is the lowest score and 100 is the highesing the equation

Assessment scorel 00-(1004*overall indicatorscore)
The proportional scores were converted to@t r a f fcolaur sthene liot réporting whereby:

0%20%equatestod v e r y  p is amlpuded rec d
>20%4 0 % equat es istcaouredm@mmge 6 and
>40%6 0 % equat e siscolauredyelaw r 6 and
>60%8 0 % equat es iscolouedlighbgteén and
>80%equatestod v e r y g is apldubed dark green.

To o T o I
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4. Results and Discussion

4.1 Region Reports: Wet Tropics Region

The Wet Tropics NRMRegion compriseshe catchmentof the Daintree, Mossman, Barron,
Mulgrave Russell, Johnstone, TullMurray and Herbertrivers. The primary land uses in the region
are sugarcane, bananas, dairy, grazing, horticulture and forestry. The region has agrigttion
of forest and National Park area than the othtree regionsconsideredn this report (Brodie et al.
2003).

:’ C1, Cape Tribulation

) Snapperisiand

N

-—

C4,Port Douglas }
N

*

C6,Yorkey:s|Knob '011.G}een Is
»

Eitzroy. !sland)
. ~ -’

3
Highllsland J
4

Russellllsland .

»
~

3
)

2,
B

r
Dunkilsiand

Image.©2010 DigitaiGlobe /

® 2010'Cnes/Spotimage *
ImageiNASA p g

Data SI0, NOAA,.US "Navy.INGA, GEBCO

lat -17.084596" lon 145.792253° elev. Om ©Google Earth 2009
Figure Reef Rescue MMP water quality samplimgdsggmpolsn the Wet Tropics NRM Region at Snapper Island,
Fitzroy Island, High Island, Russell Island and Duyikllsisisymbols &ne sisites of the AIMS Callressect.
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The five reef water quality sampling sites in the Wet TrogRegjion are locate@dlong the coast to
capture the influence of the main rivers in this regiéig(re2; seeTablel for details). There are
also six additional open water sampling locations along the Cairns Trafsgetg2). Someof the
major rivers in the Wet Tropics Region hahnual flowsbovethe longterm median since the start
of the MMP monitoring from 2005/0&A\ppendix XTable3). Noteworthy were major flood events of
the Barronint he owat er ye ar andoftioefHerRefi idB09am@01AnNRA1] all
Wet Tropics rivers hadabovemedianflow (Appendix XTable3).

The results from the direct water sampling are presented as seasonal summary statistissxover
years of monitoring for the water quality parameters for whighideline trigger values were
available (GBRMPA 200®idgure3) and as overall summary statistidable3) for comparison with
the GuidelinesDetailed results for all water quality variables for the sampling year 2009/10 are in
Appendix tTabled to Appendix1-Table9.

The direct water sampling results ovsix years show that the wateruplity at the inshore reef

locations in the Wet TropicdRegionwasmostlygood, whenassesseth comparisorwith the

GuidelinesValues of most parameters were generally higher during the wet season and at a number

of sites are above Guidelines valuBg(re3). Longterm mean oncentrations of chlorophyk,

particulate nitrogen (PN), particulate phosphorus (PP) and suspended solidge{83)ithin the

Guidelinesat the sampling locations close to the fringing reefSoépper, Fitzroy, and Russell islands

and at the open water sites Cagaibulation Port DouglasPoublelsland and Green Islarfdiable

3). Longterm means of chlorophyl, PP and SS exceeded the Guidelines at Dunk Island and at the

open water sites Yorkeyd6s Knob and Fairlh@meed Buoy
and to the influence o-ferrmchlgrophyllamean asp exceedddtieh | s 1 an
Guideline. All sampling locations had ldagn mean Secchi depth values below the Guidelireb(e

3), except for Green Island which is furthest away from the coast and from river inflummtéas

generally clearer wateHowever, this indication of impaired water clarity is not supported by the

generally compliant loAgerm means of SS at most sites. The mismatch of Secchi and SS values has

been observed at most sites and requires further research. It is possible that guideline value

requires future adjustment. The formulation of the guideline trigger value for Secchi depth has a

hi gher confidence as it was based on a | arger da
The instrumental water quality monitoring datanfirm that the water quality at the five coral reef

locations in the Wet TropicdRegion was generally gopathen compared to the GuidelineShe

annual meachlorophyll fluorescencealues werebelow the Guidelines atll locations in the four

sampling/ears since instrumestiased monitoring began in October 20(Higure4 to Figure6, Table

8). At all locations, the time series show regular seasonal cycles of chlorophyll concentrations, with

higher values during the summer (as described in Bretlad.2007). These high values are likely to

be a combination of two factors, an inherent seasonal increase and the response to nutrient inputs

by large flood events of the Wet Tropics rivers duringetfour years of instrumental monitoring

(Figure4 to Figure6). Without a longer time series spanning wet and dry years, these two factors

cannot be distinguished with any certainty.

Annual means of turbidity at Snapper and Dunk islands exceeded the tuiGiddgline in allfour

years ofinstrumental monitorindTable9). Inspection of the turbidity time series at these two sites
shows high variability of turbidity values througho tyear, not limited to periods of river floods

(Figure4 andFigure6). 34-59% of the daily mearia the years with sufficient data (ie. > 300wd¢re

above theGuidelines Table9). 10and 2% d daily mean turbidity values over the whole time series

at Snapper and Dunk islands, respectively, were also above the 5 NTU biological threshold suggested
by Cooperet al.(2007, 2008), above which corals are likely to experience severe photo

physiologtal stress due to light limitation.
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The exceedance of the turbidity Guidelines at High Island in ZDafle9) is likely to be an artefact
asdatar e only available to June 2010, hence biasin
October) toward higher wet season values.

The high turbidity events are caused by resuspension of fine, clajZsiit, sediment particles
throughout the year duringtrong winds. Resuspension is recognised as one of the major drivers of
turbidity in the inshore GBR lagoon (e.g. Larconabel. 1995, Wolanski 2007). The turbidity at the
reef sites is likely to be influenced by the regional oceanography, bathymetsgdimdent quality.

For example, Snapper Island is very close to the mouth of the Daintree River and Dunk Island is
close to the very shallow area of Rockingham Bay, both areas that are influenced by river runoff and
are prone to high turbidity due to sediméresuspension. However, it is interesting that the
sediment quality directly at the reef locations is very different between these twethibkdity sites.
While Snapper Is. has a very high proportion of ditysized particles with high organic carbo
content, Dunk Is. has not (sediment quality data in Thompstoal.2011). In contrast, Russell Is. has
fine, organigich sediments (ibid.) but is a site with generally low water turbidiigre5s).

Thompsonet al.(2011) suggest that the complex topography of the abundant corals and sheltered
nature of the site facilitates fine sediment accumulation but at the same time reduces the
resuspension ahese locally available fine sedimeiitsis emphasises that local physical and
oceanographic conditions will also influence the water quality around coral reefs.

The sampling locations in the Wet Tropics region were affected by the severe (categorgigalr
Cyclone Yasi, which made landfall on 03 February 2011 in the Dunk Island/Mission Beach area. All
five sites with instrumental monitoring showed a distinct spike in turbidity during the period when
the cyclone was close to the coast as well as dlijgtievated, variable turbidity for a few weeks after
the cyclone Figure4 to Figure?). The effect was most pronounced at Dunk Island, which was
located in the path of destructive winds from TC YaSigure7). The chlorophyll concentrationgas
measured by water quality instruments, also increased during the cyaftexwted period but were

not appreciably higher compared to previously recorded values during summer seasons and after
flood events.
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Figure8 Summary of concentrations of chloappésticulate nitroggarticulate phosphdrus ¢), suspended solids
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Table3 Summary of concentrations of chloaof@hllla) par ti cul ate nitrogen (PN) par
L1, suspended solids (SS, figuhd Secchi depth (m) at reef and open water (*) locations in the Wet Tropics Region
collected by direct water sangul@rgsix sampling years (2005/06 to 2010/11). Red shading represents overall means that
exceed the GBR Water Quality Guidelines values (GBRMPA2®®@Y. of sampling occasions (days).

Station Variable N Mean Median Lowerquartile | Upperuartile
Chla (ugh 14 0.42 0.34 0.30 0.54
PN(ug L) 14 13.30 12.67 10.70 14.96
Cape Tribulatfon PP(ug 1Y) 14 2.64 2.46 2.00 3.16
Secchi (m) 13 - 6.00 4.25 9.25
SS(mg H) 14 1.48 143 0.89 1.65
Chl a (ugh 13 0.36 0.32 0.28 0.47
PN(ug L) 13 12.39 11.11 9.43 14.70
Snapper Island PP(ug 1Y) 13 2.40 2.32 1.93 3.18
Secchi (m) 14 ! 6.00 4.50 7.50
SS(mg 1) 13 1.29 1.17 0.79 1.57
Chla (ugh 15 0.35 0.31 0.25 0.39
PN(ug L) 15 13.10 12.76 10.96 14.69
Port Douglas PP(ug L) 15 2.35 2.37 2.04 2.51
Secchi (m) 16 ! 7.00 5.00 9.00
SS(mg H) 15 1.28 1.22 0.94 1.59
Chla (ug 14 0.37 0.34 0.28 0.49
PN(ug 1) 14 11.69 12.70 9.59 13.18
Double Islahd PP(ug LY 14 2.17 2.18 1.90 2.48
Secchi (m) 14 ! 6.25 5.00 13.00
SS(mg 1) 14 1.17 1.21 1.00 1.30
Chla (ugh 15 0.26 0.23 0.16 0.33
PN(ug L1 15 9.54 9.38 8.04 10.68
Green Island PP(ug Y 15 1.58 1.49 1.16 1.93
Secchi (m) 16 13.63 13.00 11.25 16.00
SS(mg H) 15 0.35 0.14 0.72
Chl a (ugd) 15 0.52 0.45 0.61
PN(ug 1) 15 15.55 13.61 17.61
Yorkey's Knbb PP(ug Y 15 3.57 3.25 4.34
Secchi (m) 16 3.00 2.50 4.75
SS(mg 1) 15 2.48 2.04 3.48
Chla (ugh 15 0.42 0.38 0.59
PN(ug 1) 15 16.60 14.30 18.18
Fairleaduoy PP(ug L) 15 4.22 3.01 5.12
Secchi (m) 15 3.50 2.88 4.13
SS(mg ) 15 2.84 2.08 5.70
Chla (ugd 15 0.34 0.34 0.26 0.39
PN(ug L1 15 10.73 10.16 9.02 11.50
Fitzroy Island PP(ug L) 15 1.95 1.78 1.62 2.15
Secchi (m) 16 9.00 7.25 11.00
SS(mg ) 15 0.99 1.02 0.53 1.25
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Station Variable N Mean Median Lowerquartile | Upperquartile
Chla (ugh 15 H 0.38 0.31 0.60
PN(ug L) 15 12.47 12.21 10.53 13.60
High Island PP(ug 1Y) 15 2.63 2.49 2.14 3.03
Secchi (m) 16 6.00 4.00 10.25
SS(mg B) 15 1.38 1.08 0.88 1.73
Chla (ugh 15 0.35 0.30 0.22 0.40
PN(ug 1 15 10.67 9.90 9.13 11.29
Russell Island PP(ug 1Y) 15 1.92 2.13 1.53 2.20
Secchi (m) 15 9.00 7.00 12.25
SS(mg £) 15 0.74 0.48 0.92
Chl a (ugd) 15 0.42 0.34 0.77
PN(ug L1 15 14.48 12.35 17.58
Dunk Island PP(ug 1Y) 15 3.11 2.34 3.91
Secchi (m) 15 4.50 3.00 6.00
SS(mg 1) 15 1.47 1.30 2.76
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Figurel Time series of daily meanhlofophyll (green line, figaid turbidity (brown line, NTU3enes collected

by Eco FLNTUSB instruments at (a) Snapper and (b) Fitzroy islands in the Wet Tropics NRM Region. Additional panels
represent daily discharge from the Daintree (a) afduRyrssell(b) rivers (tilve, ML dayx 1@) and daily wind

speeds (grey line, kinfhom the Low Isles weather stdtdrontajreen and rdithes ar¢the GBR Water Quality

Guidelines valugBRMPA 2009). Turbidity trigge(realdimelas derived by transformagubpended solids

trigger value (see Schaffsilet2009)
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Figures Time series of daily meanhklofophyll (green line, fgaind turbidity (brown line, NT\Weimes collected

by Eco FLNTUSB instrumentsHigf@nd (bRusselislands in the Wet Tropics NRM Region. Additional panels

represent daily discharge from the Rudgedive (a) addhnstonéb) rivers (bluad, ML day 10) and daily wind

speeds (grey line, kihfhom thénnisfailveather statioBther details as in Big.
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Other details as in Fig. 4.
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| Deployment Details - 1d: 20379 DeployDate:08/10/2010 14:50 ReturnDate: 11/02/2011 11:40 Location:Fitzroy Logger:83
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FigureZ Passage of Tropical Cyclone Yasi on 03 FebruRavw2@afa records of chlorophyli{jggeen line)

turbidity (NTU; purple lind)tamperature (°C, red line) collected by Eco FLNTUSB instruments at Fitzroy, High and Dunk
islands in the Wet Tropics NRM Regterdifferent scale of chlorophyll rébatelthat high chlorophyll spitte

following zero readiag®unk Isreconsidereerroneous and caused by the extreme conditions during.the cyclone
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Cairns long -term water quality transect

Thelongt er m ti me series of water quality parameters
Tr ans e Eigui@l, KigeireceandTablel for sampling locations) was continued and the updated

data were reanalysedll six parameters showed significant lelegm patterns Table4, Figure8).

The partial ef fects ongtermtremds inpaeiculatonitrogén RNy r 6 s howed
suspended solids (SS), chlorophyll a, dissolved organic nitrogen (DONjjissudved organic

phosphorus (DOP) were noifinear, while particulate phosphorus (PP) showed a linear trend of

declining values over time. SS concentrations inekasthe early to late 1990s, peaked around

1999 and then declined. PN concentrations were also highest around 1999, then decerabsed

increased again over the last few yea@oncentrations oDON and DOP peakedaround2003 and

have declined since. @mophyll a concentrations showd multi-year fluctuationsvith high values at

the stat of the time series and again around 1999.

In addition to the longerm trends, some variables had clear seasonal tremdblé4, Figure9). The
partial effects for the f aovedthatSs Meadilyidceaseddromer al |
January to August/September and then declined. Chloroplrgihcentrations were highest during

summer, from January to March/April, with a smaller secondary peak during s$pring,

September/October (see also Brodétal.2007). PN showed a similar pattern with two peaks, in

late summer (March, April) and in spring (September, October). DON, DOP and PP concentrations
showed no significant variation across months.

Tablet Cairns LoAagermWater Quality Trans@ctalyses of variance assessing the significance of trends over time, by
years and months. Df= degrees of freedom, F= Variance ratio, P= probability.

Responseariable Source df F Pr (>F) Deviance explaing®o)

Particulate nitrogen Years 6 6.609 <0.001 60.7
Months 3 2.645 0.04
Residuals 45

Particulate phosphorus Years 1 5.387 0.02 24.5
Months 3 2.164 0.104
Residuals 49

Suspended solids Years 2 7.176 0.002 43.9
Months 3 5.492 0.003
Residuals 44

Chlorophydl Years 7 2.501 0.025 50.4
Months 3 6.516 <0.001]
Residuals 44

Dissolved organic nitrogen| Years 6 2.923 0.013 40.9
Months 3 2.37 0.083
Residuals 45

Dissolved organic phosphg Years 4 7.764 <0.001 50.7
Months 3 1.758 0.168
Residuals 47
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Figure8 Cairns LoAgerm Water Quality TranSectoth trends over sampling years from 1989par8lleffects)
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An analysis dathe factorsinfluencinghe inter-annual variation in water quality variables at sites along
the Cairns Transect inow complete and prepared for peaeview publication (Carletort al.in

prep.) Interim results were presented in Schaffetieal.(2010) and are not repeated here. In brief,
the analysis showed relationships between concentrations of water quality variables and several
humanrelated and natural environmental factors, includiregetation clearing rates on the adjacent
catchment, increased land area under crops and periods of high rainfall and episodes of strong winds.
In this data set, wst of the variation was explained by the factor of month, highlighting the clear
differenceof water quality parameters between wet and dry seasons. Proximity to a river mouth
combined with its discharge and catchment clearing rates explained approximately 15% of total
variation. High land clearing rates from 192@01 were associated with higbmcentrations in the
adjacent marine waters of chlorophgll particulate nitrogen and phosphorus, silicate and suspended
solids. After 2004, land clearing was relatively low and particulate concentrations in coastal waters
remained relatively constant atecreased even though there was a steady increase in wind strength
and river discharge.
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4.2 Region Reports: Burdekin Region

The Burdekin Region is one of the two large dry tropical catchnregionsadjacent tathe GBR

with cattle grazing as the primary land use. Therals®extensive irrigated planting of sugarcane on
the floodplains of the Burdekin and Haughtowvers Fluctuations in climate and cattle numbers
greatly affect the state and nature of vegetation coead therefore, the susceptibility of soils to
erosion which leads to runoff of suspended sediments and associated nutrients

Pelorus/@rpheus Island

.
5
& -

PandorajReef

Geoffrey Bay,

» DataiSIo. NOAA US! Navy NCAT GEBEE Ay
©:2002 Cﬂes»‘Spot Image

'za‘t' 189§_ 59‘ lonie1 46 74137 07 eleyiciim s . :
Figurel0 Reef Rescue MMP water quality samphm@rgﬂemtd symbpis the Burdekln NRNiBe at Pelorus

Island, Pandora Reef and Magnetic Island (Geoffreg Baydekin River is south of the town of Ayr. ©Google Earth
2012.

The three water quality sampling sites in the Burdekin Region are located on a gradient away from
the Burdekin Rigr mouth (Figurel0). There are no weldeveloped reefs closer to the river mouth.
The Burdekin River had major flood events in 2008, 2009 and 2@t sanual flows had been

below the longterm median from 2002 to 2006Appendix tTable3). The 2011 event was the third
biggest flood on record for this river, after 1974 and 1991. The sampling site at Magnetic Island is
also influenced by local runoff and runoff from the Ros®Rand the sites at Pandora Reef and
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Pelorus Island by the Herbert River as well as the smaller creeks and rivers north of Townsville, i.e.
the Bohle and Black rivers and Crystal Creek.

The Herbert River also had a major flood event in 2011, the biggestt on record for this river,
with discharge of more than-8mes the longterm median Appendix XTable3). The Burdekin

River had two major floogpeaks, the first from mid December to mid January, the second in early
February, associated with rainfalls after the TC Yasi. The Herbert River also started flowing
significantly in early February. For more information about flepdcific monitoring andetailed
hydrographs of the GBR priority rivers see Dewihal.(2017).

The results from the direct water samplimyer six years of monitoringare presented as seasonal
summary statistics for théve water quality parameters for whicBuideline trigger values were
available (GBRMPA 200®igurell) and as overall summary dafbaple5) for comparison with the
GuidelinesDetailed results for all water quality variables for the sampling year 2009/10 are in
Appendix tTable4 to Appendix1-Table9. Thesummaryresults show that the water quality at the
inshorereef locations in the BurdekiRegion is characterised by seasonally high chloroptariid
particulate phosphorusoncentrationgFigurell). Longterm means of chlorophyl, PP and SS
exceeded the Guidelines at Magnetic Islahab{e5), and longerm Secchi depth readings did not
comply with theGuidelines at all threéocations.However, longterm means of the other four key
water quality parameters were within the Guidelines at both Pelorus Island and Pandor@ &aef
5).

The instrumental water quality monitoring of chlorophyihsinconclusive for the three Burdekin

Region locations. Annual chlorophyll means at Pelorus Island exceeded the Guideline2@®ing

2010 and 201, while the annual means the other two locations were within Guidelines for all

years except 2008T@ble8, Figurel2, Figureld). Note that the data for the 201lyearare

incompl ete as records were only obtained to June
(October to Septembertoward higher wet season valuéeat all three locations, the chlorophyll

time series shovsome evidence afegular seasonal cycles (as chédsed in Brodieet al.2007), with

high values during the summer; however this cycle was less pronounced during the 2010 summer
(note data gaps at Geoffrey Bay). The discharge of the Burdekin River in 2010, while above-the long
term median, wasuch lessthanduring the significarftood events in 20082009and 20111t is

possible that the lower chlorophyll concentrations measured at all three locations were a response
to this lower river inflow. A longer timeseries, including a few drigears would b required to

verify this point.

The instrumental water quality monitoring data confirmed the high turbidity levels at Geoffrey Bay,
Magnetic Islan@Figurel3), with all annual means and-388% ofthe daily recordsin each year
exceeding the Guidelis€Table9). Eight percent of daily records ovére whole period (October

2007 to June 201) were above the suggested 5 NTU limit for severe coral phptysiological

stress due to light limitation (Coopest al.2007, 2008). Most of thhighturbidity events(> 5 NTU)

at all three sites were associatevith strong winds events (January 2009), tropical Cyclone Yasi
(February 2011) anflood influencesespeciallgluring the 2009 and 2@1wet seasonsKigurel2 and
Figurel3).

The extreme variabilityof the turbidity record indicates thaGeoffrey Bay and, to a lesser extent,
Pandora RedfFigurel2, Figurel3) are regularly experiencing wirdtiven resuspensioavents

which leado frequent spikes in turbidity outside the wet seasdie Pelorus Island sampling

location is more protected from prevailing winds and is characterisegemerally lower turbidity.
However, the relatively high chlorophyll concentrations at this site are surprising and may be driven
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by factorsother than resuspensionVe need a few drier years to establish the range of turbidity
levels at reef sites in thiggion that are not in direct response to a flood event. A fine sediment
budgetfor Cleveland Bay indicates that fine sediment imported theobay during abovenedian
river flows would accumulatdyecauseesuspensiomndtransport during strong trade wids only
lead tosomeexport (Lambrechtset al.2010. Only the enhanced sediment remobilisation during
cyclones leads to a net export of fine sedimefitse sediment quality on the reefs at the three
monitoring sites has not appreciably changed over thefiasyears (Thompsormet al.2011).

Like in the Wet Tropics Region, the effect of TC Yasi was clearly seen in the turbidity record at all
three siteswith a clear spike during the time of lafall (Figurel2to Figureld) and relatively high
turbidity during the following weeks, likely due to a combination of wdniden resuspension that
slowly settledout andturbidity createdby flood wates fromthe Burdekin andHerbert rivers

reaching the sampling locatiotsdurel?2, Figurel3).
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Tablés Summary of concentrations of chloadglinylg)particulate nitrogen (PN) particulate phosphorus (PP), all in

€g L% suspended solids (SS, fi@hdSecchi depth (m) at reef locationBarttekiRRegiorcollected by direct water
samplingver six sampling years (2005/06 to 2010/11). Red shading represents overall means that exceed the GBR Wa
Quality Guidelines values (GBRMPAN2O@8Mber shmpling occasions (days).

Station Variable N Mean | Median Lower quartile Upper guartile
Chla (ugh 15 | 0.44 0.37 0.22 0.69
PN (ug 1) 15 |12.31 | 11.87 9.75 14.76
Pelorus Island PP (ug B 15 | 2.22 2.24 1.64 2.57
Secchi (m) 16 [7.84 | 7.50 6.75 9.00
SS (mgd 15 | 0.97 0.92 0.54 1.31
Chla (ugh 15 | 0.42 0.35 0.28 0.43
PN (ug ) 15 |12.67 | 11.80 10.65 13.34
Pandora Reef PP (ug B 15 | 2.48 2.18 1.96 2.75
Secchi (m) 15 7.50 6.00 9.00
SS (mgh 15 1.17 0.77 1.48
Chla (ugh 15 0.70 0.46 0.89
PN (ug ) 15 16.81 15.33 18.70
Magnetitsland PP (ug &) 15 3.56 2.95 431
Secchi (m) 16 3.50 3.00 5.25
SS (mgh 15 1.94 1.43 3.27
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Figurel2 Time series of daily meanklofophyll (green line, Higaind turbidity (brown line, NTW¢hes collected
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represent daily disgfeairom thBurdekiRiver(blue line, ML day 16) and daily wind speeds (grey ling) krarh

theLucindaveather station. Other details as in Fig. 4.
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4.3 Region Reports: Mac kay Whitsunday Region

The MackaywhitsundayRegionis located in the central section ehe GBRand comprises four
major river catchments, the Proserpin®,6 C o n(loo#n Flowing into Repulse Bay), Pioneer and
Plane catchments. The climate in this region is wet or mixed wet and dry and the catclanéntse
is dominated by agricultursuch as cropping (mainly sugarcamecoastal plaissome grazing in
the upper @atchmentsand minorurbanisatioralong the coasfFurnas?2003).The adjacent coastal
and inshore marine areas have a large number of high continental islands wittevedtiped fringing
reefs.Tidesin the MackaywhitsundayRegion are semidiurnal and thielal range can exceed 4.0 m,
which is higher thain most otherinshoreareas éthe GBR.
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Figurel5 Reef Rescue MMP water quality sampling sites (blue squares) in the Mackay Whitsunday NRM Region at Dot
Cone Island, Daydream Island and Pine Island.
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The three sampling locations in the Mackay Whitsunday Region are located awagifectrriverine
influence ofthé®r o s er pi ne avears(Figdréls) oThenP@hekr River would influence the
locations during major flood event$he ProserpindRiverhad above longerm median flows during

the pastfive yearswith major floodsin 2008 2009 ad 2011(Appendix XTable3). TheO6 Conn el |
andPioneerrivers also had major flooslduring2011and the former river also abovmedian

discharge in 208 and 201(but note that longterm data are not available for the current gauging
station in the lower Pioneer River)

The results from the direct water samplimyer five years of monitoringre presented as seasonal
summary statisticéigurel6) for the water quality parameters for whidBuidelines values were
available (GBRMPA 200a0d as overall summaries to compare to the Guideliffetle6). Detailed
results for all water quality variables for the sampling year 2009/10 akppendix tTable4 to
Appendix tTable9. The direct water sampling results show that water qualityhe inshore reef
locations in the Mackay Whitsund&ggion ischaracterizedy high longterm meanchlorophylla
concentrationsand low water clarity throughout the year, when compared to the Guideliffeble
6). Chlorophyll a concentrations were especially high during the wet se&dguaré€l6). Longterm
suspended solids means exceedikd Guidelingrigger values at Pine Islanaghich is the site closest
to the mouths of the OQgdHOwenen thé vialueaof tthe niin bweterr pi ne r i
quality variabledo not differ much betweetthe three sites along the selected gradient away from
the river influencewhichsuggests that the factors influencing the water quality in the inner
Whitsunday islands act on a regional not a local sc@leoper et al.(2007) describeé clear water
qudity gradientin the WhitsundayRegionhowever, that study includednore sampling sitealonga
longer crossselfgradientencompassing the ter Whitsunday Islands arebme midshelf reefs.

The instrumental water quality monitoring data showed a sinifgtern for chlorophyll and turbidity

to the direct water sampling resulté&igurel?, Figurel8). Annual chlorophyll means derived from
instruments exceeded the Guidelines at Pislandin all four years, at Daydreatslandin 2008

2009 and 2011 and at Double Cotslandonly in 2008 Table8). Note that the 2009/10 year is
incomplete as records were only obtained to June
(October to September) toward higher wieseason values. At Pine Islabdfween 65 and 100% of

the daily recordsn each yeawere above the Guideline trigger value, which is higher than at any
other monitoring location. At Daydreamlbnd the time series shows regulaeasonal cycles of
chlorophyll concentrations (as described in Brodieal.2007), with high values during the summer.
This is less pronounced at Pine and Double Cone islaRigsi(el7, Figurel8). The seasonal

chlorophyll cycles do not appear to be directly correlated with annual dischargetfreradjacent

rivers but a longer time series with a few more wet and dry years is required to properly assess this.

The instrumental readings confiad the weakgradient of turbidity at the three location&igurel?,
Figurel8). Turbidity values were highest at Pine Island and lowest at Double Gtared. Annual
turbidity means for Pine and Daydream islands were abovéithidelines in allfour years Table9).

At Double Cone Islandonly the annual mean in 2010 exceeded Gh@delinesAt Pine and

Daydream islands 5% and%, respectively, of daily records over the whole period (October 2007
to June 201) were above the suggested 5 NTU limit for severe coral phphysiological stress due

to light limitation (Cooperet al.2007, 2008). At all three sites, the turbidity was genetailgher

during the summeand may be related to river dischargé t he Pr oser pi ne and 0O08C
which wasmostlyabove mediamver the last four yearsAppendix tTable3). Sediment quality at

the Whitsundayseef sites has changed over the last four years with steadily increasing proportions
of silt and clay sized particles (Thompseinal.2011), which may be easily resuspended. The detailed
turbidity records, especially at Pine and Daydream islands, shmgetar increases and decreases
correlated with the strong tidal flows in this region, and high turbidity values were associated with
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the summer king tides (data not shown). In contrasisome sites in the Wet Tropics and the
Burdekin regions (see aboyavind-driven resuspension seems to hdessinfluence on the turbidity

at the three Mackay Whitsunday locations, even at the relatively exposed Double Cone Isla’d site.
reason for this might be that these islands are surrounded by relatively deep widiieh would

result in less resuspension in tearroundingareathat might affecturbidity more strongly than local
resuspensiorcaused by tidal currents

The passage of TOlui (Category 3, landfall 21 March 2010 at Airlie Bedeft)a clear signahithe
turbidity records at all thredocations(Figures 17 and 18J.C Anthony(Category 2 landfall 30

January 2011 near Boweand TC Yasi(Category 5Jandfall 03 February close to Dunk Island, Wet
Tropics)caused a lesseesponsen the turbidity andchlorophyll recordg(Figurel9), even though

top wind speeds of 67 and 75 kit livere measured at the weather station at Hamilton Island on 30
Januangand 02 February 2011, respectively. The high turbidity during the 2011 wet season seems to
be linked to the long period of high river flow in the regi@Rigurel7 andFigurel8)
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Figurel6 Summary of concentrations of chlogpphyl ar t i cul at e phos phsuspended parti cu
solids (mg¥. and Secchi depth (m) at sampling sites in the Mackay WRit&Reglay five sampling years (2005/06

to 2@011). Dry seasomlues (Mayct) = shaded boxes, wet seasoifRewvhite boxes.

See page 11 for more details about the box plot presentation. Broken lines are the GBR Water Quality Guidelines value
(GBRMPA 2009).
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Tables Summary of camtrations of chloroph¢@hl a)particulate nitrogen (PN) particulate phosphorus (PP), all in

€g L% suspended solids (SS, f)@hd Secchi depth (m) at reef locations in the Mackay \NRikdRad@n

collected by direct water sampling aamnpiing years (2005/06 to 2010/11). Red shading represents overall means that
exceed the GBR Water Quality Guidelines values (GBRMPAR®®@Y. of sampling occasions (days).

Station Variable N Mean Median | Lower quartilel Upper quatrtile
Double Corisland Chl a (ugd) 15 0.44 0.36 0.54
PN (ug £) 15 13.03 12.63 11.85 13.93
PP (ug &) 15 241 2.19 2.76
Secchi (m) 15 6.00 4.88 7.00
SS (mg- 15 1.35 0.97 2.10
Daydream Island Chl a (ugd) 15 0.48 0.42 0.62
PN(ug L) 15 13.28 13.00 11.14 14.78
PP (ug B) 2.33 211 2.72
Secchi (m) 4.75 4.50 9.00
SS (mgb 1.76 1.52 2.18
Pine Island Chl a (ugd 0.50 0.41 0.62
PN (ug &) 13 12.97 12.17 10.45 15.91
PP (ug B) 13 2.65 2.50 2.25 2.67
Secchi (m) 15 5.00 4.13 7.13
SS (mgb 13 2.03 1.23 3.13
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Figurel7 Time series of daily meanklofophyll (green line, figaind turbidity (brown line, NTWehies collected

by Eco FLNTUSB instrumei# Brouble Conad(b) Daydream islamisheMackay WhitsundéigM Region.

Additional panels represent daily discharge @@mCleRivere(blue line, ML-ta$0) and daily wind speeds (grey

line, km-B from thelamilton Is. Airpeeather station. Other details as in Fig. 4.
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Figurel8 Time series of daily meanklofophyll (green line, f)gaind turbidity (brown line, NTU3enms collected

by Eco FLNTUSB instrumemmatislanich the Mackay Whitsunday NRM Region. Additional panels represent daily

di scharge from t he O%0O®ancdaily windRpesdeyiine(kimthfrora thé Hamikon Is. ML d ay
Airport weather station. Other details as in Fig. 4.
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Figurel9 Passage ofrdpical Cyclone Yasi on 03 FebruaryR2a0idata recordsbforophyll (ugiLgreen line)
turbidity (NTWurple line) and temperature (°C, red line) collected by Eco FLNTUSB Dihien€otsshitnd in
the Mackay Whitsunday NRM R¥gigrlittle effect of the cyclone was evident at this northernmddiasitayn the
Whitsunday Region.
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4.4 Region Reports: Fitzroy Region

The FitzroyNRM Region has the largest catchment area draining into the GBR. The climate is dry
tropical with highly variable rainfall, high evaporation rates and prolonged dry periods, followed by
infrequent major floods By area, attle grazings the primary land use (Brodiet al.2003).

Fluctuations in climate and cattle numbers greatly affect the state and nature of vegetation cover, and
therefore, the susceptibility of soils to erosion, which leads to runoff of susgpésddiments and
associated nutrients.

The three sampling locations in Keppel Bay are located on a graeh&mdingaway from the
Fitzroy River mouth Figure20). The Fitzroy River hathree major flood evens during the
monitoring period in 200§ 2010and in 2011 which was the biggest flood on recéghpendix
Table3). For most of the past 10 yearsowever,annuaflows have beerbelow the longterm
median.
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Figur20 Reef Rescue MMP water quality sampling sites (blue squares) in the Fitzroy NRM Region at Pelican Island,
Humpy Island and Barren Island.
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The results from the direct water samplimyer five years of monitoringre presented as seasonal
summary statistis ( Figure21) for the water quality parameters for whidBuidelines trigger values
were available (GBRMPA 200#2)d as overall summaries to compaoethe Guidelines Table7).
Detailed results for all water quality variablieshe sampling year 2009/10 areAppendix tTable4
to Appendix XTable9. The direct water sampling results shahat the water quality at the
monitored inshorereef locations in the Fitzroy &jion varid substantially along the gradieawway
from the coastand the river mouth All water quality variables were distinctljgher, and Secchi
depth lower,during the we season(Figure21, Appendix XTable4 to Appendix tTable9). The
longterm means o#ll five key parameterat Pelican lahd, the most inshore locatioexceededhe
Guideline valuedn contrast, the water quality variables at Barren Island, the location furthest
offshore, were withirthe GuidelinesAt Humpy Islandlongterm means of chlorophyH, PP and
Secchi deptlexceeded the Giidelines.

The instrumental water quality monitoring data showed a similar pattern to the direct water

sampling resultsjgure22, Figure23). The instrumental readings confirm the clear gradienwater

qualityaway from the Fitzroy River mouth. Annual means at Pelican Islaeedsd the chlorophyll

a and turbidityGuidelinesn all yeargTable8, Table9). In 2010/11 all three lo@tions exceeded the

chlorophyll Guidelines, but note that the 2@/11 record is incomplete aslatawere only obtained to

June20L,bi asing the annual 0 wSeptembertgward higher wet season( Oct o b
values.

The time series of chlorophyll concentratismeasured by instrumeng all three locations show
regular seasonal cycles with high values during summer (as described in@Bral2607), albeit
with somedata gaps due tmstrument failures at Humpy and Barren islarfigre22, Figure23).
The seasonal cycles, howevare not clearlyassociatedvith the amountof wet seasordischarge
from the Fitzroy Riverasthey are asalsopronounced in aelativelydry year(2009) Multi-year
chlorophyll time series including both wet and dry yeai be neededto distinguishbetween
responsea to land runoffandinherentseasonatycles mostlikely controlled by seasonality of
temperatures and daylengtrs.

The turbidity time series at Barren Island showed that the water was generally very clear, especially
during the dry seasons, but that spikes occur mostly during &ed @ver flow events Figure22).

The turbidity at Humpy Island appears to have increased over the monitoring period, especially the
extreme values dring the last two wet seasa(Figure22). However, a formal analysis of this now
emerging temporal pattern has not yet been complet®klican Island had the highest turbidity of all
14 inshore GBR monitoring locatiorfgigure23). 30 % of daily records at Pelicdgdandover the

whole instrumental monitoring period (October 2007 to June 2Ddvere above the suggested 5

NTU limit for severe coral photephysiological stress (Coopet al.2007, 2008). While turbidity was
generally higher during summer, agxtreme during thethree major flood events, Pelican Islaaido
regularly experienced windriven resuspensioavents leadiry to frequent spikes in turbidity=jgure

23). While all three sampling locations are relatively exposed to the prevailing winds, Humpy and
Barren ishnds are further offshore anhvereefal(carbonaterich) sedimentsvith a very low

proportion of claysilt-sized particles (see Thompseihal.2011). This § likely to result in lower

turbidity during winddriven resuspension eventSedimeradenflood plumesassociated withhe

2011 record flood of the Fitzroy River reachétumpy Island at various stages during the four
month-long eventwhile Barren Island/as not exposed to high S&irrying flood plumegsee Brando

et al.2011 and Devliret al.2011 for detailed reporting of the 2011 flood events)
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Table7r Summary of concentrations of chloadgiiylg)particulate nitrogen (PN) particulate phosphorus (PP), all in

€g L% suspended solids (SS, fpguhdSecchi depth (m) at reef locationdHitziiosRegion collected by direct water

sampling over six sampling years (2005/06 to 2010/11). Red shading represents overall means that exceed the GBR W\
Quality Guidelines values (GBRMPA 2009).

Station Variable N Mean Median | Lower quartilel Upper quatrtile
Chla(ugd |15 0.34 0.26 0.22 0.37
PN (ug £ 15 13.24 12.37 10.99 15.02
Barren Island PP(ug®) |15 2.04 1.86 1.55 2.43
Secchi(m) | 14 11.87 12.50 9.00 15.00
SS (mgh 15 0.51 0.51 0.23 0.70
Chla (ugd | 15 0.38 0.22 0.77
PN (ug B) 15 12.89 11.54 16.73
Humpy Island PP (ug &) 15 2.54 1.60 2.94
Secchi(m) | 15 9.50 7.75 11.00
SS (mgh 15 0.63 0.25 1.43
Chla (ugd |15 0.43 0.30 0.93
PN (ug B) 15 14.72 12.57 25.14
Pelican Island PP (ug 1) 15 3.04 2.58 6.01
Secchi(m) | 15 3.50 1.88 7.00
SS (mgh 15 2.01 0.98 3.42
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Figure2 Time series of daily meanklofophyll (green line, fgaind turbidity (brown line, NTU3dnmes collected

by Eco FLNTUSB instrumentsBari@and (bHumpyslands in tHatzro]NRM Region. Additional panels represent

daily discharge fromRferoyRiver (blue lindL dayx 10) and daily wind speeds (grey ling) krarh th¥eppoon

weather station. Other details as in Fig. 4.
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Figure3 Time series of daily meanblofophyll (green line, f)gaind turbidity (brown line, Nimegeries collected

by Eco FLNTUSB instruments at Pelican Island in the Fitzroy NRM Region. Additional panels represent daily discharge
the Fitzroy River (blue line, Mixde§) and daily wind speeds (grey ling) krarh the Yeppoon weattaion.

Other details as in Fig. 4.
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TableB Summar y

means i n

of
t he

-9 data ramalg@ploymierits of(WET Labs Eco FLNTUSB Combination Fluorometer and Turbidity Sensors at 14 inskesref ré@ifysites. N= nu

0 w a tpercentage of days withid thé ammual recotd avith @ean valuesr ) ;
above the chlorophytigger values in the GBRMPA Water Quality Guidelines for the Great Barrier Reef Marine Park (GBRMPA 2008)g Reghkglat ¢heeamsinal means that

are above or below, respectively, the trigger values.

annual

ti

me

ser i

e s

(based

on

NRM region Location October 2007 ®eptember 2008 October 2008 to September 2009 October 2009 to September 2010 October 2010 to June 2011
Annual Annual|  %d Annual Annual|  %d Annual Annual|  %d Annual Annual|  %d
N | mean| SE | median| >triggerft N | mean| SE | median| >triggeqf N | mean | SE | median >triggerf N | mean | SE | median| >triggen
Snapper Is 353 0.38| 0.01 0.33 26 | 365 0.39| 0.01 0.35 37| 197| 0.44] 0.01 0.44 48 | 265 0.38| 0.01 0.34 17
Fitzroy Is 249 0.37| 0.01 0.37 29| 173 0.34| 0.01 0.34 11| 356/ 0.11] 0.00 0.10 0| 265 0.14| 0.00 0.12 0
Wet Tropics High Is 356 0.32| 0.01 0.30 14| 365 0.34| 0.01 0.31 12| 365 0.42| 0.01 0.40 37| 266 0.31)| 0.01 0.26 19
Russell Is 357 0.28| 0.00 0.27 2| 365 0.33| 0.01 0.27 15| 352 0.29| 0.01 0.26 12| 266 0.29| 0.01 0.30 9
Dunk Is 334| 041 0.01 0.39 38| 365 0.41| 0.02 0.32 26| 336| 0.33] 0.01 0.28 32| 262 0.32| 0.01 0.32 19
Pelorus Is 258 0.44| 0.01 0.45 50| 365 0.02 0.51 66 363- 0.01 0.46 52| 263 0.01 0.55 71
Burdekin Pandora Rf | 358 0.01 0.47 56 | 365 0.39| 0.01 0.37 29| 365| 0.36] 0.01 0.34 17| 262 0.35| 0.01 0.31 22
Magnetic Is | 272 0.02 0.42 44 | 365 0.43| 0.02 0.34 35| 291 0.32] 0.01 0.29 15| 262 0.33]| 0.01 0.27 19
Double Cone | 199 0.04 0.44 49 | 273 0.44| 0.01 0.47 53| 360| 0.36] 0.01 0.28 24| 261 0.42| 0.01 0.37 40
Mackay Whitsund| Daydream Is | 359 0.01 0.49 71| 365 0.01 0.56 76| 365| 0.43] 0.01 0.41 31| 261 0.01 0.43 46
Pine Is 362 0.01 0.72 100| 289 0.01 0.52 75| 347 0.01 0.58 72| 234 0.01 0.48 65
Barren Is 364| 0.38] 0.01 0.35 26 | 365 0.41| 0.01 0.37 33 221 0.02 0.31 38| 139 0.03 0.54 58
Fitzroy Humpy Is 362 0.44| 0.01 0.41 37| 142 0.40| 0.01 0.41 42 | 365 0.01 0.52 57| 259 0.01 0.44 47
Pelican Is 363 0.02 0.49 54| 363 0.02 0.41 47 | 365 0.02 0.51 59| 120 0.02 0.68 78
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Table® Summary of turbidity (NTU) data from deployments of WET Labs Eco FLNTUSB Combination Fluorometer and inghuicityc®ésiess at 14
N= number of daily means in the annual time series (Ssptdm@ibler ;

SE=

st adn>d arrd gegrerr 0r ;r eff % within thecannuahreositfh mearc values a g e
above the trigger values in the GBRMPA Water QualityfQuildeiresat Barrier Reef Marine Park (GBRMPA 2009). Red and green shading highlight the annual means that are abc

below, respectively, the trigger v@hesurbidity trigger value (1.54 NTU) was derived by transforming the suspended suiittseti@gdeMadse(2 mgusing an equation
based on a comparison between direct water samples and instrumental turbidity readings$ és2e0S3haffelke

of

NRM region Location October 2007 to September 2008 October 2008 to September 2009 October2009 to September 2010 October 2010 to June 2011
Annual Annual| %d Annual Annual| %d Annual Annual| %d Annual| %d
N | mean| SE | median| >triggerf N | mean| SE | median| >trigge N | mean | SE | median| >triggern median| >trigger
Snappels 353g 0.12 1.38 46 365! 0.12 1.26 37 197! 0.23 191 59 1.18 33
Fitzroys 249| 0.85] 0.05 0.70 6| 173| 0.89] 0.10 0.70 6| 356| 0.88] 0.05 0.67 9 0.65 12
Wet Tropics Highls 356 0.81] 0.03 0.67 6| 365| 0.84| 0.03 0.69 8 | 365 1.20| 0.07 0.78 18 0.78 20
Russells 357| 0.49] 0.01 0.42 21365| 0.63]| 0.02 0.54 41352 0.71]| 0.03 0.52 6 0.51 13
DunKs 334_] 0.13 1.09 34 365- 0.15 1.27 40 336- 0.17 1.29 41 1.10 35
Peloruss 258| 0.50| 0.01 0.48 0| 365| 0.74| 0.04 0.55 71363| 0.60] 0.03 0.52 2 0.68 17
Burdekin PandoraiR 358| 0.97| 0.04 0.71 13| 365 1.17| 0.14 0.74 10| 365 1.10| 0.05 0.85 17 0.91 29
Magnetits 272 0.17 1.10 36 | 365 0.24 1.31 42| 291 0.09 1.27 41 1.44 49
Double Corie | 199 1.15| 0.07 0.84 17| 273 0.07 0.99 30| 360 0.09 1.19 40 1.23 38
Mackay Whitsund| Daydrearts 359 0.10 1.40 45| 365 0.08 1.48 49| 365 0.11 1.82 59 1.87 65
Pines 362 0.15 2.07 66 | 289 0.17 2.18 66 | 347 0.21 1.86 63 2.81 82
Barrens 364| 0.37] 0.02 0.25 2|333] 0.46] 0.03 0.25 6|221| 0.47] 0.05 0.27 4 0.38 4
Fitzroy Humpys 362| 0.88]| 0.06 0.41 17| 142| 0.89| 0.09 0.46 11| 365 1.26| 0.15 0.53 17 0.97 36
Pelicars 363 0.36 2.15 55| 363 0.24 1.21 44 | 365 0.50 1.60 52 5.12 77
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5. Conclusions

Scientists and managers have realiseddhgbingmanagement of human pressures on regional and
local scalg such as enhanced nutrient runoff and overfishimgital to provide corals and reef
organisms with the maximum resilience to cope with global stressoich as climate change
(Bellwoodet al.2004, Marshall and Johnson 2007, Carpesteal.2008, Mora 2008). The
management of water quality remainsessential requirement to ensure the lotgrm protection of
the coastal and inshore reefs of the GBRhe Reef Plaand Reef Rescue initiatives dhe key
management toglto improve water quality entering the GBR and will, in the ldagn, improve
coastal and inshore marine water quality.

Sustained lonterm monitoring of the coastal and inshore GBR lagoon is fundamental to determine
the status of marine water quality and letegm trends related to changes in land use and Reef Plan

and Reef Rescugetions. The MMP water quality monitoring has now completedtityear and the

results have improved our understanding of the spatial and temporal variability of biogeochemical and
physical variables in the GBR inshore lago®he state of water qualitin the inshore GBR shows

clear gradients away from river mouths (previously descrilpedooperet al.2007and Dedat h and
Fabricius 2008010 and is influenced over short time periods by flood events and sediment
resuspension A multivariatestatistical analyson 5 years of MMP water quality daghowed

significant yeato-year, seasonal and regional variability (Schafél&kin pres9, which means that

no single factor or process can be considered in isolatorubsequent multivariatregression

model(ibid.) showed that most variation was explained by tempdaators highlighting the

extremely variable climate of the Great Barrier Reef region (variation explainéachyrsused in

the analysiganonth of sampling (19.5%), riverid5.2%), year of sampling (1.8%)). Regional aspects
explained a smaller, albeit still significant, amount of the variation in the data (resuspension index
(4.1%), latitude (4.0%), distance to closest river mouth (2.3%), catchment area under crop @ultivati
(1.1 %) and catchment area utilized for grazing (1.4RW¥ inherent seasonal differences and

extreme difference in river dischargemce the start of the MMP sampli(epe alscAppendix %

Table3) are currently the main factors explaining the data variability. A lotiger series will be

required to extricate any influences of land management changes from the high temporal variability in
the marire water quality data

A similar analysis was carried out using data fromlongest time series of water quality data for the
GBR, the AIMS Cairns Transegthichhas been sampled since 198arletonet al, in prep.) This
analysishowed relationships between concentrations of water quality variables and several-human
related and natural environmental factors, including; vegetation clearing rates on the adjacent
catchment, increased land area under crops and periods of high Iramfiaépisodes of strong winds

In this data set, too, wst variation was explained by the factor of mopitighlighting the clear

difference of water quality parameters betweert season and dry seasons. Proximity to a river

mouth combined with its dis@rge and catchment clearing rates explained approximately 15% of
total variation. High land clearing rates from 192@01 were associated with high concentrations in

the adjacent marine waters ghlorophylla, particulate nitrogen and phosphorusilicateand

suspended solidéfter 2004, land clearing was relatively low and particulate concentrations in
coastal waters remained relatively constant or decreased even though there was a steady increase in
wind strength and river dischargéhis is the first ime that a significant correlation could be shown
between lanelise change on the catchment (land clearing rate) and marine water gqtiahtyever,

this required an acute large change on the catchment and a long water quality time series, spanning
several gcles of wet, dry and average years in terms of river runoff. To be able to show changes in
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inshore GBR marine water quality due to activities under Reef Plan and Reef Rescue it is pertinent
that a multitude ofapproachess applied not just time series@alysis of the data from the infrequent
direct water samplinglhe suggested approachiexlude analyes of thetime series generated by the
MMP water quality loggers and by remote sensing, which have more frequent data but use only two
parameters,as wel as scenarigesting using biogeochemical models to be developed as part of the
multi-institutional project eReefs, which will commence in 2012.

The broad suite oflirectly-sampledvater qualitydataremainsimportant when interpreted in

conjunction with the continuous instrumental water quality monitoring at core reef sites. The
instruments currently monitor only three variables (chlorophyll fluorescence, turbidity and
temperature) but over long periods atlagh frequency (every ten minutes). Chlorophyll

fluorescence is considered to be a useful measure of phytoplankton biomass which, in turn, generally
reflects nutrient availability. Turbidity and temperature are important physical water quality variables
that influence the environmental suitability of a water body for marine pwgkdachin a GBR context

is particularlyrelevantfor coral reef development. Globally, all three indicators are widely used in
water quality monitoring programs (e Bricker 2003 European Community 2005, OSPAR 2005,
HELCOM 2009). In assessmentseotrophicaton in other parts of the worldother indicators ae

usually included in additiang., phytoplankton productivity and species composition, oxygen
concentration and abundancd benthic macrophytes (ibid.Jhe highintensity sampling by tha situ
loggers has greatly improved our understanding of the natural variability and range of physical and
biological conditions at the 14 core reef sites. Time series produced by ieimental monitoring
produce data of sufficient density to confidently apply the Guidelines (GBRMPA 2009), based on
annual averages, for compliance/exceedance assessments.

In addition to these indicatespecific assessments, we propose here an interitemguality index
that aggregates the compliance/exceedance assessments for each of five indiagtoups of
indicatorsin the GBRMPA guidelings give an overall rating for the water quality at each of the 20
fixed samplingpcations(six Cairns Trarsect and 14nshorereeflocatiors; Table10; detailed
information inAppendix XTable10 andAppendix1-Tablel11).

These assessments showed that the water quality indeigat out of the eleven Wet Tropics

locationswas r at ed as ©0,;ghovee df these are Ictated in the myidsteelfivéater body

The remaining theelocationswe r e r at ed as @@pnlbBlandY. o rTkheeysbes wkenroeb an
Fairlead Bugyalllocationsclose to river moutls that drain highly developed catchments The o poor 6
score was due to longerm means of chlorophyll, turbiditselated values (combined SS, Secchi and

turbidity data) and PP that exceed#t Guidelines. Of the three sites in tlBurdekin Region, the

water quality index of the two sites located in the midshelf water body mtesd asdb goodd, whi | e
Magnetic | sland site that is closer tolLenge mainl
term mean turbidity(combined score 0ES, Secchi and turbiditghlorophyll and PP values

exceeded the Guidelines. The water quality indeoatible Cone Island in th#ackay Whitsunday

Regioowas rated as 0gooddéd, whrkerahedt aterminkaner 61 o T b
of chlorophyll and turbidity (combined scorea) these locationgxceededhe Guidelines. In the

Fitzroy Region, the most inshotecation Pelican Island had a water qualityindéw very poor 0.
Thelongterm means ofll four indicatorsexceeded the Guidelined he other two locations in this
region, were rates as 0goodd6 and overy goodd6, in
influence.

Tablel0 Interim sitspecific water quality index. Theagdegates scores giveouondicators in comparison to the
GBR Water Quality Guidelines (GBRMP A2@08bined scoresiaspended solids concentsdtiomater samples
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Secchi depth anabidity measured by FLNTUSB instrumhenéa\vailablea combinechlorophyicordmeasured

in water samples &aydFLNTUSBhere available); scorepddiculate nitrogen (BiN) particulate phosphorus (PP)
concentrations in water samftescolour scheme used is consistent with Paddock torfrepéRefite assessment

method is described in Section 2.2. In brief, colours reflect status of water quality: red (very poor)worange (poor), yello
(fair), light green (good), dark green (verylgesdpl c at i ons o fTrtanes edorataShpitmeare n s

in italics. Underlileocat i ons are in the fimidshel fd water body, a
( GBRMPA 2009) ; al | ot her | o $8eaAppendix-TablelGaedAppendixtTabke fopen ¢
11for detailed data.

. : Combined Comt_)ir]ed PN PP Overall
Region Location chlorophyl | Turbidity score | score score
score score

0 0.5 0 0 0.5
0 0.7 0 0 0.7
0 0.5 0 0 0.5
0 0.5 0 0 0.5

0 0 0 0 0
WetTropics | yorkey's Knob 1.0 1.0 0 1.0 3.0
Fairlead Buoy 1.0 1.0 0 1.0 3.0
0 0.3 0 0 0.3
05 0.3 0 0 0.8
| Russell Island (Franklanc 0 0.3 0 0 0.3
Dunk Island 0.5 1.0 0 10 25
Pelorus / Orpheus Island 0.5 0.3 0 0 0.8
Burdekin | pandora Reef 0 0.3 0 0 0.3
Magnetic Island 0.5 1.0 0 1.0 2.5
Double Cone Island 0.5 0.3 0 0 0.8
Mackay Whitsun Daydream/West Molle Is| 1.0 1.0 0 0 2.0
Pine Island 1.0 1.0 0 0 2.0

\ 0 0 0 0 0
Fitzroy 1.0 0.3 0 10 2.3
\ 1.0 1.0 10 1.0 4.0

At this stage, it is difficult to compare the results from the sifgecific inshore water quality
monitoring with other components of the MMP. For example, in the Wet Tropics Region the
herbicide monitoringoroject has five sampling locations that areywelose to the water quality sites
reported here. However, the herbicide concentrations vary between sites, seasons and years
(Kennedyet al.2011).Highest concentrations/ere generallfyound at Fitzroy Island, which has a
overy goodo wantthesreparyt (seelabote)n canteast,iDang Islanchas low
herbicide concentrations whil e (Kenredyg &.208l).lal wat er
the Burdekin Region,drbicide concentrationsvere generally higher at Magnetic Island tladn
Orpheus Islandin the MackayVhitsunday Regiarherbicide concentrations have been relatively
high at the outer Whitsundays sampling locat{etamilton Island, which further offshore than the
Daydream and Pine islands site of the inshore water qualitiyitoring componentduring the last
two wet seasons compared tall other inshore reef sitesnonitored for herbicidegKennedyet al.
2011).

MMP water quality compliance assessménitshe first annual report card (Anon. 2011) have been
based orbroad-scale monitoring using ocean colour remote sensing imagergver a larger area
than the 20 fixed sampling locations reported hésee Brandcet al.2011for longterm compliance
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data) Theaboveinterim water quality index is useful for a moretdéed assessment of specific
locations abut also shows that it is difficult to compare assessments across measurement techniques.
A comparison between methods shows some level of disagreemerdoipensatdor this, the

interim water quality indexused & average of variables measured by different methofls (
chlorophylla concentration and chlorophyll fluorescence, and of the three measures of water clarity:
suspended solids, turbidity and Secchi depth,/Ageendix 1Tablell for the detailed scores).

However, the final ratings of the water quality index suggdsgherrate of compliance and, hence,
better water quality compared to theesults of he remote sensing based assessn{Bnandoet al.

2011). For example, the 2011 remote sensing assessment suggest that in 2010/11 annual means of
chlorophyll a were above the guideline in 93% of éinea of the open coastal and %@ilof the
midshelfwater body in the Wet Tropics Region (Branax al.2011). This does not agree with the
site-specific assessments where most sites are within the guidelitebis early stage of the
comparison process, the difference in outcomes is not surprisinglé¥eimote sensing data have a
very high and broad spatial coverage it has less temporal resolution tham siteloggers (12 vs

144 data points per day)Remote sensing data also measure mainly surface waters, whereas the
MMP water qualit instrumentsare deployed in 8n depth (LAT) and the direct sampling data are
collected along depth profileét this time, we consider the logger data to provide a better

description ofshort-term changes invater quality at our 14 core coral reef sitewith the adad
advantage of coverage through wet season flood events when satellite images are often not available
due to cloud cover.A combination of igh frequency water quality dasad remote sensing data will

be used in the near futurem update and improve th&IMP analysis of coral community composition
changes in response to environmental factors (Thompestoad.2010.

Continued instrumental and remotely sensed monitoring of chlorophyll and turbidity will deliver
information essential for determining whethfeirther management action may be required at

individual locations or regions that continue to show high chlorophyll and turbidity levels relative to
the Guidelineslin the near future, aintegrated assessmeimdexfor reporting of GBR lagoon water
qualty will permit amore confident and comprehensive evaluation of the overall status of coastal and
inshore watersthis two-year project has recently receivéddnding from the Reef Rescue R&D
initiativeand will be using MMP water quality data from the inshore water quality monitoring, flood
monitoring and remote sensing components.

There are still very few data available from ldegn and broadscale water quality monitoring
programs in other coraleef systems to compare with GBR water quality data. Water column
concentrations of dissolved nutrients are much lower at GBR inshore reef sites than in Florida Bay
(Boyeret al.1999), Biscayne Bay (Florida; Caccia and Boyre 2005), the Florida Keys (@iingong
2007), La Parguera (Puerto Rico, Herttdral.2009) and San Andrés Island, Caribbean Colombia
(Gavioet al.2010). Chlorophyll concentrations and turbidity/suspended solids levels at our sites
were similar or higher compared tBiscayne BayCgccia and Boyer 2005) artte Florida Keys

(Lirman and Fong 2007) but lower comparedRtorida BayBoyeret al.1999) andPuerto Rico

(Hertler et al.2009).

We have previously investigated ratios of nutrients and carbon in GBR coastal waters (Selkeaffelk
al.2008 Schaffelket al.in presg. Low ratios of DIN to PQ-3 indicate high levels of bioavailable
dissolved phosphorus relative to dissolved nitrogen, especially during the dry season. Seasonal
nitrogen inputs during summer flood events are asigant water quality issue, because they

supports higher phytoplankton production (Furnas 2005), leading to increased chlorophyll levels. To
date, it is unclear what the consequences of high-P&vailability are, but it is possible that certain
types d phytoplankton (e.g. Mixing cyanobacterjauch aslrichodesmiugapp) may benefit from
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these conditions. Ratios of carbanitrogenphosphorus (C:N:P) in the particulate fraction were
slightly elevated compared to the Redfield raiityosN16:Py), which represents an average molecular
ratio of carbon, nitrogen and phosphorus in oceanic phytoplankton (Redfield 1958). This indicates
higher carbon concentrations than expected most likely as detritus particles and marine snow.
Enhanced organic matter noentrations in marine systems can be a symptom of eutrophication
(sensWNixon 1995). Enhanced chlorophyll levels are also widely considered a symptom of
eutrophication (e.g. Cloern 2001).

While persistent elevated chlorophyll values were only found at some of the core reef monitoring
sites, the remote sensing results indicate that high values (relatitetGuidelinesoccur widely
throughout the inshore waters of the Wet Tropics and Betdn regions. Very high levels of

nutrients, chlorophyll and organic matter are measured during flood plume events and in these
situations, GBR waters could be considered egisally eutrophicDevlin and Schaffelke 2009

Devlinet al.2011). However, orgnic matter accumulation is complex, dependent on both input and
transformation processes as well as hydrodynamics. We can currently only speculate how long the
influence of a flood event lasts and how it is perpetuated through the food web. A MTRSFlesea
project has focused on the questions of how long fine partifrle® river dischargeemain in the

system and undergo fsuspension andl water clarity changes throughout the ye@dfabriciuset al.in
review). Results to date indicate that floedktlivered fine sediment remains in the coastal zone for
several monthsfter a floodevent leading to recurring high turbidity events through widdven
resuspensiomntil the fine sediments are transported out of the coastal and inshore areas, which
may takeseveral yearg§Wolanskiet al.2008, Lambrechtst al.2010. Some coastal and inshore reefs

in the GBR and elsewhere show signs of degradation that are consigittrgutrophication and fine
sediment accumulation (Fabricius 20R811; Fabricius an® eath 2004 Fabriciuset al.2005.

Analyses of MMP data also indicated that the particulate components of water quality (suspended
sediment and particulate nutrients and organic carbon) are the most important drivers of changes in
inshore reef community composition (Thompsehal.2010 Uthickeet al.2010).

Effective management of coastal water quality has to consider ecosystimesponses, cascading
effects and ecological feedbacks as well as interactions with other pressures on the coastal zone
(Cloern 2001, Duarte 2009, Nixon 2®). Water quality, impacts of land runoff and eutrophication
have to be considered as part of global change. We need to better understand the complex
responses and thresholds of coastal ecosystems to anthropogenic pressures including their
sometimes unprdictable responses to management actimgh as nutrient reduction (Duarte
2009). Programs like the MMP will allow us to both measure the trajectories of change and to
improve our ecosystem understanding of the coastal and inshore Great Barrier Reef.
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Appendix-Tablel Details of deployments of WEHGOS-LNTUSB instruments deployed at inshore reef locations for
water quality monitoring.

Deployment | Location Logger | Deployment date | AIMS | Matchup | Retrieval date AIMS | Matchup
number 1D trip # | water trip # | water
sample sample

20551 Snapper 837 09/02/20109:00 | 5154 | WQMA455]| 22/06/2011 07:45 | 5161 | WQM523
20377 Snapper 827 08/10/2010 08:10| 5141 | WQM445| 09/02/2011 09:00 | 5154 | WQM455
20221 Snapper 837 27/06/2010 09:50| 4926 | WQM377| 08/10/2010 08:50 | 5141 | WQM446
19998 Snapper 827 04/03/2010 08:10| 4916 | WQM354| 27/06/2010 09:50 | 4926 | WQM377
20552 High 840 11/02/2011 14:05| 5154 | WQM466| 23/06/2011 08:30 | 5161 | WQM527
20380 High 839 09/10/2010 08:30| 5141 | WQM451| 11/02/2011 14:05 | 5154 | WQM466
20219 High 825 28/06/2010 11:50| 4926 | WQM382| 09/10/2010 09:20 | 5141 | WQM452
20000 High 839 02/03/2010 14:25| 4916 | WQM345| 28/06/2010 11:50 | 4926

20550 Fitzroy 826 11/02/2011 11:40| 5154 | WQM465| 22/06/2011 16:30 | 5161 | WQM525
20379 Fitzroy 838 08/10/2010 14:50| 5141 | WQM448| 11/02/2011 11:40 | 5154 | WQM465
20220 Fitzroy 826 28/06/2010 08:10| 4926 | WQM380| 08/10/2010 16:20 | 5141 | WQM449
20005 Fitzroy 838 03/03/2010 08:25| 4916 | WQM347]| 28/06/2010 08:10 | 4926

20549 Russell 825 11/02/2011 17:20| 5154 | WQM468| 23/06/2011 12:20 | 5161 | WQM529
20376 Russell 824 06/10/2010 15:00| 5141 | WQM435| 11/02/2011 17:20 | 5154 | WQM468
20222 Russell 840 25/06/2010 15:25| 4926 | WQM370| 06/10/2010 15:40 | 5141 | WQM436
20004 Russell 824 02/03/2010 08:15| 4916 | WQM342| 25/06/2010 15:25 | 4926 | WQM370
20555 Dunk 1329 12/02/2011 08:30| 5154 | WQM471| 24/06/2011 10:50 | 5161 | WQM533
20378 Dunk 828 06/10/2010 08:30| 5141 | WQM432| 12/02/2011 08:30 | 5154 | WQM471
20226 Dunk 1329 29/06/2010 07:40| 4926 | WQM384 | 06/10/2010 09:40 | 5141 | WQM433
19999 Dunk 828 05/03/2010 08:10| 4916 | WQM358| 29/06/2010 07:40 | 4926 | WQM384
20548 Pelorus 823 13/02/2011 09:35| 5154 | WQM476| 20/06/2011 08:15 | 5161 | WQM514
20374 Pelorus 818 05/10/2010 08:50| 5141 | WQM426| 13/02/2011 09:35 | 5154 | WQM476
20218 Pelorus 823 24/06/2010 13:55| 4926 | WQM366| 05/10/2010 09:20 | 5141 | WQM427
20003 Pelorus 818 01/03/2010 11:50| 4916 | WQM338| 24/06/2010 13:55 | 4926 | WQM366
20547 Pandora 822 13/02/2011 13:10{ 5154 | WQM477| 19/06/2011 14:40 | 5161 | WQM512
20373 Pandora 815 05/10/2010 12:50| 5141 | WQM429| 13/02/2011 13:10 | 5154 | WQM478
20217 Pandora 822 29/06/2010 14:50| 4926 | WQM385| 05/10/2010 13:40 | 5141 | WQM430
20002 Pandora 815 06/03/2010 08:05| 4916 | WQM364 | 29/06/2010 14:50 | 4926 | WQM385
20526 Geoffrey 352 14/02/2011 10:15| 5154 | WQM480| 19/06/2011 08:00 | 5161 | WQM510
20372 Geoffrey 351 04/10/2010 08:50| 5141 | WQM423| 14/02/2011 10:15 | 5154 | WQM480
20213 Geoffrey 352 04/07/2010 08:15| 4926 | WQM399| 04/10/2010 09:40 | 5141 | WQM424
19996 Geoffrey 351 28/02/2010 08:20| 4916 | WQM336| 04/07/2010 08:15 | 4926

20527 DoubleCone| 353 19/02/2011 15:20| 5154 | WQM493| 18/06/2011 15:00 | 5161 | WQM507
20383 DoubleCone| 1043 02/10/2010 12:30| 5141 | WQM419| 19/02/20115:20 5154 | WQM493
20214 DoubleCone| 353 03/07/2010 15:40| 4926 | WQM397| 02/10/2010 13:50 | 5141 | WQM420
20008 DoubleCone| 1043 27/02/2010 14:55| 4916 | WQM334| 03/07/2010 15:40 | 4926 | WQM397
20554 Daydream | 843 19/02/2011 10:20| 5154 | WQM491| 18/06/2011 12:35 | 5161 | WQM505
20375 Daydream | 819 02/10/2010 08:10| 5141 | WQM416| 19/02/2011 10:00 | 5154 | WQM491
20223 Daydream | 842 03/07/2010 13:05| 4926 | WQM395| 02/10/2010 09:10 | 5141 | WQM417
19997 Daydream | 819 26/02/2010 08:25| 4916 | WQM330| 03/07/2010 13:05 | 4926 | WQM395
20553 Pine 842 18/02/2011 14:15| 5154 | WQM489| 18/06/2011 08:10 | 5161 | WQM503
20384 Pine 1044 01/10/2010 13:40| 5141 | WQM413| 18/02/2011 14:15 | 5154 | WQM489
20224 Pine 843 03/07/2010 10:20| 4926 | WQM393| 01/10/2010 14:50 | 5141 | WQM414
20009 Pine 1044 25/02/2010 13:30| 4916 | WQM328| 03/07/2010 10:20 | 4926 | WQM393
20556 Barren 1729 16/02/2011 09:25| 5154 | WQM483| 16/06/2011 08:40 | 5161 | WQM496
20385 Barren 1091 30/09/2010 14:50| 5141 | WQM409| 16/02/2011 09:25 | 5154 | WQM483
20225 Barren 1729 01/07/2010 09:05| 4926 | WQM387| 30/09/2010 15:20 | 5141 | WQM410
20001 Barren 1091 23/02/2010 12:20| 4916 | WQM321| 01/07/2010 09:05 | 4926 | WQM387
20545 Humpy 816 16/02/2011 14:55| 5154 | WQM486| 16/06/2011 12:10 | 5161 | WQM498
20381 Humpy 844 30/09/2010 10:40| 5141 | WQM406| 16/02/2011 14:55 | 5154 | WQM486
20215 Humpy 816 02/07/2010 08:15| 4926 | WQM391| 30/09/2010 11:10 | 5141 | WQM407
20006 Humpy 844 24/02/2010 08:15| 4916 | WQM325| 02/07/2010 08:15 | 4926 | WQM391
20546 Pelican 817 17/02/2011 14:35| 5154 | WQM487| 16/06/2011 15:10 | 5161 | WQM501
20382 Pelican 846 30/09/2010 08:00| 5141 | WQM403| 17/02/2011 14:35 | 5154 | WQM487
20216 Pelican 817 01/07/2010 14:40| 4926 | WQM389| 30/09/2010 09:20 | 5141 | WQM404
20007 Pelican 846 24/02/2010 12:20| 4916 | WQM324| 01/07/2010 14:40 | 4926 | WQM389
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Appendix-Table Log of instrument issue and failures of WETLabs ECO FLNTUSB instruments deployed at inshore re«
locations for water quality moniteaihge rate 1€ Q out of 56 deployments showing problems or data losses).

Note that anoth@neinstruments weereturned to the manufacturer (WETLabs) for senbeeaeiipeore than 18
months of in water thage elapsegince purchagstandard service dud)ecause problems were discovered during
predeployment checks.

Logger
serial
no.

Deployment | Retrieval

Location: | Event Description:
daie date

Logger failed 28 May 2010. In water time since last calibrg

827 04Marl0 27Jurl0 | Snapper . .
PP weekssent to WetLabs for repair/service

Some negative Chl values.eCbids flagged @soneoysent to

1729 | 01-Jut10 30Sepl0 | B . .
! P arren WetlLabs for repair/service.

Double Some negative Chl values. Chl records flagged as, eseohé

1 20ctl
353 03Jul0 020ct10 Cone WetlLabs for repair/service

Failed during deployment. In water time since last calibrati
1329 | 29Junl0 060ct10 | Dunk weeks (failed on 2nd deploynsemt) to WetLabs for
repair/service

Tropical Cyclone Yatar picket bent to 45° angle. Logger st

828 060ctl10 12Febll | Dunk . . "
running but incorrectly positioned. Records look ok .

Some negative Chl values. Chl records flagged as, ereohén

351 040Octl10 14Febll | Geoffrey . .
WetlLabs for repair/service

Logger not loggigperator error when seRaeord lost,

4 1 17-Febll | Peli
846 30Sepl0 eb elican instrument checked and ok.

No Chl & NTU readings during 01/0422001/2011n water
1044 01-Octl10 18Febll | Pine time since last calibration 38 weeks. Sent to WET Labs: R
electronics with latest to eliminate instrument shutdown isg

Starpicketpped out (anchor damage?). 2 Jan 2011 coral d
819 020ctl10 19Febll | Daydreanm moved logger 25 m along to picket 2 of same transect. Lo
running but incorrectly positioned. Records look ok.

1729 | 16Febll 16Junll | Barren Logging 'OFF" for deployment. Operator error.

Negative Chl values with factory,qalciileds flagged as

817 17Febll 16Junll | Pelican
! erroneousontacted WetlLabs for solution

6€
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Appendix-Table3 Annual freshwater discharge (ML) for the major GBR CatchRigatsiveasked with an asterisk are listed for information and ar@noxinnitglitedhe
sampling sites of tidSnshore reef water quality sampling. Shaded cells highlight years for which river flow exceeded the medraatedriuaflavadsbistenon time
seriesfor each rivétT median; from earliest avaittdedso 2000)yellow= 1-BtimesLT median, orange=timied T median, red=t8ed. T median
Records for the 2011 water year are incomplete (Tully River to March 2011, all other rivers to June 2011).
Discharge dateresupplied by the Queensland DepartthenEofironment axdtural Resource Management.

Region | River L?n”eg;g? 2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008 2009 2010 2011

Cape York | Normanby n/a 1,741,537 3,646,918 2,345,831 2,944,018 5,939,979
Daintree 727,872 132,216 | 1,429,198 489,927 | 1,252,971 715,190| 873,694 1,215,914| 1,593,553
Barron 604,729 | 165,896 | 113,639| 950,207 | 383,440| 745781 413,328| 1,606,907 772,722 | 500,756
Mulgrave 751,149 | 183,890 | 333,262 1,132,758 937,024 | 738,700| 930,657 | 670,019 | 680,091 | 1,323,291
Russell 983,693 | 433,936| 615,927 1,345,241 990,735 | 1,280,589 1,281,621 1,088,458 1,130,682 1,221,231| 1,673,256

Wet Tropics North Johnsto] 1,732,555 | 657,456 | 819,663 | 2,304,379 1,447,193 2,155,313 2,071,61d 1,858,252 1,925,821| 1,825,452 3,353,149
South Johnstor| 830,984 | 345,067 | 311,763 542,835 | 1,014,727 886,683 | 794,698 | 1,019,195/ 709,887 | 1,581,586
Tully 3,056,169 | 1,208,802 1,442,044 3,283,940 2,200,706 3,624,289 3,949,123 3,195,153 3,596,264 3,087,403 4,179,395
Herbert 3,067,947 | 929,944 | 688,778 | 3,303,805 1,186,808 3,990,498 3,985,721 3,337,660

Burdekin | Burdekin 6,093,360 | 4,485,315 2,092,834 1,516,191 4,328,245 2,199,744 9,768,935

Mackay |-Eroserpine 17,040 | 19,969 | 18,583 | 10,350 | 23,782 | 20,393 | 44,740

Whitsunday 00 CO N nel 205286 | 85202 | 23,236 75089 | 84,267 | 168,513| 229,994 | 165,637 580,789
Pioneer n/a 883,517 | 1,353,664 910,356 2,306,787

Fitzroy Fitzroy 2,754,600 | 581,373 921,670 | 680,627 | 1,057,44

Burnett Mar] Burnett n/a 106,888 | 523,464 | 221,477| 136,959 69,506 | 29,880
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Appendix-Tabled Concentrationsdi$solved inorganic nitrogepecies (ugi at three sampling occasiond 0i12Mata are deptieighted means.

Region Location Date NH | NGQ | NQ | Date NH | NG | NQ | Date NH | NG | NG
Snapper Island 27/06/201( 0.8 0.4 4.0 08/10/201( 0.5 0.3 0.8 09/02/201] 1.8 0.1 0.9
Fitzroy Island 28/06/201( 0.1 0.1 0.4 08/10/201( 1.2 0.4 3.7 11/02/201] 0.1 0.1 1.2
Wet Tropics High Island 28/06/201( 1.0 0.1 1.6 09/10/201 0.6 0.2 3.1 11/02/201 0.6 1.0 1.6
Russell Island 25/06/201( 0.5 0.1 0.6 06/10/201( 0.2 0.1 0.3 11/02/201] 0.4 1.2 0.9
Dunk Island 25/06/201( 2.0 0.3 1.7 06/10/201( 0.3 0.2 0.8 12/02/201] 1.8 0.3 0.5
Pelorus/Orpheus Island 24/06/201( 0.4 0.1 0.4 05/10/201 0.1 0.1 0.2 13/02/201 2.4 0.3 1.1
Burdekin Pandora Reef 29/06/201( 0.7 0.1 0.5 05/10/201( 0.5 0.2 1.5 13/02/201] 1.2 0.1 0.1
Geoffrey Bay 04/07/201( 1.2 0.2 2.9 04/10/201( 0.4 0.4 1.9 14/02/201] 1.6 0.2 1.7
Double Cone Island 03/07/201( 0.3 0.1 0.9 02/10/201¢( 0.1 0.1 0.2 19/02/201] 1.6 0.8 0.8
MackayVhitsunday Daydream Island 03/07/201( 0.4 0.9 0.6 02/10/201¢( 0.8 0.2 0.7 19/02/201] 2.3 2.1 2.8
Pine Island 03/07/201( 0.8 1.1 1.1 01/10/201¢( 0.1 0.1 0.6 18/02/201] 3.7 3.3 3.9
Barren Island 01/07/201( 1.3 0.1 1.2 30/09/201( 0.5 0.1 1.0 16/02/201] 4.0 0.1 3.2
Fitzroy Humpy Island 02/07/201( 1.2 0.1 1.3 30/09/201¢( 1.0 0.1 0.4 16/02/201] 1.1 0.1 1.1
Pelican Island 01/07/201( 0.6 0.1 0.4 30/09/201( 0.7 0.2 0.4 17/02/201] 3.3 1.5 4.2
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Appendix-Tables Concentrationstofaldissolved nitrogeandparticulate nitrogemug L) at three sampling occasiondl2Mata are deptteighted means.

Region Location Date TDN PN Date TDN PN Date TDN PN
Snapper Island 27/06/201 76.4 13.9 08/10/201 76.5 7.5 09/02/201 86.6 20.3
Fitzroy Island 28/06/201 72.2 115 08/10/201 98.6 8.8 11/02/201 85.0 13.6
Wet Tropics High Island 28/06/201 77.8 17.2 09/10/201( 102.5 7.9 11/02/201 87.8 13.1
Russell Island 25/06/201 67.4 11.0 06/10/201 87.3 7.1 11/02/201 86.6 12.1
Dunk Island 25/06/201 79.9 174 06/10/201 91.8 10.6 12/02/201] 107.9 20.6
Pelorus/Orpheus Island 24/06/201 76.3 11.0 05/10/201 85.7 8.6 13/02/201] 103.3 17.8
Burdekin Pandora Reef 29/06/201 73.1 18.6 05/10/201( 108.9 8.7 13/02/201] 110.9 18.4
Geoffrey Bay* 04/07/201 81.2 154 04/10/201 80.6 11.8 14/02/201] 109.7 18.1
Double Cone Island 03/07/201 78.4 11.9 02/10/201 91.2 8.1 19/02/201 80.1 17.7
Mackay Whitsund| Daydream Island 03/07/201 77.4 11.2 02/10/201 89.1 8.6 19/02/201 81.3 14.5
Pine Island 03/07/201 77.5 10.3 01/10/201( 104.4 8.7 18/02/201] 100.9 16.5
Barren Island 01/07/201 74.5 9.6 30/09/201 80.8 7.3 16/02/201 98.9 14.9
Fitzroy Humpy Island 02/07/201 72.7 8.9 30/09/201 71.6 10.0 16/02/201] 110.7 16.8
Pelicarsland 01/07/201 83.0 11.9 30/09/201 71.0 10.6 17/02/201] 116.9 37.1
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Appendix-Tables Concentrationsdi$solved inorganic phosphor(2Q), total dissolved phosphor{$&DP) angarticulate phosphory®P), all in pgtLat three sampling

occasions 2010/11Data are deptieighted means.

Region Location Date PG | TDP | PP | Date PG | TDP | PP | Date PO TDP | PP
Snapper Island 27/06/201( 2.5 71| 3.0 08/10/201 3.2 8.6| 1.6 09/02/201 0.8 25| 3.3
Fitzroy Island 28/06/201( 1.6 6.5 22 08/10/201 3.5 8.6| 1.9 11/02/201] 1.3 46| 24
Wet Tropics High Island 28/06/201( 1.7 6.1| 3.8 09/10/201 3.1 94| 25 11/02/201] 1.4 6.6| 2.9
Russell Island 25/06/201( 2.7 49| 2.2 06/10/201 2.9 10.5| 1.9 11/02/201] 1.4 59| 25
Dunk Island 25/06/201( 2.7 48| 4.8 06/10/201 2.8 74| 2.8 12/02/201] 4.9 72| 5.2
Pelorus/Orpheus Island 24/06/201( 2.8 39| 24 05/10/201 2.5 57| 2.0 13/02/201] 6.1 85| 4.6
Burdekin Pandora Reef 29/06/201( 2.2 3.3| 29 05/10/201 3.0 84| 26 13/02/201] 6.8 94| 4.0
Geoffrey Bay* 04/07/201( 3.0 6.2| 3.6 04/10/201 2.6 6.9/ 35 14/02/201] 7.6 10.1| 4.0
Double Cone Island 03/07/2014 2.9 6.7 24 02/10/201 2.7 40| 24 19/02/201] 4.0 6.9 44
Mackay Whitsund| Daydream Island 03/07/201( 23| 5.6] 2.1 02/10/201( 2.7| 58| 22 19/02/201] 5.8 10.4| 4.0
Pine Island 03/07/201( 2.9 6.9 22 01/10/201 2.3 43| 24 18/02/201] 6.9 10.8| 6.1
Barren Island 01/07/2014 2.8 6.7| 1.6 30/09/201 2.8 41| 15 16/02/201] 2.0 7.0 2.9
Fitzroy Humpy Island 02/07/2014 2.0 49| 1.6 30/09/201 2.3 39| 21 16/02/201] 1.6 58| 3.7
Pelican Island 01/07/201( 2.7 84| 23 30/09/201 3.1 45| 2.7 17/02/201] 7.0 9.2 7.0
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