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Executive summary

The Marine Monitoring Program (MMP) undertaken in the Great Barrier ReeReef lagoon,

assesses thengterm effectiveness of the Australian and Queenslagdd S NJ/ YR&ef \Waded

Quiality Protection PlafReef Plan). The MMP, established in 20€%, critical component in the

Paddock to BefIntegrated Monitoring Modelling andReporting lPogram (P2R)at tracks changes

in regional water quality and its impact on tReefas land management practices are improved

across Reef catchmenfBhe inshore seagrass component of the MMP assessed seagrass abundance
(per cent cover), reproductiveffort, andleaftissuenutrients from inshore seagrass meadows 29
locations(with duplicate sites nested within most locatiorsyoss the GBRR hese three indicators

are scoredor each of the six Natural Resource Management regionthe annualReef Plameport

cad, and therefore discussions in this repodntre around these three indicatars

Additional indicators of seagrass condition and resiliegreeassessed and used to assist with the
interpretation of the Report Card score, includisgagrass specie®mposition, relative meadow
extent anddensity of seeds in the seed badavironmental pressures are also recorded including
within-canopy water temperatureyithin-canopy benthidight, sediment composition as well as
macroalgae and epiphyte abundance. Thésfurther dataon climate and water qualitgbtained

from the Australian Bureau of Meteorology and from the MMP inshore water quality subprogram.
Sites were predominately lower littoral (only exposed to air at the lowest of low tides), hereafter
referred to as intertidal, althougkightlocations also inaded shallow subtidal meadowsaéh of

the major seagrass habitat typésstuarine, coastal, reef, subtidalere assessed in each NRM
where possible.

In the 201617 monitoring periodthe overallseagassscorewas unchanged frorthe previous
monitoring period (201616), remairingin a poor condition Seagrass abundance Haeen

increasgng at most locations since 20101. Prior to that, there were idespread declineén 2008

09, 200910and 2010 11) in seagrass abundance, which wéhe result ofabove average rainfall

and climaterelated impacts The average scoia 2010 11 was very poor, andhé seagrass losses
had significant flonwon negativeeffectsto dugong and green turtle populationsiéager and Limpus
2012, which are highly dependent on seagmsas their primary food supply. The condition and
resilience ofmshore seagrass meadows in 2018 is reported in the context of meadows recovering
from these previous events.

Tablel. Report card for seagrasenditionfor each NRM regioandthe GBRJune 206 - May 20L/.
Valuesare indexed scores scaled frorl@0;y =very good (8-100),/ =good (8. - 80),
=moderate (4 - 60),/ =poor (2 - 40),y =very poor (G 20).

Seagrass Reproductive Nutrient status  Seagrass

Region Abundance Effort (C:N ratio) Index
Cape York 46 41 32
Wet Tropics 28 35 22
NRM Burdekin 70 54 54
Mackay Whitsunday 36 34 34
Fitzroy 27 44 24
Burnett Mary 29 33 21
GBR Average 46 43 35

In 2016 17, the most significant environmental conditions affecting inshore seagrassesnopical
cyclone Debbie, which crossed the coast near Airlie Beach in the Mackay Whitsagotaand a
marine heatwave that affected all inshore seagrass meadosepical cycloneDebbie directly
impacted the shallow meadows of Mgy Whitsunday thragh bed sheastress (physical
disturbance), and from high and putseainfall and river discharga the Mackay Whitsunday basins,
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and the smaller river the southin the Fitzroy and Burnett Mary regioni the northern regions,
discharge was below axege. Despite this, seagrass meadows were exposed to turbid sediment
laden waters for 9(er cent of weekgequivalent to the longterm averagejn Decembetto April.
Daily benthiclight (L) was lower than the longerm average at 17 out of 26 locatiogsanning all
regions and habitats

A marine heawave in 2017 affected meadows of the inshore GBR resulting in wa#rinpy
temperatures that were above the lortgrm (11-year)average in all regiong.urthermore, figh

water temperatures (>35°C) were exciesl for a record number of days in all regions except the
Burnetti Mary, which had the second highest number of high water temperature days (the highest
being in the previous yearThe region most severely affected was the Fitzroy, which wa€2.1
above tre longterm averagewithin seagrass meadowand with 70days ofhigh water temgrature.
This is the secondegar in a row that a marine heatave has affected the inshore GBR. These high
and sustained water temperatures were likely to have a chronic impacieagrass meadow
condition, particularlyn meadowsdominated bythe heat sensitiveZ. muelleror meadows that are

at risk of light limitatiorincluding subtidal habitats and estuarine habitats

Seagrasstandance(per cent coverwas rated as being impoor condition in all regions except the
Burdekin where abundance increasedgimod Abundance scores recovered to 2809 levels in

2015 16 in Cape York, Mackay Whitsunday and Burnett Mary regions but the rating declined slightly
from moderate to pooiin 2016 17. In the Burdekin, the score increased to a good rating for the first
time since 2005. By contrast, the Wet Tropics and Fitzroy regions have displayed protracted recovery
of abundance and remain in poor condition. Notable increases occurremhatal habitat in the Wet
Tropics (Yule Point and Lugger Bay), Burdekin (Bushland Beach and Shelley beach, and Barratta
Creek) and the Fitzroy (Shoalwater Bay), while Midge Point in the Mackay Whitsunday declined
immediately aftertropical cycloneDebbie.Reef intertidal habitats were relatively unchanged
throughout the GBR, but declined in the Mackay Whitsurndayonat Hamilton Islands a

consequence dfropical cycloneDebbie. By contrast, abundance declined in the estuarine habitat

(due to large losseat Sarina Inlet and Gladstone Harbour) and reef subtidal habitats (due to losses in
all Wet Tropics sites). While abundance has declined overall in 2816he proportion of colonising
species and the relative extent of the seagrass meadows has remalagidely unchangedgwith

some exceptionsndicating that these losses of abundance couldnithin the range ofnter-annual
perturbations.

Seagrassesilience includeigscapacityli 2 NB aA ad RA a {i)drdid tegb@So aostiNS 3 A & G | y
state6 WNB Q, 2 @tBeN®ofdls to maintain function when affected by disturbancélkeet al.

2004 Bernhadt and Leslie 20%3,3Jnsworthet al.2015. Reproductive efforts a measure of

resiliencewhere the production of new seeds or fruits by a meadow in each season provides the

basis of new propagudefor recruitment in the following year. As sutle likelihood that the
meadowsare able toP NS O2 SN oAttt 0SS AYyF2N¥VSR o6& GKS YSI &dz
sexual reproduction is likely enhancemeadow scalgenetic diversitghrough sexial reproduction

and thus increasing’ NB & A &f thé nge@dvdto disturbanceReproductive effor{measured at

present as the production of flowers and fruits)currentlyincluded in the report carcut an

expansion of this to includeeedbanksis being consideredor a revised metriandtherefore they

are discussed togetheReproductive effort was rated as very poor in all but the Burdekin and

Mackay Whitsundayegionswhere it was rated as poor. There were very large reductions in the

score in tle Wet Tropics and the Burnett Mary regidn2016 17. Reef sites havbad consistently

low reproductive efforfwith zero effort inMackay Whitsunday and Fitzroy habitatahd this

declined further in 201617. Furthermore, the only reef habitats with sebankswverein the

Burdekin region. This places reef habitats in a highly vulnerable state. By contrast reproductive effort

and density of seeds in the seed bank has been relatively stable in coast and estuarine Haltitats

remains low in some regionsdluding the Burnett Mary
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Seagrass tissue nutrients are measured as an indicator of how changing water quality affects
seagrassThe tissue nutrient indicator is the ratio of carbon to nitrogen in leaf tissue, which indicates
the availability of nitroge relative to growth demand (i.e. carbon fixation). Leaf tissue nutrients were
the only indicator to show small signs of improvement in 2QWGincreasing from poor to moderate.
The largest improvements were in Cape York and Burdegions which reachedecord high levels

in coastahabitat. These improvements probably reflect the multiple previous years of below
average rainfall and river discharge

In 2016 17, tropical cycloneDebbie and a second marine heatve havecontributed to conditions

that staled recovery of seagrass condition and resiliedoéial predictions of recovery were far
return to a moderate or good condition after more than 5 years from imp2@1Q 11).1t has been

six years, and five out of the six regions have an overatigati poor conditionOf particular

concern is that reproductive effort remains well below historical levels in Cape York, Wet Tropics,
Fitzroy and Burnett Mary regisnFurthermore, most reef sites have no seed banks making them
highly vulnerable to futug disturbancesTheGreat Barrier Rea$ characterised by ongoing
cumulative impacts and dynamic seagrass meadinwisnsifying pressures are slowing recovery but
also increasing the need for meadow resiliend&ter quality improvemergthat can be gaing by

land managemeninitiatives (such aB2R, will help to relieve thepressure frontheseimpacts and
improvemeadowresiliencelt may also be necessary to consider the implementation of strategies to
directlyenhance seagrass resilience (éngreasng the density and diversity seeds irseed banks)

so that the meadows can resist or recover from future disturbances.
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1 Preface

The management of water quality remains a strategic priority for the Great Barrier Reef Marine Park
Authority to ensure thedngterm protection of the coastal and inshore ecosystems of the Reef
(Great Barrier Reef Marine Park Authority 2D14 key management tool is the Reef Water Quality
Protection Plan (Reef Plafinon 2013, with the actions being delivered through the Reef 2050 Plan.
The Reef 2050 Plan includes the Reef Trust, to which the Australian Government has committed
continued funding to protect the Redirough improvements to the quality of water flowing into the
Reef lagoon, and the Reef 2050 Long Term Sustainability Plan, which provides a framework for the
integrated management of ther@at Barrier Reef World Herritage Area.

Longterm water quality andecosystem monitoring in the inshore Great Barrier Reef lagoon is
undertaken through the Marine Monitoring Program (MMP), which was formerly known as the Reef
Plan MMP. Théuthority has responsibility for implementation of this program. Further informatio
on the program objectives, and details on each-pubgram are available cline

http://bit.ly/2mbB8bE. The seagrass stgzogramin 201617 was alsesupported bycontributions

from the Seagras®Vatch program(Wet Tropics, Burdekin, Mackay Whitsunday &uwinett Mary)

and Queensland Park and Wildlife Service (QPWKy output of the Paddock to Reef Program is
an annual report card, including an assessment of Reef water quality and ecosystem condition to
which the MMP contributes assessments and inforimat The first Annual Reef Plan Report Card for
2009 Reef Water Quality Protection Plan Secretariat d0%érves as a baseline for future
assessmentsreport cards for 2010, 2012012/13 2014 2015and 2056 have been released
(available at www.reefplan.qgld.gov.au).

James Cook University (JCU) was contracted to provide the inshore seagrass monitoringecimpo
The program has adapted methods outlinedMoKenzieet al. (2003 and those applied in Seagrass
Watch (a global seagrass assessment and monitoring progfdmaMMP inshore seagrass
monitoring program design and reporting structure is an evolving process. Rrqgrviders
developed the program in collaboration withe Marine Park Authoritin 2005 with assistance by
expert working groups and AIMS § QI i KIn 20080% subtidal sitesn the Wet Tropics and
Burdekin regions were included to improve the scope of the progreme program underwent an
extensive external review in 2Gil14, including a revision of program objectives, a statistical review
(testing program design and indicator sensitivity), conceptual modelling of indicator selection, and a
working group to prioritise changeKhnertet al.2014). In 2015, additional subtidal monitoring
sites (assessed using real time underwater dosiecuit dropcamera) were included in Cape York,
Wet Tropics and Mackay Whitsunday region with the support of QPWRBe same year, validated
data from the Seagrad#/atch program was integrated into the reporting, further broadening the
spatial coverag of the MMP.

Each year a report summarising the condition and trend of inshore seagrass of the GBR over the past
year is published ontha I NR Yy S t | NdvebditelZlihg #nhiikl liepofisiare pemviewed
every year andhe authorsendeavour tancorpaate reviewer comments.

This reportalsoincludes data on flood plume exposure from the inshore water quality monitoring
subprogram, a Case Study developing an energetic status model to predict environmental risk to
seagrasdased ortemperature and ligt andfindings fromthe separately fundedueensland Ports
Seagrass Monitoring Program
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2 Introduction

Seagrasses are an important component of the marine ecosystem of the Great Barriel Reef.
ecosystem services provided by seagrass ecosystems makesathigh conservation priority
(CullerUnsworth and Unsworth 20)}3Certain seagrassase the primary food for marine green
turtles and dugongs, which are seagrass speciaikgadq and Limpus 200&rthur et al. 2008 Marsh
et al.2011;). Seagrast®rm highly productive habitats for a large number of invertebrafist and
algal speciefCarrutherset al. 2002, whichimportant to commercial (e.g. prawns) and subsistence
fisheries Coleset al. 1993 CullerUnsworth and Unsworth 20)3Seagrasalsoproduce natural
biocides and improxwater quality by controlling pathogenic bacteria to the bahef humans,
fishes and marine invertebrates such as cdtambet al. 2017). Nutrient cycling in seagrass
meadows makes them one of the most economically valuable ecosystems in the Goskdizaet

al. 1997 and the retention of carbon within their sediments contributes significantly to Blue Carbon
sequestration fFourqurearet al. 2012 Unsworthet al.20123 Duarte and Krauséensen 2017
Macreadieet al.2017).

Much of the connectivity in reef ecosystems depends on intact and healthyaedrhabitats, such

as seagrass meadowd/aycottet al.2011). These nomeef habitats are particularly important to the
maintenance and regeneration of populations of reef fish such as EmperoL&sirious sppand

Tuskfish Choerodon spp(CullerUnsworthet al. 2014). In addition, he incorporation of carbon

within seagrass tissues can affect local pH and increase calcification of coral reefs, thereby mitigating
the effects of ocean acidificatiofr¢urqurearet al.2012 Unsworthet al.20129. Therefore,

monitoring changes in seagrasses meadows not only provides an indication of coastal ecosystem
health,but also improves our capacity to predict changes to adjacent reefs, mangroves and
associated resources upon which coastal communities depdadket al. 2009).

Chronic declines in inshore water quality in fReefsince European settlement have ledriajor
ecological shifts in many GBR marine ecosyst®a&th and Falicius 2010 Roffet al.2013.

Multiple pressures are the cause of this decline, including intensive use of the GBR catchments for
agriculture and grazing, and coastal development for urban centresamenercial portsBrodieet

al. 2013. Floodwatersdeliverterrestrially sourced pollutantée.g.sediments, nutrients, pesticides)

into the GBRdispersing them over the sensitive ecogyss including seagrass meadows
(summarised in Schaffellat al.2013).

Tropical seagrass ecosystems of Reefare a complex mosaic of different habitat types comprised

of multiple seagrass specigsqrrutherset al.2002. There are 15 species of seagrass in the GBR
(Waycottet al.2007) and high diversity of seagrass habitat types is provided by extensive bays,
estuaries, rivers and the 2600 km length of the Great Barrier Reef witheitplatforms and inshore
lagoon. They can be found on sand or muddy beaches, on reef platforms and in reef lagoons, and on
sandy and muddy bottoms down to 60 metres or more below Mean Sea Level (MSL).

Approximately 3}64km? of inshore seagrass meadowas been mapped in Great Barrier Reef
World Heritage Areatlie World Herritage Aréain waters shallower than 15McKenzieet al.
2014d Saunderst al.2015 Carteret al.2016 McKenzieet al.2016 C. Howley, Unpublished data
(Figurel). Although hisrepresents only10 per centof the totalseagrassirea estimatedvithin the
the World Herritage Area(McKenzieet al. 20109, the ecosystem servicéashore seagrass meadows
provide are of far greater importance than those provided byaffshore/deepwaterseagrasses.
Inshore seagrass meadowan becomposed of foundationgbpportunistic and persistengpecies
that are stucturally larggMcKenzieet al.20109. Inshore meadows alssiore more carbon in their
sedimentg(Laveryet al.2013), are of higher fisheries importang@/atsonet al. 1993, and the main
feeding pastures for dugong and green sea tufitlanyonet al. 1989 Shepparcet al.2009. It is
these meadows that occur at the frontline of runoff and inshore water quality deterioration
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(McKenzieet al.20109. The remainingnodelledextent (D per centor 32,335km?) of seagrass in

the GBRWHA is located in the deeper waters (>15m) of the lagtmaset al. 2009 Carteret al.
2016), however, these meadows are relatively sparse, structurally smhlighlydynamic, composed
of colonising species, and na$ productive as inshore seagrass meadows for fisheries resources
(McKenzieet al.2010¢ Derbyshireet al. 1995. Overall, he total estimated area of seagrass (34,841
km?) within the GBRWHA represents more thanpgd centof the total recorded area of seagrass in
Australia Green and Short 200&nd between er centand 12per centglobally Duarteet al.
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Figurel. The Great Baier Reef Marine Park, major marine ecosystems (coral reefs and surveyed
seagrass meadows), NRM regions and marine NRM re(fetiseated by dark grey lines) and
major rivers(Waterhouse et al. 2018

Seagrasses in ther€&at Barrier Reetan be separated into four major habitat &% estuary/inlet,
coastal, reef and deepwaté€arrutherset al. 2002 (Figure2). All but the outer reef habitats are
significantly influencety seasonal and episodic pulses of sedirdaden, nutrientrich river

flows, resulting from high volume summer rainfall. Cyclones, severe storms, wind and waves as
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well as macro grazers.g.fish, dugongs and turtles) influence all habitats in thisaredo varying
degrees. The result is a series of dynamic, spatially and temporally variable seagrass meadows.

inshore reef mid-shelf/

river estuaries/inlets coastal inshore deepwater* (intertidal and subtidal) Sffshioia
Turbidity variability e e S _
Salinity variability e
Nutrient concentration
Residence time
Legend

ﬂ Sediment delivery ?’b\ Sedimentation - Seagrass burial O Resuspension
\v/ Wind mixing 0 Offshore transfer !d} Light attenuation \‘\t&g@ Seagrass loss

\ Freshwater input \0 Groundwater input <> Toxicants o , Dependant species
N,P Nitrogen, phosphorus A High nutrients A Low nutrients e Phytoplankton bloom

Figure2. General conceptual model of seagrass habitats in north east Australithe water
quality impacts affectig the habitat(adaptedfrom Carruthers et al., 2002ndCollier et al. 2019

The seagrasscesystems of the GBR, on a global scale, would be for the most part categorised as
being doninated by disturbancdéavouringcolonising anapportunistic species (e.¢lalophila
Haloduleand Zosterd, which typically have low standing biomass and highduen rates

(Carrutherset al. 2002, Waycotet al.2007). In more sheltered areas, including reef top or inshore
areasin bays more stable and persistent species are found, although these are still relatively
responsive to disturbancd€arrutherset al. 2002 Waycottet al. 2007 Collier and Waycott 2().

Conceptual basis for indicator selection

As seagrasses are well recognised as indicators of integrated environmental pressures, monitoring
their conditionand trend can provide insight into the condition of the surrounding environment (e.g.
Dennisoret al. 1997). There are a number of measures of seagrass condition and resilience that can
be used to assess how they respoimdenvironmental pressures, and these measures are referred to
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here as indicatorsWe have developed a matrix of indicatdhat respord on different temporal
scaleqFigure3). Indicators include plant changes, meadsgale changes and state char{§egure
3). These indicators also respond at different temporal scales, withetbbl ndicators able to
respond from seconds to months, while the meadsegale effects usually take many months to be
detectable.

A robust monitoring program benefits from having a suite of indicators that can indicatkethab

stress that forewarns of immimg loss, as well as indicators of meadswale changes, which are
necessary for interpreting broad ecological changes. Indicators included in the MMP span this range
of scales, in particular for indicators that respond from weeks (tissue nutrients, issjtaheough to
months (abundance and reproduction), and even years (abundance and meadow extent).
Furthermore, indicators are omeptually linked to each othemd to environmental drivers of

concern, in particular, water quality (gl3uhnertet al.2014).

Indicator
category
Cyclones v
Wind/resuspension v
Tidal exposure v
Flood plume exposure v
Climate and Light v
Environmental Water temperature Vi
stressors Water quality inc turbidity and nutrients v
Sediment composition v
Herbicide concentrations
Epiphytes and macroalgae v
Tissue nutrients (C:N:P) < v
Isotope ratios (8'°C, 5'°N)
Seagrass Abundance v N
condition Meadow area N
Storage carbohydrates
Seagrass Reproductive structures v N
resilisnce and seed bank
Species composition v

Figure3. Climate, envisnmental, seagrassonditionand seagrass resilience indicators reporasd
part of the MMP Inshore Seagrass monitorkif6;17. Regular texare indicators measured in the
inshore seagrass program, white box with dashed line are indicators in develgaméitalicised
text are indicators collected in other programs or by other institutions (see Zabtaletails ordata
sourcg. All indicators are shown against their response time which span from minutes to years.

Measures oEnvironmerdl stressors

Climate and environment stressors are aspects of the environment, either pkgtsérnical or
biological that affect seagrass meadow condit{eigure 3)Some environmental stressochange
rapidly (minutes/days/weeks/months) but can also undergo chromiéts (years)Figure 2)
Stressors include:

1 Climate (e.g. cyclones, seasonal temperature)

1 Local and shosterm weather (e.g. wind and tides)

1 Water quality (e.qg. river discharge, plume exposumatrient concentrations, suspended

sediments, herbicidgs
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1 Bidogical (e.g. epiphytes and macroalgae)
1 Substrate(e.g. grain size composition)
1 Seagrass environmental integrators (e.g. tissue nutrients)

Indicatorswhichrespond more quicklye.g. light)provide important earlywarning ofpotentially

more advanced ecobical changes (as described below). However, a measured change in a fast
respondingenvironmentalindicator is not enougim isolationto predict whether there will be
further ecological impacts, because the change could be gbart. These indicators mvide critical
supporting information to support interpretation of slower respondsgagrassonditionand
resilience indicators.

Measures of sagrasscondition

Conditionindicatorssuch as meadowlaindance and extent indicate the state of the
plants/population and reflect the cumulative effects of past environmental conditi@igure 3)
Abundance can respond to changes in environment on-seades ranging fromveeksto months
(depending on specief) the Great Barrier Reefvhile meadow aregeneraly tends to adjust over
longer timescales (months to yearsyeagrass area and abundaraze integrators of past
conditions, and are vital indicators of meadoandition; however, these indicatorsanalsobe
affected by external factors such as grazingr®gaherbivoresncluding dugongs and turtles
Therefore,they are not suitable as standlone indicators of environmental chantieey require
indicators that can be linked more directly to specific pressures. These condition indicatade also
not demonstate capacity to resist or recover from additional impagissworthet al.2015).

Measuresf ssagrass esilience

902f 23A Ol fthedpaciyfofiaS et Bterh B abdorb repeated disturbances or shocks and
adapt to change without fundamentally switchiig2z 'y I £ ( S NI/ (Hokng $97Riand 6 f S
therefore it relates to the ability of a system to both resist and recover from disturbaresvorth

et al.2015 (Figure 3) thanges imresilienceindicators show if the ecosystem is in transition (i.e. has
already, or may undergo a statdhange) Sexual reproduction (flowering, seed production and
persistence of a sed@nk) is an important feature of recovery (and therefore, of resilience) in
seagrass meadows the Great Barrier Reefoastal seagrasses are prone to small scale disturbances
that cause local loss€€ollier and Waycott 2009andtherefore disturbancespeciaist speciegi.e.
coloniser$tend to dominate throughout th&reat Barrier ReefCommunity structee (species
composition) is also an important feature conferring resilience, both resistance (as some species are
more resistant to stress than others), and recovery (as some species may rapidly recover and pave
the way for meadow developmengFrigure4).

ax
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time ‘D
2 years 3 years ' >5 years
| [ |
estuarine
coastal
HAMN
H. ovalis Halodule Zostera
L
L ') )
4
deepwater H. ovalis 7 VA
W X V!
NG Y
H. decipiens H. spinulosa H. tricostata
BT o il
| | \ (/ “»M / |B
1 ( &
1A l R 5
4 Q
| = (b Ig
¢ o
|C
reef (Lt g G R
A V‘*’ { fv LY
i i {} ;“{.M ‘-, oo '( I\
) ) Ji NG X
H. ovalis Helodule C. rotundata Thalassia Enhalus
pioneer spp opportunistic spp persistent spp

colonising transitional steady state
« foundational spp

fast growing slow

Figured. lllustration of seagrass recovery after loss and the categories of successional species over
time. Figure @veloped from recovery dynamics obserdadngY 2 Yy A i 2 NAy 3 aAy O0OS {(KS
throughout the Great Barrier RedBirch and Birch 198%reen et al. 1995VicKenzie and Campbell

2002 Campbell and McKenzie 2004cKenzie et al. 2014&asheed et al. 20)4

This report presents data from thevelfth period of monitoring inshore seagrass ecosystems of the
Great Barrier Reef under the MMP (undertaken from Juneés20May 2077; hereafter called
016176 O D ¢ KS 1 S@& seaghass manforing Kuroghay af kng MW were to
report on:
{1 the abundance and species composition of seagrass (incliatidgcapemapping) in the
late dry season of 2@land the latewet season of 207 at inshore intertidal and subtidal
locations,

1 the reproductive health of the seagrass species present at inshore intertidal and subtidal
locations,

i tissue nutrient concentrations (carbon, nitrogen and phosphorus) and epiphyte loads of
foundation seagrass speciasd.genusHalodule, Zostera, Cymodogesd each inshore
intertidal and subtidal location,

1 spatial and temporal patterns in light, turbidity and temperature at sites where autonomous
loggers are deployed,

1 trends in seagrass condition
1 seagrass communify relation toenvironmentconditionand trerds, and
1 seagrassaport card metrics for use in thennual Paddock to Reef report card.

10
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3 Method s summary

In the following, an overview is given of the sample collection, preparation and analyses methods.
Detailed documentation of the methods used in the MNRIuding quality assurance and quality
control procedures, is available Appendix 2

3.1 Climate and environmental  pressures

Climate and environmentgressuresaffect seagrass condition and resilier{€&gure2). The

pressures of greatest concern are: physical disturbance (cyclones and benthic sheer stress) water
quality (turbidity/light and nutrients), water temperature, low tide exposure and sediment type.
measures are either climate variables, that are gefig not collected at a sitspecific level, and
within-canopy measures, that are recorded at each ditee data source and sampling frequency is
summarised inrable2.

Climate

Total daily rainfall, 3pm wind speed, and cycldrecks were accessed from the Australian Bureau of
Meteorology from meteorological stations which were proximal to monitoring locati®able2). As

the height of locally produced, sheperiod windwaves can beite dominant factor controlling
suspended sediment on innshelf of theGreat Barrier Redf.arcombeet al. 1995 Whinney 2007,

the number of days wind sed exceeded 25km Aiwas used as a surrogate for elevated
resuspension pressure on inshore seagrass meadows. Moderate sea state with winds >26&m hr
elevate turbidity by three orders of magnitude in the inshore coastal areas dbthat Barrier Rde
(Orpinet al.2004). To determine if the tidal exposure regime may be increasing stress on seagrass
andhence drivedecline tidal height observations were accessed from Maritime Safety Queensland
and duration of annual exposure (hours) was detigrad for each meadow (i.e. monitoring site)
based on the meadows height relative to the Lowest Astronomical Tide (App&idible51).

The presence of inshore seagrass meadows alonéthat Barrier Regdlacesthem at high risk of
exposure to waters from adjacent watersheds and exposure to flood plisrg®ly tobe a

significant factor in structuring inshore seagrass communitesligret al. 2014 Petuset al.2016).
Hence weused river discharge volumes as well as frequency of exposure to inshore flood plumes as
indicators of flood plume impacts to seagrassBlume exposure is generated by wet season
monitoringunder the MMPin the water quality suiprogram Waterhouseet al.2018. TheMMP
inshorewater quality subprogram includes e&mote sensing component, which describes water
quality characteristicgor 22 weekof the wet seasorNovemberg April). Water quality is described
as colour classes of turbid, brown primary water (claggt), green secondary water (class 5), and
waters influenced by flood plumes (salini$0PSU, coloured dissolved organic matter (CDOM)
threshold of 024 n* class 6). Colour classes are derived from MODIS True colour satellite images.
Exposure to flood plumes is described in this report as frequency of exposure to ptorarg,
sediment ladenpr secondarygreen, nutrient richyvater during the wetseason. Methods are

detailed inDevlinet al. (2015.

Environment within seagrass canopy

AutonomousiBTay* submersible temperature loggers were deployed as#és identified in
AppendixA2.1, Table36. The loggers recordegeémperature (accuracy 0.0625°C) within the seagrass
canopy every 3@ 90 minutes (Table2). iBCod22L submersible temperature loggers were attached
to the permanent marker at each site above the sedimeater interface.

Submersible Odysséyphotosynthetic irradiance@onomous loggers werattached to permaent
station markersat 20 intertidal and 4 subtidadeagrass locations from the Cape York region to the
Burnett Mary regionAppendixA2.], Table36). Detailed methodology for the light monitoring cae
found in AppendiXA2.2.2 Measurements were recorded by the logger every 15 minutes and are

11
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reported as total daily light (mol ¥d?). Automatic wiper brushes cleaned the optical surface of the
sensor every 15 minutes farevent marine organisms fouling.

Sediment type wa recordedat the 33 quadrats at each site conjunction with seagrass abundance
measures usingasual/tactile estimation of sediment grain size compositioi2 (@m below the
sediment/water interfaceps per standargbrotocols described in McKenz al. (2003). Qualitative

field descriptions of sediment compositievere differentiated according to the UddaWentworth

grade scal@as this approach has previously been shown to provide an equivalent measure to sieve
derived datasets (Hamilton, 1999; McKen2@®7).

12
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Table2. Sunmary of climate and environment data included in this repsitbwing historical data range, measurement technique, measurement frequency,

and data source. Methodology for data collected in this program is further detailed below, and in Appendat&bleduration of data availability

depending on site

Data range Method Mﬁi;ﬂfr?;im Reporting units Data source
Climate
Cyclones 1968- 2017 remote sensing and observations at yearly No. yrt Bureau ofMeteorology
nearest weathestation
Rainfall 1889- 2017* rain gaugesit nearest weather daily mm mo? Bureau of Mteorology
station mm yr!
Riverine discharge 1970¢ 2017 water gauging stations at river moutt Ldt DSIT, compiled bywaterhouseet al.
Lyrt 2018
Plume exposure 2006¢ 2017 remate sensing and field validation  weekly frequency of water type (i, 6) MMP inshore water quality program
wet seasonDecc Apr) at the site (Waterhouseet al.2018)
Wind 1997¢ 2017* anemometer at 10 m above the 3pm wind speed days >25 km h¥ Bureau ofMeteorology
surface averaged over 10 minuteat
nearest weather station
Tidal exposure 1999¢ 2017 wave height buoys at station neares 3¢ 10 min hours exposediuring daylight ~ Maritime Safety Queensland, calculated

to monitoring site

exposure byMMP InshoreSeagrass
monitoring

Environment ithin seagrass canopy

Watertemperature 2002¢ 2017
Light 2008¢ 2017
Sedimentgrain size 1999¢ 2017

iBTag 30¢ 90 min

Odyssey 2Pi PAR light loggers with 15 min
wiper unit

Visual tactile description of
sediment grain size composition

3 mog 1yr

°C, Temperature anomalies,
exceedance of thresholds
Dailylight (k) mol m?d*
Frequency of threshold
exceedance [per centdays)
proportion mud

MMP InshoreSeagrass monitoring

MMP InshoreSeagrass monitoring

MMP InshoreSeagrass monitong

“Department of Science, Information Technology and Innovation

13
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3.2 Sampling design and site selection

The sampling design was selected to detect changes in inshore seagrass meadows in response to
changesn water quality associated with specific catabmbs or groups of catchments (Region) and

to disturbance eventsThelocationsimeadows were selected by thdarine Park Authorityusing

advice from expert working groupis 2004 The selection dbcationsimeadows was based upon a
number of competing factrs:

1. meadows were representative gishoreseagrass habitats and seagrass communities across
each region (based dree Longt al. 1993 Lee Longt al. 1997, Lee Longt al. 1998
McKenzieet al. 2000y Rasheeckt al.2003 Campbelkt al. 2002 Goldsworthy 199%

2. where possiblénclude legacy sites (e.g. Seagrééatch, MTSRF) dormer seagrass
researchsites (e.gDennisoret al. 1995 Inglis 1999Thorogood and Boggon 1999dyet al.
1999 Hayneset al. 2000 Campbell and McKenzie 20Mellors 2003 Campbell and
McKenzie 2004.impuset al. 2005 McMahonet al. 2005 Mellorset al. 2005 Lobb 2008.

3. aMinimum Detectable Difference (MDD) below R2€ér cent(at the 5per centlevel of
significance with 8@er centpower) Bros and Cowell 1987

Sites were selected using mapping surveys across the regions prior to site establishment. Ideally
mapping was conducted immediately prior to site positioning, however in mOgi€6 centof) cases

it was based on historic (>5yr) information. Representative meadows were those which covered the
greater extent within the inshore region, were generally the dominant seagrass community type and
were withinGreat Barrier Redfaselineabundances (based dboleset al. 20013 Coleset al.2001¢

2001h 2001d. To account for spatial heterogeneity of meadows within habittéeasttwo sites

were selected at each locatiolf.meadow overall extent was larger than ~15hecatres (0.15,km
replicate sites were often located within the same mead@greater number of sites was desirable
with increasing meadow size , however not possible due to funding constraints)

From the onset, inshore seagrass monitoring for the MMP was focused primariiyeotidial/lower
littoral seagrass meadows due to:

accessibility and cost effectiveness (limiting use of vessels and divers)
OccupationaHealth and Safety due mangerous marine animals (egocodiles, box
jellyfish and irukandiji)

1 occurrence of meadows estuarine, coastal and reef habitats across the er@&reat Barrier
Reef and

1 where possible, provides an opportunity fatizeninvolvement, ensuring broad acceptance
and ownership of Reef Plan by the Queensland and Australian community.

Some of theestrictions for working in hazardous waters are overcome by using drop cameras
however, drop cameras only provigdundancaneasures and daot contribute tothe other
metrics(e.g. tissue nutrients, reproductivefeft). Although considered intertidalithin the MMP,

the meadows chosen for monitoring were in fact lower littoral (rarely exposed to air). Thédong
median annual daylight exposure (the time intertidal meadows are exposed to air during daylight
hours)was 1.7per cent(all meadows pooled)Table51). This limited the time monitoring could be
conducted to the very low spring tides within small tidal windows (mosthhis per day for & days
per month for 69 months of the year). Traditionally, approaches devetbfor monitoring seagrass
to assess changes in water quality were developed for subtidal meadowgdybif small tidal

ranges (e.gFlorida = 0.7m, Chesapeake Bay = 0.6m) and clear waters where the seaward edges of
meadows were only determined by ligfEHMP 2008 Unforturately, depth range monitoring in
subtropical/tropical seagrass meadowas hadimited successlue to logistic/technical issues (e.g.
accuracy defining deep edge of a fragmented meadovd positional accuracy dhe autoset leved &

14
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graduated staffwvith increasing horizontal distany¢B. Longstaff, pers. comm. 05 May 20849l
seagrass meadows within the Great Barrier Reef lagoon do not conform to traditional ecosystem
models because of the systems complex@@airutherset al. 2002), including:

a variety of habitat types (estuarine, coastal, reef and deepwater);
a large variety of seagrass species with differing life history traits and strategies;
tidal amplitudes spanning 3.42m (Cairts)L0.4m (Broad Sound) (www.msq.qgld.gov.au;
Maxwell 1968;
1 a variety of sediment substrates, from terrigenous with high organic content, to oligotrophic
calcium carbnate;
turbid nearshore to clearer offshore waters;
grazing dugongs and sea turtles influencing meadow community structure and landscapes;
1 nearabsence of shallow subtidal meadows south of the Whitsundays due to the large tides
which scour the seabed.

Deepvater (>15m)meadows across th&reat Barrier Reefre comprised of onlHalophilaspecies
and are highly variable in abundance and distributiose(Longet al. 1999. Due to this high
variability theydo not meet the current criteridor monitoring as the MDD is very poor at thepgr
centlevel of significance with 8fer centpower McKenziest al. 1998, and will require a different
approach if to be included in futumaonitoring. Predominately stable lower ldtal and shallow
(>1.5m below Lowest Astronomical Tide) subtidaladows of foundaon species (e.gZostera
Halodulg are best for determining significant change/impact (McKeetzi. 1998).Where possible,
shallowsubtidaland lower littoralmonitoring sites wereyaired whendominated bysimilarspecies.

Due to the high diversity of seagrass species acros&that Barrier Reeft was decided in
consultation withthe Marine Park Authorityo direct monitoring toward the foundation seagrass
species awmss the seagrass habitaiSigure5). A foundation species is the dominant primary
producer in an ecosystem both in terms of abundance and influence, playing central roles in
sustaining ecosystem servicé&n@eliniet al.2011). The activities of foundain species physically
modify the environment and produce and maintain habitats that benefit other organisms that use
those habitats.

Stable

Non-foundation |
species

Tropical |

Zostera
muelleri

Disturbance regime
Sub-tropical/
temperate

Disturbed

Colonising Opportunistic Persistent

Species classification
Figureb. lllustration showing how foundational species can include species display colonising
opportunist or persistent life history traits depending on disturbance regime.

Foundation species are the species types that are at the pinnacle of meadow succadsigitly
disturbed meadow (due to wave/wind exposure, or low light regime) migh&gs$ only ever have
colonising species as the foundational species, while a less disturbed meadow can have persistent
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species form the foundation. Also, whether Zostera muelleri is a foundation species is influenced by
whether it grows in the tropics or ithe subtropics, as it is more likely to form a foundation species

in the subtropics even if it is disturbeBor the seagrass habitats assessed in the MMP, the
foundation seagrass species were those species which typified the habitats both in abundédnce a
structure when the meadow was considered in its steady state (opportunistic or persistent)
(Kilminsteret al.2015. Thefoundation species were all-dheristematic leafreplacing forms from

the following familiesCymodocea, Enhalus, Halodule, Thalass@Zostera(Table3).

The timing of themonitoring within the MMP was decided by tihdarine Park Authorityusing

advice from expert working groups. As the major period of runoff from catchments and agricultural
lands was the tropical wet season/monsoon (December to Aprdpitoring was focussd on the

late dry (growing) season and late wet season to capturectiralitionof seagrass pre and post wet.

Fifty eightsites at29 locations wereassesseduring the 205¢2017monitoring period Appendix

A2.]1, Table36). Thiscoverednine coastal, four estuarine anavelve reef locations (i.e. two othree
sites at each location). At the reef locations in the Burdekin and Wet Tropics, intertidal sites were
paired with a subtidal siteT@ble3). Apart from the42 MMP longterm monitoring sites, dta

included eighsitesfrom SeagrassVatchandeight sites fronQPWSo improve the spatial
resolutionand additional subtidal habitatshere possibléTable4). A description of all data

collected during the sampling period under the monitoring contract has been collated by Natural
Resource Management (NRM) region, site, parameter, and the number of samples collected per
sampling period iddted inTable36. The seagrass speci@scluding foundationpresent at each
monitoring site is listedable3 and Table4.
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Table3. MMP inshore seagss longterm monitoring sitedetails including pesence of foundatiori and other §) seagrass species sampled for plant
tissue and reproductive healtNRM region from www.nrm.gov.au. * = intertidal, *=subtidz®.= Cymodocea rotundata, CS = Cymadsereulata, EA = Enhalus

acoroides, HD = Halophila decipiens, HO = Halophila ovalis, HS = Halophila spinulosa, HU = Halodule uninervis, 8invi&etifgtigin, Tt Thalassia hemprichii, ZM = Zostera muelleri
GBR NRM region Basin Monitoring location Site Latitude Longitude cR|cs|EA|HD|HO | HS|HU| 8 | TH | 2w
region (Board
Shelburne Bay SR1* Shelburne Bay 11° 53.220 142 54.853 i A A
Jacky Jacky / coastal SR2* Shelbune Bay 11° 53.238 142 54.940
Olive-Pascoe Piper Reef FR1* Farmer Is. 12° 15.339 143° 14.021 A A A
Cape York reef FR2* Farmer Is. 12° 15.433 143° 14.186
Far (Cape York Flinders Group ST1* Stanley Island 14° 8.563 144° 14.682 A A A A i A
Northern Natural Resource| Normanby/ reef ST2* Stanley Island 14° 8.533 144° 14.590
Management) Jeannie Bathurst Bay BY1* Bathurst Bay 14° 16.068 144° 13.963 A i A i A
coastal BY2* Bathurst Bay 14° 16.049 144° 13.897
Archer Point AP1* Archer Point 15° 36.508 145° 19.147 A A ~ = A A -
Endeavour reef AP2* Archer Point 15° | 36533 | 145° | 1018 | ~ | A A A A A e
Daintree Low Isles LI1* Low Isles 16° 23.110 145° 33.884 é\ e\ A
reef Li2n Low Isles 16° 22.973 145° 33.854 A A
Mossman / Yule Point YP1* Yule Point 16° 34.149 145° 30.756 i A A+
Barron/ coastal YP2* Yule Point 16° 33.825 145° 30.568
Mulgrave GI1* Green Island 16° 45.709 145° 58.372 A = = ~ ~
Northern Wet Tropics Russell / Grefe”;fs'and GI2* Green Island 16° | 45696 | 145° | 58566 ’f /f /j ’f‘ ] 'f‘
(Terrain NRN! Johnstone GI3» Green Island 16° 45.294 145° 58.379 A A A A A A
Mission Beach LB1* Lugger Bay 17° 57.645 146° 5.603 i A
coastal LB2* Lugger Bay 17° 57.672 146° 5.626
T“/”ﬁ’e%‘gtay Dunk Island DIT* Pallon Beach 17° | 56.646 | 146° 8.452 A | A A A A
reef DI2* Pallon Beach 17° 56.734 146° 8.450 _ _
DI3" Brammo Bay 17° 55.910 146° 8.417 A A A A
Magrietic island MI1* Picnic Bay 19° 10.752 146° 50.480 _ _ é é\ _ _ A*
- MI2* Cockle Bay 19° 10.621 146° 49.730 A 6 _ é _ e\ A A
A R A - A B L K N R,
f ; Townsville elley Beacl e . ® . & - P A
(NQ Dry Tropigs Burdekn coastal BB1* Bushland Beach 19° 11.016 146° 40.951 A A b -
Bowling Green Bay JR1* Jerona (Barratta CK) | 19° 25.369 147° 14.487 i A A
Central coastal JR2* Jerona (Barratta CK) | 19° 25.272 147° 14.435
Repulse Bay MP2* Midge Point 20° 38.084 148° 42.107 A A A
Proserping coastal MP3* Midge Point 20° 38.067 148° 42.282
Wmfscukrfé’ay OGonnell Hamilton Island HM1* Catseye Baywest 20° | 20.636 | 148° | 57.439 A A | & A
(Reef Catchments reef HM2* Catsgye Bgyeast 20° 20.797 148° 58.234
Plane Sarina _Inlet SI1* Po!nt Sal!sbury 21° 23.770 149° 18.248 i i A
estuarine S|2* Point Salisbury 21° 23.719 149° 18.288
Shoalwater Bay RC1* Ross Creek 22° 22.912 150° 12.810 i A A
Fitzroy Sma_llwater / coastal WH1* Wheelans Hut 22° 23.829 150° 16.520
" ; Fitzroy Keppel Islands GK1* Great Keppel Is. 23° 11.776 150° 56.356 x = A N
(Fitzroy Basin < = = A A A A
Associatiof . reef GK2 Grea}t Keppels. 23 11.638 150 56.364
Southern Calliope / Gladstone 'Harbour GH1* Belican Banks 23° 46.015 151° 18.059 i A+ A
Boyne estuarine GH2* Belican Banks 23° 45.884 151° 18.233
Rodds Bay RD1* Cay Bank 24° 3.467 151° 39.333 = % N
(%‘L‘JT:ZTI '\,f'/laa?; I estuarine RD2* Turkey Beach 24° | 4854 | 151° | 39.752 A A .
Regional Group Mary Hervey_ Bay UG1* Urangan 25° 18.053 152° 54.409 A A A
estuarine uG2* Urangan 25° 18.197 152° 54.364

* indicates presence adjacent, but not within, 50m x 50m Zivstera muelleri = Zostera muellgubsp capricorni, as revision of Zostera capricodaibs et al. 200presulted in classification to subspecies.
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Table4. Details of additionainshore seagrass loAgrm monitoringsites from the Seagras&/atch and QPWS dregamera programs, includinggsence of
foundation &) and other &) seagrass speciedRM region from www.nrm.gov.au. * = intertidal, *=subtidal

GBR region NRM region Board) Basin Monitoring location Site Latitude Longitude CR|C|EA|HD|HO|HS|HU | 9 |TH|[2zM
Wey":::fth B | yy1* | yumvYumBeach| 12 | 34247 | 143 | 21630 | A | A | A A A A
Far c Caf;e I‘ert " Lockart Lloyd Bay LR1" LloydBay | 12 | 47.792 | 143 | 29.18 % | & | A
Northern ( ap&ar?; e)a es coastal LR2" Lloyd Bay 12 | 49502 | 143 | 28.488
- Normanby/ Flinders Group FG1” Finders Island 14 10.9464 144 13.52 i i A
Jeannie reef FG2» Flinders Island | 14° 10.932 144 13.52
ROBITEIE BEY || man GooldIsland | 18 | 10.428 | 14 9.186 A | A A A
Northern Wet Tropics VLTS reef
P / Herbert Missionary Bay MS1” Cape Richards | 18° 12.950 146° 12.753 i A
coastal MS2n Macushla 18° 12.316 146° 13.010
Burdekin Ross / Townsville " o % % A A
(NQ Dry Tropigs Burdekin —— SE Shelley Beach | 19 10.939 146° 45.767 A A A A
Shoal Bay HB¥ HydeawayBay 20° 4.481 148° 28.943 ~ ~ ~ ~
Don reef HBZ | Hydeawayay | 20° | 4292 | 148° | 28861 | ~ A & g
. Pioneer Bay PI2* Pigeon Island 20° 16.163 148° 41.585 = = A A
Central Mackay Whitsunday Proserpine coastal PI3* | Pigeonlsland | 20° | 16.232 | 148° | 41.850 AA e a
(Reef Catchments Proserpine / Whitsunday Island TO1 Tongue Bay 20° 14.399 149 0.934 i A A
OGonnell reef TO2" Tongue Bay 20° 14.495 149 0.697
Newry Islands NB1# Newry Bay 20° 52.057 148 55531 A = = A N
Slemmi coastal NB2A NewryBay | 20° | 52.325 | 148 | 55.423 a A e e
Burnett Mary Burrum Heads BH1* Burrum Heads | 25° 11.290 152° 37.532 ~ .
Southern (B”mene":';% REgEE] Burrum coastal BH3 | BurrumHeads | 25° | 12.620 | 152° | 38.359 A . o
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3.3 Seagrass condition monitoring

3.3.1 Seagrass abundance, composition and extent

Field survey methodology followagloballystandardised protocols (detailed in McKeneteal.

(2003 and AppendiA2.3.]. At each location, with the exception of subtidal sites, sampling
included two sites nested (within 500m of each other) in a location. Subtidal sites weadwaots
replicated wthin locations. Intertidal sites were defined a$® hectarearea within a relatively
homogenous section of a representative seagrass community/meadow (Mckatraie2000).
Monitoring at sites in the late dry (September/October Bpand latewet (March/April 20T7) of
each year was conducted by a qualifeaientistwho wastrainedin the monitoring protocolsin the
centre ofeach site, during each survey, observers recorded theget seagrass cover with88
guadrats 60cm x 50cmplacedevery 5malong three 50m transectfycated25m apar}. The
sampling strategy for subtidal sites was modified to sample along 50m transe8tmZapart
(aligned along the depth contour) due to logistics of SCUBA diving in waters of poor visibility.
Mapping of the meadow landscap@ncluding patches and scamsijthin each sitevas also
conductedas part of the monitoringn both the late dry and latevet periods Mapping followed
standard methodologiedcKenzieet al.2001) using ahandheldGPSn foot. Where the seagrass
landscapeended to grade from dense continuous cover to no cover over a continuum that included
small patches and shoots of decreasing density ntleadowedge was delineated where there was
a gap with the distance of more than 3tres(i.e. accuracy of the GRSherefore the entire 5.5
hectaresite was mapped (seagrass and no seagrass).

Seagrass species were identified as per Wayatail. (2004). Speciesvere further categorised
according to theitife history traits and strategiesnd classified into colonising, opportunistic or
persistentas broadly defined by Kilministet al. (2015 (for detailed methods, see Appendi}.2

3.3.2 Seagrass reproductive health

Seagrass reproductive health was assessed from samples collected in the late@lan@@dtewet
2017 at locations identified iMable3. Samples were processed according to standard
methodologies (see Appendi2.3.]).

In the field, 15 haphazardly placed cores (100mm diameter x 100mm depth) of seagnas
collectedwithin each sitdrom an area adjacent (of similar cover and species compositiatmeto
monitoringtransects In the laboratory, reproductive structures (spathes, fruits, female and male
flowers) of plants from each core were identifieddacounted for each samples and species.
Reproductive effort was calculated as number of reproductive structures (fruits, flowers, spathes;
species pooled) per core for analysis.

Seeds banks and abundance of germinated seeds were sampled according trétawethods
(McKenzieet al. 20109 by sieving (2mm mesh) 30 cores (50mm diameter, 10@@pth) of

sediment collected across each site and counting the seeds retained in ea2tnsfena muelleyi

where the seed are <1mm diameter, intact cores (18) were collected and returned to the laboratory
where they were washed through a 710um sieve aadds identified using a hand lens/microscope.

3.3.3 Seagrass tissue nutrients

In the late dry season (October) &)leaf tissue samples from tifeundational seagrass species

were collected from each monitoring site foutrient content analysigTable3). For nutrient status
comparisons, collections were recommended during the growth season (e.g. late dry when nutrient
contents are at a minimumMellorset al. 2005 and at the same time of the year and at the same
depth at the different localitiesRorumet al.2004). Shoots from three haphazardly placed 0.25m
guadrats were collected from an area adjacent (of similar cover and species compositios) to
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monitoringtransects Species within the samplare separated, and all species (exddptophila
spp.) were analysed for tissue nutrient conteAtl leaveswithin the samplewere separated from
the below ground material in the laboratory and epiphytic algae removed by gently scrapied
and milled leaf samples were analysed accordingMoKenzieet al. 2010a Elemental ratios (C:NjP
were calculated on a mole:moleabis using atomic weights (i@=12, N=14, P=31).

The ratiosfor each species are presented in the appendix of this ref@bkel). As an overview of
results, and for the calculation of reparéird score, ratio values apmoled amonghe foundational
speciesat each site Changing C:N ratios have been found in a number of experiments and field
surveys to be related to light levels, as leaves with an atomic C:N ratio of less than 20, may sugges
reduced light availability when N is not in surplAbdlet al. 1994 Griceet al. 1996 Cabaco and
Santos 200;/Collieret al.2009. The ratio of N:P is also a useful indicator as it is a reflection of the
G w S RéFatids ReUfieldet al. 1963, and seagrass with an atomic N:P ratio %@ 30 can be
RSGSN¥YAYSR (Wel sapfliedani®aliinc@dirdaonutrients for gron@dkinson and

Smith 1983Fourqurearet al. 19974 Fourgurean and Cai 20pMWhen N:P values are in excess of
30, this mg indicate Himitation and a ratio of less than 25 is considered to show N limitation
(Atkinson and Smith 1983uarte 1990QFourqurearet al. 199211 Fourqurean and Cai 20pIThe

median seagrass tissue ratios of C:P is apprataly 500 Atkinson and Smith 1983therefore

deviation from this value is also likely to be indicative of some level of nutrient enriched or nutrient
limited conditions. A combination dfiese ratios can indicate seagrass environments which are
impacted by nutrient enrichment. Plant tissue which bash a high N:P and low C:P indicates an
environment of elevated (saturated) nitrogen.

Further detail on methodology for nutrient samplingrcbe found in appendix 2.

3.4 Data analyses

In this report, results are presented to reveal temporal changes in seagrass community attributes
and key environmental variables. Generalised additive models (GAMs) and generalised additive
mixed effects models @VIMs) were also fitted to seagrass attributes for each habitat, to identify
the presence and consistency of trends, using the méfmo@d 2006Wood 2014 package in R 3.2.1
(R Core Team 20L4GAMs and GAMM3®\ood 2006 were used to decompose the irregularly
spaced time series into its trend cycles (ldagm) and periodic (seasonal) components.

GAMMs are aextension of additive modelsyhich allow flexible modelling of neimear
relationships by incorporating penalized regression spline types of smoothingdogdtito the
estimation process.tie degree of smoothing of each smooth term (and by extensianestimated
degrees of freedom of each smoother) is treated as a random effect and thus estimable via its
variance as with other effects in a mixed modelling structiW®dd 2006.The results of these
analyses are graphically presented in a consistent forpradicted values from the model were
plotted as bold black lines, the @r centconfidence intervals of thee trends delimited by grey
shadinglf an ¢ for a trend line was less than 0.5 no line of best fit was shown.

Several GAMs and GAMMs were used on seagrass cover, light, epiphyte cover and macroalgae cover
to tease out trends at the habitat, regional alotation scale over time. When dealing with data

where there are two replicate sites at a given location (e.g. YP1 and YP2 for Yule Point), site was
incorporated as a random factor in the models to account for spatial correlation. However, as part of
our regular model validation process, if the boxplot with Pea@aasiduals plotted against Site

showed very similar values for each site within each location then a GAM was used instead of a
GAMM.

Percent cover data models were fitted using a qdlisiomid distribution due to the proportional
(bound between 0 and 1) nature of the data. Raw data at the quadrat level was used to provide the
maximum resolution for modelling. However, this led to a very large proportion of 0 in some data
sets causing high hetegeneity of variance for some models. For this reason, GAMMs for epiphyte
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and macroalgae cover are not presented and the inclusion irrduteports of zeranflated GAMMs

is being investigated. Light data models were fitted using a gamma distributiotodhe strictly

positive continuous nature of the data. GAM were used in this instance as PAR loggers are deployed
at one site per location and therefore site do not act as a random falct@ddition of the GAMMS,
non-linear regressions and polynomialgre used (at the request of past reviewers) to show trends

in seagrass abundanceer centcover) over time; 9per centconfidence intervalgre displayed

Trend analysis was conducted to determine if there was a significant trend (reduction or indrease)
seagrassibundance (pecentcovel at a particular site (averaged by sampling event) over all time

periods. AManty SY RF £ f GSad ¢l & LISNF2NNYSR dzaAy3d GKS a7Fdzy
2014). ManrKendall is a common negwarametric test used tdetect overall trends over time. The

YSI &adz2NE 2F GKS NIy{1SR 0O2NNBf I {A)2whichAsthe firépbrtio Sy R f €
of up-movements against time vs the proportion of dosmmovements, looking at all possible

pairwise timedifferences. As the test assumes independence between observations, data was

checked for autocorrelation and if present the test was repeated on thearrelated observations

only and the correcteg-value used.

The majority of meadows have been in a "recovery nialecelossesduring the period200809 to
201011. As such, there have been periods of limited sample avi#tijafgi.g. for tissue nutrients)

and the absence of dataas restrictedvhether multivariate analysisan be undertaken routinely
Analysis igurrently underway to more fully interrogate the temporal and covariate components of
the data as the time series of observations lengthen.

3.5 Reporting Approach

The data is presented in a number of ways depending on the indicator and section of the report:

1 Report card scorefr seagrass conditioare presented at the start of each section. These
are a numerical summary of thenditionwithin the region relative to a regional baged
(described further below)

1 Climate and environmental pressures are prasel as averages (daily, monthly arraual)
and threshold exceedance

1 Seagrass community dasaich as seagrass abundance, leaf tissue nutrizmgpresented as
averagegsampling eventseason or monitoring periodith SB and threshold exceedance
data,

1 Seagrass ecosystem data such as sediment composition, epiphyte and macroalgae are
presented as averages (sampling event, season or monitoring period) and relative to the
longterm,

1 Trend analysis (GAMM plots) are also used to explore thetkenmg temporaltrends in
biological and environmental indicators.

Within each region, estuarine and coastal habitat boundaries were delineated based on the
Queensland coastal waterways geomorphic habitat mapping, Version 2 (1:100 000 scale digital data)
(Heapet al.2015). Reef habitat boundaries were determined using the AUSLIG (now the National
Mapping Division of Geosciences Australia) geodata topographic basdni®0 000 scale digital
data).Conceptual diagrams have been used to illustrate the general seagrass habitats type in each
regionand can be found in Appendix 1 with the background description of each NRM.region
Symbols/icons have been used in the ogpitial diagrams to illustrate major controls, processes

and threats/impacts
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3.6 Calculating scores for the  Report card

Three indicators (presented as unitless scores) wsetected by théviarine Park Authorityusing
advice from expert working groups and tRaddock to Reef Integration Teafor the seagrass
report card:

1. seagrass abundancpdr centcover)

2. reproductive effort

3. nutrient status [eaftissue C:N ratio)

A seagrass condition index (score) is reported for each monitoring site based on changdsadh ea
the indicators relative to a baselin€he methods foscorecalculation vere chosen bythe Paddock
to Reef Integration Team arall report card scores are transformed to a five point scale from 0 to
100 to allow integration with other components tife Paddock to Reef report carDépartment of
the Premier and Cabinet 20L4The methods red scoring system for the report card are detailed in
Appendix 3Please note that the scale from 0 to 100 is unitless and dhmmtlbe interpreted as a
proportion or ratio.

3.6.1 Seagrass abundance

Seagrass abundance state in the MMP is meakusing the median seagrass pent cover relative
to the site or reference (habitat type within each NRM region) guideline. Abundance gailelin
(threshold levels) were determined using the letegm (>4 years) baseline where the percentile
variance plateaued (generally -P® sampling events), thereby providing an estimate of the true
percentile valueNicKenzie 2000 Guidelines for individual sites were only applied if the conditions
of the site aligned with referege conditions and the site had been subject to minimal/limited
RA&ZGdzZND I yOS F2N) oABPTaBe8®).NE 06aSS ! LIWISYRAE

Abundancestate at each site for each monitoring event was allocated a gnasig:good median

per cent cover at or above T5percentile;good, median percent cover at or above S0percentile;
moderatg median percent cover below 50 percentile and at or aboview guideline poor, median
percent cover belowow guideline andvery poor median peicent cover belowow guidelineand
declined by >20 pezent since previous sampling event). The choice of whether tfepQd"
percentilewas used for the low guideline depeedon the withinsite variability generally the 26
percentile is used, unless withiite variabilitywas low (e.gCV<0.6), whereby the T(ercentile

was more appropriate as the variance would primarily be the result of natural seasonal fluctuations
(i.e. nearly every seasonal low would fall below th& pércentile).Details on the percent cover
guidelines can be found kppendixA3.2

A grade scorérom 0 to 100 Table5) was then assigned to enable integration with other seagrass
indicatorsand other components of th&2Rreport card Department of the Premier and Cabinet

2014). Annual seagrass abundance scores were calculate using the average grade score for each site
(including all sampling events per year), each habitat and each NR&deRiete that the scores are
unitless and should not be interpreted as a proportion or ratio.

Table5. Scoring threshold table to determine seagrass abundance status: 10" or 20" percentile
guideline ¢ee Appendix J,able38). NB: scores are unitless.

grade percentile category score status
very good 75100 100 [N
good 50-75 75 61-80
moderate low-50 50 41-60
poor <low 25 21-40

very poor <low by >2(per cent 0 _
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3.6.2 Seagrass reproductive effort

Most seagrass species of tlizeat Barrier Regfroduceflowersin the late dryseasonso
reproductive effort is sampled during the late dry seasmapture the sexual reproductive peak
However the timingof peak flowerig densityandthe mode ofreproductionis variable among
species (Waycottet al.2007). In order to incorporatall available information reproduction
including recent past reproduction (as evidenced by seeds and fruits) and current reproduction
(flowersand inflorescencésall reproductive structures ammeasured

The average density of reproductive structures over a 5 paaelineperiod (20052010) was used

to determine a guideline value for a combination of all reproductive structures for all species, in
each habitatype, across thé&reat Barrier Reafuring the late dry (coastal intertidal = 8.22+0.71,
estuarine intertidal = 5.07+0.41, reef intertidal = 1.32+0.14). The total number of reproductive
structures per core measured during the current monitoring event {®epober 2056) was
normalised using this GBR average, with the ratio then being ranked from very good to very poor
(Table §Table47).

Table6. Scores folate drymonitoring period reproductive effort avage against longerm (2005
2010) GBR habitat averag®lB: scores are unitless.

Reproductive Effort

grade monitoring period / long ratio score 0-100 score status
term
very good X N 4.0 4 100 _
good 2to<4 2.0 3 75 61-80
moderate lto<2 1.0 2 50 41-60
poor 0.5to<1 0.5 1 25 21-40
very poor <0.5 0.0 0 0 _

3.6.3 Seagrass nutrient status.

Tissue nutrient contendf seagrass leavéscluding carbon (C), nitrogen (Bid phosphorus (P)

were measurednnualy® ¢ A a3 dzS ydziNASyida INBE AYRAOFG2NR 2F A
by leaf lifespan and ranging from days to months prior to sampling) environmental condifitwes.
absolute tissue nutrient concentratie (%C, %kBNnd%P) are used to calculatiee atomic ratioof
nutrients in seagrass leaves. The C:N rnaig ch@en for the purpose of the report castoreas it

is the ratiothat indicatesa change in either light or nitrogen availability at the meadoals. C:N
ratios were compared to global averag&alue of 20:1Atkinson and Smith 198%ourqurearet al.
1992h), with values less than 20:1 indicating either reduced light or excesawhilable to the
seagrass. Values higher than 20:1 suggest light saturation and low nitrogen éitxailabalet al.

1994 AM Grice et al, 1996 Udy & Dennison 1997C:N ratios from the late dry sampling (Sept/Oct
2015) were catgorised on their departure from the guideline and transformed to a 0 to 100 sre
shown in &ble 7(see alsalable49).

Table7. Scores for leaf tissue C:N against guideline to determine light andmtwariailability.NB:
scores are unitless.

Score(R ) range

grade C:N ratio range
and status
very good C:N ratio >30* _
good C:N ratio 2830 61 - 80
moderate C:N ratio 25 41 - 60
poor C:N ratio 1820 21-40

very poor C:N ratio <15* _
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3.6.4 Seagrass index

The seagrass indexads average score (Q00) of the three seagrass status indicators chosen for the
MMP. Each indicator is equally weighted as we have no preconception that it should be otherwise.
To calculate the overall score for seagrasthe Great Barrier Reef, the regional scores were
weighted on the percentage ofr€at Barrier Reef World Herritage Arsa@agrass (shallower than

15m) within that regionTable8). Please note: Cape York omitted from the GBResnd?P2R

reporting prior to 2012 due to poor representation of inshore monitoring sites throughout region

Table8. Area of seagrass shallower than 15m in each NRM rewmiitnin the boundaries of the Great
Barrier Reef World Herigge Area(from McKenzie et al. 2014McKenzie et al. 2014€arter et al.
2016 Waterhouse et al. 2006

NRM Area of seagrasgknr) per centof GBRWHA
Cape York 2,078 0.60
Wet Tropics 207 0.06
Burdekin 587 0.17
Mackay Whitsunday 215 0.06
Fitzroy 257 0.07
Burnett Mary 120 0.03
GBRWHA 3,464 1.00
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4 Resultsand discussion

The followingresults and discussion section provides detaittmoverall climate, environmental
pressures and seagrass responses for2be6;17 monitoring period in context of longeterm
trends. It is structured as:

1.

2.
3.

Great Barrier Reefvide summaryoverallGreat Barrier Reefiide trends andtrends for
each habitat type represented separately

achapter on each NRMegionstarting with themostnorthern, Cape York

Case stug: Assessing the effects of light and temperature on seagrass abundance

Each section (aside from the case saglcontains data on environmealt pressuress well as the
indicators that are used for calculating the report card score, or dagartiay be included in the
report card in the future:

1.

© © N g wDN

10.
11.
12.

A summary of théey findings from the overall sectiamcluding a summary of the report
card score

Climate, river discharge and flood plume exposure
Within-canopy light

Within-canopy temperaturehreshold exceedance
Seagrasstandanceand extent

Seagrassgecies compositiobased on life history traits
Seagrassaproductive effortand seed banks
Seagrassehf tissue content@:N, N:P and C:P ratjo
Epiphyte andnacroalgaeabundance

Seagrass meadows sgtent characteristics

Findings from other seagrass monitoring programg. QPSMP
Report card score

The following gpporting data identified as important in understandirthe Results and discussion
sectiors (including any lonterm trends) is detailed within Appendix 4

1.

© 0N WD

[EEN
o

11.

dimate (monthly rainfall and monthly 3pm wind speed) relevant to each monitoring
location

Annual daytime tidal exposure at each monitoring site

Daily within canopy seawater temperature at each monitoring site
Daily light each monitorinpcation

Sediment grain size composition at each monitositg

Epiphyte and macroalga®undance at each monitoring site

Meadow extentwithin each monitoring sit¢5.5 ha)

Location and seagrass species composition at each monitoring site
Seagrass leafssue nutrient C:NC:P, and % at each monitoring location

. Seagrass leaf tissue nutrient isotopic signatuféd,d°N) concentrations, for each species

at each monitoring habitat within each NRM region
Tables detailing statistical analysis
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4.1 Great Bar rier Reef-wide summary

In2016¢17 there was a category #opicalce Of 2y S W5S060ASQ G KI (I B&dhe a3 SR
in the Mackay Whitsunday regiam the 28" March 2017. This, and rainfall events earlier in March
resulted inaboveaverage rainfalto Mackay Whitsunday catchments, and to the small rivers in the
Fitzroy region (but not to the Fitzroy Rivdr).addition, riverine discharge was above average

throughout the south and centrd&breat Barrier Redfrom the Don River in the Burdekin toeh

Burrum River in the Burnett Mary). Exposofethe seagrass sitde W6 N2 gy Q ltubid WINB Sy Q
water (assessed using remote sensing by the MMP inshore water qualfyrsgtam) wasimilar

to the longterm averageacross theGreat Barrier Reeds a whde (seagrass sites exposed to turbid

water for 90per centof wet season weelRsHowever, consistent with patterns in river discharge,

turbid water exposure was elevated in the southern NRMs, and reduced in the northern NRMs

relative to the longterm averaye for each regiorDaily light, or irradianced)l, was also lower (11.6

mol m2 d1) than the longterm average (13.4 mol ¥d?). Reductions insloccurred in all NRMs and

habitat types.Acute light thresholds were exceedeatbre frequently at subtidalcoastaland reef

sites in the Burdekin regicand at sites in the Mackayhitsunday during the wet season whdrey

were affected by TC Debbie

Amarineheatwave that caused coral bleaching in the northern and central @B&affected
seagrass siteaaossall NRMsWithin canopy temperatures/ere above averagn allregionsduring
2016:17. High water temperatures (>35°C) walsoexceeded for a record number of daysaih
regions except the Burnett Mary, which had the second highest number of tfeyki¢hest being
the previous yeargxceeding35°Csince records begafhese elevated temperaturesay have
affectedseagrasphotosynthesis and respiration, and hampered recovery from previous-flood
related lossesn combination with lower than averadight levelsin 2016¢17.

Seagrass abundan@eer centcover)across theshallowinshoreGreat Barrier Redfadbeen
recoveingfrom the losses caused by multiple years of above average rainfall followed by an
extreme cyclone and associated flooding evesiteeearly 2011 Howeverin 201617, abundance
(allmeadows and sampling evenfmoled) decreasedut remainedmoderate (Figure6). There

were, however differences among regionsedlinesin the statusoccurredin Cape York, Mkay
Whitsunday and Burnett MamdRMs andill NRMs had a poor rating, except for the Burdekin, which
increased to good.

Seagrass Reproductive Nutrient status Seagrass

100 Abundance Effort (C:N) Index

80

60 O
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Figure6. Report card scores\\(RMregioral averagegooled) for each indicator and total seagrass
index ovethe life of the MMP.Bold symbol 2016;17 monitoring periodValues are indexed scores
scaled from @L00;y =very good (&8 100),/ =good (6. - 80), =moderate (4 - 60),/ =poor (2 -
40),y =very poor (G 20).NB: Scoreare unitless.
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Reproducive effortin 201617 remainedvery poor. Reproductive effortvas relatively stablat
estuary anccoastalhabitats, but declined in reef intertidalndreef subtidal habitats irR016;17,
relative to the previous yeaReproductive effortvaspoor in theBurdekin and Mackay Whitsunday
regions, and very poor in all otheislarge decline in reproductive effortas occurredn the Wet
Tropics and Burnett Mary regiorisut the scores remained very poor as per the previous year.

The density of seeds in theesttbank which had shown some signs of improvement following 2011
extreme eventsyere very low in reef intertidal habitats and reduced to very low in estuarine
habitats. In contrast, the desity of seeds in the seed bank of coast and reef subtidal sites,
moderate.Low reproductive effort will hinder replenishment of theghuperate seed banks reef
habitats, andseed banksrethereforelikely to remain low irtoming yearsMost meadowscan be
considered vulnerable to further disturbances becaastheir limited capacity to recoveirom seed
(i.e.low resilience)

The gagrass leafissue nutrient indicatoof foundation speciess the ratio of carbon (C) to nitrogen
(N) expressed as C:N. The C:N ratio increaspetbtieratein late 2016 for only théourth year out

of the 12yearssampled(Figure6). The ratio of nitrogen to phosphorus (N:P) in seagrass tissue also
declined at some sites, but was unchanged in others. Both of these raaditatea reduction in

the availabiity of nitrogen, relative to the rate at which the leaves are growing and incorporating
carbon. This hasoincidedwith lower dissolved inorganic nitrogen concentration measured in parts
of the Brudekin and Wet Tropics regions in M®P Water Quality subprogram. There was a
moderate score in Cape York, Burdekin and Fitzroy regions, but the score remained poor in the other
three regions. The score reduced at Burnett Mary and Burdekin gitgeased in the Fitzroy and
remained within the same category ather regions As a result of declines in abundance in some
regions, and improvements in the seagrass tissue nutrient indictterpverall seagrass score
remainedpoor.

Across theGreat Barrier RedfiIRM regions, the seagmaseport card scorem 201617 did not
changesubstantiallyand werepoor in all regions excephe Burdekin which remaineshoderate
(Figure?). The largest change was in the Burnett Mary, where the score reduced, but remained
poor.

Condition scores across th@reat Barrier Reéhdicatea system that is impactedvith past
anthropogenidmpacts leaving a legacy of reduced resilietigseeach of the past few years new
pressures have mapered recovery, including heaaves, cyclones, and elged discharge from
rivers. Trends in seagraabudance and tissue nutriestdemonstrate that he system isiwa
recovering trajectory, despite the poor conditioHoweveryery low reproductive gbrt throughout
most of theGreat Barrier Reefignals thathe seed banks are at risk of not being repleneished, and
recovery processes may be hampered following future disturbances

100 Cape York Wet Tropics Burdekin Mackay Whitsunday Fitzroy Burnett Mary
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Figure7. Report card of seagrasondltlonfor each NRM reglon (averaged across |nd|catdBm)|d
syminl =2016¢17 monitoring periodValues are indexed scores scaled frefr®0;y =very good
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(81-100),/ =good (6L - 80), =moderate (4 - 60),/ =poor (2 - 40),y =very poor (G 20).NB:
Scoresre unitless

4.1.1 Climate and environmental pressures

Environmental stressors from cyclones, river dischangedand water quality irR016¢17 were
relatively moderate in the inshor@reat Barrier RediTable9), except in the Mackawhitsunday
regionwhich was affected byropicalcyclone Debbie crossing the coast near Airlie beach on tHe 28
March 2017 This lel to aboveaverage rainfall within the Mackay Whitsunday catchmeRigyre

8), elevated discharge from from the rivarsthe MackaywWhitsunday, Fitzroy and Burnett Mary
rivers as the cyclone moved soutind subsequently a greatfrequency of exposure to turbid

water (cobur classes-#) compared tanulti-annual conditiongFigure9, Figurel0). There was also
low light levels reaching the seagrass canopy, particularly at siriee sites inthe Mackay
Whitsunday.On average throughout th&reat Barrier Reefight levels were lower iB016¢17
compared to the longerm average (2002017), but this trend was not consistently observed at all
sites, as, even within the same NRdg sites were lower than average while others were at or
above longterm light levels. Whin canopywater temperature was above average throughout the
Great Barrier Reefvith meadows in theorthern, centraland southernGreat Barrier Reef
expeiliencinga record number of high temperature (>%5) days, with the excépn of the Burnett
Mary and Mackay Whitsunday which had the second and third highest number of high temperature
days in2016;17 compared to longerm conditions Despite this, there were fewxtreme high
temperature (>40C)days

Table9. Summary of environmental conditions at monitoring sites acros&tieat Barrier Reef
2016;17 compared to the longerm averaggrange indicated for each data set). Regional and
habitat-specific levels are provided in later sections. *intertidal only.

Environmental condition Longterm average 2016c17
Climate
Cyclone$19682017) 4 1
DailyRainfall {960- 1991) 7.2mmd? 6.9mmd?
Riverine discharge (1972D17) 49,689993L yr! 55,825,149L yr*
Wet seasonurbid waterexposure (2002017) 90 per cent 90 per cent
Within seagrass canopy
Within canopy temperaturét) (20032017)* 25.840.1°C (46.8C) 26.3+0.1°C (43.8C)
Within canopy ligh{) (20082017) 12.7molm?d? 11.9mol nm? d?
Proportion mud estuary intertidal19992017) 49.2 +2.% 50.1 +12.4%
coast intertidal(19992017) 28.5 £2.% 16.9 +21.%6
coastsultidal (20152017) 51.2 +2.3% 61.7%6
reef intertidal(2001-2017) 52+1.2% 5.8 £6.60
reef subtidal20082017) 6.0 +0.4%6 12.9+1.%

Water quality at the seagrassonitoringsites is assessed from water type exposure (turbid primary
water and green secondary water) derived from remote sen@iigterhouseet al.2018). During
2016;17, most seagrass sites experienced higlyérency of exposure to either primary or

secondary waterf(p.s) because they are located in the nesttore margin which maintains poor

water quality everduringlow flow conditiongFigure9). All sites within the Burdekin and Biett

Mary regions were exposed tBrownr YreerQ { dzNJD fdrR00ger derolwet season weeks
(Decembetto April), including thesiteson reef habitatsat Magnetic IslandExposure was second
highest in the Fitzroy and Mackay W#unday regionsanging from 70 td.00 per centof wet season
weeks {ncluding Hamilton IslandThe Wet Tropics and Cape York regions had sites with the lowest
levels of exposuradue mostly to the number of offshore reef sitesd.Green Iand 9per cent
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Tablel0. Long term annual discharge (in megalitres) for the m@jozat Barrier Reefatchment

rivers in proximity to the inshore seagrass monitoring sites (where data available) R0 %6el 7

wet seasofc.a., from Nov 1st t&pr 30th), compared against the previous wet seasons and long

term (LT) median. Colours indicate levels above LT median: yellow for 1.5 to 2 times; orange for 2

to 3 times, and red for greater than 3 times. Long term statistics were calculated baseswatth
seasons from Nov 1st, 1949 to Apr 30th, 2@@0npiledby Waterhouse et al. 2018

Basin LT median  2010-2011  2011-2012 20122013  2013-2014  2014-2015 20152016  2016-2017

Jacky Jacky Ck 2,056,151 1820422 1,986,825 3,790,832 1,498,138 630,787 2,383,057

Olive Pascoe R 2,570,189 2275527 2483531 4738541 3,931,758 788,484 2,078,821

¥ Lockhart R 1,627,786 1441167 1,572,903 3,001,076 1,186,026 499,373 1,886,587
E Stewart R 685,263 616,070 523,353 1,311,775 298,816 311,901 685,263
8 Normanby R 3,860,395 2,181,990 3462238  5050,657 2,914,859 3,407,359 3,780,651
Jeannie R 1,434,447 1,048,269 695,195 1,869,982 1434447 1,581,015 1,746,929
Endeavour R 932,391 681,375 451,877 1,215,488 932,391 1,027,660 1,135,504
Daintree R 1,729,411 2306905 1668302 [[EHGHOSON 1905224 1623478 1,931,878
Mossman R 1,195,130 2,014,902 1526184 1,147,367 1018522 874,068 1,245,275 1,142,698

9 Barron R 516958 [ GO 55205 328,260 663,966 380,395 182,999 287,790
§  Mulgrave-Russell R 4,415,631 7,802,713 5606504 3529862 5420678  3,145787 3,253,825 3,015,734
- Johnstone R 4,712,497 5338501 3720020 5403534 3,044,680 3,416,331 4,017,617
B Tully R 3,490,736 3425006 3,341,887 4,322,496 2,659,775 2,942,770 3,098,701
Murray R 1,216,289 2,062,103 1006286 1,531,172 366,212 974,244 947,985
Herbert R 3,478,502 4545193 3,189,804 4,281,607 1095372 1895526 2,248,436

Black R 219,909 188,468 419,290 17,654 120,783 64,873

£ Ross R 445,106 276584 || 00770,256 1| 3229 23,741 11,867
3 Haughton R 535,930 517,069 573,976 120,674 267,986 338,245
@ Burdekin R 4,328,245 3424572 1,458,772 880,951 1,807,104 4,165,129
Don R 360,394 578,301 324,120 171,305 101,562 920,610
> Proserpine R 924,039 851,504 720,427 157,123 316,648 1,683,894
g2 O'Connell R 829,266 764,170 646,537 141,008 284,171 1,511,187
gL Pioneer R 804,599 1162871 635315 |112,028986 | 597,117 1,388,687
3 Plane Ck 1,273,154 1,948,929 737,580 241,254 832,508 2,613,261
Styx R 191,279 275,219 343,877 507,927

Shoalwater Ck 217,663 313,180 391,308 577,985
B Water Park Ck 573,838 825,657 1,031,630 1,523,780
o Fitzroy R 2,996,149 1578610 2,681,949 3,589,342 6,170,044
Calliope R 157,383 283,790 148,547 406,321

Boyne R 39,809 71,782 - 37,574 102,775

Baffle Ck 409,347 275,517 710,352 257,003 829,460

g Kolan R 50,429 45,304 146,154
£ Burnett R 250,839 218,087 381,054 536,242

§ Burrum R 64,940 114,492 117,762 90,021 62,188

Mary R 1,095,811 _ 594,612 1,651,901 480,854 582,510
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weeks(December 2016 April 2017)was lower than multiannual annual conditions in all NRMs

except the Mackayhitsunday(Figurel0). The frequency of exposur colour classes1 to5 also

including® 3 NB S y whater stieib thalRhe frequencywas elevated ir2016¢17in the Burdekin,

Fitzroy, and Burnett Mary catchmentsut was lower than the mukannualconditionsin the
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FigurelO. Difference in therequency of exposarto water colour class€€C)L to 4 (left) and 1 to
5 (right)at seagrassnonitoringsitesduring the wet seasorDecembe016¢ April 2017)
compared to the longerm multiannual exposure (2083017) FromWaterhouse et al. 2018

Daily incident light

Daily incident light ) mol m d?) reaching the top of the seagrass canopy in @reat Barrier Reef
in 2016517 (11.6 mol n? d*)was below the londgerm average (13.4 mol ¥d?) (Figurell). Cape
York sites had the highest(L.7.3 mol n? d?), folowed by Fitzroy (14.3 mol Ad?), Mackay
Whitsunday (13.8 mol rhd?), BurenettMary (13.2 mol n? d1), Wet Tropics (12.7 mol#d?), and,
Burdekin sites had the lowest (9.6 mofui). Both the Wet Tropics and Burdekin have subtidal
sites, withlower L than intertidal sites, and these lowered their regional average. With these
excluded, din 201617 was second highest in the Wet Tropics (15.3 m3ldw), while the Burdekin
remainedthe lowest (10.0 mol Mid?). The 4 at Wet Tropics subtidalites was 7.6 mol rhd? on
average compared to 8.1 mol*d? longterm average and 6.0 molfd? at the Burdekin subtidal
site, compared to 5.7 mol 5d? longterm. Compared to the lonterm average, in all regions |
was lower than the londgerm average, particularly in the Mackay Whitsunday region which had very
low light levels at the new Lindeman Island site following TC Debbie. Light loggers were only
deployed for some of th@016¢17 year at Fitzroy and Cape York sites as monitoring was eeliac
once per year and loggers recorded only from Octelldarch. The amount of light data camnted at
each site and the daily light for each site is presented in Appendix 4.

On average, daily light 201617 was similar among the intertidal habitats inding: reef intertidal
habitat (14.6 mol % d%), followed by the coastal intertidal sites (12.6 mof ch'), estuarinesites
(10.6mol m? d1) and and lowest at the reef subtidal sites (7.2 mdldi). Daily light was lower
than the longterm averag in all habitats including estuarine sites (lelegm average = 10.6 mol ™
d?), reef intertidal sites (longerm average = 16.5 molAd?), while at coastal (lonterm averages
= 12.7) and reef subtidal sites (loteym average = 7.3 mol Ad?). Tke only sites where;was
slightly higher than averaggwere at some of the coastal and reef sites in the Wet Tropics and
Burdekin.
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Figurell. Average daily light (lefhand panel) and thresholds exceedpdr(centdays, righ-hand
panel) for coastal, estuarine, reef intertidal, and reef subtidal sites including thedomgaverage
and the value for th@016¢17 reporting periodGrey bar 2016¢17, small lines represent lortigrm
average of the site, and loAmes represenlongterm average for the NRM regioNRM regions:
WT= Wet Tropics, BDT = Burdekif\M= Mackay Whitsunday; F = FitzroyyIB= Burnett Mary.

Threshold exceedance (number of days less than 5 rfal‘nfor northernHalodule uninervis
dominated meadow (Collieret al.2012 and <6 mol M d* for southernZostera muelleri

dominated meadowsCGhartrandet al.2016) for2016¢17 (18.6 per cent of days) was slightly higher
than the longterm average (17.2 per cent of days). The thresholds were exceeded the most
frequently in the Burdekin (27.9 per centadys) followed by Fitzroy (15.6 per cent), Wet Tropics
(15.5 per cent), Mackayvhitsunday (11.2 per cent), Cape York (8.2 per cent}tamtkast often in

the BurnettMary (7.3 per cent). The greatest level of exceedance was at the recently established
suhtidal Lindeman Island site (100 per cent of the deployment ime), at which loggers were deployed
only during the wet season, when the site was affected by TC Debbie.
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Daily light in shallow habitats can be affected by water quality, cloudiness and the afepih site,
which affects the frequency and duration of exposure to full sunlight at low Adéhpnyet al.

2004 Fabriciuset al.2012; however, the differences ig &among seagrass meadows is largely a
reflection of sitespecific differences in water quality as outlinedearlier reports fcKerzieet al.

2015. Turbidity and chlorophyll monitoring is no longer in place at seagrass sites. However, flood
plume mappingDevlinet al.2015), is used to derive water type exposure at seagrass sites and
frequency of exposure to these water types can be a predictor of changesgrass abundance

(see case study 2, in McKeneieal. 2016).

Longterm trends demonstrate that the peak in canopy light occurs in September to December as
incident solar irradiation reaches its maximum and prior to wet season condifiogsrél2a). The
lowest light levels typically occur in the wet season in particular, in January to April, 20t6gil 7

the lowest levels were sustained from March through to September 2016, and then the spring peak
in ly was lower than is typical particularly at reef intertidal sites. The GAM model shows the long
term trends in withincanopy 4 and its level of prediction is improved with habitat includ&ig(re

12) and so further detail on Within each habitat and NRM region is given in the following sections

394 AlNRMs except CY AllNRMs Daily light 301 coastal intertidal
a) start here 28-d Av b) estuarine intertidal
¢ ¢ — reef intertidal
25 reef subtidal
5 204 204 [\ N
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Figurel2. Daily light for all sites combindd.)andGreat Barrier Reefide trend (GAM plot) in daily
light for each habita(b.)from 2008 to 20Z. Alsoshown is the start date for inclusion of regions in
the plot. In 200809, light data is from the Burdekin and Wet Tropics regions, while other regions
(except Cape York) were included in 2009but Cape York light monitoring was added for the
201213 reprting period.

Within canopy seawater temperature

Within seagrass canopy seawater temperature data veediectedfrom September 2003 to May
2017. The2016¢17 monitoring periodincluded amarineheatwavecausing widespread coral
bleaching and mortalitthat affectedCape York, the Wet Tropics athe Burdekin regioffior a

second year in a ro{iGreat Barrier Reef Marine Park Author9 June 2017,
http://lwww.gbrmpa.gov.au/aboutthe-reef/reef-health). Within seagrass canopy water
temperatures werealsoabowe averageat inshore seagragsonitoring sites ofcreat Barrier Reef
(Table9). The BurnettMary NRM was the only region in ti&reat Barrier Reeh which average
temperature was not the highest on record, whitedll other NRMs the average temperature
exceeded all previous years since 2@@Within canopy water temperature in Cape York exceeded
35°C for a record number of daysdne reporting year (58gbut it did not exceed 40°C, aitical
threshold for phaoinhibition and mortality riskFigurel3). Water temperature exceede85s°Cfor
TAR Ay (GKS 2S84 ¢NRLAOA YR CAGI NR@&Whbitsuadayg T2t f 26 S
(56d), and the Burnetlary NRMs (19 d). Furthermore, teerature exceeded 4Cin the Wet
Tropics, Burdekin, Mackdhitsunday and Fitzroy NRMBEhe hottest seawater temperature
recordedat inshore seagrass sitatong theGreat Barrier Reefuring2016¢17 was 4..4°C, which

was atYule Point (YP1) on 7 MarchlZ0These etreme temperature days (>40°C) that can cause
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photoinhibitionwere relatively low in frequencfmax 4 d per yean the Mackay Whitsundgynd
were unlikely to causédurningor mortality, but elevatedwater temperaturepossiblyhada chronic
and cumulativeimpacton seagrass condition.
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Figurel3. Number of days when inshore intertidal sea temperature exceeded 35°C, 38°C, 40°C and
43°C in each monitoring period in each NRM regitinesholds adapted fro@ampbell et al. 20Q6
Collier et al. 2012b

Within canopy seawater temperaturexross theGreat Barrier Readver the 2016¢17 monitoring
periodwerethe highest recorded since MMP monitoring commence@d0506 Figureld).
Estuarine habitats wer¢he only habitats that did not reade highest recorded isince 200506,
but they were nonethe-less above the lonterm average.
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o
L

Jan  Jen Jan Jan  Jan  Jan  Jan  Jen Jn  Jan  Jden  Jan  Jan  Jan

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figurel4. Inshore intertidal sea temperature deviations from baselinéi@at Barrier Reef
seagrass habitats 2003 to 2D1Data presented are deviations fror8-§ear mean weekly
temperature records (based on records from September 2003 to Jurfg. 28é&eks above the long
term average are represented as red bars and the magnitude of their deviation from the mean
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represented by the length of the balduebarsrepresentweeks with temperattes lower than the
average and ar@lotted as negative deviations.
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Figurel5. Number of days when inshore subtidal sea temperature exceeded 35°C, 38°C, 40°C and
43°C in each monitoring period in each NRM regitinesholds adapd fromCampbell et al. 20Q6
Collier et al. 2012b

4.1.2 Indicators of seagrass condition

In the2016¢17 monitoring period,the seagrass abundance score was poor in all regions except the
Cape York anBurdekin region (Figurel6). Furthermore, the score declined from moderate in
Mackay Whitsunday and Burnett Mary regiolcreases intte abundance score 2016¢17

compared to the previous monitoring occurred in the Wet Tropics, Burdekin and Fitzroy NRMs, but
the Burdekinwas the only region wicimproved ingrade(from moderate to good)Rigurel6).

Seagrass almdance(per centcover)at meadows monitored in the MMP declined from 2006

until 201213, afer which abundances increaseBased on the average score against the seagrass
guidelines (determined at the site level), the abundance of insheagiass ithe Great Barrier Reef
over the2016¢17 periodreducedbut remained ira moderate state Figure6).
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Figurel6. Regional report card scores for seagrass abundance over the life of theBdMRymbol
=2016¢17 monitoring periodFor Paddock to Reef reporting scores are categorised in to a five point
scaleyy =very good (8100),/ =good (6L - 80), =moderate (4 - 60),/ =poor (2 - 40),y =very

poor (0- 20).NB: Scoreare unitless

Seagrass almdance scores have fluctuated since monitoring was established. The most variable
Great Barrier Reefeagrass habitat in abundance score (since 2005»wulstsdalreef (CV87 per

cent), followed closely by intertidakef (CVF3.6per cen), estuary(CV566.5per cen) and lastly
intertidal coast(CV57.9per cen).
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Since 1999, thenedianpercentage cover values for tiigreat Barrier Reafiere mostly below 25
per centcover, and depending on habitahe 75" percentileoccasionally exteretl beyond 50per
cent cover(Figurel?). These longerm percentage cover values were similar to tAeeat Barrier
Reefhistorical baselines, where surveys from Cape York to Hervey Bay (beiggember 1984
and November 1988) reported most (thregiarters) of the percent cover values fell belowi
centcover Lee Longt al. 1993. The findings negate the assumption tiseagrass meadows of the
Great Barrier Reefhould have abundances closer to J@ centbefore they are categorised as
good.
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Figurel?7. Seagrass percent cover measures per quadrat from meadows monitored freth IR0

to May 2017 (sites and habitats pooled)'he box represents the interquartile range of values, where
the boundary of the box closest to zero indicates tHe®gcentile, a line within the box marks the
median, and the boundary of the box farthest from zeracais the 75th percentile. Whiskers

(error bars) above and below the box indicate th& 80d 10" percentiles, and the dots represent
outlying points.

In 2016¢17 coastal sites had the highest average abundgiigurel?7). Ower the past decade, the
patterns of seagrass abundance in e&eat Barrier Redfabitat havebeen similar in coastal and
reef sitesgradually increasing from 2001 to 2008 (with a mild depression in-R@0& a
consequence of TC Larrijjeadow abundancéhen declinedin the period from D09 to 2011 due to
above average rainfall and river dischafgeurel8). The extreme weather events of early 2011 (TC
Yasi) resulted in further substantial decline in inshore seagrass meatioowgyhout much of the
Great Barrier ReeEstaurinehabitats, which are monitored only in the south of tBeeat Barrier
Reef reached record percent cover in 2002 to 2003t have remained low since 20065.

However, seagrass trends have fluctuatgdsite levelin estuary habitats, most often at smaller
localised scales where there have been some acute event related chavigiésr{zieet al. 20121).
Post 2011seagrasses have progressively recovered, althoud@®béc17 still remained below the
2008 levelsexcept in coastal sites which have recovefféidurel8).
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Figurel8. Trends in seagrass abundangee( centcover) for each habitat type across tBeeat
Barrier Reefepresented by a GAM ploTrends aralarklines with shaded areas defining pér cent
confidence intervals of those trends.

Trend analysis of seagrass abundance (mean per cent cavegsaheGreat Barrier Reefhowed

no significant longerm trend (MannKendall,. =-0.09,p =0.062) which is to be expected due to

the variability between sitedpcations habitats, and seasons. Although most (67%) of sites
monitored had no significant lorigrm trend, significant negative trends were revealed in 22% of
sites, themajority of which had been monitored for a decade or makeendix 5Table58). Only

three longterm (>10 yrs) monitoring sites showed significant increasing trends and these sites were
in the Burnet Mary (BH3 coast and UG2 estuary) and Burdekin (MI3 subtidal) regippsr(dix 5
Table58). The trend analysis also revealed significant declines over thetéosngfor the Cape York,

Wet Tropics, Mckay Whitsunday and Fitzroy NRM regions, with no detectable trends for the
remaining Burdekin and Burnett Mary regiodgppendix 5Table58).

After the extreme weather evenig 2009 t02011 thatcaused widespread declines in seagrass area
and abundance, thre was increasingroliferation of species displaying colonising traits such as
Halophila ovalist coast and reef siteigurel9, Appendix 4). However, over tl2916c17

monitoring period, the proportion of species displaying colonising traits remaineand orlower

than theGreat Barrier Reefiide average for each habitat tyjye coastal and estuarine habitats in
favour of species displaying opportunistic or persisteaits (senswKilminsteret al.2015). In reef
intertidal and reef abtidal habitats, there small increases in the proportion of colonising species in
the previous reporting year were reversed2@16;17 (Figurel9).The displacement of colonising
species is a natural part of the meadow progres&rpected during the recovery of seagrass
meadows.

b. coast <. coast subtidal d. reef e. reef subtidal

proportion

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Figurel9. Proportion of total seagrass abundance composespeties displaying colonising traits
(e.g.Halophila ovaligin a) estuary intertidal, b) coastal intertidal,copast subtidal, dyeef intertidal
ande) reef subtidal habitats (sites pooled) for #Becat Barrier Redfegions pooled) each
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monitoring periodDashed line illustrateGreat Barrier Reefverage proportion of colonising species
in each habitat typeTable37).

Reproductive effort acrastheGreat Barrier Reefasmeasured aper area estimates of the

number of reproductive structurespathes, fruits, female and male floweppduced by any

seagrass specighiring the sampling periadReef habitats, both intertidal and subtidal reef sites,
have the lowesteproductive effortand seed density within seed banfggure20). Reproductive

effort has been historicallgigher in estuanandreef habitats particularly between 2006 and 2008
Reproductive effort generally increasedall habitatsafter 2011. Declines have since followed with

the timing of itsonset varying among habitat typ& estuary and coastal habitats, reproductive

effirt was lower i2016;17, but due to the large variability among sites, this does not appear to be a
significant reductia. By contrast, at reef intedial and subtidal sites, reproductive effort declined in
2014 and 2015, respectively, and has remained o#20i16;17. Therewas low reproductive effort

and low density of seeds in the seed bank in reef habitat in all NRMs (except Burnett mary, where no
reef sites are monitoredwhich signals a low seed production rate amutherabilityof these

habitatsto future disturbancesas recovery may be hampered

a. estuary intertidal b. coast intertidal

LV N Y

c. reef intertidal d. reef subtidal

Reproductive structures (core‘l )

SRR e S | R rffw././.'.\.i’f

Jén lean J;n JEIIH Jz-;n J;IH Jan Jan Jan Jan Jan Jan
2006 2008 2010 012 2014 2016 2006 2008 2010 2012 2014 2016

Figure20. Seagrass reproductive effort (number of reproductive structures produced by all seagrass
species) during the late dry of each monitoring period, for a) estuary intefideoast intertidal; c)
reef intertidal; d) reef subtidal.

Reproductive scores wemor in the Burdekin and Mackay Whitsunday NRM20a6;17, andvery
poor in the other four NRM¢#Figure21). Reproductive effort acroghe Great Barrier ReeNRM
regions durin@2016¢17 improved slightly in Cape York and Mackay Whitsuridigis(Figure21),
but declined irall otherNRMs
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Figure21. Regional report card scores for seagragsaductive effort over the life of the MMBold
symbol =2016;17 monitoring periodFor Paddock to Reef reporting scores are categorised in to a
five point scaley =very good (8-100),/ =good (& - 80), =moderate (4 - 60), =poor (2 - 40),

y =very poor (G 20).NB: Scoreare unitless
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Seed banks across the insh@eeat Barrier Regheadows were higher in late dry and greater in
coastal than reef or égarine habitats over the longerm (>10years) Figure22). Coastal seed banks
declined between 2008 and 2011, ahdvesubsequently increasedbut remain below the 2067

2008 levelsHowever, in2016c17 seed bank$n other habitds havedeclined whichcouldhave

been caused bgoor reproductive success (failure to form seeds) or loss of seed gankifation

or grazing)Seed bank density remains very low at estuary and reef intertidal habitats suggesting
reduced capacity toacover from disturbances. Seed banks are not currently included as a metric in
the report card; however, given their importance as a feature of resilience in seagrasse<zoetie
Barrier Reefthey are being considered for future inclusion as an indicat the reproduction

metric.
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Figure22. Average seeds banks (seeds per square metre of sediment surfattesahdspecies
pooled) inGreat Barrier Reefeagrass habitats: a) estuary intertidal; b) coast intertidal; cf) ree
intertidal; d) reef subtidal.
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4.1.3 Indicators of environmental condition

Seagrass tissue nutrients

Tissue nutrient concentrations are measured in the late dry (usually October) of the reporting period
and differed both across and within habitats between ye#travas necessary at some sites (see
Table3) to pool across foundation species as the presence of individual species has not remained
constant over time at all locations since monitoring was established. As tissue nutriest ratio
between ceoccurring foundation species are not significantly differerthin regiors (McKenzieet

al. 2012, by pooling across species and habitat typemestrends are apparent.

Since 2005, median tissue nitrogen concentratifpes centN)for all habitats have exceeded the
global value of 1.8er cent(Duarte 1990 Schaffelkeet al. 2005 (Figure23). During201617,
seagrass legier centN, remained stableelative to the previous monitoring peria@igure23).
Similarly,median leaf tissue phosphorus concentratiqpsr cent P)remained stabke in all habitats
relative to the previous reporting yeafll habitatshadper centP values that were very close to the
global value of 0.per cent(Duarte 1990 Schaffelkeet al. 2005 in 2016(Figure23). In 2014 leaf
tissueper centP fell below the global median at estuarine habittsthe first time since 2009
(Figure23).Thesdindingsand the low values in 20liGdicate that nutrients were unlikely to be
limiting seagrass growth, however, some concerns have been raisedeas\anceof the global
tissue nutrient valuef the Great Barrier Reddecauseahe global tissue nutent values were
derived mainly from temperate and structurally large spe¢&shaffelkeet al. 2005).

—@— coastal intertidal
—&@— estuarine intertidal

—O— reefintertidal
44 —{— reef subtidal

0.3

1Y

0.1+

0.0-—

I 2[;06 ‘ ZOIDB ‘ 2[:10 I 2[;12 ‘ 20‘14 I 20116 2(;05 ‘ ZDIDS I 2[;10 I 20‘12 ‘ Zﬂlld ‘ 20’16

Figure23. Median tissue nutrient concentrations & in seagrass leaves for each habitat type
(species pooled) over the entire monitoring progr@rashed lines indicate global median values of

1.8 per centand 0.2per centfor tissue nitrogen and phosphorus, respectivBlydarte 1990. There

has been a trend for increasing C:N since 202011 in coast and reef intertidal habitats:Nvalues
further increased at coast and reef intertidal habitats, and increased slightly in reef subtidal habitats
after a large drop from 2014 to 201bigure24). The lowest C:Nalues were at Hamilton Island

(11.9), Yule Point (12.6), aBdirrum Head$14.8). However, nost sites in theGreat Barrier Redfad
increases in the C:N ratio of seagrass leaamd,there was a record numbef sites exceeding the
threshold of 20. Thisoincided with reduced N:P ratios. These findings indicate that N has been in
lower supply to seagrassédultiple years of below average rainfallgble10) have also been

associated wh small declines in dissolved inorganic nitrogen concentrations (NOx) particularly since
2014in some of the subcatchments of the Wet Tropics and Burdekin regions. However, nitrogen
availability remains considerably elevated relative to 208&terhouseet al. 2018).
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Figure24. Elemental ratios (atomic) of seagrass leaf tissue C:N for each habitat eadk $Ear

(foundation species pooledhaded bandepresents the accepteglidelined S+ I N> 84 AGwWSRFAST
ratio of 20:1 Abal et al. 1994Grice et al. 1996 C:N ratios below this line madicate reduced

light availability and/or N enchment

Averagd S| T HNwaldesiafeased in all habitat types B016¢17, except at reef intertidal

sites in whicHH. uninervisindC. rotundatadeO NB | & S BN (Bigu826)8) b S A PNival@s

were found insome species at the Capyork reefC. rotundataandH. uninervisand coastal sited(

hemprichi), Wet Tropicgoastal H. uninervisandreef subtidal sitesE.rotundata), Mackay

Whitsundayreef sites (H. uninerviy and the Fitzroy coastaH( uninervisand reef(H. uninevisand

Z. muellepisites Table54). Very low or negative values 0t°N can indicate nitrogen sourced from

nitrogen fixation Peterson and Fry 198@wens 1988 which can supply one third e half of

seagrass demand(Donohueet al. 1991). Moderate valus indicate internal sources from

remineralisation Peterson and Fry 198Dwens 1988 Y R KA IKSNJ @I f dzSa o6 BHo: 0 Ol
anthropogenic sources (e.g. sewaggotanzeet al.2001) or from fertiliser Jdyet al. 1999). Most
seagrasses of thereat Barrier Reefre atthef 2 4 SNJ 12 YA RRf S™Wbry3S 2F
seagrassesZ ¢ M M': Bourqurearet al. 19973 Schuberetal.20130 6 SG6SSy ndci: |y
(Figure25), suggesting the primary source of N was influence by fertiliddixationand/or sewage

(Udy and Dennison 1997bee also Appendix A2.3). Tleesnegative leafi A & &dza&lues ateef
sites(Figure25) suggest lower C uptake (and therefore greater fractionati@r)geet al. 1996 see

also Appendix A2.3), while abastalsites the morenegative values suggest increased C uptake in
2016c17 (Figure25). The degree of fractionation can be used as an estnadifphotosynthetic riee

(Grice et al 1996), hence tbedata suggedhe seagrass on the coast and reef intertidal habitats
receivemore light and photosynthesizat a faster rate.
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Phosphorus relative toarbon (CP) has been relatively stable 201617 compared to the previous

two years, with some improvement in coastal habitat ofig(re26). The increasing C:P indicates a
reduction in supply of P, relative to demand and is consistent with reducing per cent P in seagrass
tissue and also increased per cent C in some sites and spEaseR3)(see also Appendir4.2.9.

At aGreat Barrier Reelvide scale, the ratio of N relative to P (N:P) was highly variable within
habitat, owing to large variability in trends among regions2016¢17 there was a greater number

of sites that improved in N:P (i.8:Pdeclined), than those that increased. All reef sites improved in
N:P except Hamilton Island and Piper Reef (which hadrgimal <1 increase in N:P), but there is a
wide variation in N:P among sites so this tréadimproving N:Rs not apparentt the Great Barrier
Reefwide scaleln coastal and reef habitats, there were some sites that improved, and others that
declined,depending on NRMLocations with the highest N:P were at Burrum heads (49.6), Yule
Point (36.9), Hamilton Island (36.2), Shelburne Bay (33.3) and Archer Point (32.8) and the ratios were
<30 at all other locations
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Figure26. Elemental ratios (atomic) of seagrass leaf tis€lRandN:P for each habitat each year

(foundation species pooled) &8. Horizontal shaded band on the N:P ratio pastie rangeover

whichthese nutrients areonsidered to be ihalance in plant tissuesimilartol & S INJ} 8a dawSR-
ratio (Atkinson and Smith 198Buarte 1990Fourqurean et al. 1992IFourqurean and Cai 2001
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replete Horizontal dashed line on the C:P panel at 500 represents the value associated with C:P

balance ratio in the plant tissues, C:P values <500 may indicate nutrient rich habitats (large P pool).
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Seagrass nutrient status scores (using only C:N) were redutieelBurnett Mary (from moderate
to poor), improvedin the Cape York and Fitzr¢gfrom poor tomoderate), and remained relatively
stable in all other regionis 201617 (Figure27).
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Figure27. Regional report card scores for seagrass leaf tissue nutrient statuso@mihe life of the
MMP. Bold symbol 201617 monitoring period For Paddock to Reef reporting scores are
categorised in to a five point scalé=very good (8-100),/ =good (& - 80), =moderate (4 -

60),/ =poor (2 - 40),y =very poor (G 20).

Seagrass meadow sediments

Coastal subtidal andséuarine seagrass habitats across eat Barrier Redfad a greater
proportion of fine sedirants (i.e. mud) than other habita§ablel1). Sediments icoastal habitats
were predominately medium and fine sands, while reef habitats (intertidal and subtidal) were
dominated by medium sand3 #blell).

Tablell. Longterm average £SE) sediment composition for each seagrass habitat (pooled across
regions and time) monitoring within th@reat Barrier Re€f.9992017)

Habitat Mud Fine sand Sand Coarse sanc  Gravel
estuarine inertidal 49.2+2.1 19.2+2.0 28.7£1.9 0.2+0.5 2.7+1.1
coastal intertidal 28.5+2.1 31.6+2.4 34.7+2.6 0.31+0.5 4.8+1.2
coastal subtidal 51.2+2.3 19.0+0.6 17.2+2.7 12.6+1.6 0
reef intertidal 5.2+1.2 7.1+£1.7 47.9+2.8 17.2+1.7 22.0+2.3
reef aubtidal 6.0+0.4 10.1+1.2 58.1+7.3 1.9+0.7 12.947.2

Since monitoring was established, the composition of sediments has fluctuated at all habitats, with
the proportion of mud declining below the losigrm average at estuary and coastal habitats
immediately following periods of physical disturbance from storms ¢eogical cyclones in 2006
and2011). Conversely, the proportion of mud increased above the{@ng average at reef

(intertidal and subtidal) habitats during periods of extreme climaticev€e.g. tropical cyclones
and/or flood events)During the2016;17 monitoring period, the proportion mud deea®d at

coastal intertidahabitats, but itreased across all other habitats relative to the previous year
(Figure28).
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Figure28. Proportion of sediment composed of mud (grain size <63u@)jedt Barrier Reef
seagrass monitoring habitats from 192917.

Epiphytes and macroalgae

Epiphytecover on seagrass leavasross theGreat Barrier Reafiaslower in the wet than thedry
seasonn coast and estuary habitats, and similar in the wet and dry in reef halita&16¢17,
except at reef subtidal siteg€piphyte covewasaroundthe Great Barrier Redbngterm meanin all
habitats except theeef subtidal, where it was above averagige to high epiphyte cover at all sites
(Figure29).
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Figure29. Epiphyte abundanc@ér centcover) relative to the lonterm averaggthe zero ais)for
eachGreat Barrier Reefeagrass habita(sites pooled, SE)Great Barrier Redbng-term average;
estuarine £18.1+3.8oer centcoastal25.5+5.50er cenf reef =23.1+4.2per cent subtidal=18.4+2.7
per cent Macroalgaeabundanceis generdly low and stable in thé&reat Barrier Reefeagrass
habitats and there was again little changediléc17 (Figure30). A gradual increase atefsubtidal
habitats during the late drgeasorandthe wet seasorhasoccurred at all sitesver the last 3 years.
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Figure30. Macroalgaeabundanceer centcover)relative to the longerm average for eacmshore
Great Barrier Reefeagrass habitaf(sites pooled, SE)Great Barrier Redbngterm average;

estuarine 22.3x1.1per cent coastal2.8+1.3per cent reef =6.8+2.0per cent subtidal =5.6+2.1per
cent
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Cape York

4.2.1 20167 17 summary

Waters entering th&sreat Barrier Redagoon from Cape York catchments are perceived toftze
high quality, with lowlevels of suspended sediments, nutrients and pestici®&esagrass growth on
reef and coastal habitats in the region appears primarily controlled by physical disturbance from
waves/swell and associated sediment movement, with pulsed temoge runoff from seasonal rains
affecting some coastal regions. the past 2 years, extrenmaarineheatwaves have also affected
the region.Rainfallin 201617 wasbelow the longterm average but river discharge was slightly
increased, due to abovaverage discharge from the small rivers of Cape Ybhlere was a high
frequency of exposure t#reerntsecondarywater at seagrass sites #1617, indicaingthe
possibility of some nutrient enrichmeiind light limitation Within-canopy daily lightvas belav the
longterm average but was the highest in treat Barrier Reehowever ligh datawas only
recorded fromOctober¢ March, as monitoring has been reduced to once per yAaneatvave

swept throughthe Great Barrier Reefind also affecte€ape Yorkor 58 days and temperature was
above the longerm median for the whole year except in July 2016

One location in Cape York (Archer Point) has been monitored since 2005, while locations further
north have only been monitored from 2011. This makes italiff to assess lonterm trendsacross
Cape YorkOn averageseagrass abundandecreasedelative to the previous periodt all sites,
except at Bathurst Bay and Piper Rdaft longterm trends GAMplots), indicate that conditions
have been relativelgtable throughout the region since 20IReproductive effort and seed bank
density at coastal sites reached record high leve@dh6;17, while reef sites had negligible seeds in
the seed bank and low reproductive effort with a very poor rating at botistal and reef sites.
Seagrass leaf tissue nutrients (Cii¢yeased at all sites and just exceeded the threshold (C:N = 20)
indicating nitrogen limitation for the first time since monitoring beghnt remained just below the
threshold at reef sitedDueto the reduction in seagrassbundancepossibly due to thermal stress,
the regional seagrasadexreducedslightly over the last 12 months, but remaipsor (Figure31).
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Figure31. Report card of seagsscondition(indicators and indéxor the Cape York NRM region
(averaged across habitats and siteBdld symbol 201617 monitoring periodValues are indexed
scores scaled fromD00;y =very good (&-100),/ =good (€ - 80), =moderate (4 - 60),/ =poor
(21 - 40),y =very poor (3 20).NB: Scoreare unitless
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4.2.2 Climate and environmental pressures

Rainfallduring the wet season was below the letegm averagdan 2016;17 particularly in the

largestbasin within the region, the Normanby RivB&ischarge was slightly aboeserage for the

region as a whole, except in the Normanby and Stewart Ra®ns in which discharge was similar

to the longterm median(Tablel2). Wind wasbelowthe longterm averageollowing twoprevious

years of windy conditiong he inshore waters of Cape York had predominantly secondary water type

("greem phytoplankton rich water)and someé¥ 6 NERubbjd @ater exposure through the wet

season DecemberApril; Table 13, Figure32). ShellburneBay had the highest expare to turbid

primary water {r= 79per centweeks). Thérequency of exposure tobotW 6 NE 6y Q ' YR WINEL S
(fe+s) rangedfrom 21 per centto 94 per centof weeks at seagss monitoring sitesT@able 13.

Tablel2. Summary of environmental conditions at monitoring sites in Caper&gidnin 2016¢17
compared to the longerm average (longerm range indicated for each data set).

Longterm average 2016517
Rainfall(19652017) 8.1mmd-* 6.9 mm d
River discharge (1972017) 13,166623L yr! 14,596,810 yr*
Turbid waterexposure (200&2017) 83 per cent 81 per cent
Daytime tidal exposure (2012017) 70 hryrt 86 hr yrt
Wind (20022017) 126days yr* 101days yr
Within canopy temperature (20:2017) 26.9C(41.6°C) 27.8°C(39.86°C)
Within canopy light (201-2017) 17.3mol n?2d? 14.6mol n2d?

[ Legend Figure32. Frequency of exposure torbid water (colour
g F10. i ragjuncy classed-5)in the Cape York NRM, wet seagDecember
oy 2016-17

’ Py e 2016 ¢ April 2017) composite Frequency calculated as
| @i ° e number of weeks in wet season exposed to primary or
0 secondary water (colour classeg %). Each colour class
category iglescribed by mean water qualivalues for
TSS, CDOM, chlorophyll a andRAR)Devlin et al. 2015
Waterhouse et al. 20)8For site details, see Tables 3 &
4 Table13. Water type at eactsite derivad from MODIS
true colour imagess colour classes ofrtid primary
water (class X 4 red/brown), nutrient/chbrophylt
enriched secondary water (class 5, green), and tertiary
(some freshwater/CDOM influence) or no plume influence
| (class 6 and 7 respectively, blue), for 22 weeks from
i »s 7‘*\, December 208.¢ April 20%7. Also shown, median wet
£ season colour class (Med), fuemcy of primary water as
h) Lk fr) the frequency of secondary water as &ind the
of e#22  frequency of primary or secondary asd) *denotes data
100km . ( obtained from adjacent pixel.

‘@, vy

ST1,812

\oevi2@o

Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 fm  f&  fees
SR1SR2 ---- 5 -- -- 5 5 -- - 0.79 0.21 1.00
FR1,FR2 6 6 5 6 5 6 5 6 0.00 0.22 0.22

YY1* 5 5 5 5 5 5 0.00 0.94 0.94
ST1,ST2 | 5 5 0.00 0.90 0.90
5 L

5

5 5 5 5 5
BY1, BY2* e s B o0 o060 100
s o o o [NNNNN

AP1, AP2* 5 015 0.65 0.80

(62 ) BNG) |

5)

g o a g o
o o o o o
g o o g o
g o o o o
g o a a

g o aa o o
g o a ga o

(6]
(o2 B¢, NS, BRI Bl o))

Daily light at Cape York locations has been monitored since October 2012 when sites were
established. Havever, in the 201415 reporting year, sampling was reduced to once per year, and
loggers record for just § 6 months after deployment, and after sampling (i.e. -®r/Apr).
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Furthermore, in these remote locations, missed sampling events caused by weaath&rgistics
causeprolongedgaps in data (e.g. at SR2016;17). However, in 2016, there was a thermal
anomaly that affected Cape York, and this led to an additional survey in June to two of the sites
(Stanley Island and Bathurst Bay) to assess thetsffe# the heatwave on the condition of the
seagrass. This provided an opportunity to replace the light loggers leading to very high level of light
data retrieval (100 and 99% per cent, respectivel\)0m6c17. Daily light is generally very high at all
Cae York sites (lonterm average17.0mol nm? d?, Great Barrier Reefide ,13.6mol nm? d%);
however, the trends are highly variable among sites with no disieasonapattern that
characterises benthic light over the past four yedigre33). In 2016¢17, ly was lower than the
long-term average due to low light levels at Archer Point and Piper Reef, but the reason for these
low light levels is not apparent.

40

Daily light Coastal intertidal BY1
28-d Av Coastal intertidal SR1
354 — Reef intertidal AP1
40 4 — Reef intertidal FR1
Reef intertidal ST1

30
25 304
20

15 204

Daily light (mol m2d")

10

5

0-+—

T

] T
2016 2013 2014 2015 2016 2017

T T

2013 2014 2015

Figure33. Daily light (mean) at CapYork sites with 28 rolling average from 2012 @017 (left)

and GAM pilots (rightwith the black line showing mean trend for all sites (fp@bcentconfidence
AYGSNBEFE Ay 3INBe aKFERSO FyR O2f 2 dz2NIBtRal nalysiSa 0 ¢ A K
(GAM) and sitespecific graphs (sitkevel daily light data plus 28 rolling average) are shown in
Appendix SCoastal and reef seagrass meadows of Cape York are frequently exposed to high
temperatures; however, Aeatwaveagainswept acoss Cape York in ti#16¢17 summer.In the

summer 0f2016¢17 within-canopy temperatureexceeded 35°C in all months except July 2016,

which is the longest sustained period of elevated temperature recorded, and the greatest number of
days exceeding 35°C3(H) at the Cape York seagrass sites. The hottest months were in March (>
35°C for 14 days) and in January (> 35°C for 13 (fgsye34a). Of these, there were 11 days that
exceeded 38°C, but no days > 40°Cctis the critical threshold leading to photoinhibition and
mortality in some specieCampbelket al 2007 Collieret al 2014. Temperature exceeded the

medianfor 41 weeks of the yedFigure34b) and aerageannual within canop temperaturesn
2016;17werealmost 1°Gbove the longerm averaggTablel?2).
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Figure34. Inshorewithin canopysea temperature for intertidal seagrass habitats in the Cape York
NRM region from Apr2007 to June 20 a) rumber of days when temperature exceeded 35°C,

38°C, 40°C and 43°C within each season (thresholds adapte@&mpbell et al. 2006b)

deviations atArcher Point fron7-year mean weekly temperature records (weeks above the long

term average are represented as red bars and the magnitude of their deviation from the mean
represented by the length of the bars, bars are blue for wedkst@rmperatures lower than the

average and are plotted as negative deviations). Dashed line represents period when monitoring not

establishedIndicators of seagrass condition

Three seagrass habitat types were assessed across the Cape York r@@ibsrir7, with data from
12 of the 15 longerm monitoringsites Tablel4).

Tablel4. List of data sources of seagrass and environmental condition indicators for each seagrass
habitat type in theCape YorlRM egion For site details se€able3 and Table4. Open square
indicatesnot measured ir2016;17. ¥ drop camera sampling (QPWS), *Seagha&dch.

>
>
>
>
>
>
>

ST1 Stanley IslandFlinders Group)
ST2 Stanley IslandFlinders Group)

>
>
>
>
>
>
>

— 0
S =
S :
: : 2 S o
Habitat Site 3 S|ls|B8|lL2| g8 a8
s | 2|5 |3 |8|282|2 |
g 8 | 2 o 2 | 53 38 = o
S| el | 8|58 §| 2|8
21 8|8 || 8|83 s | &|=
BY1 Bathurst Bay AAlA|A|A|A|A|A]|A|A
coastal intertidal BY2 Bathurst Bay AAlA|A|A|A|A|A]|A|A
SR1 Shelburne Bay A|/A|A | A |A|A|A|A|A
SR2 Shelbune Bay A|A|A | A | A |A|A|A|A
. LR* Lloyd Bay A | A A
coastal subtidal LR? Lioyd Bay A A
AP1 Archer Point AAlA|A|A|A|A]|A]|A|A
AP2 Archer Point AAlA|A|A|A|A]|A]|A|A
FR1 Farmer Is. (Piper Reef) AAlA | A|A|A|A|A]|A|A
reef intertidal FR2 Farmer Is. (Per Reef) A|A|A|A|A|A|A|A|A
A A
A A
A A
A A
A A

YY1*| Yum Yum Beach (Weymouth Ba] A A A | A
. FG¥ Flinders Island (Flinders Group] A
Reef subtidal FG2 Flinders Island (Flinders Group] A
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Seagrass abundance, composition and extent

The seagrass abundance scoeduced in the Cape York region2@16¢17, butremained moderate
(Figure31). Thedeclire in seagrass abundanda 2016;17 was attributed toreductions in coveat
all sites and habitats, excejt the coastal intertidal habitaat Bathurst BayFigure35, Figure36).

The most southern loden (Archer Point reef habitat) has been monitored for the greatest period
of time in the region, while the other fodocationswere established i2012 Figure36). Since
monitoring was established at Archer Point (AP1) in 2@883grass cover has generally followed a
seasonal trend with higher abundance in late dry periddienzie et al. 2013aPrevious analysis
(reported in201415)at all locations in Capeoik has shown thavariation inseagrass cover at reef
habitatsdoes not follow a seasonal patteat most locations16.2per centin the late dry and 15.9
per centin latewet seasonSeasonality can no longer be interpreted as sites are visited just onc
per year in the late dry.

40

a. reef intertidal T. hemprichii/C. rotundata b. mainand fringing-reef intertidal C. rotundata/H. uninervis
(Piper Reef) (¥um Yum Beach, Weymouth Bay)
. 304
2
=
g
3 [
© 20 - L]
%
© O’\ o
5 2
(] “ [ ] L]
7] \
10 «—*
0
40
C. reef intertidal T. hemprichii/H. uninervis/H. ovalis d. mainland fringing-reef intertidal

(Stanley Island) ° (Archer Point, Wailsh Bay)

30 1\

seagrass cover (%)
5
— ‘Q
-~ ——9
=
*e

20+ > *
/A r
! EAWEAS | I/
| \ e/
. A o v '
10+ _ | | f
F1.
D T T T T T T T T T T T T T T T T T T T T T T T T T T T
40 - - Jan Jan Jan Jan Jan Jan Jan
e, reef subtidal H. uninervis/H. ovalis 2005 2007 2000 2011 2013 2015 2017

(Fitzroy Group)

30

20

seagrass cover (%)

104

0
Jan Jan Jan Jan Jan Jan Jan
2005 2007 2009 2011 2013 2015 2017
Figure35. Seagrass abundancedr centcover +SE at inshorantertidal reef habitas (replicate

sites pooledjn the Cape York NRM
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Figure36. Seagrass abundanceér ent cover £SE at inshore intertidal coastal habitats (sites

pooled) in the Cape York NRM region.

An examination of the long term trend across the Cape York NRM region shows speg i@
coverprogressively decreased from 2003 to 2012, but fessained relatively stable in coastal and
reef habitats since 201(Figure37, Figure38).

50 —— Archer Point [AP1, AP2)
Bl
I
— Shalburne Bay (81, S82)
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Figure37. Regional and location teporal trend in seagrass abundance in the Cape NBiregion

from 2003 to 2016epresented by a GAM ploRegional trend (albcationspooled) represented by
black line with grg shaded area defining 9aer centconfidence intervals.

52



Marine Monitoring Prograng Great Barrier Reef Inshore Seagrass Monitoring 2076

coastal intertidal reef intertidal
g #0- -
5
> 60 -
O
Q
a
o 40+ -
| -
an
[
g 207 \_’\/ i
..-—'-‘_'—/
0

2005 2010 2015 2005 2010 2015

Figure38. Temporal trends in seagrass abumnda for eacthabitat in the Cape YoidRMregion
represented by a GAM ploRegional trend (albcationspooled) represented by black line with
greenshaded area defining 9%er centconfidence intervaland quadrat measures represented by
grey circles

Seagrass meadows in the Cape York NRM region were composed ofGrelavBarrier Reef
average(MMP sitesyroportion ofspecies displayingolonisingtraits in 201617, except at the
newly established coastal subtidal s{féigure39). Fluctuations over the lontgrm suggests th
meadows are dynamic in nature
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Figure39. Proportion of seagrass abundance composespetieslisplayingcolonisingraits at
inshore habitats in the Cape York regidre dished lingepresentsGreat Barrier Redbng-term
average for each habitat typ&agrass spatial extembapping was conducted withial monitoring
sites to determine if changes in abundance were a consequence of the mdaddscapechanging
and to indcate if plants were allocating resources to colonisation (asexual reprodu¢fippendix
A4.2.9. Prior to 2012, the only meadow extent mapping in the Cape York NRM region was
conducted at Archer PoinT.he meadow within monitoring sites on the reef flat @rcher Point
have fluctuated within and between yeafgigure40), primarilydue to changes in the landward
edgeandappearance of a drainage channel from an adjacent creek (ddatprasented) Post 2011,
additional reef meadows and coastal meadows in theeCéprk NRM region were includedverall,
meadow extent hadeen relatively stablen reef meadows, but there has been significant but small
decline in coastal meadoveince2015 (Figure40; AppendixA4.2.9.
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Figure40. Change irspatial extent of seagrass meadows within monitoring dibe®ach habitat
andmonitoring period acrasthe eastern Cape York NRM region.

Seagrass reproductive status

The seed bank is dominated Biyalodule uninervig Cape York sites. Althouglymodoceplants
were present across reef meadows, no seeds have been found since monitoring commenced.
Seagrasseed banks in Cape York meadows were often larger in the late dry thamda(Eigure
41). Seeddensityhas been increasing and wesnsiderabljhigherat coastal sites than at reef sites
in 2016c17. At reef sites, there has lem few or no seeds recorded since 2048d these meadows
may have poor recovery rates from seeds if there is substantial decline in seagrass abuidéaice.
reproductive effortacross the regioremains low with a report card rating wérypoor (Figure31),
despite significant increases in reproductive effort in coastal habfFtgire41).
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Figure41. Seed banks and reproductive effort at inshore intertidaktal (a) and reef (b) habitats in
the Cape York regiqspeciesand sitegpooled).Seed bankéars+ SE presented as the total number
of seeds per Asediment surface. Reproductive effort for late dry seddots+ SB presented as the
average numbeof reproductive structures per core.

4.2.4 Indicators of environmental condition

Seagrass tissue nutrients

Seagrass leaf molar C:N ratinsreased significantly in016¢17, with the largest increase occurring
at coastal habitatsHigure42). The increase occurreat all Cape York habitats and locations in late
dry season 204, but the largest increases occurred at the more southern coast and reefARes
ST, BY(Appendix 4. This indicates that the availability of nitrogen (N) waduced relative the
demand for growthFurthermore, leaf N:P ratios were reducdddgure43), providing further
evidence that nitrogen has been reduced in the seagrass habitats of Capd_-¥afknolar C:P ratios
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increased sligtty in 2016 were just above 500, indicating that the plants were growing in a relatively
moderatdy depletedP pool Figure43; Appendixd).
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Figured42. Elemental ratios (atomic) of seagrass leaf tissid fGrthe foundation species in inshore
intertidal coastal (a) and reef (b) habitats in the Cape York region from 2005 &o(2pécies
pooled)(mean and SE displayetjorizontal shaded band on the C:N ratio panel represents the
acceptedguidelineseadNl & & & w S PF20:BAbR &t al.N.994 Grige et al. 1996)C:N ratios
below this line mayndicate reduced light availability and/or N enrichment
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Figure43. Elemental ratios (atomic) of seagrass leaf tissue N:P anfibiCtiie foundation species in

inshore intertidal reef (a, c) and coastal (b, d) habitats in the Cape York region from 2006 to 201

(species pooledjriean+ SB. Horizontal shaded band on the N:P ratio panel represents the range of

value associated with N:P balance ratio in the plantita dzSa > A ®S o | a8kinsbhNI aa G w!
and Smith 1983Duarte 1990Fourqurean et al. 1992IFourqurean and Cai 20DIN:P ratio above

this band indicates P limitation, below indicates N limitation and within indicates replete. Shaded
LRNIAZ2Y 2y GKS /Yt LI ySt MphvCiP baldideIvibanShg flant G KS G €
tissues, C:P values <500 may indicate nutrient rich habitats (large P pool).
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Seagrass meadow sediments

In the Cape York NRM regioeref habitats were dominated by sands and coarser sediments, while
coastal habitats aatained a greater proportion of mud (Append.2.9. In201617, the

proportion of mud in the sediments of reef and coastal habitats (e.g. Stanley Island and Bathurst
Bay) adjacent to the Normanby River mouth continued toease above th&reat Barrier Reef
long-term averagegonverselyreef and coastal habitats to the north and south of the rediane
negligible mud contenfFigurel68, Figurel69).

Epiphytes and macroalgae

Epiphyte cover on seagrass leaf blades over the-tenng was generally higher in the wet season at
coastal habitats and in the dry season at reef habitaigure44). Duringthe 201617 dry season
epiphyteabundances at reednd coastahabitats weresimilar tothe Great Barrier Redbngterm
averageand considerabljower thanin 20092012 (Figure44; Appendix, Figurel85). Percentage
cover of macroalgae was variable betwdenations andremainedabove theGreat Barrier Reef
long-term average for reef habitais the central and north of the regiahroughout2016¢17
(Figured4; Appendix 4Figurel85). Macroalgae coveat coastal sites has varied little and2016;

17it remained near tdhe Great Barrier Redbngterm average Figure44).
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Figured4. Longterm trend in mean epiphyte and macroalgae abundanoer (centcover)at
monitoring sites in the Cape York regimlative to the longterm average for each inshoreat
Barrier Reeintertidal seagrass habita{sites pooled, #5.

4.2.5 Report card for inshore seagrass status

In the 201617 monitoring period, the seagsss index for Cape York regioas reduced slightly since
the previousmonitoring period but remains moderate overallablel5). Thereduction is dudower
abundanceat coastal subtidal and reef intertidal sitdmit thiswas offset to a degree by
improvements in leaf tissue nutrient®verall, the Cape York seagrass index remains well below the
200506 baselindut has the second highest geasince the addition of new sites in 2012 and 2013
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Tablel5. Longterm report card scores for seagrass abundance, reproductive and leaf tissue nutrient
status for each habitat in the Cape York NRM region: JuneW@y 2017 Values are indexed

scores scaled fromD00;y =very good (84100),

=good (61- 80), =moderate (41 60), =poor
(21- 40),y =very poor (G 20).NB: Scores are unitless.

g &5 &8 8 3
Indicator Habitat L g 5 38 8
& & & &
coastal intertidal
Aburdance coastal subtidal
reef intertidal [ 75 35 45 44 44 |BOIIE 22 29 25
Reproductive Coastal intertidal
effort reef intertidal | 63 - 25 38 63 63 m-
Leaf tissue  coastal intertidal 30 36 37 35 51
nutrient reef intertidal 45 52 69 49 51 46 21 36 35 33 37 32
Seagrass Index 61 29 46 43 52 43 21 28 29 30 34 32
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5.1 Wet Tropics

5.1.1 201671 17 summary

The Wet Tropics includes two World Heritage Areas, howevegases in intensive agriculture,

coastal development and declining water quality have been identified as significant across the
region.In 2016¢17 rainfall and river dischargeere againbelow the longterm averageDespite this,
coastalsitesand Dunk Islad (which is the reef site closest to shomegre exposed t&/0 NB gy Q 2 NJ
W 3 NEiIDiy water tfor 95-100per centof the wet season (December 2016 to April 2paid

canopydaily light was slightly lower than the lotgrm average across the entire regiddue to a
widespread seawater thermal anaomaly, water temperature exceeded thetkrng average by

almost 1C on average throughout the yedihe number of days that seawater temperature was

above 35C(70 d) exceeded the thermal stress event in the prasiyear (50 dBut extreme heat

stress days (>4@), only occurred on 3 days.

Seagrass meadows in the region remain in a valpole state in2016¢17 with an overall abundance
rating of poor.The trends in abundanogry among locationseflecting a comfex range of
environmental and biological processsaffecting recovery ratedbundancecontinued to declinet

the Green Island subtidal sitend previous trends for increasing abundance at the other subtidal
sites reversedDespite this, the proportionfoccolonising species reduced at the reef intertidal and
subtidal sites ir2016;17. The overall rating for reproductive effort further declined and remained
very poor,due to very low reproductive effort at reef sites, and a reduction at the coastal mites i
2016;17. The density of seeds in the seed banks also remained very low at reef sites, but above the
long-term average at Yule Pointeaf tissuenutrients (C:N), have remained unchanged for a number
of years, and suggean excess of nitrogen relative pltosynthetic C uptake (C:N <20), which is
consistent with the high frequency of exposure to secondary water. Nutrient status therefore
remained poor.

Overall, the status of seagrass condition in the Wet Tropics NRM region has rempaoréa 2016

17 (Figure45). On average, Wet Tropics seagrass meadows remain in a vulnerable condition with
low resilience, however, some sithave shown recent signs of improvinghile othershave
deterioratedin 2016¢17.
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Figure45. Report card of seagrass indicators and index for the Wet Tropics NRM (agioage
across habitats and site83old symbol 201617 monitoring periodValues are indexed scores
scaled 6100;y =very good (8-100),/ =good (@ - 80), =moderate (4 - 60),/ =poor (2 - 40),
y =very poor (0 20).NB: Scoreare unitless
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5.1.2 Climate and environmental pressures

Annual rainfallvas below average in the Wet Tropic220i6;17 with the largest anmaly occurring
in the Herbert Rive(rigure8; Tablel6). This was also associated with belawerage river discharge
and higher than averageumber of days in which wind spegelxceeded 251 hrl. Expsure to
WoNRB oYy Q 2N W3InS KghivaiabeNamang sitgailuiedsNDablel7). Coastakites
had the greatest level of exposure #$6 NRubsbydl Yater, particularlyat Lugger Bay90 perent of
wet season weeRsompared toYule Point (14 per cent), which was more frequently exposed to
WINBSY R:=BF perSdtmoS ST aA0Sa 6SNB SELIZASR LINAYI NAT &
highest frequency abunk Island95 per cen) and bwest atGreen Island (9 per cent)

Tablel6. Summary of environmental conditions at monitoring siteth@Wet Tropicgegionin

201415 compared to the lonterm average (londerm range indicated for each data set).

Longterm average 2016517

Rainfall(1961:1990 9.4mmd* 8.0mmd*
River discharge (1972017) 20,755244L yr* 14,442402L yr*
Turbid waterexposure (200&2017) 67 per cent 65 per cent
Daytime tidal exposure (1992017) 97 hryrt 110 hryrt
Wind (19982017) 88days yr 117days yrt
Within canopy temperaturg intertidal (20032017) 26.9°C(41.5°C) 27.7°C(414°C)

subtidal(20082017)  266°C(35.7°C) 27.0C 82.4°G
Within canopy light (201-2017) 12.7mol ni? d* 12.0mol nv? d*

‘ Figure46. Frequency of exposure torbid water (colour
* Lege?g | classes &) in the Wet Tropics NRM, wet season (22
e U weeks fromDecember 2016 April 2017) composite.
®ue T, RS Frequency calculated as number of weeks in wet season
N | @ sowses | exposed to primary or secongawater (colour classes 1
S ¢ 5).Each colour clagsategory is described by mean

;o; water quality values for TSS, CDOM, chlorophyll a and K
o P a (I_DARXngIm et al. 201BNaterhouse et al. 20)8For
site details, sed@ablel8.
Tablel7. Water type at each locatioim the Wet Tropics
regionderived from MODIS true colour imagescolour
classes of turbid primary water (class 4, red/brown),
nutrient/chlorophylienriched secondary water (class 5,
\ green), and tertiary (some freshwater/CDOM influence)
,} ‘ or no plumernfluence (class 6 and 7 respectively, blue),
} o0 for 22 weeks fronbecember 208 ¢ April 2017. Also
\{ /&.ﬂg"»m shown, median wet season colour class (Med), frequency
. 4 of primary water asg) the frequency of secondary water
_150km_ . \ ~as fs) and the frequency of primary or sedanmy as s
s : " *denotes dat obtained from adjacent pixel.
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 fe) f(s) fp+s)
LI1, LI2 6 6 6 6 6 7 6 6 6 6 5! 6 6 6 6 6 6 6 5 5 5 5 0 0.23 0.23
YP1, YP2* 5 5 B B 5 5 5 5 B B B B 5 5 5 5 5 6 5 --- 0.14 0.82 0.95
GI3 7 7 7 7 7 5 7 7 6 6 6 6 6 6 6 7 7 6 5 6 6 6 0 0.09 0.09
Gl1, GI2 7 7 7 7 7 5 7 7 6 6 6 6 6 6 6 7 7 6 5 6 6 6 0 0.09 0.09
DI3 5 5 B B 5 6 5 5 B B B B B 5 5 5 5 5 5 5 5 5 0 0.95 0.95
DI1, DI2 5 5 B B 5 6 5 5 B B - B 5 5 5 5 5 5 5 5 5 5 0.05 0.91 0.95
LB1, LB2* 5 5 . 0.9 0.1 1
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Daily light () at Wet Tropics sites has been monitored since 2008009 |yin 201617 (12.0 mol
m?2d?) was slightly lower than the lortgrm average (12.7 mol ¥d?), largely due to conditions in
the southern Wet Tropics (at Dunk Island, loggers not deployed at Lugger Bay) and at Low Isles.
Other sites in the Wet Tropics were at or around the kbegn average irR016;17. The lowest light
levels occurred at the Loigles (5.8nol m? d?), Dunk Island (7.#ol m? d?) and Green Island
subtidal sites (9.@nol m2 d*), which were below the lonterm average at the Low Isles and Green
Island sitesDaily light levels have been highly seasonal for the past three {eigieed?7).

30

Daily light 40 — Coastal intertidal YP2

25 | == Z Reet it it
~ k = ot cevn
T 30 - Reef subtidal GI3
:13 20 l I H — Reef subtidal LI2
P ' I | ) i
5 t.-,J | N‘* sf \ gl 1\ Y A
E 15]] \ | I \ \ M | Iy \f\'p 20
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Figure47. Mean daily light at Wet Tropics sites with-88olling average from ZiBto 2017 (left)

and GAM plotgright) with the black line showing mean trend for all sites (p8Bceat confidence
AYUGSNBIFE Ay 3INBeE aKFIRSOU FyR 02f2d2NBR fAySa 06A0GK
statistical analysis (GAM) and sieecific graphs (sitkevel daily light data plus 28 rollingaverage)

are shown in Appendix 4.

The2016¢17 yearwasthe hottest year oraverage at Wet Tropics seagrass s#i@&e monitoring
began High temperatures (>3€)had been sustained for 2 yedrem mid-2015to June 2017
across the region, with the highest temperatwaeintertidal siteg41.4 C) reorded inMarch (Figure
48). Within canopywater temperatures exceeded 36for 70d, which isvell abovethe median

level (44 d)since 2003 when monitoring was establishé¢ater temperature at subtidal sites rarely
exceeds threlsolds Figure49); however, there werenly a fewweeks that were cooler than the
baseline Figure49).
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Figure48. Inshore sea temperature for intertidal seagrass habitathenWet Tropics NRM region

from August2001 to June 20T: a) rumber of days when temperature exceeded 35°C, 38°C, 40°C and
43°C within each season (thresholds adapted f@ampbell et al. 2006b) deviations from 3-year

mean weekly temperature records (weeks above the-teng average are represented as red bars

and the magnitude of their deviation from the mean represented by the length of the barsrbars

blue for weeks with temperatures lower than the average and are plotted as negative deviations).
Dashed line represents period when monitoring not established.
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Figure49. Inshore sea temperature for subtidal seagrass habiiia the Wet Tropics NRM region
from October2008 to June 20T: a) number of days when temperature exceeded 35°C, 38°C, 40°C
and 43°C within each season (thresholds adapted ampbell et al. 20Q6b) deviations from-7
year meanweekly temperature records (weeks above the H@rgn average are represented as red
bars and the magnitude of their deviation from the mean represented by the length of thebbas
are blue for weeks with temperatures lower than the average and are plotted as negative
deviations). Dashed line represents period when monitoring not establisheddata available

5.1.3 Indicators of seagrass condition

Threeseagrass habitat typesere assessed across the Wet Tropics regi@0ik6;17, with data
from 12 sites [Tablel8).

Tablel8. List of data sourcesf seagrass and environmental condition indicatorsefach seagres
habitat type in theWet TropicNRM region* drop camera sampling (QPWS), *Seagid&ch.For
site details se@able3 and Table4.

Habitat Site

LB1 Lugger Bay
LB2 Lugger Bay
YP1 Yule Point
YP2 Yule Point
MSZ¥ | Missionary Bay
MSZ | Missionary Bay
DI1 Dunk Island
DI2 Dunk Island
reef intertidal Gl1 Green Island
GI2 Green Island
Gal* Goold Island
LIl Low Isles
DI3 Dunk Island
GI3 Green Island
LI2 Low Isles

coastal intertidal

>| 3| > >Reproductive effort
>|>| > >|Leaf tissue nutrients
>| >| > >Meadow sediments

> 3> 3| >|distribution
>|>|>|>seed banks
>| 2| 2| > |Epiphytes

coastal subtidal
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>
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>
>
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>
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Seagrass abundance, composition and extent

The seagrass abundance szarcross the region wagadedaspoor in2016;17 (Figure45). The
longterm average seagrass cover at coastal habitats in the Wet Tropics NRM redgahgraatly
between seasons: 6£0.7 per centin the dry andl8.8 +0.7per entin the wet season. Changes in
seagrass abundance were variable ambabitats increasing or stabilising at reef intertidal and
coastal habitats, but declining in reef subtidal hahitsiter six years, seagrass tegspearedat the
Lugger Bay sitlollowingcomplete loss in 201@Figure50). The largest declines occurred at the
Dunk sland subtidal site, where recovery over the previous two years were reverg8d éql7,
and at Green Island where declines have continued s204€ (Figure51).

40 15

coastal intertidal H. uninervis coastal intertidal H. uninervis
(Yule Point) (Lugger Bay)
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Figure50. Changes in seagrass abundanger(centcover £SE at inshoreintertidal coastal habitats
in the Wet TropicblRMregion 2000- 2017.
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seagrass cover (%)
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Figureb1. Changes in seagrass abundanger(centcover +SE for inshore intertidal angubtidal
reef habitas (left and right respectivelyip theWet TropicsNRMregion, 2001 2017.

An examination of the long term trends across the Wet Tropics NRM region ssiggagrass
abundanceger centcover) hagemained relatively stabla the northern sectiorfwith variable
trajectories amondnabitats leading to large variatipFigure52, Figure53). In the southern Wet

Tropics although recovery is very slow and abundances are in very poor condition, there have been
smallincreasesince2011at the intertidal coastal and reef sit@-igure54) but abundance remains

well below historical levs.
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Figureb2. Temporal trends in seagrass abundance for each monitoring location nottteern (a)
and southern (byVet Tropics region represented by a GAM plot, 2P017. Northern and southern

section trendglocations pooled) represented by black line with grey shaded area definjpey @&nt
confiderce intervals.

Figureb3. Temporal trends in seagrass abundance for seagrass habitat in the northern Wet Tropics
region represented by @AM plot, 20022017. Trends (locations pooled) represented by black line

with green shaded area defining §&r centconfidence intervals, and quadrat data displayed as grey
circles

Figureb4. Temporal trends in seagrass abamde for seagrass habitat in the southern Wet Tropics
region represented by a GAM plot, 268217. Trends (locations pooled) represented by black line

with greenshaded area defining 9&er centconfiderce intervals and quadrat data displayed as grey
circles.
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