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Executive summary

The Marine Monitoring Program (MMP) undertaken in the GreatiBr Reef (GBR) lagoaassesses
thelongd SNY SFFSOGAOPSYySaa 2F GKS 1 dzadNItAlFY YR
Protection Plan (Reef PlaiThe MMP, established in 200%s a critical component ithe paddock to

reef monitoring modelling rad reporting program (P2R) that tracks changesegional water quality

and its impact on the GB& land management practices are improved across Reef catdtbm

The inshore seagrass component of the MMP assessed seagrass abumpgaman{cover),
community structure, relative meadow extent, reproductive health, and nutrient status frehore
seagrass meadows 29 locations throughout the GBRBiteswere predominately lower littoral (only
exposed to air at the lowest of low tides), hereafter refette as intertidal, although four locations
also included shallow subtidal meadovach of the Natural Resourddanagement regions (Cape
York, Wet Tropics, Burdekin, Mackay Whitsunday, Fitzroy and Burnett iarg)represented,
includngeach of the majoseagrass habitat types where possible (est& coastal, reef, subtidal).

Environmental pressures are also recorded including withimopy water temperature, canopy light,
sediment composition as well as macroalgae and epiphyte abundance, furtheoltaiaed from
the Australian Bureau of Meteorology and from the MMBhiare water quality subprogram.

v dzS

Dischargefrom most GBR rivers in20d6c g1 a | G 2 NJ 0 St 2 @xcépki® Fitzy I i S NJ

and some of the smaller rivers in the central and southern GBBpite this, seagrass meadows were
exposed to turbid sediment laden waters (primary and secondatgrs) for much of the wet

seasm (76-100per centof weeks in November to April, except at four reef sites which wes8 Ser
centof weeks) Daily light, or irradiancedl wasalsolower (12.8 mol ri? d*) than the longterm
average (13.4 mol rhd?) particularlyin the Wet TropicsBurdekin and Burnett Mary regions.
Within-canopy seawater temperatures in the central and northern GBR were higher than the long
term (10 year) average over the 2016 monitoring period for the second year in a rddigh water
temperatures (>35°C) weexceeded for a record number of days in the three southern and central
regions with the highest in the Mackay Whitsunday regiond)/iollowed by the Fitzroy region

(63d). Extreme temperatures (>4Q) occurred in most regions but were relatively infreqtieand
instead, water temperature was likely to have a chronic and cumulative impact on seagradew
condition.To summarise the environmental pressurespg&? centof locations had lower than
average daily light, particularly across the Cape York, Mépics and Burnett Mary NRM regions;
seagrass in all regiomxcept for the Burnett Maryere exposed to high seawater temperatures for
more than 1Qper centof the year; increasing epiphyte loads atfidr centof sites resulted in above
GBR averagepiphyte cover at 53per centof sites; andhutrient enrichment at 4%er centof sites

and of these, 2per centwith elevated nitrogen.

In the 201516 monitoring period, overafleagrass abundandgper centcover)improved relative to
the previous year, Wt remained inrmoderatecondition; however, 5@er centof sites remained
classified as poor or very poor in abundance (below the guideliSesigrass abundance has
generally increasd since2011 as meadows recover from widespread declines occurring 2Q6H8

to 2011that left meadows in aery poorcondition This decline was the result wiultiple years of
above average rainfall and climatelated impacts followed bgxtreme weather events in early
2011. The seagrass losses had significantdowffeds for dugong and green turtle populations
(Meager and Limpus 20}, 2vhich are highly dependent on certaigegjrass species as their primary
food supply.

902t23A0Ff NBaAAfASYOS AyOfdzRSa GKS OF LI OAGE 2F
K

NEO2@SNI G2 I adrkofS adrdS 0aNBO20SNE£OIE gKAO
functionwhen affected by disturbance&dlkeet al.2004 Bernhardt and Leslie 2018nsworthet

al. 2015. The attributes of seagrasses that are indicativa s€agrass meadow exhibitingsistance
include: abundance, species composition (in particular diversity of life history strategies including

I.
R &
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both colmising and persistent species), continuity (or spatial eXte@neticdiversity, and storage
reserveqUnsworth et al.2015), but the latter two are not rmasured in this MMP program

Recovery of seagrass meadows is facilitated by reproductive output, seed banks and seagrass species
composition (noting that some attributes are vital to both).

In 201516, the indicators of seagrass resilience (resistance@calery)showed varied response,
with some indicators improving, and others declining depending on the region and halbiitakey
indicators of improvement in resistance were increasing abundgmeedentcovel) at38 per centof
sites(predominately castal habitats) whil@6 per centof sites remained stabl@.heregions with
the greatest improvement in abundanceef centcover) during 20186 were Cape York, Mackay
Whitsundayand the Burnett Mary NRMsyhere 48per centof sites increased from the evious
monitoring periodwhile the Wet Tropics also improved slightly (increasing the score from very poor
to poor). The Burdekin was the only region to decline in abundance, but it remaimeoderate
condition.Meadow areaexpanded or remained unchandfat their maximum relative extent at 82
per centof sites. Furthermore, meadows continued to undergoamsientstate change with
increasing composition of foundation (opportunistic and persistent) species pgibdentof sites
replacing colonising spe&s, which had been dominant since 2011.

Of notable concern, however, is that the capacity of foundational seagrass to recover from the
cumulative impacts of past disturbances continued#olimited The proportion of seagrass
displaying colonising lifeistory traits remained above GBR average ap@6centof sites and these
species can facilitate recovery from disturbance. However, recovery of foundasioeeies from loss
isdependent on presence of a seed baid recruitment of new populationdhe indicators of
limited recovery capacity in 20156 were; the absence of seed banks afp@é centof sites and
declining seed banks at another B&r centof sites; and below average reproductive effort atgr
centof sites.

Across the GBR NRM regip the seagrass report card scores improved during 2@l the Cape
York, Mackay Whitsunday, Fitzroy and Burnett Mary, but declined slightly in the Wet Tropics and
Burdekin regionsSeagrass across most of the regions is still recoveringrfroltiple years of

climate related impacts, which has likely left a legacy of reduced resili@wegall, the condition of
the inshore seagrass meadows of the GBR has changed little over the last 12 month$§R015
remaining in goor state(Table 1), despite gemally favourable environmental conditions. Based on
current rates of recovery, as well as examples taken from previous localised impiacisand Birch
1984 Campbell and McKenzie 2004 return to a moderate or good condition could ocwaithin

the next 12 years (i.e. >5 years from impagijpvidedconditions remain favourable.

Tablel. Report card for seagrasenditionfor the GBR and each NRM region: Juné204ay 2056.
Valuesare indexed scores scaled fr@.00;y =very good (8-100),/ =good (& - 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 59 6 36 34
Wet Tropics 27 s 32 25
Burdekin 50 46 58 51
Mackay Whitsunday 49 21 32 34
Fitzroy 25 4 36 22
Burnett Mary 42 25 50 39
GBR 52 1 40 35
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1 Preface

The management of water quality remains a strategic priority for the Great Barrier Reef Marine Park
Authority (GBRMPA) to ensureetifiongterm 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 Plamon 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 Bethrough improvements to the quality of water

flowing into the Reef lagoon, and the Reef 2050 Long Term Sustainability Plan, which provides a
framework for the integrated management of the GBRWHA.

Longterm water quality and ecosystem monitoring in timshoreGreat Barrier RegfGBR)agoonis
undertaken through the Marine Monitoring Program (MMP), which was formerly known as the Reef
Plan MMP TheGBRMPAas responsibility for implementation of this prograRurther information

on the program objectivesand details on each syfrogram are available cline

http://bit.ly/2mbB8bE. The seagrass syfvogramin 201516 was alssupported bythe Great Barrier
Reef Foundatiofmonitoring ofCape Yorkocations inearly 2016, with contributions alsdrom the
SeagrassiVatch program(Cape York, Wet Tropics, Burdekin, Mackay Whitsunday and Burnett Mary)
and Queensland Park and Wildlife Service (QPXWS)y output of the Paddock to Reef Program is

an annual report card, including an assessment of Reef water gaalit ecosystem condition to

which the MMP contributes assessments and information. The first Annual Reef Plan Report Card for
2009 Reef Water Quality Protection Plan Secretariat d0&érves as a baseline for future
assessments, and report cards for 2010, 2@0D112/13 2014and 2015have since been released
(available at www.reefplan.gld.gov.au).

James Gk University (JCU)agcontracted to provide the inshore seagrass monitoring component.
The program has adapted methods outlinedMoKenzieet al. (2003 and those applied in Seagrass
Watch (a global seagrass assessment and monitoring progfémMMP inshore seagss

monitoring program design aneéporting structure is an evolving process. Program providers
developed the program in collaboration with GBRMPA in 200 assistance by expert working
groups and AIMS(S QI (i KIn 200809 subtidal sitesn the Wet Tropics and Burdekin regions

were included to improve the scope of the prografiheprogram underwent an extensive external
review in 20B-14, 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 dhanges Kuhnertet al.2014).

Each year a report sumamising the condition and trend of inshore seagrass of the GBR over the past
year is published on the GBRMPA website. The annual reports aregweewved every year and
program providers endeavour facorporate reviewer comments.

This report includes daton flood plume exposure from the inshore water quality monitoring
subprogram, and a Case StudyResponses of seagrass abundance to temperature and light among
habitat types The reportalso incorporates the datandor reportedfindings from relatedseagrass
monitoring programs Seagra¥gatch and theseparately fundedQueensland Ports Seagrass
Monitoring Program
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2 Introduction

Seagrasses are an important component of the marine ecosystem of the Great BarrieT Reef.
ecosystem services provided by seegp ecosystems makes them a high conservation priority
(CullerUnsworth and Unsworth 20)3Certain seagrassese the primary food for marine green
turtles and dugongs, which are seagrass specialkgad and Limpus 200&rthur et al.2008 Marsh

et al.2011). Seagras®rm highly productive habitats for a largeimber of invertebrates, fish and
algal specieéCarrutherset al. 20023, which are otommercial (e.g. prawns) and subsistence
fisheries importanceoleset al. 1993 CullerUnsworth and Unsworth 20)3Seagrasalsoprodua
natural biocides and impr@water quality by controllingpathogenic bacteria to the benefit of
humans, fisks and marine invertebrates such as cqtambet al.2017). Nutrient cycling in
seagrass meadows makes them one of the most economically valuable ecosystems in the world
(Costanzat al.1997) and the retention of carbon within their sediments contributes significantly to
Blue Carbon sequestratiofrdurqurearet al. 2012 Unsworthet al.20123.

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

as seagrass meadows#/qycottet al.2011). These nomeef habitats are particularly important to the
maintenance and regeneration of populations of reef fish such as Emfish (ethrinus sppand
Tuskfish Choerodon spp(CullerUnsworthet al.2014). In addition, he incorporation of carbon

within seagrass tissues can affect local pH and increase calcification bifesdsa thereby mitigating
the effects of ocean acidificatiof@urqurean et al.2012 Unsworth etal. 20123. 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 comitiesdepend Hecket al. 2008).

Chronic declines in inshore water quality in the GBR since European settlement havenkgdrto
ecological shifts in many GBRnna ecosystemdje'ath and Fabricius 201Boffet al.2013).

Multiple pressures are the cause of this tiee, including intensive use of the GBR catchments for
agriculture and grazing, and coastal development for urban centres and commercialBrodgét

al. 2013. Floodwatersdeliverterrestrially sourced pollutanté.g., sediments, nutrients, pesticides)
into the GBRdispersing them over the sensitive ecosystems including seagrass meadows
(summarised in Schaffellet al.2013).

Tropical seagrass ecosystems of ti&RGare a complex mosaic of different habitat types comprised

of multiple seagrass specigsqrruthers et al.20029. There are 15 species of seagrass in the GBR
(Waycottet al. 2007) and high diversity cdeagrass habitat types is provided by extensive bays,
estuaries, rivers and the 2600 km length of the Great Barrier Reef with its reef platforms 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 3364 km? of inshoreseagrass meadows has been mapped in Great Barrier Reef
World Heritage Area (GBRWHA) in waters shallower than(MaKenzieet al. 2014d Saunder®t
al. 2015 Carteret al.2016 McKenzieet al. 2016 C. Howley, Unpublished dai@igurel). Although
thisrepresents onlyL0 per centof the totalseagrassrea estimatedvithin the GBRWHMMcKenzie
et al.20109, the ecosystem servicaashore seagrass meadowsovide are of far greater
importance than those provided by tlegfshore/deepwaterseagrassesnshore seagrss meadows
are structurally large, composed of foundatiofapportunistic and persistengpecies, store more
carbon in their sediments, are of higher fisheries importance,thadnain feeding pastures for
dugong and green sea turt{gVatsonet al. 1993 Sheppad et al. 2009Lanyonet al. 1989 McKenzie
et al.2010¢ Laveryet al.2013. It is these meadows that occur at the frontline of runoff and inshore
water quality deteriorationMcKenzie et al.20109. Theremainingextent (90 per centor 32,335
km?) of seagrass in the GBRWHA is located in the deeper waters (>15m) of the IGgteset(al.
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2009 Carter, et al.2016), however, these meadows are relatively sparse, structurally smhitghly
dynamic, composed afolonisingspecies, and not as productive as inshore seagrass meadows for
fisheries resourcesMcKenzie et al.2010¢ Derbyshireet al. 1995. Overall, he total estimated area

of seagrass34,841km?) within the GBRWHA represents more thanr centof the total recorded

area of seagrass in Austral@réen and Short 200&nd between er centand 12per centglobally
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Figurel. The Great Barrier Reef Marine Park, major marine ecosystems (coral reefs and surveyed

seagrass meadows), NRM regions and marine NRM re(gietiseated by dark grey lines) and

major riversFromWaterhouse et al. 2017

Seagrasses in the GBR can be separated into four major habitat types: estuary/inlet, coastal, reef
and deepwatelCarruthers et al.2002g) (Figure?). All but the outer reef habitats are significantly
influenced by seasonal and episodic pulses of sedidas@n, nutrientrich river flows, resulting

from high volume summer rainfall. Cyclonesyes® storms, wind and waves as well as macro
grazers (fish, dugongs and turtles) influence all habitats in this region to varying degrees. The
result is a series of dynamic, spatially and temporally variable seagrass meadows.
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Figure2. General conceptual model of seagrass habitats in north east Australithe water quality
impacts affecting the habitafadaptedfrom Carruthers et al., 2002ndCollier et al. 2014

The seagrass ecosystems of the GBR, on a global scale, would be for the most part categorised as
being doninated by disturbancéavouringcolonising anapportunistic species (e.dalophila
Haloduleand Zosterg, which typically have low standing biomass and high turnover rates
(Carrutherset al.2002, Waycotet al.2007). In more sheltered areas, including reef top or inshore
areasin bays more stable ad persistent species are found, although these are still relatively
responsive to disturbancé€arruthers et al.2002g Waycott, et al.2007, Collier and Waycott 2009

Conceptual basis for indicator selection

As seagrasses are well recognised as indicators of integrated environmental pressuré&s;imgoni

their conditionand trend can provide insight into the condition of the surrounding environment (e.qg.
Dennisoret al.1997). There are a number of measures of seagrass condition and resilience that can
be used to assess how they respotadenvironmental pessures, and these measures are referred to
here as indicatorsWe have developed a matrix of indicataéhsit respond on different temporal
scaleqFigure3). Indicators include plant changes, meadsuale changes and state clya{Figure

3). These indicators also respond at differeatiporal scales, with sulethal indicators able to
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respond from seconds to months, while the meadseale effects usually take many months to be
detectable.

A robust mortioring program benefits from having a suite of indicators that can indicatdethil

stress that forewarns of imminent loss, as well as indicators of meam@ae changes, which are
necessary for interpreting broad ecological changes. Indicators incinded MMP span this range

of scales, in particular for indicators that respond from weeks (tissue nutrients, isotopes), through to
months (abundance and reproduction), and even years (abundance and meadow extent).
Furthermore, indicators are conceptualigked to each other, and to environmental drivers of
concern, in particular, water quality (g,3Kuhnert et al.2014).

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

Figure3. Climate, environmental, seagrassnditionand seagrass resilience indicators reporasd
part of the MMP Inshore Seagrass monitoring 2Q6. Regudr textare indicators measured in the
inshore seagrass program, white box with dashed line are indicators in developmeitaliaised

text are indicators collected in other programs or by other institutions (see Zémaletails on
suppliers). Allndicators are shown against their response time which span from minutes to years.

Measures oEnvironmendl stressors

Climate and environment stressors are aspects of the environment, either pkgtséroical or
biological that affect seagrass meadow cdiudh (Figure 3)Some environmental stressothange
rapidly (minutes/days/weeks/months) but can also undergo chronic shifts (yégigiire 2)
Stressors include:

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

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

1 Water quality (e.qg. river discharge, plume exposumarient concentrations, suspended
sediments, herbicidgs
Biological (e.g. epiphytes and macroalgae)
Qubstrate(e.g. grain size compaosition)
Seagrass environmental integrators (e.g. tissue nutrjents

= =4 =
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Indicatorswhichrespond more quicklfe.g. light)provide important earlywarning ofpotentially

more advanced ecological changes (as described below). However, a measured change in a fast
respondingenvironmentalindicator is not enougin isolationto predict whether there will be

further ecological impacts, because the change could be abart. These indicators provide critical
supporting information to support interpretation of slower responds®pgrassonditionand

resilience indicators.

Measues of gagrasscondition

Conditionindicatorssuch as meadowbaindanceand extent indicatehe state of the
plants/populationand reflect the cumulative effects of past environmental conditi{ffigure 3)
Abundance can respond to changes in environmentime-scales ranging froweeksto months
(depending on specieg) the GBRwhile meadow aregenerallytends to adjust over longer time
scales (months to yearsyeagrass area and abundaraze integrators of past conditions, and are
vital indicators omeadowcondition; however, these indicatorsanalsobe affected by external
factors such as grazing by megaherbivdiesluding dugongs and turtles)hdrefore,they are not
suitable as stan@lone indicators of environmental chantfeey require indicadrs that can be linked
more directly to specific pressures. These condition indicatorscagmt demonstrate capacity to
resist or recover from additional impaatdnsworth et al.2015).

Measures of sagrass esilience

902t 23A Ol ftheNapacityfoffasetd3\Sten ta absorb repeated disturbances or shocks and
adapt to change withoutundamentally switchingi 2 'y | £ G S NJ (HolNng $07%3aind 6 £ S & (i |
therefore it relates to the ability of a system to both resist and recover from disturbahresvorth

et al.2015 (Figure 3) thanges inresilienceindicators show if the ecosystem is in transition (i.e. has
already, or may undergo a statthange) Sexual reproduction (flowering, seed production and
persistence of deedbank) is an important feature of recovery (and therefore, of resilience) in
seagrass meadows the GBRCOoastal seagrasses are prone to smallescisturbances that cause

local losseg¢Collier and Waycott 20Q9andtherefore disturbancespeclaist peciesi.e. colonisers

tend to dominate throughout the GBRommunity structure(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 spseanay rapidly recover and pave the way for meadow
development)Figure4).
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Figured4. lllustration of seagrass recovery after loss and the categories of successional species over

time. Developedor thisreportF N2 Y NB O2 GSNE Reyl YAOa 20aSNBSR Ay
GBRBirch and Birch 198#reenet al. 199%McKenzie and Campbell 2Q@ampbell and McKenzie

2004 McKenzie et al. 20th; Rasheed et al. 20)4

This report presents data from theeventhperiod of monitoring inshore seagrass ecosystems of the
Great Barrier Reef under the MMP (undertaken from Junés20May 206; K S NB I F i 808 OF £ £ SR
16¢ UTHe key aimsf the inshore seagrass monitoring splbgram of the MMRwvere to:

1 Report on the abundance and species composition of seagrass (indaddsgapanapping)
in the late dry season of 26&and the latewet season 62016 at inshore intertidal and
subtidal locations

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

1 Report on tissue nutrient concentrations (carbon, nitrogen and phosphorus) and epiphyte
loads of foundation seagrass speciegy(genusHalodule, Zostera, Cymodoged each
inshore intertidal and subtidal location

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

1 Reporton trends in seagrass condition
1 Report on seagrass communityrelation toenvironmentconditionand trends and

91 Integrate reporting on GBR seagrassditionincluding production of seagrass report card
metrics for use in an annual Paddock to Reef repard.
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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 MMP, including quality assurance and quality
control procedures, is available Appendix2.

3.1 Climate and environmental  pressures

Maximum daily air temperature, total daily rainfall, 3pm wind speed and average daily cloud cover
(average of 9am and 3pm total cloud), and cyclone tracks were accessed from the Australian Bureau
of Meteorology from meteorological stations which were proximal to monitoring locatidrable2).

As the height of locally produced, shgrtriod windwaves can be the dominant factor controlling
suspended sediment on innahelf of the GBRL@arcombeet al. 1995 Whinney 2007, the number of
days wind speed exceeded 25kmtwas used as a surrogate for elevated resuspensiosspire on
inshore seagrass meadows. Moderate sea state with winds >25kicahrelevate turbidity by three
orders of magnitude in the inshore coastal areas of the @GBRirfet al.2004). To determine if the

tidal exposure regime may be increasinigess on seagrass amnce drivedecline,tidal height
observations were accessed from Maritime Safety Queensland and duration of annual exposure
(hours) was determined for each meadow (i.e. monitoring siieyed on the meadows height

relative to theLowest Astronomical Tide (AppendixTable58).

The presence of inshore seagrass meadows along the GBR places them at high risk of exposure to
waters from adjacent watersheds and exposure to flood pluiadigely b be a significant factor in
structuring inshore seagrass communiti€ollier, et 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 seagrasses. Plume exposure is generated by wet season monitoiénghe

MMP in the water quality sulprogram {Waterhouse et al.2017). TheMMP inshorewater quality
sub-program includes &emote sensing component, which describes water qualitsracteristicdor

22 weekf the wet season (Novembaer April). Water quality is described as @ot classes of

turbid, brown primary water (class4), green secondary water (class 5), and waters influenced by
flood plumes (salinitx30PSU, coloured dissolved organic matter (CDOM) threshold of G:2tass

6). Colour classes are derived from MBDYue colour satellite images. Exposure to flood plumes is
described in this report as frequency of exposure to prinfambid, sediment ladendr secondary
(green, nutrient richvater during the wet season. Methods are detailedievlinet al. (2015.

AutonomousiBTag submersible temperature loggers were deployed as#éls identified in
Appendix2, Table35. The loggers recorde@mperature (accuracy 0.0625°C) within the seagrass
canopy every 3@ 90 minutesiBCod22L submersible temperature loggers were attached to the
permanent marker at each site above the sedimestter interface.

Submersible @yssey photosynthetic irradiancew@onomous loggers werattached to permanent
station markersat 20 intertidal and 4 subtidadeagrass locations from the Cape York region to the
Burnett Mary regionAppendix 4Table42). Detaied methodology for the light monitoring can be
found in Appendix 2Measurements were recorded by the logger every 15 minutes and are reported
as totaldaily light (mol ¥ d1). Automatic wiper brushes cleaned the optical surface of the sensor
every 15 miutes to prevent marine organisms fouling.

Sediment type wa recordedat the 33 quadrats at each sibe conjunction with seagrass abundance
measures using wsual/tactile estimation of sathent grain size composition-®cm below the
sediment/water inerface)as per standargrotocols described in McKenz¢ al. (2003. Qualitative

field descriptions of sediment compositievere differentiated according téthe UddenWentworth

grade scal@as this approach has previously been shown to provide an equivalent measure to sieve
derived datasets (Hamilton, 1998tcKenzie2007).

10
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Table2. Summary of climate and environment data included in this regbidwing historical data range, measurement technique, measurement frequency,
and data source. Methodology for data collected in this program is further detailed below, and in A@péndariableduration of data availability
depending on site

Measurement

Data range Method frequency Reporting units Data source
Climate
Cyclones 1968- 2016 remote sensing and observations at yearly No. yrt Bureau ofMeteorology
nearest weathestation
Rainfall 1889- 2016* rain gaugesit nearest weather daily mm mag? Bureau of Meteorology
station mm yrl
Riverine discharge 1970¢ 2016 water gauging stations at river moutt L gt DSIT™, compiled by Devlin et al In prep
L yr?
Plume exposure 2006¢ 2016 remote sensing and field validation  weekly frequency of water type (§ 6) MMP inshore water quality program
wet seasonDecg Apr) at the site (Devlin et al)
Wind 1997¢ 2016* anemometer at 10 m above the 3pm wind speed days >25 km h¥r Bureau ofMeteorology
surface averaged over 10 minuteat
nearest weather station
Tidal exposure 1999¢ 2016 wave height buoys at station neares 3¢ 10 min hours exposediuring daylight ~ Maritime Safety Queensland, calculated
to monitoring site exposure byMMP InshoreSeagrass
monitoring
Cloud cover 1999¢ 2016* measured visually by estimating the 9amé& 3pm ockta(daily average) Bureau ofMeteorology
fraction (in eighths or oktas) of the
dome of the sky covered by cloutl a
nearestweatherstation
Environmehwithin seagrass canopy
Watertemperature 2002¢ 2016 iBTag 30¢ 90 min °C, Temperature anomalies, MMP InshoreSeagrass monitoring
exceedance of thresholds
Light 2008¢ 2016 Odyssey 2Pi PAR light loggers with 15 min Daily light @) mol m2d? MMP InshoreSeagrass monitoring
wiper unit Frequency of threshold
exceedance fper centdays)
Sedimentgrain size 1999¢ 2016 Visual tactile description of 3 mog lyr proportion mud MMP InshoreSeagrass monitoring

sediment grain size composition

“Department of Science, Information Technology and Innovation
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3.2 Sampling design & site selection

The sampling design was selectedietect changein inshore seagrass meadows in response to
changesn water quality associatedith specific catchments or groups cdéitchments (Region) and
to disturbance eventsThelocationsimeadows were selected by the GBRMPA, using advice from
expert working groups 2004 The selection dbcationsimeadows was based up@number of
competing factors

1. meadows were representativef inshoreseagrass habitats and seagrass communities across
each region (based dree Longt al. 1993 Lee Longt al. 1997, Lee Longt al. 1998
McKenzieet al. 2000 Rasheedbt al.2003 Campbelkt al. 2002 Goldsworthy 1994

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 2QMellors 2003 Campbell and
McKenie 2004 Limpuset al. 2005 McMahonet al. 2005 Mellorset al. 2005 Lobb 2008.

3. aMinimum Detectable Difference (MDD) below 2€r cent(at the 5per centlevel of
significance with 8@er centpower) Bros and Cowell 1987

Siteswere selected using mapping surveys across the regions prior to site establishment. Ideally
mapping was conducted immediately prior to site positioning, however in mogig60entof) cases

it was basean historic (>5yr) information. Representative meadows were those which covered the
greater extentwithin the inshore regionwere generally the dominant seagrass community type and
were within GBmaselineabundances (based ddoleset al.2001g Coleset al.2001¢ 2001h

20019. To account for spatial heterogeneity of meadows within habitats, two sites were selected at
each locationlf meadow overall extent was larger than ~15hecatres (0.1, k@plicate sites were
often located within the same meadow.

From the onset, inshore seagrass monitoring for the MMP was focused primarily on intéotice
littoral seagrass meadows due to:

accessibility and cost effectiveness (limiting use of vessels and divers)

OccupationaHealth and Safety due to dangerous maramimals (e.g., crocodiles, box
jellyfish and irukandji)

occurrence of meadows in estuarine, coastal and reef habitats across the entire GBR, and
where possibleprovides an opportunity for community involvement, ensuring broad
acceptance and ownership BeefPlanby the Queensland and Australian community.

Some of the restrictions for working in hazardous waters are overcome by using drop cameras
however, drop cameras only providdundancaneasures and daot contribute tothe other
metrics(e.g. tisse nutrients, reproductive débrt). Although considered intertidal within the MMP,
the meadows chosen for monitoring were in fact lower littoral (ramtposed to aix. The longerm
median annual daylight exposure (the time intertidal meadows are exptsean during daylight
hours) was 1.per cent(all meadows pooled)able58). This limitedhe time monitoringcould be
conductedto the very low spring tides within small tidal windows (mo4t¥hrs per day for & days
per manth for 69 months of the year). Traditiongl approachesleveloped for monitoringeagrass
to assesshanges inwater qualitywere developed for subtidal meadows typified by small tidal
ranges (e.g., Florida = 0.7m, Chesapeake Bay = 0.6m) and clea wia¢ee the seaward edges of
meadows were only determined by liglEKIMP 2008 Unfortunately, depth range monitoring in
subtropical/tropical seagrass meadoWwas hadimited successlue to logistic/technical issues (e.g.
accuracy defining deep edge of a fragmented meadiow positional accuracy dhe autoset leve &
graduated staffvith increasing horizontal distang€. Longstaff, pers. comm. 05 May 2paad

12
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seagrass meadows within the Great Barrier Reef lagoon do not conform to traditional ecosystem
models because of thsystems complexityCarruthers et al.20023, including:

1 avariety of habitat types (estuarine, coastal, reef and deepwater);
a large variety of seagrass species with difiglife history traits and strategies;
tidal amplitudesspanning 3.42m (Cairns) 18.4m (Broad Soungd(www.msq.qld.gov.au
Maxwell 1968;

1 a variety ofsedimentsubstratesfrom terrigenous with high organic content, to oligotrophic
calcium carbonate;
turbid nearshore to clearer offshore waters;
grazing dugongs and sea turti@fluencing meadow community structure and landscapes;
nearabsence of shallow subtidal meadows doof the Whitsundays due to the large tides
which scour the seabed.

Deepwater(>15m)meadows across the GBR are predominately dominateddigphilaspecies and
are highly variable in abundance and distributibed Longt al. 1999. Due to this high variability
they do not meet the current criteridor monitoring as the MDD is very poor at thepgr centlevel
of significance with 8@er centpower McKenzieet al. 1998, and willrequire a different approacH
to be included in futurePredominately stable lower littoraind shallow (£.5m below Lowest
Astronomical Tidedubtidalmeadows of foundation species (e.gastera Halodul@ are best for
determining significant change/impact (McKeneteal. 1998).Where possible, shallowubtidaland
lower littoral monitoring sites wergaired whendominated bysimilarspecies.

Due to the high diversity of seagrass species across the GBR, it was decided in consultation with
GBRMPA to direct monitoring toward the foundatiseagrass species across the seagrass habitats
(Figureb). A foundation species is the dominant primary producer in an ecosystem both in terms of
abundance and influence, playing central roles in sustaining ecosystem seAngedrfiet al.2011).
Theactivities of foundation species physically modify the environment and produce and maintain
habitats that benefit other organisms that use those habitats.

Non-foundation
:nx;(e @S

Figure5. lllustration showing how foundational species can includeispetisplay colonising,
opportunist or persistent life history traits depending on disturbance regime. Foundation species
are the species types that are at the pinnacle of meadow succession. A highly disturbed meadow
(due to wave/wind exposure, or low liglegime) might always only ever have colonising species

as the foundational species, while a less disturbed meadow can have persistent species form the
foundation.Also, vihether Zostera muelleri is a foundation species is influenced by whether it
grows inthe tropics or in the subropics as it is more likely to form a foundation species in the
subtropics even if it is disturbed.

13
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For the seagrass habitats assessed in the MMP, the foundation seagrass species were those species
which typified the habitat®oth inabundance and structure when the meadow was considered in its
steady statgopportunistic or persistentiKilminsteret al.2015. Thefoundation species were all-di
meristematic leafreplacing formgrom the following familiesCymodocea, Enhalus, Halodule,
Thalassiaand Zostera(Table3).

The timing of the monitoring within the MMP was decided by the GBRMPA, using advice from expert
working groups. As the major period of runoff from catchments and agricultural lands was the
tropical wet season/monsoon (December to Apriipnitoring was faussed on the late dry

(growing) season and late wet season to capturedbeditionof seagrass grand post wet.

Forty five sitesat 21 locationsvere monitored during th&014-15 monitoring period Table3). Ths
included eight coastal, four estuarine and nine reef locations (i.esthiee sites at each location). At
the reef locations in the Burdekin and Wet Tropics, intertidal sites were paired with a subtidal site
(Table3). Data from an additionadightsiteswere included fronthe Seagrassvatch progranto

improve the spatial resolution where possil§leabled). A description of all data collected during the
sampling period under the moniting contracthas been collated by Natural Resource Management
(NRM) region, site, parameter, and the number of samples collected per sampling period is listed in
Table42. The seagrass speci@scluding foundationpresentat ead monitoring site is listedable3.

In 2005 and 2014, the monitoring prograecteived thorough independerstatisticalanalysis and
review(5 S QI (i KKuhnertsetpal.2014). The development anany modifications of the program
were evaluated by the Paddock to Réedependent Science Pan@rogram reports and results are
reviewed annually by independent seagrass expexternal to GBRMPA and MMP.

14
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Table3. MMP inshore seagrass lotgrm monitoring sitedetails including pesence of foundatiorA] and other ) seagrass species sampled for plant

tissue and reproductive healtNRM region from www.nrm.gov.au. * = intertidal, *=subtidz#.= Cymodoaeotundata, CS = Cymodocea serrulata, EA = Enhalus
acoroides HD = Halophila decipiens, HO = Halophila ovalis, HS = Halophila spinulosa, HU = Halodule uninervis, S| = Syrinigidmpilislgdthalassichemprichij ZM = Zostera muelleri

GI.BR NRM region Basin Monitoring location Site Latitude Longitude CR cs EA HD | HO | HS | HU g ™ | ZM
region (Board)
Shelburne Bay SR1* Shelburne Bay 11° 53.233 142° 54.851 i A A
Jacky Jacky / coastal SR2* Shelburne Bay 11° 53.251 142° 54.938
Olive-Pascoe Piper Reef FR1* Farmer Is. 12° 15.352 143° 14.020 A A A
Cape York reef FR2* Farmer Is. 12° 15.448 143° 14.185
Far (Cape York Stanley Island ST1* Stanley Island 14° 8.576 144° 14.680 A A i A i A
Northern Natural Resource Normanby/ reef ST2* Stanley Island 14° 8.547 144° 14.588
Management) Jeannie Bathurst Bay BY1* Bathurst Bay 14° 16.082 144° 13.961 A i A i A
coastal BY2* Bathurst Bay 14° 16.062 144° 13.896
Cooktown AP1* Archer Point 15° 36.500 145° 19.143 A A X ~ A A X
Endeavour reef AP2* Archer Point 15° | 36525 | 145° | 19008 | ©~ | A | A A a ol
Brfifies Low Isles LI1* Low Isles 16° 23.11 145° 33.88 % A A
reef Li2» Low Isles 16° 22.97 145° 33.85 A A
Mossman / Yule Point YP1* Yule Point 16° 34.159 145° 30.744 i A A*
Barron/ coastal YP2* Yule Point 16° 33.832 145° 30.555
Mulgrave Gl1* Green Island 16° 45.789 145° 58.31 N % = A A
Northern Wet Tropics Russell / Gresrag‘;fsland Gl2* Green Island 16° 45.776 145° 58.501 A A é A _ A
(Terrain NRM Johnstone GI3» Green Island 16° 45.29 145° 58.38 A A A A A A
Mission Beach LB1* Lugger Bay 17° 57.645 146° 5.61 i A
coastal LB2* Lugger Bp 17° 57.674 146° 5.612
T“"ﬁe'\r"b‘grrf‘y’ Do tetand DIL* Dunk Island 17 | 56,6496 | 1a6° | 8654 | 1 | A - A A
reef DI2* Dunk Island 17° 56.7396 146° 8.4624 _ _
DI3" Dunk Island 17° 55.91 146° 08.42 A A A A
L MI1* Picnic Bay 19° 10.734 146° 50.468 A A A*
Mag”f;:f B MI2* Cockle Bay 19° | 10612 | 146° | 49737 | A | A A A A | A
Burdekin _ MI3~ Picnic Bay 19° | 10.734 | 146° | 50.468 A A A A A
(NQ Dry Trops) Ross Burdekin Townsville SB1* Shelley Beach 19° | 11.046 | 146° | 45.697 A A A A
coastal BB1* Bushland Beach 19° 11.028 146° 40.951
Bowling Green Bay JR1* Jerona (Barratta CK) | 19° 25.380 147° 14.480 i A A
Central coastal JR2* Jerona (Barratta CK) | 19° 25.281 147° 14.425
Repulse Bay MP2* Midge Point 20° 38.099 148° 42.108 i A A
Mackay Proserpine coastal MP3 Midge Point 20° 38.080 148° 42.280
Whitsunday OGonnell Whitsundays HM1* Ham!lton Island 20° | 20.7396 | 148° | 57.5658 i A i A
(Reef Catchmenys reef HM2* Ham||}0n Island 20° 20.802 148° 58.246
Plane Mack_ay SI1* Sarina Inlet 21° 23.76 149° 18.2 A i A
estuarine SI2* Sarina Inlet 21° 23.712 149° 18.276
Shoalwater Bay RC1* Ross Creek 22° 22.953 150° 12.685 A A A
Fitzroy Shoglwate/ coastal WH1* Wheelans Hut 22° 23.926 150° 16.366
(Fitzroy Basin Fitzroy Keppel Islands GK1* Great Keppel Is. 23° 11.7834 | 150° 56.3682 i i A A
Associatiol reef GK2* Great Keppel Is. 23° 11.637 150° 56.3778
Southern Calliope /Boyne Gladstone Harbour GH1* Gladstone Hbr 23° | 46.005 | 151° 18.052 A A+ A
estuarine GH2* Gladstone Hbr 23° 45.874 151° 18.224
Rodds Ba RD1* Rodds Bay 24° 3.4812 151° 39.3288 ~ = ~
étr;?;ni% =S estuarine RD2* Rodds Bay 24° 4.866 151° | 39.7584 A A -
Regi | Grou Hervey Bay UG1* Urangan 25° 18.053 152° 54.409 ~ = ~
gional p Mary . A A A
estuarine uG2* Urangan 25° 18.197 152° 54.364

* indicates presence adjacent, but not within, 50m x 50m Zitstera muelleri = Zostera muellgubsp capricorni, as revision of Zostera capricalacobt al. 200§ resulted in classification to subspecies.
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Table4. Details of additionainshore seagrass lorgrm monitoringsites from the Seagraa&atchand QPWS drepameraprograms, including pesence of
foundation @) and dher &) seagrass specieRM region from www.nrm.gov.ati= intertidal, *=subtidal

GBR region NRM region Board) Basin Monitoring location Site Latitude Longitude CR|C|EA|HD|HO|HS|HU| 9 | TH| 2™
Far Cape York Lockhat Lloyd Bay LR1? Lloyd Bay 12° 47.788 143 29.117 i i A
Northern (Cape York Nat Res Manage coastal LR2" Lloyd Bay 12° 49.488 143 28.500
Rockingham Bay |, GooldIsland | 18 | 10437 | 146 | 9196 | A | A A A
Northern Wet Tropics LAy reef
P / Herbert Missionay Bay MSin Missionary Bay | 18 12.950 | 146 12.753 i A
coastal MS2n Missionary Bay | 18° 12.316 146° 13.010
Burdekin Ross / Townsville o o % = A X
(NQ Dry Tropigs Burdekin p—— SB* Shelley Beach | 19 10.953 | 146 45.764 A A A A
Shoal Bay HB¥ HydeawayBay 20° 4.487 148° 28.930 A ~ A A
Don reef HBZ | HydeawaBay | 20° | 4.207 | 148° | 28.846 | '\ A . A
" Pioneer Bay PI2* Pioneer Bay 20° 16.176 148° 41.586 = = ~ ~
Central Mackay Whitsunday Proserpine coastal PI3* Pioneer Bay 20° 16.248 148° 41.844 A A A A
(Reef Catchmenys Proserpine / Whitsunday Islands | TO1" Tongue Bay 20° 14.399 | 149 0.931 i A A
OConnell reef TO2" Tongue Bay 20° 14.197 149 0.697
Newry Islands NB1” Newry Bay 20° 52.057 148 55.531 A ~ ~ A A
Oconnell coastal NB2~ Newry Bay | 20° | 52.328 | 148 | 55.436 . AR A A
Burnett Mary Hervey Bay BH1* Burrum Heads | 25° 11.290 152° 37.532 ~ A A
Southern (Burnett Mary Regional Grodip Burrum coastal BH3 Burrum Heads 25° 12.620 152° 38.359 A A A
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3.3 Seagrass condition monitoring

3.3.1 Seagrass abundance, composition and  extent

Field survey methodology followed standardised protoca&tdiled inMcKenzieet al. (2003 and
Appendix 2) At each location, with the exception of subtidal sites, sampling included two sites
nested(within 500m of each othetij a location. Subtidal sites were not replicated within locations.
Intertidal siteswere defined as &.5 hectarearea within a relatively homogenous section of a
representative seagrass community/meadow (McKeetial.,2000). Monitoring at sites in the late
dry (September/October 2®@) and latewet (March/April 205) of each year wasonducted by a
qualified and trained scientisin the centre okach site, during each survey, observers recorded the
percent seagrass cover with@8 quadrats§0 cm x 50 cpplacedevery 5 m along three 50m
transects, placed 25m apariThe sampling sttagy for subtidal sites was modified to sample along
50m transects 2, 3 m apart (aligned along the depth contour) due to logistics of SCUBA diving in
waters of poor visibilityMapping of the meadow landscagmcluding patches and scassithin each
sitewas alsaonductedas part of the monitoringn both the late dry and latevet periods Mapping
followed standard methodologs McKenzieet al. 2001) using ahandheldGPSn foot. Where the
seagrasdandscapdendedto grade from dense coirtuous cover to no cover over a continuum that
included small patches and shoots of decreasing densiitg meadowedge wa delineated where
there was a gap with the distance of more than 3 met(ies. accuracy of the GRS$herefore the
entire 5.5 hectae site was mapped (seagrass and no seagrass).

Seagrass species were identified as per Wayatadt. (2004). Speciesvere further categorised
according to theilife history traits and sategiesandclassified into colonising, opportunistic or
persistentasbroadlydefined by Kilministeet al. (2015 (for detailed methods, see Appendi}.2

3.3.2 Seagrass reproductive health

Seagrass reproductive health was assessed from samples collected in the latelan@@dtewet
2016 at locations identified iMable3. Sanples were processed according to standard methodologies
(see Appendix 2).

In the field, 15 haphazardly placed cores (100mm diameter x 100mm depth) of seagrass were
collected from an area adjacent (of similar cover and species composition) to each magnsieeinn

the laboratory, reproductive structures (spathes, fruits, female and male flowers) of plants from each
core were identified and counted for each samples and species. Reproductive effort was calculated
as number of reproductive structures (fruiffowers, spathes; species pooled) per core for analysis.

Seeds banks and abundance of germinated seeds were sampled according to standard methods
(McKenzieet al. 20109 by sieving (2mm mesh) 30 cores (50mm diameter, 100mm depth) of
sediment collected across each site and counting the seeds retained in eadnskena muelleri

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

3.3.3 Seagrass tissue nutrients

Inthe late dry season (October) 2Q1daf tissue sampleBom the foundational seagrass species
were collected from each monitoring siter nutrient content analysigTable3). For nutrient status
comparisons, collections were recommended during the growth season (eglriatvhen nutrient
contents are at a minimumMellors, et al.2005 and at the ame time of the year and at the same
depth at the different localitiesBorumet al. 2004). Shoots from three haphazardly placed 0.25m
guadrats were collected from an area adjacent (of similar cover and species compaosition) to each
monitoring site.Species within the sample are separated, and all species (eiXdedmbhilaspp.)

were analysed for tissue nutrient contenll lkeaveswithin the samplewere separated from the
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below ground material in the laboratory and epiphytic algae removed by gently scraping. Dried and
milled leaf samples were analysed accordingMiacKenzie et al.2010a Elemental ratios (C:N:P) were
calculated on a mole:mole basis using atomic weights (i.e., C=12, N=14, P=31).

The ratiosfor each species angresented in the appendix of this repofdblel). As an overview of
results, and for the calculation of report card score, ratio valuepaoted amonghe foundational
speciesat each siteChanging C:N ratios have been foumé 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 suggest
reduced light availability when N is not in surpladdlet al. 1994 Griceet al. 1996 Cabaco and
Santo2007 Collieret al.2009h. The ratio of N:P is also a useful indicator as it is a reflection of the
G w S R Fatids Rédfieldet al. 1963, and seagrass with an atomic N:P ratio of 25 to 30 can be
RSGSNXYAYSR (Wl supflieddnidalaincedingatonutrients for growikinson and

Smith 1983Fourqurearet al. 1997k Fourqurean and Cai 20pWhenN:P valuesirein excess of

30, thismay indicate Himitation anda ratio ofless than 2%s considered to show N limitation
(Atkinson and Smith 1983uarte 1990Fourqurearet al. 1992y Fourqurean and Cai 20T he

median seagrass tissue ratios of C:P is approximatelyRihg¢on 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 of these ratios can indicate seagrass environments which are
impacted by nutrient enrichment. Plant tissue whicasboth a high N:P and low C:P indicates an
environment of elevated (saturated) nitrogen.

Further detail on methodology for nutrient sampling can be found in appendix 2.

3.4 Data analyses

In this report results are presented to reveal temporal changesdagrassommunity attributes and
key environmental variables. Genegalil additive model§GAMSs) and gneralsed additive mixed
effectsmodels (GAMMs)vere alsofitted to seagrass attributes for each habitat, to identify the
presence and congiency of rends, using the mga¥vood 2006Wood 2014) package in R 3.2(R
Core Team 2034 GAMs and GAMM@&Vood 2D06) were used to decompose the irregularly spaced
time series into its trend cycles (loitgrm) and periodic (seasonal) components.

GAMMs are an extension of additive models (which allow flexible modelling efrear

relationships by incorporatinggmalized regression spline types of smoothing functions into the
estimation process), in which the degree of smoothing of each smooth term (and by extension, the
estimated degrees of freedom of each smoother) is treated as a random effect and thus estimabl
via its variance as with other effects in a mixed modelling structeod 2006.The results of these
analyses g graphically presented in a consistent format: Prediatallies from the model were

plotted as bold blacknes, the95 per centconfidence intervals of these trends delimited dney

shading If an ¢ for a trend line was less than 0.5 no line of bésivhis shown.

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

where there are two replicate sites at a givendtion (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@&oesiduals 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 qdaisiomial distribution due to the proportional
(bound between 0 and 1) nature of the data. Raw data atjixedrat 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 heterogeneity of variance for some models. For this reason, GAMMSs for epiphyte
and macroalgae cover@mnot presented and the inclusion in future reports of Zero inflated GAMMs
is being investigated. Light data models were fitted using a gamma distribution due to the strictly
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positive continuous nature of the data. GAM were used in this instance as RfgRslage deployed

at one site per location and therefore site do not act as a random falct@ddition of the GAMMSs,
non-linear regressions and polynomials were used (at the request of past reviewers) to show trends
in seagrass abundanceegr centcover)over time; 95per centconfidence intervalare displayed

The majority of meadows have been in a "recovery mode" dmgsedn 20082011. As such, there

KIS 0SSy LISNA2Ra& 2F fAYAUSR 4&,land i dbsehc@ddfdat | 6 At A (&
has restrictedvhethermultivariate analysisan be undertaken routinelyAnalysis is currently

underway tomore fully interrogate the temporal and covariate components of the data as the time

series of observations lengthen.

3.5 Reporting Approach

The daa 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 th@nditionwithin the region relative to a igional basehe
(described further below)

1 Climate and environmental pressures are presented as averages (daily, monthiyuat)a
and threshold exceedance

1 Seagrass community dasaich as seagrass abundance, leaf tissue nutremetpresented as
average (sampling eventseason or monitoring periodith Standard Errgrand threshold
exceedancelata,

9 Seagrass ecosystem data such as sediment compaosition, epiphyte and macroalgae are
presented as averages (sampling event, season or monitoring period) atidaeb the
longterm,

1 Trend analysis (GAMM plots) are also used to explore thetkrng temporal trends in
biological and environmental indicators.

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

3.6 Calculating scores for the Report card

Three indicators (presented asitlessscores) wereselected by the GBRMPA, using advice from
expert working groups and the Paddock to Reef Integration Té&arthe seagrass report card:

1. seagrass abundandgper centcover)
2. reproductive effort
3. nutrient status [eaftissue C:N ratio)

The method forscorecalculation was chosen lilge Paddock to Reef Integration Tedhne. not the
authors of this report) andll report card scores are transforméal a five point scale from 0 to 100
to allow integration with other components of the Paddock to Report card(Department of the
Premier and Cabinet 2014rhe methods ad scoring system for the report card are detailed in
Appendix 3Please note that the scale from 0 to 100 is unitless$ should not be interpreted as a
proportion or ratio.
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3.6.1 Seagrass abundance

Seagrass abundance state in the MMP is meabusing the median seagrass pent cover relative
to the site or reference(habitat type within each NRM regioghideline. Aundance guidelines
(threshold levelsyvere determinedusingthe longterm (>4 years) baseline whetiee percentile
variance plateaed (generally 1520 sampling events}herebyproviding anestimate ofthe true
percentile valugMcKenzie 2000 Guidelines for individual sites were only applied if the conditions
of the site aligned with reference conditioasdthe site had been subject tminimal/limited
RA&0dzND I y OGJsesFpehdixB)p & S| N&

Abundancestate at each site for each monitoring evenis allocatd a gradevery goodmedian

per cent coverat or above 78 percentile good medianper cent coverat or above 58 percentik;
moderate medianper cent coverbelow 50" percentile and at or aboview guideling poor, median

per cent coverbelowlow guideline andvery poor medianper cent covembelowlow guidelineand
declined by >2@er centsince previous sampling eventhe choice of whether th@0" or 10"
percentileis used for the low guideline depends on the witkite variability generally the 26
percentile is used, unless withgite variabilitywas low (e.g., CV<0.6), whereby thé"@rcentile

was more appropate 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 in Appendix 3.

A grade scorérom 0 to 100(Table5) was then assigned to enable integration with other seagrass
indicatorsand other components of thé2Rreport card Department of the Premier and Cabinet

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

Table5. Scoring thresholdable to determine seagrass abundance statow. = 10" or 20" percentile
guideline ¢ee Appendix J,able45). NB: scores are unitless.

grade percentile category score status
very good 75-100 100 GO
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 _

3.6.2 Seagrass reproductive effort

Most seagrass species of the GBBduceflowersin the late dryseasonso reproductive effort is
sampled once dunig the late dry season. Howevénge timingof peak floweringlensityandthe

mode ofreproductionis variable among spea@Naycott et al.2007). In order to incorporatell
available informatioron reproduction including recent past reproduction (as evidenced by seeds
and fruits) and current reproductiorflpwersand inflorescencesll reproductive structures are
measured

The average density of reproductive structures over a 5 year period {2008 was used to

determine a guideline value f@a combination ofall reproductive structures for alipeciesin each
habitat type, across the GBR durithg late dry (coastal intertidal = 8.22+0.71, estuarine intertidal =
5.071£0.41, reef intertidal = 1.32+0.14)Dhe totalnumber of reproductive structures per core
measured dring the current monitoring event (Sept/October 2015) was normalised using this GBR
average, with the ration then being ranked from very good to very poor (Table 6).
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Table6. Scores folate drymonitoring period reproductive effbaverage against longerm (2005
2010) GBR habitat averag8lB: scores are unitless.

Reproductive Effort
description monitoring period / long ratio score 0-100 score status

term
very good X 1l 40 4 100 S0
good 2to<4 2.0 3 75 61-80
moderate 1to <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 (N) and phosphorusvi®®
measured in seagrass leaves. Tissuem@ry 6 & I NB AYRAOFG2NAR 2F AyadS3aINI
defined by leaf lifespan and ranging from days to months prior to sampling) environmental
conditions.The absolute tissue nutrient concentrations (%C, %N & %P) are used to cdlwilate
atomic ratb of nutrients in seagrass leaves. The C:N natis chaen for the purpose of the report
cardscoreas it is the ratidhat indicatesa change in either light or nitrogen availability at the

meadow scale. C:N ratios were compared glabal averagealueof 20:1(Atkinson and Smith

1983 Fourqurean et al.1992b, with values less than 20:1 indicating either reduced light or excess N
is available to the seagrass. Values higher than @@ggest light saturation and low nitrogen

availablity (Abal et al.1994 AM Grice et al, 1996 Udy & Dennison 1997C:N ratiofrom the late

dry sampling (Sept/Oct 2015) wetategorised on their departure from the guideline and

transformed to a O to 100 scoes shown in dble 7.

Table7. Scores for leaf tissue C:N against guideline to determine light and nutrient avail&llity.
scores are unitless.

Score(R ) range

description C:N ratio range
and status
very good C:N ratio >30* _
good C:N ratio 2830 61-80
moderate C:N ratio 225 41-60
poor C:N ratio 1820 21-40

very poor C:N ratio <15* _

3.6.4 Seagrass index

The seagrass indexds average score (Q00) of the three seagrass statuslicators 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 seagrass of the Great Barrier Reef (GBR), the regional scores were
weighted on the percentage of ®BVHA seagrass (shallower than 15m) within that re@iaile8).

Please note: Cape York omitted from the GBR score in P2R reporting prior to 2012 due to poor
representation of inshore monitoring sites throughout region
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Table8. Area of seagrass shallower than 15m in each NRM region {ffoenzie, et al. 201Dc
within the boundaries of the Great Barrier Reedritf Heritage Area.

NRM Area of seagrasénr) 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 Results & Discussion

The following results and discussion section provides detaittmoverall climate, environmental
pressures and seagrass responses for2B#s-16 monitoring period in context of longeterm
trends. It is structured as:

1. GBRwide summaryoverall GBRvide trends and trends foreach habitat type represented
separately

2. achapter on each NRKkegionstarting with themostnorthern, Cape York
3. Case stug: Assessing the effects of light and temperature on seagrass abundance

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

1. A summary of théey findings from the overall sectiancluding a summaryfdhe report
card score

Climate, river discharge and flood plume exposure
Within-canopy lighthreshold exceedance

Within-canopy temperaturehreshold exceedance
Seagrasskandanceand extent

Seagrass gecies compositiobased on life history traits
Seagras eproductive effortand seed banks

Seagras®hf tissue content@:N, N:P and C:P ratjo

. Epiphyte andnacroalgaeabundance

10. Seagrass meadows sediment characteristics

11. Findings from other seagrass monitoring progrgmg, QPSMIP
12. Report card score

© © N gk wDN

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

1. dimate (daily maximum air temperature, monthly rainfall, monthly cloud cover, and mpnthl
3pm wind speed) relevant to each monitoring location

Annual daytime tidal exposure at each monitoring site

Daily wthin canopy seawater temperature at eanfonitoringsite

Daily lighteach monitoring location

Sediment grain size composition at each moriitg site

Epiphyte and macroalga®dundance aeach monitoring site

Meadow extentwithin each monitoring sité5.5 ha)

Location and seagrass species compositiokagh monitoring site
Seagrass leaf tissue nutrient CAIP, and I at eachmonitoringlocation

. Seagrass leaf tissue nutrient isotopic signatuféd,d'°*N) concentrationsfor each specieat
eachmonitoring habitat within each NRM region

11. Tables detailing statistical analysis

© o N WD

=
o
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4.1 GBR-wide Summary

201516 was the lowest period on record for éyee activity in Australianddischarge from most

GBR rivers was at or below the letggm median. Despite this, exposure to turbid primary and
secondary green water types (assessed using remote sensing by the MMP inshore water quality sub
program) was fgh, ranging from 7800 per centof wet season weeks (November to April) at all

sites except at four reef sites which had lower levels of exposu®d (#r cen). Daily light, or

irradiance (), was also lower (12.8 molfd™) than the longterm avera@ (13.4 mol rf d2).

Reductions ingloccurred in the Wet Tropics, Burdekin and Burnett Mary regions, and in estuarine
and reef intertidal habitats. Acute light thresholds were exceeded the most frequently at subtidal
sites and coastal sites in the Burdtekegion.

Within canopy temperaturewere higher in alkregionsduring 201516 than the longerm average It

was also thesecond year in a rowf above average temperature irrthern and entral GBR sites.

High water temperatures (>35°C) were exceefteda record number of days in the three southern
and central regions with the highest in the Mackay Whitsunday region (77d) followed by the Fitzroy
region (63 d)These elevated temperaturesay haveaffectedseagrasphotosynthesis and

respiration, and ampered recovery from previous flogelated lossesn combination with lower

than average light levela 201516.

Seagrass abundan@eer centcover)across theshallowinshore GBR has continued to recover from
the losses caused by multiple years of edaverage rainfall followed by @axtreme cyclone and
associated floodingvents in early 2011n 201516, abundancéall meadows and sampling events
increased slightly (not significant) from the previous period%¥ +1.5per cent but remained
belowii KS D. w f 2y 318.8+3. Nd¥r cent@$0@a/f) add GBR historical baseline
(22.6 +1.2per centb 2 @y n T bVRKEpziged al. 2015). Inthe 201516 monitoring period, the GBR
wide seagrass abundance score continued to increase and remainedateraterating. The
increase was due maostly to continued recovery of abundance in the M&t¢kégunday and the
Burnett Mary regions, and large increase at coastal Wet Tropérscéntcover doubled at Yule Point
since 201415).

Fifty per centof the MMP sites examined ir025-16 remained classified as poor or very poor in
abundance, with an annual average abundance (all sites and sampling evet@s) aP.lper cent

for estuarine 16.2 +1.4 per centfor coastal, 15.3+1.3 per centfor subtidal coast14.6 +1.3 per cent

for reef and16.2+1.6per centfor subtidal reefSeagrass species richness also differed between
locations and habitats in the GBR Region, with inshore reef habitats more specious than meadows at
coastal or estuarine habitats. However, since 2011, meadowrstored in the GBR have undergone
a state change being firstly dominated by a greater than average proportion of seagrass species
displaying colonising traits, unthe 201415 monitoring periodvhen the foundation (opportunistic
and persistent) seagraspecies became more dominant. In 2%, the proportion of colonising
species increased at reef sites, reduced at estuarine aitdsvere unchanged at coastal sites
Despite ongoing recovery in seagrass abundance, the overall seagrass score wasareduced
remainedpoordue to trends in the other two indicators.
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Seagrass Reproductive Nutrient status Seagrass
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Figure6. Report card scoredNRMregioral averagepooled) for each indicator and total seagrass
index over the life of the MM®.alues are indexed scores scalexuif 0-100;y =very good (&-100),

=good (@ - 80), =moderate (4 - 60),/ =poor (2 - 40),y =very poor (G 20).NB: Scoreare
unitless.

Reproductive effort declined slightly and remainegty poor. Reproductive effort increased at
estuary anccoastalhabitats, but declined in reef intertidaind reef subtidal habitats in 20146
relative to the previous yeaReproductive effort increased to poor (from very poor) in the Burnett
Mary region, and increased, but remained moderate in the Burdekiilevin all other regions
reproductive effortwas unchanged and remain@dor (Mackay Whitsunday) or very poor (Cape
York, Wet Tropics, Fitzroy§eed banks, which had shown some signs of improvement following 2011
extreme eventscontinued to increase inoastal habitat in 20146, butwere seasonallyariable in
other habitatsand declined slightly compared to previous yeasw reproductive effort will hinder
replenishment of the dpauperate seed banks reef habitat, andeed banksare therefore likely to
remain low incoming yearsMost meadowsanbe considered vulnerable to further disturbances
because theyave limitedcapacity to recovefrom seed(low resilience)

Seagrass leaf tissue nutriemBfoundation speciesemainedpoor in late 2015Fgure 5) indicating

that nitrogen (N) was in surplus relative light availability(C:N reduced)in the Burdekin region, C:N
decreased to moderate from good while in the Burnett Mary region C:N increased to moderate from
poor and in all other regions éne were no substantial changes and the C:N score remained poor.
The ratio of nitrogerio phosphorugN:P in seagrass tissue increased in some habitats,
predominantly reef habiteg, in the Wet Tropics, Burdekin and Mack&itsunday regionsThis was
assaiated with increaseger centNin reef habitat but stable and lowper cent

Across the GBR NRM regions, the seagregort card score;m 201516 did not substantially change

and werepoor in all regions excephe Burdekin which remainechoderate (Figure7). Cape York
increased in abundance at reef sites despite the heat wave that passed through in early 2016, but the
meadows remain in poor condition due to low reproductive effort and seed bank density. The
seagrass in th&Vet Tropics remains in poor condition overall, but there is large variability among
sites and habitatgieflecting the multiple stressors in this regiofine coastakitesin the northern

Wet Tropics (Yle Point) hae continued to improve wer the last 12 monthdn contrast,northern

reef siteshave declined furthesince 201415, and in the southern Wet Tropics, recoveigce2011

has beerextremely slow, or absentith signs that negative feedbacks have prevented recovery (i.e.
recalcitant degradation sens'Brienet al.2017). The Burdekin regioremains in moderate

condition after rapid recovery from disturbances in 2011; however, declines in abundance and tissue
nutrients at reef siteas well as reduced light and frequent exposure to secondary veajealshat
meadows are at risk from poor wex quality. The Mackay Whitsundays also increased in abundance,
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but poor reproductive effortlow seed bank density, and low tissue nutrient scores, particularly at
the reef sites, makes this region vulnerabldiuaher disturbances. The Fitzroy was thely region
that increasel its overall score (from very poor to poor), but the improvement was marginal, and
meadows remain highly vulnerabl€he Burnett Mary regioimcreased in abundance and tissue
nutrients, but low reproductive effort and seed bankn$éy means that the meadows remain highly
vulnerable.

The fluctuatingseagrass conditioscores across the GRBRlicatea system that is recoveringvith

past climateand anthropogeni@mpacts leaving a legacy of reduced resiliefdes overall increasie
abundance indicates a system that is on a recovery trajectory. Therefore, reproductive effort and
seed bank density may start to increase and build resilience in following years if there are no major
disturbances.
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Figure7. Report card of seagrassnditionfor each NRM region (averaged across indicat&falues
are indexed scores scaled frord@0;y =very good (&-100),/ =good (6 - 80), =moderate (4 -
60),/ =poor (2 - 40),y =very poor (G 20).NB: Scoreare unitless

4.1.1 Climate and environmental pressures

Environmental stressors from cyclones, river dischargad and water quality in @15-16 were
relatively moderate in the inshore GBRable9). However, within canopy water temperature was
above average throughout the GBR, with meadows in the southern and central GBR experiencing
record high temperatures. Furgénmore, despite low river discharge and better than ageravater
quality Waterhouse et al.2017), most meadows had a high frequency of exposure to primary or
secondary water (8@er cen) and within canopydiht levels were below\eerage.The reason for the
below-average light conditions cannot be determined from this data alone; howevery#ber

quality subprogram reports thaturbidity (NTU), and total suspended solids (TSS), have been below
average, but theoncentrations of tssolved and particulate carbon, and particulate nitrogen and
phosphorus have increased in some parts of the Burdekin and Wet Trep&d/éterhouse et al
2017for further detailg.

The 201516 year had the lowest cyclone activity on record. There wastapical cyclone to affect
the region named TC Tatiana, which briefly reached a category 2 on'fHeeb2uary 2016. It did not
make landfalhor enter the GBRbut it did produce some powerful swells along the southeast
Queensland coagBureau of Meteorology 201§bAlthough rainfall was above average, river
discharge was well below average for the second yearav (Table10). However, some rivers in

the central and southern GBR (ekgizroy RiverWaterpark Creek, Kolan, Burnett and Burrum Rivers)
had aboveaverage discharge in 20415, with the Fitzroy River discharging the greatest total flows
relative © all other catchments in 20156, followed by the Normanby River in Cape York
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Table9. Summary of environmental conditions at monitoring sites across the GBR1&01
compared to the longerm average (range indicated for eaghta set). Regional and habitapecific
levels are provided in later sections. *intertidal only.

Environmental condition Longterm average 2015-16
Climate
Cycloneg19682016) 4 1
Rainfall (1998016) 1204.2mm 1478.8mm
Riverine discharge (1972016) 49,403,162 yr! 35,225,038 yr!
Turbid waterexposure (200€016) not available 86 per cent
Winds >25km ht (19982016) 107.5d yrt 110d yr?
Within seagrass canopy
Within canopy temperature (2003016)* 255+0.1°C (46.6°C) 25.9+0.1°C (416°C)
Within canopy light (2002016) 13.4 mol n?d? 12.8 mol n?d?
Proportion mud estuary intertida(19992016) 35.1+2.2per cent 46.2+3.3per cent
coast intertidal(19992016) 20.1+2.9 per cen 19.5 £2.9per cent
reef intertidal(2001-2016) 3.0 £1.4 per cent 3.5+0.3per cent
reef subtida20082016) 0.610.2per cent 4.8 +0.4per cent

Water quality at the seagrass sites is assessed from water type exposure (turbid primary water and
green secondary water) derived from remotensing (Waterhouse et al.2017). During 201516,

most seagrass sites experienced high frequency of exposure to either primary or secondary water
(fe+s) because they are located in the nestrore margin which maintains poor waterajity even
duringlow flow conditiongFigure8). All sites within the Burdekin and Burnett Mary regions were
exposed tavater that isbrown, or partiallybrownand greerfor 100per centof wet season weeks
(November to April)including the reef sites at Magnetic IslariEkposure was second highest in the
Fitzroy and Mackay Whitsunday regions ranging frori@8per centof wet season weeks (except
Hamilton Island, 5per cen). The Wet Tropics and Cape York regions had sitbshétlowest levels

of exposure due mostly to the number of offshore reef sites (GrdandsQper cent Piper Ree23

per cent Low Isles 26er cen), but all other sites in the two northern regioatsohad a high

exposure to primary and secondary wat86-100 per cen).

Daily incident light

Daily incident light §) mol m? d*) reaching the top of the seagrass canopy in the GBR in-2615
(12.8 mol n? d*)was slightly lower than the loagrm average (13.4 mol Bd?) (Figure9). Cape
York sites hathe highestd (17.5 mol n? d%), followed by Fitzroy (1% mol m? d), Mackay
Whitsunday(14.5 mol n¥ d), Wet Tropics (12.2 mol#d?), Burnett Mary (10.6 mol rhd?) and,
Burdekin sites had the lowest (9.9 moffi'). Both the Wet Tropics and Burdekin have subtidal
sites, with lowerdthan intertidal sites, and these lowed their regional average. With these
excluded, din 201516 is third highest in the Wet Tropics (15.1 madl dt), while the Burdekin
increases to second lowest (11.1 mofd™?). The Id at Wet Tropics subtidal sites wasimial n12 d*
on average compared to 7mdol nt2 d* longterm average and 4.thol m? d* at the Burdekin
subtidal site, compared to 510l n? d* longterm. Compared ¢ the longterm average, in all
regions § was lower than the longerm average, except in Mackayhitsunday and Fitzroy regions;
however loggers were only deployed for some of the 2065/ear at Fitzroy and Cape York sites as
monitoring was reduced to ae per year and loggers recorded only from Octeldarch. Daily light
for each site is presented in Appendix 4.

Daily light in 2018.6 was the highest at reef intertidal habitat (136l m? d1), followed by the
coastalintertidal sites (12.8nol n? d%), estuarine sites (114hol nt? d?), and lowest at theeef
subtidal sites (7.810l n2d?). Daily light was lower than the lostgrm average at estuarine sites
(longterm average = 12.tol m? d%), and at reef intertidal sites (loAgrm average = 1.0 mol n?
d?), while at coastal and reef sites subtidal sitesydssimilar to the longterm average(12.7 and
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7.3mol m2 d?1). However there were notable exceptions at Magnetic Island (reef subtidal), which
was well below the longerm averagewith anan k (4.2mol m2 d?) lower thanthe acute light
thresholds (5mol m2d?).

Tablel0. Long termannualdischarge (in megalitres) for the major G&fchment rivers in
proximity to the inshore seagrassonitoringsites (whee data available) for th01516 wet

seasoffc.a., from Nov 1st to Apr 30th), compared against the previous wet seasons andriong

(LT) median. Colours indicate levels above LT median: yellow for 1.5 to 2 times; orange for 2 to 3
times, and red for gier than 3 times. Long term statistics were calculated based on the wet
seasons from Nov 1st, 1949 to Apr 30th, 2@@0npiledby Waterhouse, et al. 2017

NRM Basin LT median  2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016
Jacky Jacky C 2,021,488 | 4,735,197 10820422 1,986,825 3,790,832 1,498,138 630,787
. Olive Pascoe F 2,526,860 | 5918996 2275527 2483531 4,738,541 1872672 788,484
5 LockhartR 1,600,345 | 3,748,697 @ 10441,167 1572903 3,001,076 1,186,026 499,373
©  StewartR 674,618 [[NSHGOIGS0N 616,070 523,353 1,311,775 298,816 311,901
S NormanbyR 4,159,062 | 11,333,284 2,181,990 3,462,238  5059,657 2,914,859 3,407,359
JeannieR 1,263,328 | 2,824,817 1,048,269 695195 1,869,982 1434447 1,581,015
Endeavour R 821,163 | 1836131 = 681,375 451,877 1215488 932,391 1,027,660
Daintree R 1,722,934 | 3,936,470 | 2,396,905 1,668,302 |NCIGMOSSN 1905224 1,623,478
MossmanR 1,207,012 2,014,902 1,526,184 1,147,367 1918522 874,068  1,245275
2 Barrn R 526,686 [ EIMOIOM 552,055 328,260 663,966 380,395 182,999
g  Mulgrave 57040 7,892713 5696594 3,520,862  5420,678 3145787 3,253,825
= Russell R
§  Johnstone R  4,743915 | 9,276,874 5338591 3720020 5403534 3,044,680 3,416,331
TulyR 3536054 7,442,768 3,425,096 3,341,887 4,322,496 2,659,775 2,942,770
Murray R 1,227,888 2,062,103 1,006,286 1,531,172 366,212 974,244
HerbertR 3,556,376 4,545,193 3,189,804 4,281,607 1095372 1,895,526
Black R 228,629 188,468 419,290 17,654 129,783
g Ross R 445,106 276,584 | 1,177,255 - -
€  HaughtonR 553,202 517,069 573,976 120,674 267,986
@ BurdekinR 4,406,780 3424572 1,458,772 880,951 1,807,104
Don R 342,257 802,738 578,391 324,120 171,305 101,562
_§ ProserpineR 887,771 2,171,287 851,504 720,427 157,123 316,648
£E  OConnellR 796,718 1948591 764,170 646,537 141,008 284,171
€£  PpioneerR 776,984 1567,684 1,162,871 635315 [112,028936 597,117
®  PlaneCk 1,052,831 2,854,703 1,948,929 737,580 241,254 832,508
Styx R 187,756 275,219 544,155 376,009 343,877
Shoalwater R 213,653 313,180 619,211 427,872 391,308
¢ WaterParkR 563,267 825,657 1,632,466 1,128,027 1,031,630
T FitzroyR 2,852,307 7,993,273 1,578,610 2,681,949 3,589,342
Caliope R 152,965 345,703 283,790 148,547
Boyne R 38,691 87,443 71,782 37,574
- Baffle R 367,525 275,517 710,352 257,093
g Kolan R 47,866 45,304 111,172
5 BurnettR 234,463 643,137 218,087 381,054
E BurrumR 63,918 114,492 117,762 90,921 62,188 150,113
MaryR 1,144,714 504,612 1651901 480,854

NB Values were obtained from DNRMt(://watermonitoring.dnrm.gld.gov.au/host.hthpand upscaled using the methodology presented
in section 48.
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Figure9. Averagedaily light (lefthand panel) and thresholds exceedpdr(centdays, righthand
panel) for coastal, estuarine, reef intertidal, and reef subtidal sites including theédongaverage
and the value for the 20156 reporting periodGrey bar = 20146, anall lines represent lontprm
average of the site, and loHmes represent longerm average for the NRM regioNRM regions:
WT= Wet Tropics, BDT = Burdekif®\M= Mackay Whitsunday; F = FitzroyyB- Burnett Mary.

Threshold exceedance (number of ddgss than Bnol m2 d?, for northernHalodule uninervis
dominated meadowsQGollieret al.20128 and <6 mol m d* for southernZostera muelleri
dominated meadows(hartrandet al. 20160 for 201516 (12.9per centof days) was similar to the
longterm average (14.8er centof days). The thresholds weeexceeded the most frequently in the
Burdekin (23.er centof days) followed by Fitzroy (190@r cen), Burnett Mary (17.¢er cen),

Wet Tropics (10.per cen), Cape York (38r cen) and the least often in Mackay Whitsunday (1.7
per cen) for thefirst time since monitoring begafhe greatest level of exceedance was at the
Magnetic Island subtidal site (T&r cen).

Daily light in shallow habitats can be affected by water quality, cloudiness and the depth of the site,
which affects the frequencand duration of exposure to full sunlight at low tidenthonyet al. 2004

30



Marine Monitoring Prograng Great Barrier Reef Inshore Seagrass Monitoring 2085

Fabriciuset al.2012); however, the differences ig dmong seagrass meadows is largely a reflection
of site-specific differences in water quality as outlined in earlier repdtsKenzie et al.2015.

Turbidity and cldrophyll monitoring is no longer in place at seagrass sites. However, flood plume
mapping Devlin et 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 changes in seagrass abundance (see case
study 2, in McKenzie et al 2016).

Longterm trends demonstrate that the peak in canopy light occurs in September to December as
incident solar irradiation reaches its maximamd prior to wet season conditior{fEigurel0a). In
201516 the highest light levels were reached in late November 2015. The lowest light levelfiytypica
occur in the wet season in particular,danuary to April, but in 20386 the lowest levels occurred in
June 2015. The GAM mod#iows thdongterm trends in withincanopyls and its level of prediction
isimproved with habitaincluded(FigurelOb) and so further detail ory Within each habitat and

NRM region is given in the following sections.

b. Coastal intertidal
Estuarine intertidal

a. Daily light
28-day av

— Reef intertidal
Reef subtidal

FigurelO. Daily light for all sites combindd.)and GBRwide trend (GAM plot) in daily light for each
habitat (b.) from 2008 to 206.

Within canopy seawater temperature

Within seagrass canopy seawater temperature data vemiléectedfrom Septanber 2003 to May
2016. The 20186 monitoring periodncluded a heat wavéBureau of Meteorology 2016&ausing
wide-spread coral bleaching and mortalityat affected Cape York, the Wet Tropics and, to a lesser
extent, the Burdekin regnh. Within seagrass canopy water temperature \asoabove average
throughout the GBRT@ble9). Within canopy water temperature in Cape York exceeded 35°C for a
record number of days in 1 month (18d in Februadgwever, within canopy temperature is often
very high in Cape York, and the total annual exceedancg.8entof days) was lowest since
measures began at all sites (2012), and was the second lowest level of exceedance among all regions
in the GBRFigurell). Similarly, the Wet Tropics and Burdekin regions had albweeage water
temperature, but exceeded 35°C for p@r centof days, which is the median level for these regions.
In contrast, the three southerNRMregions expdenced above average temperatures, and the
largest number of very warm days >35°C since records began ir02003 the Mackay Whitsunday,
temperatures were greater than 35°C for 77d (&t cen), and in the Burnett Mary, water
temperature exceeded 4090r the first time since records begaWwith the exception of the Wet
Tropics and Fitzroy regions, all other regions experienced extreme (>40°C) seawater temperatures in
201516. Cape York experienced extreme (>40°C) seawater temperatures in March @@EkimBin
February 2016, and both the Mackay Whitsunday and Burnett Mary in JaRearyary 2016. The
hottest seawater temperature recorded along the GBR during Z2Bl&vas 41.6°C, which was at
Bathurst Bay (BY1) on 6 March 2016 at 2:00However, thesextreme temperature days (>40°C)
that can cause photoinhibitiowere relatively low in frequency and weualikely to causdéurningor
mortality, but elevatedwater temperaturepossiblyhada chronic and cumulativenpacton seagrass
condition.
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Figurell Number of days when inshoirgertidal sea temperature exceeded 35°C, 38°C, 40°C and
43°C in each monitoring period in each NRM regibnesholds adapted fro@ampbell et al. 2006a
Collier, et al. 2012b

Within canopy seawater temperaturesross the GBRere just abovethe longterm (10 year)
average over the 2@E16 monitoring period Table9); the warmest irb years(Figurel2). The
warmest period since MMP monitoring commenced was 200%nd the coolest was 20412
(Figurel?).

deviation from baseline (°C)

Jan Jan Jan Jan Jelm IJal.nl | IJ;nI I ‘J(:Im‘ I IJi;nl | IJ;nl I IJ;I‘I‘ I ‘JElml | IJ;HI
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Figurel2. Inshoreintertidal sea temperature deviations from baseline for GBR seagrass habitats 2003

to 2016. Data presented are deviations fror3-year mean weekly temperature records (based on

records from Septeber 2003 to June 261 Weeks above the lorigrm 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 weeks with temperatures lower than the average anglatted as negative

deviations.
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Figurel3. 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 regdibnesholds adapted fro@ampbell, et al. 2006a
Collier, et al. 2012b

4.1.2 Indicators of seagrass condition

In the 201516 monitoring period, althoughhe overallseagrass abundancscore improvedKigure

6), 50 per centof the MMP sites examined remained classified as poor or very poor in abundance
(below the guidelinesee AppendiXable45) in 2015-16, with an annual averagabundance fer
centcover, all sites and sampling events)L6f1 £2.1per centfor estuarine, 16.2 +1.4per centfor
coastal,15.3 £1.3per centfor subtidal coastl4.6 +1.3per centfor reef and 16.2:1.6per centfor
subtidd reef.

Seagrass abundan@ger centcover)at meadows monitored in the MMP declined from 2606 until
201213, afer which abundances increaseBased on the average score against the seagrass
guidelines (determined at the site level), the abundancensfiore gagrass in the GBR over the
201516 periodincreased but remained inraoderate state (all sites ad seasons pooled,
unweighted)

Increases in the abundance scane201516 compared tathe previous monitoring period were

foundin the Cape York\et TropicsMackay Whitsunday and Burnéitary NRMswith the latter

two improving from poor to moderate, while in the Wet Tropics, the score increased from very poor
to poor (Figurel4). There weresmalldeclines in the Burdekiand Fitzroy NRB] but the score
classifications remained unchanged in moderate and poor condition, respedfiglyel4).
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Figureld. Regional report card scores for seagrass abundance over thétlie BIMP. For Paddock
to Reef reporting scores are categorised in to a five point s€¢aeery good (8-100),/ =good (& -
80), =moderate (4 - 60),/ =poor (2 - 40),y =very poor (3 20).NB: Scoreare unitless
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Seagrass abundance scores have fluctuated within regions at habitats since monitoring was
established. The most vari@hGBR seagrass habitat in abundance score (since 200Sybtadal
reef (CV87 per cen), followed closely by intertidakef (CVF3.6per cen), estuary(CV566.5per
cent) and lastly intertidatoast(CV57.9per cen).

The average seagragsr centcove for the 205-16 monitoring period wad5.7+1.5 per cent(all
meadows and sampling event&)ithough slightly higher than the previous period (1+1.7 per cent

in 2014-15), it remains below the GBR lotigrm averagg19.2 +2.1per cent  Wdzy n ylandathe e m n
GBR historical baselin22.6 +1.2per centb 2 @y n ) VEKERZzie et al.2015. Since 1999, the
medianpercentage cover values for the GBR were mostly belope2®entcover, and depending on
habitat, the 73" percentileoccasionally exteretl beyond 50per centcover(Figurel5). These long

term percentage cover values were similar to the GBR historical baselines, where surveys from Cape
York to Hervey Bay (betwe@&tovember 1984 and November 1988) reported most (thgearters)

of the percent cover values fell below p@r centcover Lee Longet al.1993. The findings negate

the assumption that seagsa meadows of the GBR should have abundances closer foet @@nt

before they are categorised as good.
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Figurelb. Seagrass percent cover measures per quadrat from meadows monitored freal 980

to May 2016 (sites and habitatpooled). The box represents the interquartile range of values, where
the boundary of the box closest to zero indicates tHe@5centile, a line within the box marks the
median, and the boundary of the box farthest from zero indicates the 75th paecéihiskers (error
bars) above and below the box indicate thé @dd 10" percentiles, and the dots represent outlying
points.

Longterm total seagrass abundance (percent cover) across the inshore GBR was generally higher in
reef than coastal and estwine habitatsover the past decadebut in 201516 coastal sites had the
highest average abundan¢gigurel5). Over the past decade, the patterns of seagrass abundance in
each GBR habitat have differdeiqurel6, Figurel7), however both reef (including intertidal and
subtidal) and coastal habitats show declining trajectories from 2009 to 2011. NotEithael6

illustrates seagrass abundance scoreldtive to the 9% percentile for each site, to enable a focus
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on GBRwide trends. Since 2011, meadow abundance has been increasing in most habitats. However,
seagrass trends have fluctuated in estuary habitats, most often at smaller localised scales whe
there have been some acute event related changéskenziect al.2012b.
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Figurel6. Generalised trends in seagrass abundance#oh habitat type (sites pooled) relative to
the 93" percentile (equally scaled). The 9percentile is calculated for each site across all data. Data
prior and post implementation of thIMP displayed.

An examination of the long term trendis seagras abundanceper centcover)across the Great
Barrier Reethabitats pooledshows seagrass abundangeadually increasefiom 2001to 2008

(with a mild depression in 20887 as a consequence of TC LdRigurel?). From 2009, GB
seagrasses &e in a declining trajectory as a result of multiple years of above average rainfall and
Ot AYFOSTNBt I G§SR Aivavulr@iakiexonti®ry, The ekikeyha weatliebevents of
early 2011 resulted in further substantial decline in inshore seagraadows throughout much of
the GBR. Post 2011, seagrasses lpawgressively recovered, although by 3016 still remained

below the 2008 leveld~gurel?).
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Figurel7. Trends in seagrass abundangee( centcover) for each habitat type across the GBR
represented by a GAM ploTrends aralarklines with shaded areas defining pér centconfidence
intervals of those trends.

After the extreme weather evenis 2009 t02011 thatcaused widespreadeclines in seagrass area

and abundance, the was increasingroliferation of species displaying colonising traits such as
Halophila ovalisit coast and reef siteigurel8, Appendix 4). However, over the 2016

monitoring pefod, the proportion of species displaying colonising traits remained low in coastal and
estuarine habitats in favour of species displaying opportunistic or persistent traits (Kdnsoster

et al.2015. The displacement of colonising species is a natural part of the meadow progression
expected during the recovery of agrass meadows. This pattern has been observed during past
disturbance eventsBirch and Birch 1984and in localintensive studies (Rasheed et al 2014) but
these resultgtogether with the succession of seagrasses at Magnetic Island presented in detail in the
2014-2015 report discussiorprovide the most comprehensive evidence for meadow succession
following substantial widespread disturbance events in tropical seagrass meadows that is known to
the authors. Furthermore, this demonstrates the importance of spedigersity, in particular

diversity of species types, to overall resiliendagworth et d. 2015. As such, species diversity is

being considered for inclusion in the report card metric. In reef intertidal and reef subtidal habitats,
there were small increases and the proportion of colonising species slightly exceeded the GBR long
term averaje Figurel8).
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Figurel8. Proportion of total seagrass abundance composespeties displaying colonising traits
(e.g.Halophila ovaligin @) estuary intertidal, b) coastal intertidal, c) reef intiat and d) reef
subtidal habitats (sites pooled) for the GBR (regions pooled) each monitoring. persberd line
illustratesGBRaverage proportion of colonising species in each habitat tfpblé44).
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Reproductive effort aarss the GBRyre measured ager area estimates of the number of
reproductive structuregspathes, fruits, female and male flowempbduced by any seagrass species
during the sampling periodyas higher in the late dry than in the late wet season in histb records
(pre-2011), but during recovery the time for highest effort has become more variable. Reproductive
effort washigher in estuarand coastahabitats over the longerm, with the highesthistorically
recordedreproductive effort occurring iestuary habitatan 2006(Figurel9). Reef habitats, both
intertidal and subtidal reef sites, have the lowest reproductive effi@gproductive effort has
generally increaseth coastal angstuaryhabitatssince 2011: there wasrgeincreases in
reproductive effort at coastal sites in the Burdekin, and at estuary sites in the Buvagit In
particular, there was a decline in effort in reef habitats in the Wet Tropics, Burdekin, Mackay
Whitsundays, and there was no reproductidrtl@e Fitzroy reef sites. Thisgnals therisk of seed

bank densitydecliningwhich increasesulnerability to future disturbanceigurel9).
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Figurel9. Seagrass reproductive effort (number of rarotive structures produced by all seagrass

species) during the late dry of each monitoring period, for a) estuary intertidal; b) coast intertidal; c)
reef intertidal; d) reef subtidal.

Reproductive effort acrodhie GBR NRM regions during 2elGimprovedin the Burdekin, Fitzroy
and Burnett MaryNRMs(Figure20), but declined in Cape York, Wet Tropics, and Mackay Whitsunday
NRMs Reproductive effort in 20186 remained very low in the Cape York, Wet Tropics, and Fitzroy

NRMs, lowin Mackay Whitsunday and Burnett Mary and moderate in the Burdekin NRilgisre
20).
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Figure20. Regional report card scores for seagrass reproductive effort over the life of theRdMP
Paddock to Ref reporting scores are categorised in to a five point sgateyery good (8-100),

=good (@ - 80), =moderate (4 - 60),/ =poor (2 - 40),y =very poor (G 20).NB: Scoreare
unitless

Seagrass reproductive effort scores have fluctuated acregions and habitats over the greater
monitoring period.The most variable GBR seagrass habitatmoductive effortscore since
monitoring was established was intertidal coast (C38=2per cen) and the leastariable was
subtidal 86.8per cen).

Se=d banks across the inshore GBR meadows were higher in late dry and greater in coastal than reef
or estuarire habitats over the longerm (>10years) Figure21). Coastal seed banks declined

between 2008 and 2011, arithvesubseqently increasedbut remain below the 2002008 levels
(Figure21b). However, in 2018 6 seed bankdn other habitats have been highly varialflégure

21a), whichcouldhave been caused kpoor reproducive success (failure to form seeds) or loss of

seed bankderminationor grazing)Seed bank density remains very low at estuary and reef intertidal
habitats suggesting reduced capacity to recover from disturbances. Seed banks are not currently
includedas a metric in the report card; however, given their importance as a feature of resilience in

seagrasses of the GBR, they are being considered for future inclusion as an indicator in the
reproduction metric.
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Figure2l. Average seds banks (seeds per square metre of sediment surfaséealbndspecies

pooled) in GBR seagrass habitats: a) estuary intertidal; b) coast intertidal; c) reef 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 years. It was necessary at some sifEablgee

3) to pool across founden species as the presence of individual species has not remained constant
over time at all locations since monitoring was established. As tissue nutrient ratios between co
occurring foundation species are not significantly differenthis regionMcKenzie et al.2012b, by
pooling across species and habitat types, some trends 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 (Figure22). During 201516,

seagass leaper centN, increased relative to the previous monitoring peraideef intertidal and

reef subtidal habitatgFigure2?2). Increasingper centN may have resulted from slightly higher N
availability; however, as annudischarge and plume exposure were generally low in 2I8,3his

was unlikely to be a source of increasedPldrcent N can also be affected by growth rates, and if the
seagrasses were growing more slowly, then the tissue nitrogen content can be incréassedged
further below in relation to C:NPer centN remained stable or declined slightly at estuarine and
coastal sitesKigure22). Similarly median leaf tissue phosphorus concentratiqpsr centP)

increasel in estuarine and reef intertidal habitat but decreased at coastal and reef subtidal dites. A
habitatshad per centP values that were very close to thbal value of 0.per cent(Duarte 1990
Schaffelkeet al.2005 in 2015(Figure22). In 2014 leaf tissueper centP fell below the global

median at estuarine habitaf®r the first time since 200€-igure22).These findingand the low

values in 2015ndicate that nutrients were unlikely to be limiting seagrass growth, however, some
concerns have been raised as to accuracy of the global tissue nutrient Vatkesfélkeet al.2005).
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Figure22. Median tissue nutrient concentratisr(xStandard Error) in seagrass leaves for each habitat
type (species pooled) over the entire monitoring prograashed lines indicate global median values

of 1.8per centand 0.2per centfor tissue nitrogen and phosphorus, respectivBlyafte 1990.

Since 2007, all three intertidal habitat types (coast, reef and estuary) had bl fafis thn the

global mean o020 (16.4¢ 19.7) (Figure23). Thelow C:Nvalues wee associated with &ssue N

content (per centN, seeAppendix 4 Table61) that isalsoabove the global mearThe largest change

in 201516, compared to 20145, was at reef subtidal sites, where there was a large decrease in the
C:N values (from 23.2 to 19.7), and a large increaperiwentN (2.0 to 2.5), indicating a large

change in the demand for N relative photosynthetic carbon uptake in 204E. The lowest C:N

values were at Yule Point (11.8), and Hamilton Island (/e the only sites with a C:N>20 in

2015 were at Green Island and Magnetic Island subtidal. gitesrage daily light, which was slight
below average in subtidal meadowad is the lowest among habitat typ@sigure9), may also have
contributed to lower C incorporation relative to N uptake.
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Figure23. Elemental ratios (atomic) of agrass leaf tissue C:N for each habitat each year

(foundation species pooled). Horizontal dashed line on the C:N ratio panel represents the accepted
guidelined S ANJ da 4 WRRFELA, etRilé 1994GrideA e? al. 1996 C:N ratios below this

line mayindicate reduced light availability and/or N enrichment

I SNI IS N vallesilécr@asdtiall habitat types in 20156, except at reef intertidal

sites in whictH. uninervisand C. rotundatak y O NB | a '‘8\Rb il SivAN@Beswere found in
some species at the Cape York r@efl{emprich)iand coastal sited'( hemprichiandZ. mueleri),

Wet Tropics reef subtidal site€ (serrulathand the Fitzroyaef site H. uninervieandZ. muelle.

Very low or negative values 0N can indicatenitrogen sourced from nitrogen fixatiofPeterson

and Fry 19870wens 1988 which can supply one third to one half of seagrass dem@gnohue

et al. 1991 or from fertiliser Udy, et al.199). Moderate values indicataternal sources from
remineralisation(Peterson and Fry 198Dwens 198Bandhigher value® Ho:': 0 Ol y Ay RAOI (S
anthropogenic sources (e.g. sewa@oétanzeet al. 2001). Most seagrasses of the GBR atr¢he

lower to middleNJ y 3 S 2 F S foSseagrasg8es2c f1 v+ Bourqurearet al. 19973

Schuberet al.20136 S 6 SSyYy n & &EigureR4)y Riggesting the primary source of N was
influence by fertiliserN fixationand/or sewage{dy and Dennison 1997bee also Appendix243).
Thelesyy S G A @S NCSuEs afichastad sirss suggest lower C uptake (and therefore
greaterfractionation)(Grice et al.1996 see also Appendix A2.3), while at reef sites the more
negative values suggest increased C uptake 1%52® Figure24). The degree of fractionation can be
used as an estimate of photosynthetidagGrice et al 1996), hence this data suggests the seagrass
on the coast and reef intertidal habitats are receiving more light and photosynthesising at a faster
rate.
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Intertidal seagrass habitats across the GBR were consistently improved in phosphaoalatiife to

carbon (C:P)e. C:P is increasing trend that has been consistent since 20EQ(re25). The
increasingC:P indicates a reduction in supply of P, relative to demand and is consistent with reducing
per centP inseagrass tissuand also increased per cent C in some sites and sp@amee22)(See

also Appendix 4 for greater detaiht a GBRvide scale, the ratio of N relative to P (N:P) was highly
variable within habitat, owing to lge variability in trends among regions. There were large increases
in 201516 in N:P at reef sites in the Wet Tropjogreasing at Green Islandurdekin(increasing at
Magnetic Islandand MackaywWhitsundaygHamilton Island)but not in other regiondn coastal

habitat, N:P increased in the Wet Tropfes Yule Point)but decreased in Mackay Whitsundays and
remained relatively stable in other regions. N:P declined in estuarine habitat in Mackay Whitsundays,
and was reldtely stablen the Fitzroy ad BurnettMary regionsLeaf tissue N:P ratios were around
30at coast and reef intertidal sitesvhich provides additional evidence of elevated N in the
environment, the source of which is not apparent. Locations with the highest N:P were at Shelburne
Bay(33.4), Archer Point (36.5), Yule Point (39.0), Dunk Island (33), Low Isles (32.7) and Hamilton
Island (34.9). The C:P and N:P ratios are important for describing changes in nutrient availability
relative to growth requirements. Therefore, these ratiodl Wwe considered for future inclusion as

part of the tissue nutrients metrics in the GBR report card.
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Figure24.{ SI ANJ & a H¥C8nd¥°N doicéniradizds from each GBR seagrass habitat
(locations pooled) in the late yifrom 2011to 2015. The box represents the interquartile range of
values, where the boundary of the box closest to zero indicates thee28entile, a line within the
box marks the median, and the boundary of the box farthest from zero indicates'tipeientile.
Whiskers (error bars) above and below the box indicate tHeafil 10" percentiles, and the black
dots represent outlying points.
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Figure25. Elemental ratios (atomic) of seagrass leaf tis€leandN:P for eacthabitat each year
(foundation species pooled) (+ Standard Error). Horizontal shaded band on the N:P ratio panel
represents the range of value associated with N:P balance ratio in the plant tissues, i.e. a seagrass
dwS RTA SAtknson b Sniiti? 198Buarte 1990Fourqurean, et al. 1992Fourqurea and

Cai 200). N:P ratio above this band indicates P limitation, below indicates N limitation and within
indicates replete. Horizontal dashed line on the C:P panel at 500 represents the value associated with
C:P balance ratio in the plant tissues, ¥aRes <500 may indicate nutrient rich habitats (large P

pool).
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Seagrass nutrient status scores (using only C:N) were redutesl Burdekin (from good to
moderate), increased ithe BurnettMary (from poor tomoderate), and remained relatively stable
and poor in all other regionm 201516 (Figure26).
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Figure26. Regional report card scores for seagrass leaf tissue nutrient statuso¢@mhe life of the
MMP. For Paddock to Reefporting scores are categorised in to a five point sgateyery good (&-
100),/ =good (6 - 80), =moderate (4 - 60),/ =poor (2 - 40),y =very poor (G 20).

Seagrass meadow sediments

Estuarine seagrass habitats across the GBR had a greapariion of fine sediments (i.e. mud) than
other habitats(Table11). Sediments as coastal habitats were predominately medium and fine sands,
while reef habitats (intertidal and subtidal) were dominated by medium sanalslé€11).

Tablell Longterm average ¢SE) sediment composition for each seagrass habitat (pooled across
regions and time) monitoring within the GBR (1:2946)

Habitat Mud Fine sand Sand Coarse sanc  Gravel
estuarine intertidal 50.3+2.9 20.6+4.2 25.8+4.1 0.2+0.3 3.240.9
coastal intertidal 28.6+4.2 29.9+3.2 37.2+4.6 02+03 41+1.8
reef intertidal 57+2.0 10.5+1.3 50.7+4.2 16.54+3.0 16.7+2.8
reef subtidal 27+2.0 16.8+6.4 68.6+7.2 35+2.4 83+2.7

Since monitoring was established, the composition of sediments has fluctuated at all habitats, with
the proportion of mud declining below the loigrm average at estuary and coastal habitats
immediately following periods of physical disturbancerirstorms (e.qg. tropical cyclones) in 2006
and/or 2011. Conversely, the proportion of mud increased above thetlomy average at reef
(intertidal and subtidal) habitats during periods of extreme climatic events (e.g. tropical cyclones
and/or flood events)During the 20%-16 monitoring period, the proportion mud dgea®d at

estuarine habitats, but icreased across all other habitats relative to the previous yegure27).
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Figure27. Proportion of sdiment composed of mud (grain size <63um) at GBR seagrass monitoring
habitats from 1999016.

Epiphytes and macroalgae

Epiphytecover on seagrass leavasross the GBRas higher in thevet than thedry season across
all seagrass habitats in 2816, exept at reef subtidal sitesEpiphyte covewas above the GBR long
term mean at estuary and subtidal reef sites, and similar to the-tengp mean at coastal and reef
intertidal sites(Figure28). Epiphyte cover imeased in 20186 in estuary habitat in the wet season,
and reef subtidal habitat in the dry season, compared to 203 8~igure28).
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Figure28. Epiphyte abundanceper centcover) reléive to the longterm average for each GBR
seagrass habitaf(sites pooled, +SE). GBR lbaign average; estuarine £6.2+8.4 per cent
coastald5.1+3.1per cenf reef =20.2+3.3 per cent subtidal=7.7+1.6 per cent

Macroalgaeabundancds generallyow and stable in the GBR seagrass habitats and there was again
little change in 20186 (Figure29). A gradual increase a¢ef habitats(subtidal and intertidalfluring
the late dry season over the last 3 yearaynsuggest elevated nutrients at most sites.
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Figure29. Macroalgaeabundance per centcover)relative to the longerm average for eachmshore
GBR seagrass habit@ites pooled, +SE). GBR ldeign averagegstuarine =2.5+1.0per cent
coastal3.2+1.4per cent reef =6.2+1.8per cent subtidal =4.7 +2.0per cent
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4.2 Cape York

4.2.1 2015-16 Summary

Waters entering the GBR lagoon from Cape York catchments are perceivedfta begh quality,

with low levels of suspended sedimts, nutrients and pesticideSeagrass growth on reef and
coastal habitats in the region appears primarily controlled by physical disturbance from waves/swell
and associated sediment movement, with pulsed terrigenous runoff from seasonal rains affecting
some coastal regiongRainfall and river discharge 201516 were below the longerm average

There was a high frequency of exposurégeertsecondarywater at seagrass sites in 2015,

which indicates the possibility of some nutrient enrichmand ight limitation. Within-canopy daily
light was slightly below the lonterm average but was the highest in the GBR; howevet tigta

was only recorded from®ctoberg March, as monitoring has been reduced to once per y@aneat
wave swept through Capeoik causing widespread coral bleaching and coral mortdliys occurred

in a year when annual daytime tidal exposure was also abeeeage. Within canopy water
temperature exceeded 35°C for a record total of 18 days in February 2016, and the nigbedtd
temperature(41.6°C irMarch 2016) isbove the thresholdknown to cause photoinhibition

One location in Cape York (Archer Point) has been monitored since 2005, while locations further
north have only been monitored from 2011. This makes it difficubssess lorterm trendsacross

Cape YorkSeagrass abundance, as well as changes in abundami@d amondiabitats within the

region in 2015816. On averageseagrass abundance increasethtive to the previous periodt reef

sites; howeverreef stes have loweproductive output and seed banks were depaugerdn

contrastat coastal sitesabundance remained unchanggolut they maintain higher seed banks and
reproductive effort compared to reef sitesxdmaytherefore have greater resilience on emunt of

their good abundance and dense seed banks. Seagrass leaf tissue nutrierasd Gt indicate
moderate nitrogen enrichmentOn account of their moderate abundance, it appears seagrass across
the Cape York NRM region were able to resisti¢éissthan favourablesnvironmental conditionsf

201516, in particulatthermal stressandthe regional seagrasadeximproved slightly over the last
12 months, but remainpoor (Figure30).
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Figure30. Reprt card of seagrassondition(indicators and indeXor the Cape York NRM region
(averagel across habitats and sitesyalues are indexed scores scaled fref®0;y =very good (&-

100),/ =good (6. - 80), =moderate (4 - 60),/ =poor (2 - 40),y =very poor (G 20).NB: Scores
are unitless
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4.2.2 Climate and environmental pressures

Rainfalland river discharge in 2018 werebelow the longterm averaggTablel2). However, wind
was above the longerm averagdor the secondyear in a ronand may have continued to resuspend
fine sediments with nutrients absorbed to their surfagée inshore waters of Cape York had
predominantly secondary water tyggreen, phytoplankton rich waterand some primary type
(turbid) exposure though the wet seasorNovemberApril, Figure31). Bathurst Bay had the highest
exposure to turbid primary water (43er centweeks). Thérequency of exposure to botlig-s)
rangedfrom 23 per centto 100per centof weeks(excluding Bathurst Bay which had only 2 weeks of
data)at seagrass monitoring site§gble 13.

Tablel2. Summary of environmental conditions at monitoring sites in Caper&gidnin 2015-16
compared to the longerm average (longerm range indicated for each data set).

Longterm average 2015-16
Rainfall(19652016) 1568mm 1365mm
River discharge (1972016 13,066,864 yrt 8,246,579 yrt
Turbid waterexposure (200€016) unavailable 82 per cent
Daytime tidal exposure (2012016 69.33hrs yrt 85.83hrs yrt
Wind (20022016 98.3days yrt 128days yr
Within canopy temperature (2012016 26.6°q41.6°C) 273°C(41.6°C)
Within canopy light (201-2016) 18.4mol m2 d1 17.5mol m2 d1
|
| Legend
— " pumefiequency | Figure31. Frequency of exposure tarbid water (colour
e |l e | classes B) in the Cape York NRM, wet season (December
e 2015 ¢ April 20B) compositeFrequency calculated as
.Yy number of weeks in wet season exposed to primary or
b= secondary water (colour classeg 3). Each colour class
| category iglescribed by mean water quality values for
TSS, CDOM, chlorophyll a agdRA\R)Devlin, et al.
. 2015Waterhouse, et al. 20)7For site details, see Tables
5 ] 3&4.
"'\.‘ ST1, ST2
x ':,‘_Bw,evz : _,/"":L
b 41
= Kiometers -
Ph— A Table13. Water type at eaclsite derived from MODIS
“;z { true colour imagess colour classes of turbid primary
N ~ water (class & 4, red/brown), nutrient/chlorophyl

X “""“"““Qpré’z enriched secondary water (class 5, green), and tertiary
(some freshwater/CDOM influence) or no plume influence
(class 6 and 7 resptively, blue), for 22 weeks from
December 208.¢ April 205. Also shown, median wet season colour class (Med), frequency of
primary water as#) the frequency of secondary water a5 &nd the frequency of primary or
secondary asd:s) *denotes dateobtained from adjacent pixel.

200

Ste 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 Med fp f5  fess
AP1* |5 5 5 . 5 5 5 5 . 5 6 . 5 5 . 5 5 019 076 095
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5)
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Daily light at Cape York locations has been monitored since October 2012 when sites were
established. However, in the 28415 reporting year, sampling was reduced to once per year, and
loggers record for just § 6 months after deploymentand after samplin@.e. OctMar/Apr).
Furthermore, in these remote locations, missed sampling eventsathby weather and logistics
cause gaps in data (e.g. at SR in 2085 Daily light is generally very high at all Cape York 8deg
term average, 18.4 mol ¥d?, GBRwide , 13.4 mol M d?); however, the trends are highly variable
among sites witmo distinct pattern that characterises benthic light over the dast years Figure
32).

Daily light coastal intertidal_BY
28-d Av coastal intertidal SR
reef intartidal_AP
reef intertidal_FR
reef intertidal_ST

\\\\H///\\\b//f\\

Figure32. Daily light (mean) at Cape York sites withd2®lling average from 2012 to 261left) and

GAM pots (right)with the black line showing mean trend for all sites (#86centconfidence

AYGSNBIE Ay 3INBe aKFIRSO yR O2f2dz2NBR ftAySa 06AGK
(GAM) and sitespecific graphs (sitkevel daily light datglus 28d rolling average) are shown in

Appendix 5.

Coastal and reef seagrass meadows of Cape York are frequently exposed to high temperatures;
however, aheat wave swept across Cape York in the 2D8Summer causing widespread coral
bleachingand mortalty (Reichelt 2015 In the summer of 20186 within-canopy temperature
exceeded 35°C for 18 days in Februgng largest monthly exceedance so far recordejd 5 of
these days wer88-40°C Figure33a). In March 35°C was exceeded on 11 dagsdon one of these
days withinrcanopy temperaturegeached 4.6 °Cat Bathurst Baywhich carcause photoinhibition
(Figure33). Temperature exceeded theeadian in every week in 2016 (Januadune) Figure33b)
and averageannual within canopy temperaturés 201516 were slightly above the longerm
averagg(Tablel2). However, the total number of de >85°C (36 d, 9.Ber cen), was the lowest
since monitoring at all Cape York sites was initiated (2012) and was the deo@sd rate of
exceedance among thegions in the GBR in 2015.
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Figure33. Inshorewithin canopysea tenperature for intertidal seagrass habitats in the Cape York

NRM region from April 2007 to June B04) number of days when temperature exceeded 35°C, 38°C,
40°C and 43°C within each season (thresholds adaptedGeonpbell, et al. 200§ab) deviations at
Archer Point fron7-year mean weekly temperature records (weeks above thetlenmg average are
represented as red bars and the magnitude of their dmngrom the mean represented by the

length of the bars, bars are blue for weeks with temperatures lower than the average and are plotted
as negative deviations). Dashed line represents period when monitoring not established.

4.2.3 Indicators of seagrass condi tion

Threeseagrass habitat types were assessed acros€#pe Yorkegion in 201516, with data from
12 sites Tablel4).

Tablel4. List of data sources of seagrass and environmental condition indidataach seagrass
habitat type in theCape YorlRM region.For site details seBable3 and Table4. Open square
indicatesnot measured in 201%6. ¥ drop camera sampli (QPWS), *Seagra¥gatch.

El |58
S ¢
= s %) 2 ? Q
Habitat Site S1S|5|8B8|2|% 2| alsg
|2/ 35|38/ 8|8|3|8|%
elal2|S|S5|Z|8| £ 8
2 E|E|3|2|8|3|5|8
| 8|5 |x|d |3 |=|w0|=
BY1 Bathurst Bay A|A|A|A|A|A|A|A]|A
coastal intertidal BY2 Bathurst Bay é /} /} é é /} é é /}
SR1 Shelburne Bay A|lA|A|A|A|A|A]|A]|A
SR2 Shelburne Bay A|A|A|A|A|A|A|A]|A
: LR¥ Lloyd Bay Al A A
coastal subtidal LR? Lioyd Bay A A A
AP1 Archer Point (Walsh Bay) A|A|A|A|A|A|A|A]|A
AP2 Archer Point (Walsh Bay) A|A|A|A|A|A|A|A]|A
FR1 Farmer Is. (Piper Reef) A|A|A|A|A|A|A|A]|A
reef intertidal FR2 Farmer Is. (Piper Reef) A|A|A|A|A|A|A|A]|A
ST1 Stanley Island A|A|A|A|A|A|A|A]|A
ST2 Stanley Island A|A|A|A|A|A|A|A]|A
YY1*| Yum Yum Beach (Weymouth Ba] A | A A A | A | A
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Seagrass abundance, composition and extent

The seagrass abundance score across the regaaased, butemained moderate in 2C&16

(Figure30). The increase inemgrass abundanda 201516 was attributed to increases at reef

intertidal habitats, but these remained in a poor state. Coastal sites were in moderate condition, and
the score did not change in 201%.

The most southern location (Archer Point reef habitat) has been monitored for the greatest period of
time in the regionwhile the other foudocationswere established i2012 fFigure34d). Since

monitoring was established at Archer Point (AP1) in 2003, seagrass cover has generally followed a
seasonal trend with higher abundanceléte dry period KicKenzie et al. 2013aPrevious analysis
(reported in2014-15)at all locations in Cape Ydnks shown thavariation inseagrass cover at reef
habitatsdoes not follow aseasonal pattermt most locations16.2per centin the late dry and 15.9

per centin latewet seasonSeasonality can no longer be interpreted as sites are visited just once per
year inthe late dry.Seagrass abundancethre late dry 0201516 increagd compared to late dry

201415 at the majority ofreef sites,but the increasesat Piper Reefvere marginal (per cen), as it
recovers from disturbance from TC Lam in 2(Rigure34a).

In response to the heatawe in Cape York, the Stanley Island site was also additionally monitored in
the late wet and seagrass cover had increasean 9.6per centin the late dry 201%0 13.7per cent
in the late wet (June 2016)

40 | a. reef intertidal T, hemprichii/C. rotundata b.  mainland fringing-reef intertidal C. rotundata/M, uninervis
(Piper Resf) (um Yum Beach, Weymauth Bay)
30 4
.
20 4 1 [ ]
.’\'-r/.*
\ .
10 —
3
2 40 [e, reef intertidal T. hemprichii/H. uninervis/H. ovalis d. mainland fringing-reef intertidal H. uninervis/H. ovalis
8 (Stariey Isiand) . (Archer Point, Walsh Bay)
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W
T
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20 { ¢ ViDL % "
il . | ‘ . A . .
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Figure34. Seagrasabundanceger centcover + Standard Error) at inshongertidal reef habitas
(replicatesites pooledjn the Cape York NRM

Seagrass abundance at coastal habitats in the northern Cape Yorkadiil decreased slightly in

the late dry 201516, compare to the late dry 20145 (Figure35). There was a slight increase in
cover at Bathurst Bay when additional monitoring was undertaken in June 2016 following the heat
waveand in central Cape York they increased considerdidy(e35).
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40
a. coastal intertidal H. uninervis/H. ovalis b. coastal intertidal H. uninervis/H. ovalis
(Shelbume Bay) (Bathurst Bay)
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Figure35. Seagrass abundanceér centcover + Standard Error) at inshore intertidal coastal
habitats (sites pooled) in the Cape York NRM region.

An examination of the long term trend acros®t@ape York NRM region shows seagrass abundance (
per centcover) progressively decreased from 2003 to 2012, but has siigtely improvedFigure
36), primarily due to increases at the reef habitaEsgure37).

50-

Ascher Pain (A1, AR2)
Bathurst By (BY1, BY2)
Piper Reet (FR1, FR2)
Shetbume Bay (SB1, SB2)
40 - Stanlay Island (ST1, 5T2)
Yum Yum Beach (Y¥1)
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Figure36. Regional and location teporal trend in seagrass abundance in the Cape NBiregion
represented by a GAM ploRegional trend (albcationspooled) represented by black line with gre
shaded area défing 95per centconfidence intervals.
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Figure37. Temporal trends in seagrass abundance for dedfitat in the Cape YornkRMregion
represented by a GAM ploRegional trend (albcationspooled) represented by black linethvigreen
shaded area defining 9%er centconfidence intervaland quadrat measures represented by grey
circles

Cape York reef meadows were dominatedTtnalassia hemprichii, Cymodocea rotundata, Halodule
uninervisand Halophila ovalisvith varying amourg of Syringodium isoetifoliurand Enhalus
acoroidegAppendix 4; however, Piper Reef has relatively low diversity, being dominated by
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C.rotundata. At Archer Point (the location of the longest dataset), species composition has varied
since sampling beganmith C. rotundatabecoming less dominant in favour of colonisikly ¢vali$

and the opportunistidd. uninervidollowing extreme climatic conditions in 20@®11, butZ. muelleri
was recorded at this site in 2041%. In contrast, eagrass at coastal hahis in the eastern Cape York
NRM region were located on large shallow sand banks and dominated dalis/Huninervis with
small amounts of the species typically found on re&fshemprichiandS. isoetifoliurh There wee

no substantiathanges in@ecies composition in 20156.

Seagrass meadows in the Cape York NRM region were composed ofdfawerage(MMP sites)
proportion ofspecies displayingolonisingtraits in 201516 (Figure38). Fluctuations over the long

term suggests the meadows are dynamic in nature, however, this appears to have stabilised over the
last 1224 monthsat reef habitats

1.0 7 ) _
a. coast b. reef
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Figure38. Proportion of seagrass abundance composespetieglisplayingcolonisingraits at
inshore habitats in the Cape York regidre dashed lineepresents GBR lorigrm average for each
habitat type.

Seagrass spatial extembapping was conducted withall monitoring sites to determine if changes in
abundance were a consequence of the meadandscapechangingand to indicate if plants were
allocating resources to colonisation (asexual reproductidppendix4). Prior to 2012, the only
meadow extent mapping in the Cape York NRM region was conducted at ArchefMReimtieadows
within monitoring sites on the reef flat aarcher Point hae fluctuated within and between years
(Figure39), primarilydue to changes in the landward edgedappearance of a drainage channel
from an adjacent creek (data nptesented)Post 2011, additional reef meadows and coastal
meadows in the CapYork NRM region were includegdverall meadow extent habeen relatively
stablein 201516 (Figure39; Appendixd).
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Figure39. Change irspatial extent of seagrass meadows within monitoring dibe®ach habitat
and monitoring period across the eastern Cape York NRM region.
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Seagrass reproductive status

Seagrass seed banks in Cape York meadows were often ilathe late dry than latevet (Figure
40). Seed banks were also higher at coastal than reef habRajsre40). A seed bank of
predominatelyHalodule uninervipersists at reef habitat meadowBigure40), however late dry
abundances in 20156 were lower than the previous yeafs in previous yearsesd banks were
considerabhhigher at oastal sites than at reef site8lthoughCymodocelants were present
across reef medows, no seeds have been found since monitoring commerioatdl reproductive
effort across the regioremains low with a report card rating wéry poor (Figure30), anddeclined
compared tothe previous monitorig period;significantlybelow the2009peak Figure40). Low seed
bank density and poor reproductive effort at reef meadows indicates a low capacity to recover
following disturbance, while at coastal meadows, the greater seed tankity suggests a higher
capacity to recover.
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Figured0. Seed banks and reproductive effort at inshore intertidastal(a) and reef (b) habitats in
the Cape York regiofspeciesand sitegpooled).Seed bankéars+ Standad Erro)) presented as the
total number of seeds perasediment surface. Reproductive effort for late dry seddots+
Standard Errgrpresented as the average number of reproductive structures per core.
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4.2.4 Indicators of environmental condition

Seagrass tissue nutrients

Seagrass leaf molar C:N ratios were largely unchanged and remained below 20 at all Cape York
habitats and locations in late dry season 2QRigure41; Appendix # Leaf molar C:P ratios in 2B1
were just above 50, indicating that the plants were growing in a relatively moderate P pool that was
slightly depletedFigure42; Appendixd), while leaf molar N:P ratios indicate a slight enrichment of

N, relative to P.
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Figure4l. Elemental ratios (atomic) of seagrass leaf tissue C:bhéofoundation species in inshore
intertidal coastal (a) and reef (b) habitats in the Cape York region from 2005 %o(8pécies pooled)
(mean and SE displayetjorizontal shaded &l on the C:N ratio panel represents the accepted
guidelined S IANJ a4 & & wiRRFELA, etRé 1994Erideieal. 1996)C:N ratios below this
line mayindicate reduced light availability and/or N enrichment
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Figure42. Elemental ratios (atomic)feeagrass leaf tissue N:P and foiithe foundation species in

inshore intertidal reef (a, ¢) and coastal (b, d) habitats in the Cape York region from 2005 to 201
(species pooledjrieant Standard Error). Horizontal shaded band on the N:P ratio pamedsents

0KS Nry3aS 2F @l fdz2S aa20AFGSR 6AGK byt olFflyoOoS
ratio (Atkinson and Smith 198Buarte 1990Fourqurean, et al. 1992Bourqurean and Cai 20p1

N:P ratio above this band indicates P limitation, below indicates N limitation and withintexdica

NBLI SGS® { KFRSR LERNIA2Yy 2y (GKS /Yt LIySt Xpnn
in the plant tissues, C:P values <500 may indicate nutrient rich habitats (large P pool).

Seagrass meadow sediments

Reef habitats were dominated byrsds and coarser sediments, while coastal habitats contained a
greaterproportion of mud (Appendix 4) During the latevet each yeayrthe proportion of finer
sediments (i.e. mud) increadén reef habitats, relative to the late dry seasdm201516, the
proportion of mud at reef habitats was similar to the previous monitoring period, and neté&mny
trends are apparent. Similarly at coastal habitats, no long term trends are apparent.
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Epiphytes and macroalgae

Epiphyte cover on seagrass leaf blades ovelldhgterm was generally higher in the wet season at
coastal habitats and in the dry season at reef habitaigure43). Duringthe 2015-16 dry season
epiphyte abundances at reef habitats wesigghtly highethan the GBR lonterm average but still
lower than2009-2012(Figure43; Appendix, Figurel91). At coastal sites, epiphytes were lower
than the GBR average in the dry season, Imipleytes in the late wet seasoiay 2016) at the
southerncoastal sitegBathurst Ba), were highertan in the previous dry seasdPercentage cover
of macroalgae was variable betwekntations andremainedabove the GBR loAgrm average for
reef habitatsin the central and north of the regiothroughout 205-16 (Figure43; Appendix 4
Figurel91). Macroalgae coveat coastal sites has varied little and in 2all&it remained rear tothe
GBR longerm average Figure43).
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Figure43. Longterm trend in mean epiphyte and macroalgae abundanoer (centcover)at
monitoring sites in the Cape York regimiativeto the longterm average for each inshore GBR

intertidal seagrass habita{sites pooled, +SE).

4.2.5 Report card for inshore seagrass status

In the 205-16 monitoring period, the seagsss index for Cape York regionsagmilar to the previous
period (Tablel5). The slight improvemernsa consequence of improved abundaraxross all
habitatsbut thiswas offset to a degree by the loweproductive effort in reef habitats. Overall, the
Cape York seagrass index is the highest sint& 2P, but remains well below the 2068 baseline.

Tablel5. Longterm report cardscoredor seagrass abundancesproductiveand leaf tissue nutrient
statusfor each habitat irthe Cape YorkIRM region: Jue 2005¢ May 2056. Vales are indexed
scores scaled from000;y =very good (8-100),/ =good (6. - 80), =moderate (4 - 60),/ =poor
(21 - 40),y =very poor (G 20). NB: Scores are unitless.

[{e) N~ [e0) (o] o — N (42] < n ©

Indicator Habitat L g 5 8 8 ¢ 2 8 9 I 4

o o o o o o o o o o o

N N N N N N N N N N N

coastal intertidal 63 - 63 75 75

Abundance coastal subtidal 75

reef intertidal 75 35 45 44 44 22 29 25 40
Reproductive coastal intertidal

effort reef intertidal | 63 - 25 38 63 63 -m

Leaf tissue coastal intertidal 30 36 37 35
nutrient reef intertidal 45 52 69 49 51 46 21 36 35 33 37
Seagrass Index 61 29 46 43 52 43 21 28 29 30 34
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4.3 Wet Tropics

4.3.1 2015-16 Summary

The Wet Tropics includes two World Heritage Areas, Mawvacreases in intensive agriculture,
coastal development and declining water quality have been identified as significant across the
region In 201516 rainfall and river dischargeere againbelow the longterm average; similarly
wind exposure was belothe longterm average and lower than the previous monitoring period.
Despite this, castalsitesand Dunk Islandwhich is the reef site closest to shoregre exposed to
primary or secondary water tyjgdor 90-100per centof the wet season (December 2010 April
2015) and canopy daily light was slightly lower than the t@mm averageacross the entire regian
The number of days that seawater temperature was aboveéC3h February (18 d) was an equal
record forexceedancevithin one month. However, thiotal days above 3% for the monitoring
period wasequal to the longterm median(44 d) and there were nalays that temperatures
exceededt0 C.Therefore, while water temperatures may contribute to cumulative impacts,
particularly in February when lighgvels are also low, there was no indication of extreme
temperature stress.

Seagrass meadows in the region remain in a valole state in 2018 6 with an overall abundance
rating of poorincreasing from very poor in the previous yele trends in abuiancevary among
locationsreflecting a complex range of environmental and biological praseafecting recovery
rates.Abundancecontinued to declineat the Green Island subtidal sitevhile at Yule Pointhere

were large increases in abundanmed the proportion ofspecies displayingplonisingtraits

remained low in favour of persistent speci€ther meadowsn the northern Wet Tropiceemained
relatively stable, leading to a regiamide stable population, but with large variability. At the coastal
location(Yule Point), there were large increases in reproductive effort, and small increases in the
seed bank, while at othdocationsseed banks remain low. At southern Wet Tropazsations

recovery after 2011 has been marginal at Dunk Island, and tiesdoeen no recovery at Lugger Bay
Furthermore reproductive effort and seed banks remain low ati@atlations Thereforethe overall
rating for reproductive effort declined to very posuggesing capacity to recover from major
disturbances remains wé&aat most sites. Analysis of seagrass leaf tissue suggests an excess of
nitrogen relative photosynthetic C uptake (C:N <20), which is consistent with the high frequency of
exposure to secondary water. Nutrient status therefore remained poor.

Overall, thestatus of seagrass condition in the Wet Tropics NRM region has renadoeth 2015-
16 (Figured4). On average, Wet Tropics seagrass meadows remain in a vulnerable condition with low
resilience, however, some sites are showirgmsiof improvement, while others have deteriorated.
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Figure44. Report card of seagrass indicators and index for the Wet Tropics NRM fagirage
across habitats and sitedyalues are indexed scores scaletd0;y =very good (&-100),/ =good
(61-80), =moderate (4 -60),/ =poor (A - 40),y =very poor (0 20).NB: Scoreare unitless
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4.3.2 Climate and environmental pressures

Annual rainfallyiver dischargeand wind speedsere slightly below the longerm averaggTable
16). Exposure tavater types was highly variable among Wet Tropics siths.southern Wet Tropics
siteshad the greatest level of exposute turbid or green waterLugger BaglL.B)wasexposed to
primary water(52 per cen) and secondary water (4&r cen), while Dunk Islan{DI)was exposed
to secondary water (9fer cen). In the north, the coastal sisat Yule Poin{YP)were exposed to
secondary water (9@er cend, while the reef sites at Low Isl@d)and Green IslandGl)had low
exposure to eithe(Figured5, Tablel7). Within canopy temperatures were slightly higlhe201516
due to the thermal anomaly in Cape York extending (albeit to a lesser ekttnthe Wet Tropics

Tablel6. Summary of environmental conditions at monitoring siteth@Wet Tropicgegionin
201415 compared to the lonterm average (londerm range indicated for each data set).

N

A

20
C——JKilometers

Longterm average 2015-16

Rainfall(18872016 2423mm 2222mm
River discharge (1972016 20,978,809. yrt 15,534,449 yrt
Turbid waterexposure (200€016) unavailable 55 per cent
Daytime tidal exposure (1992016) 10919hrs yrt 110.28hrs yrt
Wind (19982016) 118.6days yrt 100.7days yi
Within canopy temperature intertidal (20032016) 26.8°Q41.5°C) 27.2°C(400°C)

subtidal(20082016) 26.4°C(35.7°C) insufficient data
Within canopy light (201-2016) 12.6mol m2d? 12.2mol m2d1

Legend

Y plume frequency
Li1, LI2 2015-2016 Wet Season
[ ]

Primary + secandary plume
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Figured5. Frequency of exposure tiorbid water (colour
classes b)in the Wet Tropics NRM, wet season (22
weeks from December 28t April 2056) composite.
Frequency calculated as number of weeks in wet season
exposed to primary or secondary twa(colour classesd

5). Each colour clagsategory is described by mean water
quality values for TSS, CDOM, chlorophyll a adAR)
(Devlin, et al. 20L%Vaterhouse, et al. 20)7For site
details, sedablel8.

Tablel7. Water type at each location in the Wet Tropics
regionderived from MODIS true colour imagesscolour
classes of turbid primary water (class 4, red/brown),
nutrient/chlorophylienriched secondary water (class 5,
green), and terary (some freshwater/CDOM influence) or
no plume influence (class 6 and 7 respectively, blue), for
22 weeks from December ZB& April 205. Also shown,
median wet season colour class (Med), frequency of
primary water as#), the frequency of secondary tea as
fisy and the frequency of primary or secondary@sf
*denotes dat obtained from adjacent pixel.

Site

12 13 14 15 16 17 18 19 20 21 22 Med fp f(s) fp+s)

LIZLI2
YP1YP2*
Gl1GI2
GI3
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DI3

LB1LBZ
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a o o N

o o o o o o
g o N N o o | o
o o« <]~
g o N N 0o o | o

6 6 6 6 5 5 5 6 6 5 6 0.00 0.26 0.26
5 5 0.05 0.90 0.95
7 5 0.00 0.09 0.09
7 5 0.00 0.09 0.09
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.
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5 5 SN NON BSN BN 5

7 6 6 6 6 6 6

7 6 6 6 6 6 6 6
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Daily light () at Wet Tropics sites has been monitored since 2808009 I4 in 2015-16 (12.2 nol m
2 d'Yy wasslightlylower than the longterm averagg12.5 mol n? d?), largely due to conditionis the
southern Wet Tropicsaf Dunk Islandloggers not deployed at Lugger Baydher sites in the Wet
Tropics were at or around ¢hlongterm averagen 201516.

Figure46. Mean daily light at Wet Tropics sites with-@8olling average from ZiBto 2016 (left)

and GAM plotgright) with the black line showing mean trend for all sites (p86centconfidence

intervalingS & aKFRS0OU YR 02t 2dz2NBR fAySa o0gA0GK /LQAa0O acFk
statistical analysis (GAM) and specific graphs (sitkevel daily light data plus 28 rollingaverage)

are shown in Appendix 4.

The201516 yearwas warmer than thedng-term average at Wet Tropics seagrass sites. High
temperatures (>35C) were recorded frormid-2015to June 201@&cross the region, with the highest
temperatureat intertidal siteg(38.4 C and 38.8C) recorded in Februaryhile n the previous year
(2014-15), water temperature had exceeded 4XFigure47). Within canopywater temperatures
exceeded 3%Cfor a record 18 d in one month (Februargnd an annual total 045 d(12.3per cen,
which is close to the medidavel (44 d) since 2003 when monitoring was establishédater
temperature at subtidal sites rarely exceeds threshokdgifre48); however, for the first time since
monitoring began there were no weeks that were cooler than the basehimi(e48).

Figure47. Inshore sea temperature for intertidal seagrass habitats inttet TropicsNRM region

from August2001 to June 206: a) rumber of days when temperature exceeded 35°C, 38°Cand°C
43°C within each season (thresholds adapted @ampbell, et al. 200§ab) deviations froni3-year
mean weekly temperature records (weeks abovddheterm 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 weeks with temperatures lower than the average and are plotted as negative deviations).
Dashed lineapresents period when monitoring not established.
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