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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. 201¢

The seagrass ecosystems of the GBR, on a global scale, would be for the most part categorised as
being domnated by disturbancéavouringcolonising anapportunistic species (e.ddalophila
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 disturbancd€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 pressurés;imgoni

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

3). These indicators also respond at differestriporal scales, with sulethalindicators able to



















































































































































































































































































































































































































































































































































































































































































































































