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Reef Rescue MMP Intertidal Seagra ss:ANNUAL REPORT1st September 200 9 8 31st May 20 10)

Executive summary

Overall there are indications that seagrass meadows along the GBR are in a state of decline. The
indicators of this decline are; 6786 siteswith reduced seagrass abundant®low the seagrass
guidelines)50% sites exhibiting shrinking meadow area, many sites have limited or are not
producing seeds that would enable rapid recovery, indications of light limitation at 63% of sites,
nutrient enrichment at 33% sites and 90% of sites with either high or elevated nitrogen. There is also
evidence of long term increases of seagrass nutrient content (in tissues) in coastal and reef
seagrasses, particularly in the WigbpicsandBurdekin regios. Elemental ratios aissue nutrients
indicate some locations in the Wet Tropics and Mgdkéitsunday have degraded water quality

with an excess of nutrientsompared to light availability. Increased epiphyte loads, possibly
stimulated by nutrient loashg, further exacerbate light limitation aihe surfaces of slowegrowing
seagrass leaves in coastal and estuahiakitats. It is not clear if this decline will be reversed with a
shift inclimatic factors.

Other interactions will also be important t@esider. Under limiting light levels, elevated nutrient

levels will saturate the seagrass more rapidly. As seagrass reproduction is positively correlated with
nutrient saturation in some circumstances seagrasses experiencing low light but elevated sutrient
may be expected to have increased reproductive ef€amtil light levels result in compromised

survival due to respiration demands being greater than photosynthesis. We observe this association
at Bushland Beach and Shelley Beach sites in the Burdsion. The capacity of seagrass meadows

to naturally recover community structure following disturbance will involve the interaction between
light availability, nutrient loads and the availability of seeds to form the foundation of new
populations. At presnt, GBR seagrass meadows appear the have varedeery potentiaue to
changeable light levels and seed availability both spatially and temporally.

Report card for seagrass statitommunity & environmentpr the GBR and each NRM region: Sept
2009¢ May 2010. Values are indexed scores scaled fref@@® Geen = good, yellow moderate

gold = fair red = poor
Nutrient Status Light

Region Seagrass Repraluctive (CP&NP availability Seagrass
Abundance Effort ratios) (C:Nratio) Index
Cape York 58 67 33 33 48
Wet Tropics 50 _ 33 33 29
Burdekin _ 67 33 36
Mackay Whitsunday _— 33 33 24
Fitzroy 33 67 46
Burnett Mary __ 33 33 24
GBR 39 38 38 35 37
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Summary obeagrassondition and overall trend at each NRM region habitat, vakleSep09%; Aprl0with the long term average in parentheses ahd
year trajectory in bold. Plant C:N is a surrogate for light where moderate = adequate light availability on average farquiioseth (C:N>20:1), low =

less available light on averageath required for growth (C:N<20:1); C:P is a surrogate for nutrient status of the habitat where, rich = relatively latge P poo

(C:P <500:1), poor = relatively small P pool (C:P >500:1); N:P is the overall nutrient availability to the plant, witeae-N{Pn<25, replete N:P = 25 to
30; P limited = N:P >30. Percent cover = mean percent cover fdirgapgriod + SERepro health repro structures per node x103

Parameter Period

Unit

Region

Cape York

Wet Tropics

Burdekin

| Mackay Whitsunday |

Fitzroy |

Burnett Mary

community status

Abundance| Late dry& Cover (%) Estuary: 4.80.6(12) Estuary: 29.82.1 (20)  |Estuary: 4.20.5 (10)
late Wet Coast: 11.240.812) |Coast: 7.3+1.016) |Reef: 3.50.7(6) Reef: 1.40.22)
Seasons Reef: 16.0+1.718) |Reef: 20.6+1.228) |Reef: 8.7+1.232) Coas 20.1+1.5(21) Coast: 26.10.8(22)
stable variable declining declining variable increasing
Reproduction Seed Estuary: ((31) Estuary: nil Estuary: ni(0)
reserve Coast: 270+6%272) |Coast: 65+213(2004)Reef: nil Reef:nil
(per rr?) Reef: 311+87163) |Reef: 2(1) Reef: 0(16) Coast: 10538(208) Coastnil
increasing increasing declining declining absent decreasing
Repro Estuary: 1.30.4(3.9) Estuary: 30.7(8.3) Estuary: 1.40.6 (4)
effort Coast: 3.7+0.81.6) |Coast: 23.3+£8.84.0) |Reef: 0.20.05(0.7) Reef: 3.30.9(1.3)
(structures Reef: 4.3£1.%2.1) |Reef: 0.9+0.30.8) Reef: 1.7+0.61.8) |Coast: 8.831.4(5.7) Coast: 6.31.2(6.2)
per core) increasing variable stable declining stable declining
environment status
Light | Late dry Leaf tissue Estuary: low Estuary: moderate Estuary: low
availability | Season C:N Coast : low Coast : Low Reef: low Reef: low
Reef: low Reef: low Reef: Moderate Coast: low Coast: moderate
low light & stable | low light & stable low light & low light & increasing moderate light & low light & increasing
decreasing increasing
Nutrient | Late dry Leaf tissue Estuary: rich Estuary: poor Estuary: poor
status | Season C:P Coast : rich Coast: Rich Reef: poor Reef: poor
(enrichment) Reef: poor Reef: poor Reef: poor Coast: poor Coast: poor
small P pool & moderate nutrients | high nutrients & moderate nutrients & small P pool & small P pool &
variable & variable variable stable decreasing decreasing
Late dry Leaf tisse EstuaryP limited Estuary P limited EstuaryP limited
Season N:P Coast: P limited Coastreplete Reef:P limited Reef:P limited
Reef: P limited Reef: replete Reef: P limited Coast: replete Coast: replete
nitrogen full & nitrogen elevated & |nitrogen full & nitrogen full & nitrogen full & increasingnitrogen full & variable
increasing increasing variable variable
Late dry& Epiphytes Estuary: 11.41.2(12) Estuary: 9.81.6 @3) Estuary: 12.41.5(12)
late Wet (%) Coast: 11.5+1.212) |Coast: 1.6+2.0(17) |Reef: 14.41.2(20) Reef: 15.32.4(26)
Seasons Reef: 33.1+3.122) |Reef: 14.5+1.220) |Reef: 26.3+3.434) |Coast: 2.20.3(15) Coast: 9.40.8(12)

increasing

increasing

declining

variable

declining

increasing

2
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1. Introduction

A key componenof Reef Rescue is the implementation of a keagn water quality and ecosystem
monitoring program in the Great Barrier Reef lagoon. Abstralian Government Department tife
Environment, Water, Heritage and the AEWHAhas responsibility for impltaentation of this
program. Fisheries Queenslandsfteries QLPand James Cook University (JCU) were contracted to
provide the intertidal seagrass monitoring component. The key aims of this component of the
programme were to:

a. Understand the status and trelhof GBR intertidal seagra@etect longterm trends in
seagrass abundance, community structure, distribution, reproductive health, and nutrient
status from representative intertidal seagrass meadows)

b. Identify response of seagrass to environmental disveir change

c. Integrated reporting on GBR seagrass status including production of seagrass report card
metrics for use in an annual Paddock to Reef Report.Card

Background

Seagrass are considered coastal canaries or coastal sentinels that can be mooitbegstt human
influences to coastal ecosystems (Oethal., 2006). Since 1990, seagrasses globally have been
declining at a rate of 7% per year (Wayaatttl.,, 2009). Multiple stressors are the cause of this
decline, the most significant being degradedter quality.In the GBR system, seagrasses are at risk
from a wide diversity of impacts, in particular where coastal developments ¢Geach 2010; Grech
et al, 2010) Healthy seagrass meadows in the GBR act as important resources as the primary food
for dugong, green turtles, numerous commercially important fish species and as habitat for large
number of invertebrates, fish and algal spedi€arrutherset al.,2002) Much of the connectivity in
reef ecosystems depends on intact and healthy-neef habitats, such as seagrass meadows. These
non-reef habitats are particularly important to the maintenance and regeneration of populations.
Therefore, monitoring changes in seagrasses meadows can provide an indication of coastal
ecosystem health and be uséalimprove our capacity to predict expected changes to reefs,
mangroves and associated resources upon which coastal communities depena{ldecR008).

There is in excess of 5,000 %af coastal seagrass meadows in eastern Queensland waters shallower
than15 metres, relatively close to the coast, and in locations that can potentially be influenced by
adjacent land use practicé€oleset al., 2007) Statistical modeling of the seagrass distribution
suggestst0,000knd of the seafloor in theGBRleeper than 15 metresias a probability of some
seagrass being prese(@oleset al., 2003; Colegt al,, 2009). This represents about 36% of the total
recorded area of seagrass in Australflnitoring of the major marine ecosystem types most at risk
from land baed sources of pollutants is being conducted to ensure that any change in their status is
identified. Seagrass monitoring sites have been located as close as practically possible (dependent on
historical monitoring and location of existing meadows) to riveiuth and inshore marine water

guality monitoring programs to enable correlation and concurrently collected water quality
information.

The Reef Water Quality Protection Plan (Reef Plan) brings together people and projects to help
improve the quality of weer entering the Great Barrier Reef (the Reef) lagoon
(http://vww.reefplan.gld.gov.au/about/rwgpp.shtmaccesse@8 Sepember 2QL0). The Reef Plan
builds on existing government policies, agalvernment, industry and community initiatives that
assist in halting and reversing the decline in the quality of water entering the Reef ldgoas.
identified very early in development die Reef Water Quality Protection Plan (Reef Rltrat the
existing Seagras@/atch program was an excellent opportunity on which the inshore seagrass


http://www.reefplan.qld.gov.au/about/rwqpp.shtm
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monitoring component could be based. It was designed such that the ongoing monitoring activities
were enhanced through; value adding by collecting other informatiosdntists in the field, and
where stakeholder/community groups can not monitBisheries QLBtaff collects the data.

There are 15 species of seagrass in@®BR A high diversity of seagrass habitats is provided by
extensive bays, estuaries, rivers ahd 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 betawnw Bea Level
(MSL) Seagrasses in tli@BRcan be separated into four major habitat types: estuary/inlet, coastal,
reef and deepwater (Carrutheet al, 2002) (Figure 1All but the outer reef habitats are

significantly influenced by seasonal and episodic pulses of sediawsn, nutrient rich river flows,
resulting from high volume summer rainfall. Cyclones, severe 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 afynamic, spatially and temporally variable seagrass meadows.

Q @

o o

|
|
I
|
|
I
I
I
I
|
|

river estuaries/inlets coastal | deepwater | reef |

Figurel. General conceptual model of seagrass habitats in north east Australia (from Carruthers et
al., 2002)

The requirements for formation of healthy seagrass nmasl are relatively clear as they are
photosynthetic plants occupying a marine habitat. They require adequate light, nutrients, carbon
dioxide, suitable substrate for anchoring along with tolerable salinity, temperaturgln@vaycott

and McKenzie, 2010A number ofindicators andhresholds of some of these requirements have

been established for seagrass communities that are relevant to the GBR, and are monitored as part
of the Reef Rescue Marine Monitoring Program.
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2. Methodolgy

Intertidal seagrass motuiring methods were conducted as per McKereti@l. (2010. Thirty sites
were monitored during the 2009/10 monitoring period (Table 1). This included nine inshore
(intertidal coastal and estuarine) and six offshore reef intertidal locations. A descrgdtadhthe

data collected during the sampling period under the monitoring contract has been collated by
Natural Resource Managemef{NRM)region site, parameter, and the number of samples collected
per sampling period is listed in Table 2. The presentiesdargeted andfoundation seagrass species
at monitoring sites is listed in Table 3.

The different measures and analysis reportedhis documenivere conducted in collaboration
between FisherieQueenslandJames Cook University Townsvidlad the agrassWVatch program
with each contributing the following:

1 seagrass % cover & species composition (SeaWassh & Fisheries QLD)

1 seed bank¢Seagras$Vatch & Fisheries QLD)

1 epiphytes & macrelgae (Seagrasd/atch & Fisheries QLD)

1 meadowedge mappingléte dry Seasonlate monsoorSeason) (Fisheries QLD)
1 reproductive health (Fisheries QLD with reporting by JCU)

1 seagrass tissue elements (C:NI&e(drySeason) (Fisheries QLD)

1 in-situwithin canopy temperature (Fisheries QLD)

1 in-situcanopylight (JCUwith field assistance kyisheries QLD

Inter -tidal seagrass abundance, composition and distribution

Survey methodology followed Seagr@atch standard methodology (McKengeal., 2007; see

also www.seagrasswatch.org). At each location, sampling inclvdedites nested in a location and
three 50m transects nested in each site. A site was defined as a 50m x 50m area within a relatively
homogenous section of a representative seagrass community/meadow (Mckaratic2000).
Monitoring at the sites identifid for the Reef Rescue MMP letagm intertidal monitoring irlate

dry (September/October 2009ndlate monsoonMarch/April 2010pf each year was conducted by

a gualified and trained scientist. Monitoring conducted outside theseods was conductedta

some locations by trained/certified local stakeholders/community volunteers. Sites were monitored
for seagrass cover and species composition. Additional information was collected on canopy height,
macro-algae coverepiphyte cover and macrtaunal abundace. An assessment of reproductive
health was also conducted via sele@ink monitoring (predominatelifialodule uninervjs Monitoring

of within canopy temperatures was also recorded at all established 8tagping the edge of the
seagrass meadow within @fh of each monitoring site was conducted at all sites inléite dryand

late monsoommonitoring periodsEdge mapping is used to determine if changes in seagrass
abundance are the result of the meadow shrinking/increasing in distribution or the plant
increasing/decreasing in density, or both. Extent of seagrass within the mapping area is compared
against each sites baseline (first measure). As most distributional changes occur at either the
shoreward or seaward extents of seagrass meadows, a descriftibe t/pe of change is provided.
The shoreward extent is primarily controlled éyposure at low tide, wave action and associated
turbidity and low salinity from fresh water inflow, whillke seaward extent is most likely to be
controlled by the availabily of light for photosynthesis.



Reef Rescue MMP Intertidal Seagrass:

ANNUAL REPORT(1st September 200 9 d 31st May 20 10)

Tablel. Reef Rescue MMP intertidal seagrass (Seadf&sh) longterm monitoring sites. NRM region from www.nrm.gov.au.

GBR NRM region Catchment Monltqung Site Latitude Longitude Seagrass community type
region (Board) location
Far Cape York Endeavour .COOk_tOV_Vn AP1 Archer Point 15° 36.5 145°| 19.143 H. univervis/ H. ovalisith Cymodocea/T. hemprichii
Northern Intertidal fringing reef [ AP2 Archer Point 15° | 36.525 | 145°| 19.108 H. univervis/H. adiswith C. rotundata
Barron Green Island Gl1 Green Island 16° | 45.789 | 145°| 58.31 C. rotundata/T. hemprichivith H. uninervis/H. ovalis
Russelt intertidal offshore reef|  GJ2 Greenlsland | 16° | 45.776 | 145°| 58.501 C. rotundata/T. hemprichivith H. uninervis/H. ovalis
Mulgrave Cairns YP1 Yule Point 16° | 34.159 | 145°| 30.744 H. uninervisvith H. ovalis
Northern Wet Tropics Johnstone Coastal intertidal | YP2 Yule Point 16° | 33.832 | 145° | 30.555 H. uninervisvith H. ovalis
(TerrainNRM Mission Bach LB1 Lugger Bay 17° | 57.645 | 146°| 5.61 H. uninervis
Tully Coastal intertidal LB2 Lugger Bay 17° | 57.674 | 146°| 5.612 H. uninervis
Dunk Island DI1 Dunk Island 17° | 56.6496| 146° | 8.4654 H. uninervisvith T. hemprichii/ C. rotundata
intertidal offshore reef|] DI|2 Dunk Island 17° | 56.7396| 146°| 8.4624 H. uninervisvith T. hemprichii/ C. rotundata
Magnetic island MI1 Picnic Bay 19° | 10.734 | 146° | 50.468 H. uninervisvith H. ovalis & Zostera/T. hagrichii
Burdekin Burdekin intertidal offshore reef| MI2 Cockle Bay 19° | 10.612 | 146°| 49.737 C. serrulata/ H. uninervigith T. hemprichii/H. ovalis
(NQ Dry Tropigs Townsville SB1 Shelley Beach | 19° | 11.046 | 146° | 45.697 H. uninervisvith H. ovalis
Coastal intertidal BB1 | Bushland Beach| 19° | 11.028 | 146°| 40.951 H. uninervisvith H. ovalis
Central Whitsqndays PI2 Pioneer Bay 20° | 16.176 | 148°| 41.586 H. uninervis/ Zosteraith H. ovalis
) Coastal intertidal PI3 Pioneer Bay | 20° | 16.248 | 148° | 41.844 H. uninervisvith Zostera/H ovalis
Mackay Proserpine - : - - - — -
Whitsunday ~ Whitsundays HM1 Hamflton Island [ 20° | 20.7396| 148° | 57.5658 H unlrl.erVISIVIth H.. ovalls- .
(Reef Catchmen intertidal offshore reef| HM2 | Hamilton Island | 20° [ 20.802 | 148° | 58.246 Z. capricornwith H. ovalis/H. uninervis
Pioneer M.ad.(ay . Si1 Sarina Inlet 21° 23.76 | 149° 18.2 Z. capricornwith H. ovalis (H. uninervis)
estuarine intertidal SI2 Sarina Inlet 21° | 23.712 | 149°| 18.276 Z. capricornwith H. ovalis (H. uninervis)
Shoalwater Bay RQ Ross Creek 22° | 22.953 | 150°| 12.685 Zostera capricorniith H. ovalis
Fitoro Fitzroy Coastal intertidal WHL Wheelans Hut | 22° [ 23.926 | 150° | 16.366 Zostera capricorniith H. ovalis
(Fitzroy gasin ~ Keppel Islands GK1 [ Great KeppelIs.| 23° | 11.7834| 150° | 56.3682 H. uninervisvith H. ovalis
Associatio intertidal offshore reef| GK2 Great Keppel Is. | 23° | 11.637 | 150° | 56.3778 H. uninervisvith H. ovalis
Gladstone Harbour| GH1 Gladstone Hbr | 23° | 46.005 | 151° | 18.052 Zostera capricorniith H. ovalis
Southern Boyne estuarine intertidal | GH2 Gladstone Hbr | 23° | 45.874 | 151°| 18.22 Zostera capricorniith H. ovalis
Rodds Bay RD1 Rodds Bay 24° | 3.4812 | 151° | 39.3288 Zostera capricorniith H. ovalis
Burnett Mary Bumett estuarine intertidal | RD2 Rodds Bay [ 24°| 4.866 | 151°| 39.7584 Zostera capricornvith H. ovalis
R((s;irc?r? ;tl g?o?jp Mary He_rveY Bay UGl Urangan 25° | 18.053 | 152°| 54.409 Zostera capr?corn{w?th H. oval?s
estuarine intertidal | UG2 Urangan 25°| 18.197 | 152° | 54.364 Zostera capricorniith H. ovalis




Reef Rescue MMP Intertidal Seagrass: ANNUAL REPORT1st September 200 9 8 31st May 20 10)

Table2. Samples collected at eaghonitoring site per parameter for eashason. Activities include: SG = seagrass cover & composition,
SM=seed monitoring, TN=tissue nutrients, EM=edge mapping, RH=reproductive health, TL=temperature loggers, LL=light
loggers.*=additional activitjunded byFisheries QLO5reyed cells indicate no longer supported by RRMMP but covered by other sources.

) L . late dry Season (2009) late monsoonSeason (2010)
Sector Region Catchment Monitoring location
SG SM TN EM RH TL LL SG SM EM RH TL LL
Far AP1 33 30 3 Y, 15 \% 33 30 Vv
Northern Cape Yik Endeavour Cooktown AP? 33 30 3 Vv 15 vV
Gl1 33 30 3 V 15 \Y V 33 30 \ 15* \Y \Y
Russelt Green Island
Gl2 33 30 3 \% 15 Vv 33 30 Vv 15* Y,
Mulgrave
Johnstone Cairns YP1 33 30 3 \Y% 15 Y, 33 30 Y, 15* Y,
V
Northern Wet Tropics YP2 33 30 3 Vv 15 Y, 33 30 Vv 15* Vv V
Mission Beach LB1 33 30 3 \% 15 \% 33 30 Vv 15* \%
Tull LB2 33 30 3 \% 15 \Y% 33 30 Y, 15* \%
y DI 33 30 3 V 15 V 33 30 V 15V
Dunk Island
DI2 33 30 3 \% 15 \% \Y 33 30 Vv 15* Vv \Y
Magnetic MI1 33 30 3 \Y 15 \Y 33 30 \Y 15* \Y
Burdekin Burdekin Island MI2 33 30 3 \% 15 \% \% 33 30 Vv 15* Vv \%
. SB1 33 30 3 \% 15 \% 33 30 Vv 15* \%
Townsville
BB1 33 30 3 Vv 15 Y, Vv 33 30 Vv 15* Vv V
PI2 33 30 3 \% 15 \% \ 33 30 \% \% \Y
Central Whitsundays 15
. PI3 33 30 3 V 15 \Y 33 30 \Y 15* \Y
Proserpine
Mackay Hamilton Is HM1 33 30 3 vV 15 Y, 33 30 Vv 15* \%
Whitsunday ' HM2 33 30 3 v 15 VvV \Y 33 3 VvV 15 VvV \Y;
Pioneer Macka SI1 33 30 3 vV 15 Y, \ 33 30 \% 15* Y, \%
y SI2 33 30 3 Vv 15 Y, 33 30 Vv 15* \%
Shoalwater RQ 33 30 3 \% 15 \Y% 33 30 \% 15* \%
Fitzro Bay WH1 33 30 3 Vv 15 Y, \ 33 30 Vv 15* Y, V
Fitzro y Great Keppel GK1 33 30 3 Vv 15 \Y 33 30 \% 15* \%
y Is. GK2 33 30 3 Vv 15 Y, 33 30 Vv 15* \%
GH1* 33 30* V* V* 33* 30+ V* V*
Southern Boyne Gladstone
y GH2* 33 30* v* v* 33 30 V*
RD1 33 30 3 Vv \Y 33 30 \Y 15* V
Burnett RoddsBay — pho 33 30 3 v v 33 30 VvV 15 V
Burnett Mary y . . UGL 33 30 3 V 15 V 33 30 V 15 V
an VYR Us2 33 30 3 Vv 15 vV 33 30 V 15 V
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Table3. Presencey() of targeted and foundation seagrasses (Cymodocea rotundata, Halophila
ovalis, Halodule uninervis, Thalassia hemprichii and Zostera capricorni) in monitoring locations
sampled in Reef Rescue MMP for plardguésand reproductive health. Habitat type is classified as
Reef=reef intertidal, Coast=coastal intertidal, Estuary=Estuarine intertidal following the
classification of Carruthers et al. (2002).

Zostera capricroni = Zostera muelurbsp capricorni

"foundation seagrass species
* indicates presence adjacent, but not within, 50m x 50m site.
*only found at Picnic Bay

<
Seagrass g ?c% 2 % E
Y c = Q
CI2IRS NRMRegion | Catchment monitoring - ENE 28 =0
region locati I} 2 S |z g S
ocation 5 g 2| 52| S
T ol ||+ |N
Far *
Northern Cape York Endeavour Cooktown Reef |V | Y |Y Yy’
Daintree NA
Russelt Green Island Reef [V |V |V |Y
Mulgrave
Northern Wet Tropics Johr?stone Yule Point Coast YIY y*
Tl Lugger Bay Coast y* |y
Y Dunk Island Reef |V |YV*|Y |Y
Herbert NA
Burdekin Burdeki Magnetic Island | Reef Y Y|y |y
urdekin
Townsville Coast YIY
Cantral i
Whitsundays Coast YIY y
Mackay Proserpine Whitsunday
Whitsunday Islands Reef y | Y y
Pioneer Mackay Estuary y y
i Shoalwater Bay | Coast y* | y* y
itzro
Fitzroy Y Keppel Islands | Reef YIY
Southern Boyne Gladstone Estuary y | y* y
Burnett Rodds Ba: Estuar
Burnett Mary Y y )f
Mary Hervey Bay | Estuary y* y

Seagrass reproductive health

Seagrass reproductive health was assessatl Bamples collected in tHate dry2009 andate
monsoon2010 at locations identified in Table 2. Samples were processed according to standard
methodologies (McKenzig al, 2010).

In the field, 15 haphazardly placed cores of seagrass were collectacafi@area adjacent (of similar
cover and species composition) to each monitoring site. In the laboratory, reproductive structures
(spathes, frus, femaleandmale flowers) of plants from each core were identified and counted for
each samples and specié&productive effort was calculated as number of reproductive structures
(fruits, flowers, spathes) per core for analysis.

Seeds banks and abundance of germinated seeds were measured according to standard-Seagrass
Watch method{McKenzieet al,, 2010).Seedbanks were compared against the GBR fw@rgn
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average calculated for each habitat. Townsville coastal sites were removed from the calculation of
the longterm average due to their exceptionally high abundances of seeds.

Seagrass tissue nutrients

Inlate dry season (October) 2009, foundation seagrass species tissue nutrient samples were
collected from the monitoring sites, as indicated in TablBlants from hree haphazardly placed
0.25nf quadrats werecollectedfrom an area adjacent (of similar coverdaspecies composition) to
each monitoring site. Leaves were separated from the below ground material in the laboratory and
epiphytic algae removed by gently scraping. Dried and milled samples were analysed according to
McKenzieet al. (2010).Elemental raibs (C:N:P) were calculated on a mole:mole basis using atomic
weights (i.e., C=12, N=14, P=31).

Analysis of tissue nutrient data was based upon the calculation of the atomic ratios of C:N:P. The
maghnitude of these ratios and their temporal changes allomafbroad level understanding of the
physical environment of seagrass meadows. Changing C:N ratios have been found in a number of
experiments and field surveys to be related to light levels (Abal., 1994; Griceet al., 1996; Cabaco

and Santos 2007;d0ier et al,, 2009). Experiments on seagrasses in Queensland have suggested that
at an atomic C:N ratio of less than 20, seagrass may suggest reduced light availabiligy &hbal

1994; Griceet al, 1996).

The ratio of N:P is also a useful indicadsrit is a reflection of thé w S R Fakids {RRdfieldt al.,

MpcoOX YR aSFaANraa gAGK Fy FTd2YAO bY@ tkiddbniAz 27F
and Smith 1983; Fouqureat al., 1997; Fourqurean and Cai 2001). N:P values in exc&8sméay

potentially indicate Rimitation. The median seagrass tissue ratios of C:P is approximately 500

(Atkinson and Smith 1983), therefore deviation from this value is also likely to be indicative of some

level of nutrient enriched or nutrient limited calitions.

Within seagrass canopy temperature

AutonomousiBTag submersible temperature loggers were deployed asiés identified inTablel.
The loggers recordet@mperature (degrees Celsius) within the seagrass canopy every 90 minutes.
iBCod 22L submersible temperatdoggers were attached to the permanent marker at each
Seagras®Vatch site above the sedimemtater interface.

ldzi2zy2Y2dza A. ¢l 3Iu adzoYSNBAOGES GSYLISNI GdzNB 2338
Island (GI1)
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Seagrass canopy light

Submersible Odgey' photosynthetic irradiance@onomous loggers werattached to permanent
station markersat inshore and offshore seagradsgationsfrom the Wet Tropics region to the Fitzroy
region Table2). Measurements wereecorded by the logger every 30 minutésitomatic wiper
brushes cleaned the optical surface of the sensor every 15 minutes to prevent marine organisms
fouling.

{dzo YSNEAOGOES hReéaasSeu LK2G2a8yIKSUGAO ANNEHRAFIYOS
and Cockle Bay (right).

Loggers were calibrated against a certified reference Photosynthetically Active Ra(fakiRh
sensor (I-COR LF192SB Underwater Quantum Sensor) in full direct sunlight conditions.

Reporting Approach

Results and discussi@f monitoring is presented firstly in a GBR general overview and then by the
NRM egions identified in the GBR area. These discrete regions have been used for stratifying issues
of land and catchment based resource management and used to report downstngpacts on the

reef environment such as from the affect of water quality. There arblB&regions identified in
Australia, 15 are in Queensland and six are part of the coastal processes of the GBR. These regions
are mostly based on catchments or biomus using assessments from the National Land and Water
Resources Audit. Regional plans have been developed for each of these setting out the means for
identifying and achieving natural resource management targets and detailing catchwdnt

activities addessing natural resource management issues including land and water management,
biodiversity and agricultural practices. Seagrass habitat data forms part of these targets and
activities.

Within each region, estuarine and coastal habitat boundaries welieeed based on the

Queensland coastal waterways geomorphic habitat mapping, Version 2 (1:100 000 scale digital data)
(Heapet al2001). Reef habitat boundaries were determined using the AUSLIG (now the National
Mapping Division of Geosciences Austrajieddata topgraphicbasemap (1:100 000 scale digital

data).

Conceptual diagrams have been used to illustrate the general seagrass habitats type in each region.
Symbols/icons have been used in the conceptual diagrams to illustrate major controls, prauasses
threats/impacts (Figure 2).

Report card

Four indicatorgpresented as indexed scoresgre chosen as components of the seagrass report
card, and these were divided into community and environment status in recognititive oble of
seagrasss abioindicator:

1C
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Seagrass community status
1. Seagrass abundance
2. Reproductive effort
Seagrass environment status
3. Light availability (seagrass tissue C:N ratio)

4. Nutrient status (seagrass tissue N:P and C:P ratiosegiptyte abundance)
Seagrass abundance

The statusf seagrass abundance was determined using the seagrass abundance guidelines
developed by McKenzie (2009). Subregional seagrass abundance guidelines were developed based
on the 50" and 20" percentiles (as recommended for water quality guidelines) ohalamce data
collected from reference sites (McKenzie 2009). For tHea@ 20" percentiles, error values were
found to level off at around X220 samples, suggesting this number of samples was sufficient to
provide a reasonable estimate of the true pentiée value. Based on the analyses it was
recommended that estimates of the 9@ercentile at a reference site should be based on a
minimum of 18 samples collected over at letisee years. For the SDpercentile a smaller
minimum number of samplegfproximately10¢12) would be adequate but in most situations it
would be necessary to collect sufficient data for th& p@rcentile anyway. For seagrass habitats
with high variability, primarily the result of seasonal fluctuations, a more appropriatejugdmay
however be the 18 percentile (similar to highly disturbed systems).

Using the recommended approach, subregiosedgrass abundanggiidelineghere after known as

& ( BeSgrass guidelinéswere developed for each seagrass habitat types whessible Table4).

If an individual site had 18 or more sampling events and no identified impagtsnfejor loss from
cyclone), abundance guideline was determined at the site or location level and used for the specific
site.

Table4. Subregional seagragercentage covedl dzA R S f Asgdgrass guieliiéS)

percentile guideling(% cover)

NRM Region habitat 10" oh 50
Cape York estuarine
coast
reef 11 16.8 18.9
. estuarine
Wet Tropics coast 5 6.6 12.9
reef 27.5 3197 37.7
. . estuarine
Burdekin Dry Tropics - 11.9 157 211
reef 22.15 26.25 34.5
. estuarine 18* 34.1*
Mackay Wh
ackay Whitsunday - 121 1315  19.1
reef 22.2* 34.5*
. estuarine 18* 34.1%
Fit
121y coast 1585 175  21.6
reef 22.2* 34.5*
Burnett Mary estuarine 10.8 18 34.1
coast

*from nearest adjacent region
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Using theseagrasguidelines, seagrassate was determined for each monitoring event at each site
and allocated as poor (median abundance bel®# @ 10" percentile), fair (median abundance
below 50" and above 28 percentile) or good (median abundance abové Bercentile) state.
Seagrasstate wasthen scored on a scale of 0 to 3 against #eagrasguidelines and relative to the
previoussampling even{Tableb).

Table5. Scores againghe guidelines adjusting for trends.

Trend from previous event
>20% increase >20% decrease

>50" percentile 3 2
median >20<50 percentile 2 1
<20™ percentile 1 0

Scores were then rescaled from 0 to 100 to allow integration with other components of the report
card (Table6).

Table6. Rescaledmres to determine seagrass abundance status.

score 0-100 score status
3 >67-100 good
2 >33.3-67 fair

", 0-333 |INNECORNN

Seagrass reproductive effort

The reproductive effort of seagrasses provides an indication of the capacity of seagrasses to recover
from the loss of an area of seagrass through theuidgrent of new plants, i.e. the resilience of the
population(Collier and Waycott 2009%iven the high diversity of seagrass species that occur in the
GBR coastal zor{@Vaycottet al,, 2007) their variability in production of reproductive structurésg

Orth et al.2006b) a metric that incorporates all available information on the production of flowers

and fruits per node is the most useful.

The production of seeds also reflects a simple measure of the capacity of a seagrass meadow to
recover followiry large scale impact€ollier and Waycott 20094s it is well recognized that coastal
seagrasses are prone to small scale disturbances that cause local(ldskies and Waycott 2009)

and then recover in relatively short periods of time, the need flwrcal seed source is considerable.

In the GBR, the production of seeds comes in numerous forms and assessments must capture these
forms in sampling. Unfortunately, seed banks examined at Sea@gfassh and Reef Rescue MMP

sites are limited to seagrass spes with larger seeds or seeds which are not targeted by consumers.
As a result, seed banks have not been included in the metric for reproductive effort at this time, but
methods for future incorporation are currently being explored.

Using the anual mearof all species pooled itne late dryand compaing with the longterm (2005
2010) average for GBR habit#tie reproductive effort was scored as the number of reproductive
structures per core and the overall status determiné&dlgle7).




























































































































































































































































































































































