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Executive summary  
Overall there are indications that seagrass meadows along the GBR are in a state of decline. The 
indicators of this decline are; 67% of sites with reduced seagrass abundance (below 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 Wet Tropics and Burdekin regions. Elemental ratios of tissue nutrients 
indicate some locations in the Wet Tropics and Mackay Whitsunday have degraded water quality 
with an excess of nutrients compared to light availability. Increased epiphyte loads, possibly 
stimulated by nutrient loading, further exacerbate light limitation on the surfaces of slower-growing 
seagrass leaves in coastal and estuarine habitats. It is not clear if this decline will be reversed with a 
shift in climatic factors.  

Other interactions will also be important to consider. 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 nutrients 
may be expected to have increased reproductive effort ς until 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 Burdekin region. 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 present, GBR seagrass meadows appear the have variable recovery potential due to 
changeable light levels and seed availability both spatially and temporally. 

 

Report card for seagrass status (community & environment) for the GBR and each NRM region: Sept 
2009 ς May 2010. Values are indexed scores scaled from 0-100. Green = good, yellow = moderate, 

gold = fair, red = poor.  

Region 
Seagrass 

Abundance 
Reproductive 

Effort 

Nutrient Status 
(C:P & N:P 

ratios) 

Light 
availability 
(C:N ratio) 

Seagrass 
Index 

Cape York 58 67 33 33 48 

Wet Tropics 50 0 33 33 29 

Burdekin 12 33 67 33 36 

Mackay Whitsunday 31 0 33 33 24 

Fitzroy 52 33 33 67 46 

Burnett Mary 31 0 33 33 24 

GBR 39 38 38 35 37 
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Summary of seagrass condition and overall trend at each NRM region habitat, values are Sep09 ς Apr10 with the long term average in parentheses and 4 
year trajectory in bold. Plant C:N is a surrogate for light where moderate = adequate light availability on average required for growth (C:N>20:1), low = 
less available light on average than required for growth (C:N<20:1); C:P is a surrogate for nutrient status of the habitat where, rich = relatively large P pool 
(C:P <500:1), poor = relatively small P pool (C:P >500:1); N:P is the overall nutrient availability to the plant, where N limited = N:P <25, replete N:P = 25 to 
30; P limited = N:P >30. Percent cover = mean percent cover for sampling period ± SE. Repro 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 & 
late Wet 
Seasons 

Cover (%)  
 
Reef:  16.0±1.7 (18) 
stable 

 
Coast: 11.2±0.8 (12) 
Reef: 20.6±1.2 (28) 
variable 

 
Coast : 7.3±1.0 (16)  
Reef: 8.7±1.2 (32) 
declining 

Estuary: 4.8±0.6 (12) 
Reef: 3.5±0.7 (6) 
Coast: 20.1±1.5 (21) 
declining 

Estuary: 29.9±2.1 (20) 
Reef: 1.4±0.2(2) 
Coast: 26.1±0.8 (22) 
variable 

Estuary: 4.7±0.5 (10) 
 
 
increasing 

Reproduction  Seed 
reserve 
(per m

2
) 

 
 
Reef:  311±87 (163) 
increasing 

 
Coast: 270±65 (272) 
Reef: 2 (1) 
increasing 

 
Coast: 615±213 (2004) 
Reef: 0 (16) 
declining 

Estuary: 0 (31) 
Reef: nil 
Coast: 105±38 (208) 
declining 

Estuary: nil 
Reef: nil 
Coast: nil 
absent 

Estuary: nil (0) 
 
 
decreasing 

  Repro 
effort 
(structures 
per core) 

 
 
Reef: 4.3±1.5 (2.1) 
increasing 

 
Coast: 3.7±0.8 (1.6) 
Reef: 0.9±0.3 (0.8) 
variable 

 
Coast: 23.3±8.3 (24.0) 
Reef: 1.7±0.6 (1.8) 
stable 

Estuary: 1.3±0.4 (3.9) 
Reef: 0.1±0.05 (0.7) 
Coast: 8.3±1.4 (5.7) 
declining 

Estuary: 3±0.7 (8.3) 
Reef: 3.3±0.9 (1.3) 
Coast: 6.3±1.2 (6.2) 
stable 

Estuary: 1.4±0.6 (4) 
 
 
declining 

environment status 

Light 
availability 

Late dry 
Season  

Leaf tissue 
C:N 

 
 
Reef: low 
low light & stable 

 
Coast : low 
Reef: low 
low light & stable 

 
Coast : Low 
Reef: Moderate 
low light & 
decreasing 

Estuary: low 
Reef: low 
Coast: low 
low light & increasing 

Estuary: moderate 
Reef: low 
Coast: moderate 
moderate light & 
increasing 

Estuary: low 
 
 
low light & increasing 

Nutrient 
status 

(enrichment) 

Late dry 
Season 

Leaf tissue 
C:P 

 
 
Reef: poor  
small P pool & 
variable 

 
Coast : rich 
Reef: poor 
moderate nutrients 
& variable 

 
Coast: Rich 
Reef: poor 
high nutrients & 
variable 

Estuary: rich 
Reef: poor 
Coast: poor 
moderate nutrients & 
stable 

Estuary: poor 
Reef: poor 
Coast: poor 
small P pool & 
decreasing 

Estuary: poor 
 
 
small P pool & 
decreasing 

 Late dry 
Season 

Leaf tissue 
N:P  

 
 
Reef: P limited 
nitrogen full & 
increasing 

 
Coast: P limited 
Reef: replete 
nitrogen elevated & 
increasing 

 
Coast: replete 
Reef: P limited 
nitrogen full &  
variable 

Estuary: P limited 
Reef: P limited 
Coast: replete 
nitrogen full &  
variable 

Estuary: P limited 
Reef: P limited 
Coast: replete 
nitrogen full & increasing 

Estuary: P limited 
 
 
nitrogen full & variable 

 Late dry & 
late Wet 
Seasons 

Epiphytes 
(%) 

 
 
Reef: 33.1±3.1 (22) 
increasing 

 
Coast : 11.5±1.2 (12) 
Reef: 14.5±1.2 (20) 
increasing 

 
Coast: 11.6±2.0 (17) 
Reef: 26.3±3.4 (34) 
declining 

Estuary: 11.1±1.2 (12) 
Reef: 14.4±1.2 (20) 
Coast: 2.7±0.3 (15) 
variable 

Estuary: 9.8±1.6 (23) 
Reef: 15.1±2.4 (26) 
Coast: 9.4±0.8 (12) 
declining 

Estuary: 12.4±1.5 (12) 
 
 
increasing 
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1. Introduction  

A key component of Reef Rescue is the implementation of a long-term water quality and ecosystem 
monitoring program in the Great Barrier Reef lagoon. The Australian Government Department of the 
Environment, Water, Heritage and the Arts (DEWHA) has responsibility for implementation of this 
program. Fisheries Queensland (Fisheries QLD) and 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 trend of GBR intertidal seagrass (detect long-term trends in 
seagrass abundance, community structure, distribution, reproductive health, and nutrient 
status from representative intertidal seagrass meadows), 

b. Identify response of seagrass to environmental drivers of 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 monitored to detect human 
influences to coastal ecosystems (Orth et al., 2006). Since 1990, seagrasses globally have been 
declining at a rate of 7% per year (Waycott et al., 2009). Multiple stressors are the cause of this 
decline, the most significant being degraded water quality. In the GBR system, seagrasses are at risk 
from a wide diversity of impacts, in particular where coastal developments occur (Grech 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 species (Carruthers et al., 2002). Much of the connectivity in 
reef ecosystems depends on intact and healthy non-reef 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 used to improve our capacity to predict expected changes to reefs, 
mangroves and associated resources upon which coastal communities depend (Heck et al., 2008). 

There is in excess of 5,000 km2 of coastal seagrass meadows in eastern Queensland waters shallower 
than 15 metres, relatively close to the coast, and in locations that can potentially be influenced by 
adjacent land use practices (Coles et al., 2007). Statistical modeling of the seagrass distribution 
suggests 40,000km2 of the seafloor in the GBR deeper than 15 metres has a probability of some 
seagrass being present (Coles et al., 2003; Coles et al., 2009). This represents about 36% of the total 
recorded area of seagrass in Australia. Monitoring of the major marine ecosystem types most at risk 
from land based 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 river mouth and inshore marine water 
quality 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 water entering the Great Barrier Reef (the Reef) lagoon 
(http://www.reefplan.qld.gov.au/about/rwqpp.shtm, accessed 28 September 2010). The Reef Plan 
builds on existing government policies, and government, industry and community initiatives that 
assist in halting and reversing the decline in the quality of water entering the Reef lagoon. It was 
identified very early in development of the Reef Water Quality Protection Plan (Reef Plan), that the 
existing Seagrass-Watch 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 information by scientists in the field, and 
where stakeholder/community groups can not monitor, Fisheries QLD staff collects the data. 

There are 15 species of seagrass in the GBR. A high diversity of seagrass habitats 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). Seagrasses in the GBR can be separated into four major habitat types: estuary/inlet, coastal, 
reef and deepwater (Carruthers et al., 2002) (Figure 1). All but the outer reef habitats are 
significantly influenced by seasonal and episodic pulses of sediment laden, 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 of dynamic, spatially and temporally variable seagrass meadows.  

 

Figure 1. General conceptual model of seagrass habitats in north east Australia (from Carruthers et 
al., 2002) 

The requirements for formation of healthy seagrass meadows 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, temperature and pH (Waycott 
and McKenzie, 2010). A number of indicators and thresholds 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 monitoring methods were conducted as per McKenzie et al. (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 description of all the 
data collected during the sampling period under the monitoring contract has been collated by 
Natural Resource Management (NRM) region, site, parameter, and the number of samples collected 
per sampling period is listed in Table 2. The presence of the targeted and foundation seagrass species 
at monitoring sites is listed in Table 3. 

The different measures and analysis reported in this document were conducted in collaboration 
between Fisheries Queensland, James Cook University Townsville, and the Seagrass-Watch program 
with each contributing the following: 

¶ seagrass % cover & species composition (Seagrass-Watch & Fisheries QLD) 

¶ seed banks (Seagrass-Watch & Fisheries QLD) 

¶ epiphytes & macro-algae (Seagrass-Watch & Fisheries QLD) 

¶ meadow edge mapping (late dry Season, late monsoon Season) (Fisheries QLD) 

¶ reproductive health (Fisheries QLD with reporting by JCU) 

¶ seagrass tissue elements (C:N:P) (late dry Season) (Fisheries QLD) 

¶ in-situ within canopy temperature (Fisheries QLD) 

¶ in-situ canopy light (JCU with field assistance by Fisheries QLD) 

Inter -tidal seagrass abundance, composition and distribution  

Survey methodology followed Seagrass-Watch standard methodology (McKenzie et al., 2007; see 
also www.seagrasswatch.org). At each location, sampling included two sites 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 (McKenzie et al., 2000). 
Monitoring at the sites identified for the Reef Rescue MMP long-term intertidal monitoring in late 
dry (September/October 2009) and late monsoon (March/April 2010) of each year was conducted by 
a qualified and trained scientist. Monitoring conducted outside these periods, was conducted at 
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 cover, epiphyte cover and macro-faunal abundance. An assessment of reproductive 
health was also conducted via seed bank monitoring (predominately Halodule uninervis). Monitoring 
of within canopy temperatures was also recorded at all established sites. Mapping the edge of the 
seagrass meadow within 100m of each monitoring site was conducted at all sites in the late dry and 
late monsoon monitoring periods. Edge 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 description of the type of change is provided. 
The shoreward extent is primarily controlled by exposure at low tide, wave action and associated 
turbidity and low salinity from fresh water inflow, while the seaward extent is most likely to be 
controlled by the availability of light for photosynthesis.  
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Table 1. Reef Rescue MMP intertidal seagrass (Seagrass-Watch) long-term monitoring sites. NRM region from www.nrm.gov.au. 

GBR 
region 

NRM region 
(Board) 

Catchment 
Monitoring 

location 
Site Latitude Longitude Seagrass community type 

Far 
Northern 

Cape York Endeavour 
Cooktown 

Intertidal fringing reef 

AP1 Archer Point 15° 36.5 145° 19.143 H. univervis/ H. ovalis with Cymodocea/T. hemprichii 

AP2 Archer Point 15° 36.525 145° 19.108 H. univervis/H. ovalis with C. rotundata 

Northern 
Wet Tropics 

(Terrain NRM) 

Barron 
Russell -
Mulgrave 
Johnstone 

Green Island 
intertidal offshore reef 

GI1 Green Island 16° 45.789 145° 58.31 C. rotundata/T. hemprichii with H. uninervis/H. ovalis 

GI2 Green Island 16° 45.776 145° 58.501 C. rotundata/T. hemprichii with H. uninervis/H. ovalis 

Cairns 
Coastal intertidal 

YP1 Yule Point 16° 34.159 145° 30.744 H. uninervis with H. ovalis 

YP2 Yule Point 16° 33.832 145° 30.555 H. uninervis with H. ovalis 

Tully 

Mission Beach 
Coastal intertidal 

LB1 Lugger Bay 17° 57.645 146° 5.61 H. uninervis 

LB2 Lugger Bay 17° 57.674 146° 5.612 H. uninervis 

Dunk Island 
intertidal offshore reef 

DI1 Dunk Island 17° 56.6496 146° 8.4654 H. uninervis with T. hemprichii/ C. rotundata 

DI2 Dunk Island 17° 56.7396 146° 8.4624 H. uninervis with T. hemprichii/ C. rotundata 

Central 

Burdekin 
(NQ Dry Tropics) 

Burdekin 

Magnetic island 
intertidal offshore reef 

MI1 Picnic Bay 19° 10.734 146° 50.468 H. uninervis with H. ovalis & Zostera/T. hemprichii 

MI2 Cockle Bay 19° 10.612 146° 49.737 C. serrulata/ H. uninervis with T. hemprichii/H. ovalis 

Townsville 
Coastal intertidal 

SB1 Shelley Beach 19° 11.046 146° 45.697 H. uninervis with H. ovalis 

BB1 Bushland Beach 19° 11.028 146° 40.951 H. uninervis with H. ovalis 

Mackay 
Whitsunday 

(Reef Catchments) 

Proserpine 

Whitsundays 
Coastal intertidal 

PI2 Pioneer Bay 20° 16.176 148° 41.586 H. uninervis/ Zostera with H. ovalis 

PI3 Pioneer Bay 20° 16.248 148° 41.844 H. uninervis with Zostera/H. ovalis 

Whitsundays 
intertidal offshore reef 

HM1 Hamilton Island 20° 20.7396 148° 57.5658 H. uninervis with H. ovalis 

HM2 Hamilton Island 20° 20.802 148° 58.246 Z. capricorni with H. ovalis/H. uninervis 

Pioneer 
Mackay 

estuarine intertidal 

SI1 Sarina Inlet 21° 23.76 149° 18.2 Z. capricorni with H. ovalis (H. uninervis) 

SI2 Sarina Inlet 21° 23.712 149° 18.276 Z. capricorni with H. ovalis (H. uninervis) 

Southern 

Fitzroy 
(Fitzroy Basin 
Association) 

Fitzroy 

Shoalwater Bay 
Coastal intertidal 

RC1 Ross Creek 22° 22.953 150° 12.685 Zostera capricorni with H. ovalis 

WH1 Wheelans Hut 22° 23.926 150° 16.366 Zostera capricorni with H. ovalis 

Keppel Islands 
intertidal offshore reef 

GK1 Great Keppel Is. 23° 11.7834 150° 56.3682 H. uninervis with H. ovalis 

GK2 Great Keppel Is. 23° 11.637 150° 56.3778 H. uninervis with H. ovalis 

Boyne 
Gladstone Harbour 
estuarine intertidal 

GH1 Gladstone Hbr 23° 46.005 151° 18.052 Zostera capricorni with H. ovalis 

GH2 Gladstone Hbr 23° 45.874 151° 18.224 Zostera capricorni with H. ovalis 

Burnett Mary 
(Burnett Mary 

Regional Group) 

Burnett 
Rodds Bay 

estuarine intertidal 

RD1 Rodds Bay 24° 3.4812 151° 39.3288 Zostera capricorni with H. ovalis 

RD2 Rodds Bay 24° 4.866 151° 39.7584 Zostera capricorni with H. ovalis 

Mary 
Hervey Bay 

estuarine intertidal 

UG1 Urangan 25° 18.053 152° 54.409 Zostera capricorni with H. ovalis 

UG2 Urangan 25° 18.197 152° 54.364 Zostera capricorni with H. ovalis 
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Table 2. Samples collected at each monitoring site per parameter for each season. 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 activity funded by Fisheries QLD. Greyed cells indicate no longer supported by RRMMP but covered by other sources. 

Sector Region Catchment Monitoring location 
late dry Season (2009) late monsoon Season (2010) 

SG SM TN EM RH TL LL SG SM EM RH TL LL 

Far 
Northern 

Cape York Endeavour Cooktown 
AP1 33 30 3 V 15 V  33 30   V  

AP2 33 30 3 V 15 V        

Northern Wet Tropics 

Russell - 
Mulgrave 
Johnstone 

Green Island 
GI1 33 30 3 V 15 V V 33 30 V 15*  V V 

GI2 33 30 3 V 15 V  33 30 V 15*  V  

Cairns 
YP1 33 30 3 V 15 V  33 30 V 15*  V  

YP2 33 30 3 V 15 V V 33 30 V 15*  V V 

Tully 

Mission Beach 
LB1 33 30 3 V 15 V  33 30 V 15*  V  

LB2 33 30 3 V 15 V  33 30 V 15*  V  

Dunk Island 
DI1 33 30 3 V 15 V  33 30 V 15*  V  

DI2 33 30 3 V 15 V V 33 30 V 15*  V V 

Central 

Burdekin Burdekin 

Magnetic 
Island 

MI1 33 30 3 V 15 V  33 30 V 15*  V  

MI2 33 30 3 V 15 V V 33 30 V 15*  V V 

Townsville 
SB1 33 30 3 V 15 V  33 30 V 15*  V  

BB1 33 30 3 V 15 V V 33 30 V 15*  V V 

Mackay 
Whitsunday 

Proserpine 

Whitsundays 
PI2 33 30 3 V 15 V V 33 30 V 15*  V V 

PI3 33 30 3 V 15 V  33 30 V 15*  V  

Hamilton Is. 
HM1 33 30 3 V 15 V  33 30 V 15*  V  

HM2 33 30 3 V 15 V V 33 30 V 15*  V V 

Pioneer Mackay 
SI1 33 30 3 V 15 V V 33 30 V 15*  V V 

SI2 33 30 3 V 15 V  33 30 V 15*  V  

Southern 

Fitzroy  

Fitzroy 

Shoalwater 
Bay 

RC1 33 30 3 V 15 V  33 30 V 15*  V  

WH1 33 30 3 V 15 V V 33 30 V 15*  V V 

Great Keppel 
Is. 

GK1 33 30 3 V 15 V  33 30 V 15*  V  

GK2 33 30 3 V 15 V  33 30 V 15*  V  

Boyne Gladstone 
GH1* 33*  30*   V*   V*   33*  30*  V*   V*   

GH2* 33*  30*   V*   V*   33*  30*  V*     

Burnett Mary 

Burnett Rodds Bay 
RD1 33 30 3 V  V  33 30 V 15*  V  

RD2 33 30 3 V  V  33 30 V 15*  V  

Mary Hervey Bay 
UG1 33 30 3 V 15 V  33 30 V 15*  V  

UG2 33 30 3 V 15 V  33 30 V 15*  V  
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Table 3. Presence (ƴ) 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 plant tissue and 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 muelleri subsp. capricorni 

^ foundation seagrass species 

* indicates presence adjacent, but not within, 50m x 50m site. 
+ only found at Picnic Bay 
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NRM Region Catchment 
Seagrass 

monitoring 
location 

H
a

b
ita

t 
ty

p
e 

C
. 

ro
tu

n
d

a
ta

 ̂

H
. 

o
va

lis
 

H
. 

u
n

in
e

rv
iŝ
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Far 
Northern 

Cape York Endeavour Cooktown Reef ƴ ƴ ƴ 
 
ƴ*  

Northern Wet Tropics 

Daintree NA       

Russell - 
Mulgrave 
Johnstone 

Green Island Reef ƴ ƴ ƴ ƴ  

Yule Point Coast  ƴ ƴ  ƴ*  

Tully 
Lugger Bay Coast  ƴ*  ƴ   

Dunk Island Reef ƴ ƴ*  ƴ ƴ  

Central 

Burdekin  

Herbert NA       

Burdekin 
Magnetic Island Reef  ƴ ƴ ƴ ƴ

+
 

Townsville Coast  ƴ ƴ   

Mackay 
Whitsunday 

Proserpine 

Whitsundays Coast  ƴ ƴ  ƴ 

Whitsunday 
Islands Reef  ƴ ƴ  ƴ 

Pioneer Mackay Estuary  ƴ   ƴ 

Southern 

Fitzroy  
Fitzroy 

Shoalwater Bay Coast  ƴ*  ƴ*   ƴ 

Keppel Islands Reef  ƴ ƴ   
Boyne Gladstone Estuary  ƴ ƴ*   ƴ 

Burnett Mary 
Burnett Rodds Bay Estuary     ƴ 

Mary Hervey Bay Estuary  ƴ*    ƴ 

Seagrass reproductive health  

Seagrass reproductive health was assessed from samples collected in the late dry 2009 and late 
monsoon 2010 at locations identified in Table 2. Samples were processed according to standard 
methodologies (McKenzie et al., 2010). 

In the field, 15 haphazardly placed cores of seagrass were collected from an area adjacent (of similar 
cover and species composition) to each monitoring site. In 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 
(fruits, flowers, spathes) per core for analysis. 

Seeds banks and abundance of germinated seeds were measured according to standard Seagrass-
Watch methods (McKenzie et al., 2010). Seed banks were compared against the GBR long-term 
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average calculated for each habitat. Townsville coastal sites were removed from the calculation of 
the long-term average due to their exceptionally high abundances of seeds.  

Seagrass tissue nutrients  

In late dry season (October) 2009, foundation seagrass species tissue nutrient samples were 
collected from the monitoring sites, as indicated in Table 3. Plants from three haphazardly placed 
0.25m2 quadrats were collected from an area adjacent (of similar cover and species 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 
McKenzie et al. (2010). Elemental ratios (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 
magnitude of these ratios and their temporal changes allow for a broad 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 et al., 1994; Grice et al., 1996; Cabaço 
and Santos 2007; Collier 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 availability (Abal et al., 
1994; Grice et al., 1996).  

The ratio of N:P is also a useful indicator as it is a reflection of the άwŜŘŦƛŜƭŘέ ratios (Redfield et al., 
мфсоύΣ ŀƴŘ ǎŜŀƎǊŀǎǎ ǿƛǘƘ ŀƴ ŀǘƻƳƛŎ bΥt Ǌŀǘƛƻ ƻŦ нр ǘƻ ол Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ΨǊŜǇƭŜǘŜΩ (Atkinson 
and Smith 1983; Fouqurean et al., 1997; Fourqurean and Cai 2001). N:P values in excess of 30 may 
potentially indicate P-limitation. 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 conditions.  

Within seagrass canopy temperature  

Autonomous iBTagϰ submersible temperature loggers were deployed at all sites identified in Table 1. 
The loggers recorded temperature (degrees Celsius) within the seagrass canopy every 90 minutes. 
iBCod 22L submersible temperature loggers were attached to the permanent marker at each 
Seagrass-Watch site above the sediment-water interface. 

 

!ǳǘƻƴƻƳƻǳǎ ƛ.¢ŀƎϰ ǎǳōƳŜǊǎƛōƭŜ ǘŜƳǇŜǊŀǘǳǊŜ ƭƻƎƎŜǊǎ ŀǘǘŀŎƘŜŘ ǘƻ ǇŜǊƳŀƴŜƴǘ ǎƛǘŜ ƳŀǊƪŜǊ ŀǘ DǊŜŜƴ 
Island (GI1) 
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Seagrass canopy light  

Submersible Odysseyϰ photosynthetic irradiance autonomous loggers were attached to permanent 
station markers at inshore and offshore seagrass locations from the Wet Tropics region to the Fitzroy 
region (Table 2). Measurements were recorded by the logger every 30 minutes. Automatic wiper 
brushes cleaned the optical surface of the sensor every 15 minutes to prevent marine organisms 
fouling.  

  

{ǳōƳŜǊǎƛōƭŜ hŘȅǎǎŜȅϰ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ƛǊǊŀŘƛŀƴŎŜ ŀǳǘƻƴƻƳƻǳǎ ƭƻƎƎŜǊǎ ŘŜǇƭƻȅŜŘ ŀǘ 5ǳƴƪ LǎƭŀƴŘ (left) 
and Cockle Bay (right). 

Loggers were calibrated against a certified reference Photosynthetically Active Radiation (PAR) 
sensor (LI-CORϰ LI-192SB Underwater Quantum Sensor) in full direct sunlight conditions. 

Reporting Approach  

Results and discussion of monitoring is presented firstly in a GBR general overview and then by the 
NRM regions 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 downstream impacts on the 
reef environment such as from the affect of water quality. There are 56 NRM 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 bioregions 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 catchment-wide 
activities addressing 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 were delineated based on the 
Queensland coastal waterways geomorphic habitat mapping, Version 2 (1:100 000 scale digital data) 
(Heap et al 2001). Reef habitat boundaries were determined using the 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 region. 
Symbols/icons have been used in the conceptual diagrams to illustrate major controls, processes and 
threats/impacts (Figure 2). 

Report card  

Four indicators (presented as indexed scores) were chosen as components of the seagrass report 
card, and these were divided into community and environment status in recognition of the role of 
seagrass as a bioindicator:  
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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 ratios, and epiphyte abundance) 

Seagrass abundance 

The status of seagrass abundance was determined using the seagrass abundance guidelines 
developed by McKenzie (2009). Subregional seagrass abundance guidelines were developed based 
on the 50th and 20th percentiles (as recommended for water quality guidelines) of abundance data 
collected from reference sites (McKenzie 2009). For the 50th and 20th percentiles, error values were 
found to level off at around 15ς20 samples, suggesting this number of samples was sufficient to 
provide a reasonable estimate of the true percentile value.  Based on the analyses it was 
recommended that estimates of the 20th percentile at a reference site should be based on a 
minimum of 18 samples collected over at least three years. For the 50th percentile a smaller 
minimum number of samples (approximately 10ς12) would be adequate but in most situations it 
would be necessary to collect sufficient data for the 20th percentile anyway. For seagrass habitats 
with high variability, primarily the result of seasonal fluctuations, a more appropriate guideline may 
however be the 10th percentile (similar to highly disturbed systems). 

Using the recommended approach, subregional seagrass abundance guidelines (here after known as 
άǘƘŜ seagrass guidelinesέύ were developed for each seagrass habitat types where possible (Table 4). 
If an individual site had 18 or more sampling events and no identified impacts (e.g., major loss from 
cyclone), abundance guideline was determined at the site or location level and used for the specific 
site.  

Table 4. Subregional seagrass percentage cover ƎǳƛŘŜƭƛƴŜǎ όάǘƘŜ seagrass guidelinesέύ. 

NRM Region habitat 
percentile guideline (% cover) 

10th 20th 50th 

Cape York 
estuarine    
coast    
reef 11 16.8 18.9 

Wet Tropics 
estuarine    
coast 5 6.6 12.9 
reef 27.5 31.9  ̂ 37.7 

Burdekin Dry Tropics 
estuarine    
coast 11.9 15.7 21.1 
reef 22.15 26.25 34.5 

Mackay Whitsunday 
estuarine  18* 34.1* 
coast 12.1 13.15 19.1 
reef 22.2*  34.5* 

Fitzroy 
estuarine  18* 34.1* 
coast 15.85 17.5 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 the seagrass guidelines, seagrass state was determined for each monitoring event at each site 
and allocated as poor (median abundance below 20th or 10th percentile), fair (median abundance 
below 50th and above 20th percentile) or good (median abundance above 50th percentile) state.  
Seagrass state was then scored on a scale of 0 to 3 against the seagrass guidelines and relative to the 
previous sampling event (Table 5).  

Table 5. Scores against the guidelines adjusting for trends. 

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

median 

>50th percentile 3 2 

>20<50th percentile 2 1 

<20th percentile 1 0 

Scores were then rescaled from 0 to 100 to allow integration with other components of the report 
card (Table 6). 

Table 6. Rescaled scores to determine seagrass abundance status. 

score 0-100 score status 

3 >67 - 100 good 

2 >33.3 - 67 fair 

Җ1 0 -33.3 poor 

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 the recruitment of new plants, i.e. the resilience of the 
population (Collier and Waycott 2009). Given the high diversity of seagrass species that occur in the 
GBR coastal zone (Waycott et al., 2007), their variability in production of reproductive structures (e.g. 
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 following large scale impacts (Collier and Waycott 2009). As it is well recognized that coastal 
seagrasses are prone to small scale disturbances that cause local losses (Collier and Waycott 2009) 
and then recover in relatively short periods of time, the need for a local 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 Seagrass-Watch and Reef Rescue MMP 
sites are limited to seagrass species 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 annual mean of all species pooled in the late dry and comparing with the long-term (2005-
2010) average for GBR habitat, the reproductive effort was scored as the number of reproductive 
structures per core and the overall status determined (Table 7). 
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Table 7. Scores for monitoring period reproductive effort average against long-term (2005-2010) 
GBR habitat average. 

Reproductive Effort 
monitoring period / long-term 

score 0-100 score status 

4.0 3 >67 - 100 good 

2.0 2 >33.3 - 67 moderate 

1.0 1 >0 -33.3 fair 

<1.0 0 0.0 poor 

Seagrass environment nutrient status 

The ratios of the most common macronutrients required for plant growth has been used widely as an 
indicator of growth status, in phytoplankton cultures this known as the familiar άwŜŘŦƛŜƭŘέ ratio of 
106C:16N:P (Redfield et al., 1963). Seagrass and other benthic marine plants possess large quantities 
ƻŦ ǎǘǊǳŎǘǳǊŀƭ ŎŀǊōƻƴΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ΨΨǎŜŀƎǊŀǎǎ wŜŘŦƛŜƭŘ ǊŀǘƛƻǎΩΩ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ ōŜǘǿŜŜƴ ррлΥолΥм 
(Atkinson and Smith 1983) and 474:24:1 (Duarte 1990). Like phytoplankton, seagrasses growing in 
eutrophic waters have C:N:P ratios that reflect elevated nitrogen and phosphorus levels (Duarte 
1990). Plants residing in nutrient poor waters show significantly lower N:P and/or higher C:P ratios 
than those from nutrient rich conditions (Atkinson and Smith 1983). Comparing deviations in the 
ratios of carbon, nitrogen and phosphorous (C:N:P) retained within plant tissue has been used 
extensively as an alternative mean of evaluating the nutrient status of coastal waters (Duarte, 1990).  

{ŜŀƎǊŀǎǎ ǿƛǘƘ ŀƴ ŀǘƻƳƛŎ bΥt Ǌŀǘƛƻ ƻŦ нр ǘƻ ол Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ΨǊŜǇƭŜǘŜΩό!ǘƪƛƴǎƻƴ ŀƴŘ {ƳƛǘƘ 
1983; Fouqurean et al., 1997; Fourqurean and Cai 2001). N:P values in excess of 30 may potentially 
indicate P-limitation and less than 25 are considered to show N limitation (Atkinson and Smith 1983; 
Duarte 1990; Fourqurean et al. 1992; Fourqurean and Cai 2001). 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 conditions. A combination of 
these ratios can indicate seagrass environments which are impacted by nutrient enrichment. Plant 
tissue which has a high N:P and low C:P indicates an environment of elevated (saturated) nitrogen. 

Using the guideline ratios of C:P and N:P for the foundation seagrass species (excluding Halophila 
ovalis), nutrient status was scored on a scale of 0 to 3 scale and then rescaled from 0 to 100 to allow 
integration with other components of the report card (Table 8). 

Table 8. Scores for leaf tissue N:P  + C:P ratios against guideline to determine nutrient status 
(enrichment). 

N:P ratio score C:P ratio score 
 FINAL score 

(N:P score + C:P score) 
0-100 score status 

> 30 0 > 500 1  3 >67 - 100 good 

25-30 1 <= 500 0  2 >33.3 - 67 moderate 

<25 2    1 >0 -33.3 fair 

     0 0.0 poor 

 

Increased epiphyte (the plants growing on the surfaces of slower-growing seagrass leaves 
(Borowitzka et al., 2006)) loads may result in shading of seagrass leaves by up to 65%, reducing 
photosynthetic rate and leaf densities of the seagrasses (Sand-Jensen 1977; Tomasko and Lapointe 
1991; Walker and McComb 1992; Tomasko et al. 1996; Frankovich and Fourqurean 1997; Ralph and 
Gademann 1999; Touchette, 2000). In seagrass meadows, increases in the abundance of epiphytes 
are stimulated by nutrient loading (e.g. Borum, 1985; Silberstein et al., 1986; Neckles et al., 1994; 
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Balata et al., 2008) and these increases in abundance have been implicated as the cause for declines 
of seagrasses during eutrophication (e.g. Orth and Moore, 1983; Cambridge et al., 1986). 

Given the observed relationships between nutrient loading and the abundance of epiphytes 
observed in seagrass ecosystems from around the world, and the perceived threat to water quality 
owing to human population, the abundance of epiphytes in seagrass meadows may prove to be a 
valuable indicator for assessing both the current status and trends of the GBR seagrass meadows. 
However, preliminary analysis of the relationship between seagrass abundance and epiphyte cover 
collected by the RRMMP and Seagrass-Watch were inconclusive (McKenzie 2008) and further 
research and analysis is recommended before threshold levels for epiphyte abundances can be used 
as an indicator.  

Seagrass environment light  availability . 

As changing leaf C:N ratios have been found in a number of experiments and field surveys to be 
related to light levels (Abal et al., 1994; Grice et al., 1996; Cabaço and Santos 2007; Collier et al., 
2009) they can be used as an indicator of the light that the plant is receiving. With light limitation, 
seagrass plants are unable to grow (take up carbon), hence the proportion of carbon decreases 
relative to nitrogen. Experiments on seagrasses in Queensland have reported that at an atomic C:N 
ratio of less than 20, may suggest reduced light availability (Abal et al., 1994; Grice et al., 1996). The 
light availability to seagrass is not necessarily an indicator of light in the water column, but an 
indicator of the light that the plant is receiving. This available light can be highly impacted by 
epiphytic growth or sediment smothering photosynthetic leaf tissue. 

Using the guideline ratio of 20:1 for the foundation seagrass species (excluding Halophila ovalis), light 
status was scored on a scale of 0 to 3 scale and then rescaled from 0 to 100 to allow integration with 
other components of the report card (Table 9). 

Table 9. Scores for leaf tissue C:N against guideline to determine light availability. 

C:N ratio Score 0-100 score status 

> 25 3 >67 - 100 good 

20-25 2 >33.3 - 67 moderate 

15-20 1 >0 -33.3 fair 

<15 0 0.0 poor 

Seagrass index 

The seagrass index is average score (0-100) of the four seagrass status indicators chosen for the Reef 
Rescue MMP. Each indicator is equally weighted as we have no preconception that it should be 
otherwise. The overall index is rated and coloured according to the standard scheme adopted by the 
Paddock to Reef reporting (Table 10). 

Table 10. Paddock to Reef index rating scheme. 

80 - 100 excellent 

60 - < 80 good 

40 - < 60 moderate 

20 - < 40 fair 

0 - <20 poor 
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Figure 2. Key to symbols used for conceptual diagrams detailing impacts to seagrasses. 
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3. Results 

 

GBR Summary  

Seagrass meadows are an important component of the GBR nearshore ecosystems. Seagrass species 
diversity differs between locations and habitats in the GBR Region, with inshore reef habitats tending 
to be more diverse than meadows at coastal or estuarine habitats. Intertidal seagrass meadow cover 
(as a percentage of the substrate covered by plant material) also varies between locations along the 
length of the GBR. 

The average seagrass percent cover (over the past 11 years) at each of the intertidal seagrass 
habitats within the GBR are relatively similar: 18% for estuarine, 18% for coastal, and 21% for reef. 
Seagrass abundance has declined across half of the NRM regions monitored, and were in a poor state 
at locations south of Cairns. Findings from the 2009/10 monitoring period indicate that the overall 
status of intertidal seagrass meadows within the GBR were in a fair state (Table 11). The regions of 
greatest concern for seagrass are the Mackay Whitsunday and Burnett Mary where not only has 
seagrass abundance declined, but very poor seed banks and reproductive effort have raised concerns 
about the ability of local seagrass meadows to recover from environmental disturbances. As 
bioindicators of the environmental status of the inshore GBR, seagrass at the intertidal sites 
manifested a trend of nutrient enrichment with plants growing in reducing light levels. Importantly, 
seagrass monitoring data from the Wet Tropics and Mackay Whitsunday regions suggests that 
coastal and estuarine habitats are showing increasing signs of poor water quality conditions, as 
seagrass tissue indicates light limited, nutrient rich environments with elevated nitrogen levels. 

 

Table 11. Report card for seagrass status (community & environment) for the GBR and each NRM 
region: Sept 2009 ς May 2010. Values are indexed scores scaled from 0-100. Green = good, yellow = 

moderate, gold = fair, red = poor.  

Region 
Seagrass 

Abundance 
Reproductive 

Effort 

Nutrient Status 
(C:P & N:P 

ratios) 

Light 
availability 
(C:N ratio) 

Seagrass 
Index 

Cape York 58 67 33 33 48 

Wet Tropics 50 0 33 33 29 

Burdekin 12 33 67 33 36 

Mackay Whitsunday 31 0 33 33 24 

Fitzroy 52 33 33 67 46 

Burnett Mary 31 0 33 33 24 

GBR 39 38 38 35 37 
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Status of the seagrass community 

Seagrass abundance and composition 

Of the 30 sites examined across the GBR in 2009/10, 67% were classified as poor in abundance 
(below the seagrass guidelines) in late monsoon 2010 and only 20% were classified as good. Based on 
the average score against the seagrass guidelines (all sites and seasons pooled), the abundance of 
seagrass in the GBR over the 2009/10 period was classified as fair (average score = 1.23). The overall 
trend in seagrass abundance of the same 30 sites since they were established indicates a significant 
decline (ANOVA, d.f.=10, F=3.78, p<0.001) over the last 4 monitoring periods (Figure 3). 
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Figure 3. Average abundance score (all sites and seasons pooled) for each monitoring period in the 

GBR (° Standard Error). 

Over the past decade, the patterns of seagrass abundance at each GBR habitat type have differed 
(Figure 4). Seagrass abundance has fluctuated greatly in estuarine habitats; most often as a response 
to climate (eg rainfall, temperature and desiccation) and at smaller localized scales there have been 
some acute event related changes. Seagrass meadows in coastal habitats have changed over periods 
of three to five years, however the decadal trend is relatively stable. Inshore reef seagrass meadows 
appear to have declined in abundance over the last four to five years. 
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Figure 4. Generalised trends in seagrass abundance for each habitat type (sites pooled) relative to 
the 95th percentile (equally scaled). The 95th percentile is calculated for each site across all data. 

Abundance of inter-tidal seagrasses at locations in Cape York region and the northern section of the 
Wet Tropics region were stable or increasing; however most locations from Cairns to the southern 
GBR were either variable or have declined over the past 12 months. The only exceptions within the 
southern GBR region were Shoalwater Bay and Gladstone Harbour which increased in abundance. 
Locations which had severe losses in 2006 (eg Gladstone and Urangan) have either fully or 
significantly recovered (>70% of long-term average) by the late monsoon 2010 (Table 12).  

Most of these declining locations have poor seed reserves (Table 12). In addition, many of these sites 
have low or below average reproductive effort in general and as a result recovery time may take 
longer, between 18 months and three years as it will be dependent on vegetative growth and/or 
translocation of vegetative fragments, or arrival of seeds from outside the area that has experienced 
loss.  
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Intertidal estuarine locations were only monitored in the Mackay Whitsunday, Fitzroy and Burnett 
Mary regions over the past 12 months. Seagrass abundance at estuarine monitoring sites continues 
to vary greatly seasonally (Figure 4). Abundances declined in late monsoon 2009, possibly a 
consequence of the flooding across the regions and have not shown any significant recovery at 
recovered at three of the 4 locations. Seed banks remain absent at estuarine intertidal sites (Table 
12), indicating a relatively low capacity to recover. Recovery at Urangan in the 2009 growing season 
(August-November) would have been primarily the result of vegetative growth. 

Intertidal coastal sites were monitored in the Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy 
regions over the past 12 months. Seagrass abundance at coastal intertidal seagrass meadows has 
remained relatively stable decadally (Figure 4, Table 12), however it declined over the last monitoring 
period. Seed banks continued to decline throughout the 2009/10 monitoring period. 

Six reef habitat locations were monitored by the Reef Rescue MMP within the GBR in the Cape York, 
Wet Tropics, Burdekin and Mackay Whitsunday regions over the past 12 months. Reef habitats are 
more seagrass species diverse. The more dominant seagrass species in reef habitats of the GBR 
include Cymodocea rotundata, Thalassia hemprichii, and the colonising species Halophila ovalis and 
Halodule uninervis. Although one location is on the mainland (Archer Point), most are located on 
near-shore reef-platforms associated with continental islands or coral cays. Seagrass abundance at 
intertidal reef-platform seagrass meadows were lower last five years than the previous five years 
(Figure 4). Within years, seagrass abundance fluctuates greatly between seasons. Seed banks are 
very low at reef habitats compared to both estuarine and coastal intertidal habitats (Table 12). Seed 
abundance also appears to fluctuate greatly both within and between years, which is possibly a 
consequence of the species diversity with relatively low occurrence of Halodule uninervis. 
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Table 12. Summary of seagrass condition and overall trend at each monitoring location (sites pooled) for each Season. Cover = % seagrass cover, Seeds = 
seeds per m2 sediment surface, meadow = edge mapping within 100m of monitoring sites, epiphytes = % cover on seagrass leaves, macro-algae = % cover. 
Trend data values presented as Oct09 ς Apr010 (long-term average in parenthesis) and colours represent direction of trend, where red= declining, green = 
stable or increasing, yellow = variable. 

Region Catchment Location 
% cover 

Long Term 
Average 

% cover late dry  % cover late monsoon  Overall trend since late dry 2005 

2009 
% Difference 
2008 to 2009 

2010 
% Difference 
2009 to 2010 

Seagrass 
Cover 

Seagrass 
Seeds 

Meadow Epiphytes Macro-Algae 

Cape York Endeavour Archer Point 18.1 °1.9 16.1 °2.1 similar 15.2  °3.1 
>20% 

decrease 
stable 

187 - 288 (162) 
increase 

variable 
30 ï 39 (27) 

increase 
3 - 2 (9) 
decline 

Wet 
Tropics 

Barron 
Russell - 
Mulgrave 
Johnstone 

Yule Point 15.7 °1.3 20.1 °1.4 similar 17.4 °1.6 
>20% 

decrease 
increase 

611 - 459 (386) 
decline 

variable 
16 -22 (21) 
increase 

1 (2) 
decline 

Green Is 40.2 °2.2 36.5 °1.7 
>20% 

increase 
36.4 °2.1 similar stable nil stable 

28 - 12 (27) 
increase 

3 - 15 (4) 
increase 

Tully ï  
Murray 

Lugger Bay 4.3 °0.6 6.6 °0.8 similar 0.4 °0.1 
>20% 

decrease 
variable 

9 - 0 (4) 
variable 

variable 
8 - 1 (3) 
increase 

0 (<1) 
stable 

Dunk Is 9.7 °1.0 6.7 °0.8 
>20% 

decrease 
2.9 °0.3 

>20% 
decrease 

variable 
8 - 0 (3) 
variable 

stable 
10 - 7 (16) 

decline 
4 (6) 

variable 

Burdekin  Burdekin 

Townsville 16.9 °2.1 7.7 °1.0 similar 2.0 °0.4 
>20% 

decrease 
decline 

675 ï 764 
(2004) 
decline 

decline 
4 - 1 (15) 
decline 

3 - 1 (4) 
decline 

Magnetic Is 30.8 °2.5 11.0 °2.2 
>20% 

decrease 
6.5 °1.1 

>20% 
decrease 

decline 
0 (16) 
decline 

decline 
43 - 6 (38) 

decline 
8 - 9 (7) 
stable 

Mackay  
Whitsunday 

Proserpine 

Pioneer Bay 20.2 °1.6 29.4 °2.3 similar 10.9 °1.1 
>20% 

decrease 
variable 

71 - 161 (208) 
stable 

increase 
4 - 2 (14) 
decline 

2 - 1 (11) 
decline 

Hamilton Is* 6.3 °1.1 1.6 °1.5 
>20% 

decrease 
2.9 °0.8 

>20% 
increase 

decline nil variable 
14 - 4 (15) 

decline 
1 - 3 (3) 
stable 

Pioneer Sarina Inlet 13.8 °1.5 7.6 °1.1 
>20% 

decrease 
2.0 °0.5 

>20% 
decrease 

decline 
0 (31) 
stable 

decline 
22 - 0 (14) 

stable 
<1 (2) 

variable 

Fitzroy 

Fitzroy 

Shoalwater 22.9 °1.4 29.2 °1.1 similar 23.0 °1.1 similar increase nil stable 
10 ï 8 (12) 

decline 
4 - 1 (5) 
decline 

Great Keppel 2.3 °0.5 2.1 °0.4 
>20% 

increase 
0.7 °0.2 

>20% 
decrease 

decline nil variable 
19 - 11 (27) 

decline 
2 - 18 (8) 

stable 

Boyne Gladstone 21.0 °1.7 30.8 °1.8 similar 28.9 °4.0 
>20% 

increase 
increase nil variable 

16 - 4 (22) 
decline 

2 -<1 (12) 
decline 

Burnett 
Mary 

Burnett Rodds Bay 11.6 °1.4 1.3 °0.5 
>20% 

decrease 
0 

>20% 
decrease 

decline 
0 (1) 
stable 

variable 
5 - 0 (5) 
decline 

1 - 6 (2) 
increase 

Mary Urangan 15.0 °1.0 6.5 °1.3 
>20% 

increase 
11.0 °1.2 

>20% 
decrease 

variable nil variable 
5 - 39 (20) 
variable 

4 - 0 (1) 
variable 
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Seagrass reproductive status 

There is a difference in the observed reproductive effort in different habitats sampled across the GBR 
(Figure 5). Coastal habitats on average produce more flowers, fruits and seeds per sampled area than 
either estuarine or reefal seagrasses. However, the two coastal sites in the Burdekin region (Bushland 
Beach and Shelley Beach) dominate the results in this region and significantly alter the results. 
Without these two sites, coastal and estuarine sites produce similar numbers of reproductive 
structures. Reefal sites produce fewer reproductive structures, putatively because of lower nutrient 
availability although research is required to confirm this. As an indicator of the capacity of seagrass 
meadows to recover following major disturbance, reef sites in 2009 in all regions except Mackay 
Whitsunday were average or above average. The Mackay Whitsunday region were significantly below 
average corresponding with a decline in seagrass % cover. The Wet Tropics region coastal sites were 
below average and all estuarine sites were below average. These also corresponded to previous 
declines in seagrass cover in these regions. 

 

a. b.  

Figure 5. Reproductive effort (mean number reproductive structures per core ± s.e.) of intertidal 
seagrass meadows for each habitat type for NRM regions in the GBR sampled during dry seasons. 
a. reproductive effort across all years sampled (2005-2010) for each habitat type in each region. 
Horizontal lines depict the whole of GBR mean reproductive effort across all sampling years by way 
of reference. b. reproductive effort for the 2009 sample for each habitat type in each NRM. 
Horizontal lines depict the whole of GBR mean reproductive effort across all sampling years by way 
of reference. 

Status of the seagrass environment 

Seagrass tissue nutrients 

Tissue nutrient concentrations were variable between years, both across habitats and within habitats 
between years. By pooling across species and habitat types, some trends are apparent.  

Tissue nitrogen concentrations (%N and %P) have increased since monitoring began across all 
habitats (species pooled), however the 2005 values may be unreliable due to contamination of the 
samples during the grinding phase (see McKenzie et al., 2006a).  
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Figure 6. Mean tissue nutrient concentrations (±Standard Error) in seagrass leaves for each habitat 
type (species pooled) over the entire monitoring program. Dashed lines indicate global threshold 
values of 1.8% and 0.2% for tissue nitrogen and phosphorus, respectively (Duarte 1990). 

In 2009, mean tissue nitrogen and phosphorus concentrations for all habitats declined (Figure 6).  
However, since 2005, mean tissue nitrogen concentrations for all habitats have exceeded the global 
threshold values of 1.8% (Duarte 1990; Schaffelke et al., 2005) (Figure 6).  Although mean tissue 
phosphorus concentrations for all habitats exceeded the global threshold values of 0.2% (Duarte 
1990; Schaffelke et al., 2005) in 2008, declines in 2009 resulted in concentrations for reef and 
estuarine habitats dropping back to below the global average (Figure 6). Although some concerns 
have been raised as to accuracy of the global tissue nutrient values (Schaffelke et al., 2005), coastal 
tissue concentrations in 2009 remained similar to 2007 and higher than the 2005 baseline. 

C:N ratios have been shown in a number of experiments and field surveys to be related to light levels 
(Abal et al., 1994; Grice et al., 1996; Cabaço and Santos 2007; Collier et al., 2009). With increasing 
light availability, plants increase growth, thereby taking on more carbon relative to nitrogen. 
Experiments on seagrasses in Queensland have suggested that at an atomic C:N ratio <20, may 
suggest reduced light availability (Abal et al., 1994; Grice et al., 1996). In 2009, all three habitat types 
(coast, reef and estuary) had C:N ratios <20; these levels have mostly declined since 2005. These low 
C:N levels in 2009 potentially indicate reduced light availability (Figure 7). 
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Figure 7. Elemental ratios (atomic) of seagrass leaf tissue C:N for each habitat each year 
(foundation species pooled). Horizontal shaded band on the C:N ratio panel represents the 
accepted guideline ǎŜŀƎǊŀǎǎ άwŜŘŦƛŜƭŘέ Ǌŀǘƛƻ of 20:1 (Abal et al. 1994; Grice et al. 1996). C:N ratios 
below this line indicate reduced light availability. 
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In 2009, all seagrass species within all habitat types of the Mackay Whitsunday region had C:N ratios 
<20. Similarly, all estuary seagrass species in the Burnett Mary region and all seagrass species in 
coastal habitats from the Wet Tropics region south to Mackay Whitsunday region, had C:N ratios 
<20. 

Coastal habitats across the GBR were consistently rich in nutrients relative to carbon with C:P ratios 
below 500, indicating a relatively large P pool (Figure 8). Reef habitats became poorer in nutrients in 
2009, indicating a relatively small P pool, which is expected for calcium carbonate dominated 
sediments which bind P to the CaCO3 matrix, making it less available for plants. C:P ratios have 
fluctuated greatly in estuary habitats, and in 2009 were similar to 2006 levels where nutrients were 
much poorer (Figure 8). 

In 2009, all seagrass species within the reef habitat of Cape York had N:P ratios >30, indicating P-
limitation. Only Halophila ovalis and Cymodocea serrulata within coastal and reef habitats in the Wet 
Tropics and Burdekin regions had N:P ratios <30, indicating N-limitation. Within all other species and 
habitats levels of N:P were between 25 and 30 in 2009, indicating seagrass to be nutrient replete, 
and potentially nutrient saturated. Within coastal habitats these levels had consistently increased 
since 2005, until 2009 when they dropped slightly (Figure 8). In estuary habitats, N:P has remained 
mostly unchanged between years, however in reef habitats N:P significantly increased from 2008 to 
2009, indicating increasing levels of nitrogen enrichment. 
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Figure 8. Elemental ratios (atomic) of seagrass leaf tissue N:P and C:P for each habitat 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 
άwŜŘŦƛŜƭŘέ Ǌŀǘƛƻ ό!ǘƪƛƴǎƻƴ ŀƴŘ {ƳƛǘƘΣ мфуоΤ 5ǳŀǊǘe, 1990; Fourqurean et al., 1992; Fourqurean & 
Cai 2001). 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, C:P values <500 may indicate nutrient rich habitats 
(large P pool). 
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Locations where seagrass are growing in low light environments (C:N is low), with a relatively large P 
pool (C:P is rich) and an even larger N pool (N:P is P limited) indicate relatively poor water quality. 
Two locations met these criteria in 2009: Sarina Inlet (Mackay Whitsunday region) and Yule Point 
(Wet Tropics region) (Table 13). Sarina Inlet and Yule Point were also identified as poor water quality 
locations in 2008, together with Lugger Bay (Wet Tropics region) and Townsville (Burdekin region). In 
2009/10, with the exception of Yule Point, seagrass declined significantly in abundance at locations 
identified with relatively poor water quality in the previous monitoring period (Table 13). At Yule 
Point, however, seagrass abundance continued to increase in 2009 until the monsoon (Table 12). 

 

Table 13. Summary of elemental ratios (atomic) of seagrass leaf tissue condition at each seagrass 
monitoring location, values are Sep/Oct 2009 with the 2008 value in parentheses. Light orange = 
sites of concern with respect to water quality. Plant elemental C:N is a surrogate for light where 

moderate = adequate light availability on average required for growth (C:N>20:1), low = less 
available light on average than required for growth (C:N<20:1); C:P is a surrogate for nutrient 

status of the habitat where, rich = relatively large P pool (C:P <500:1), poor = relatively small P pool 
(C:P >500:1); N:P is the overall nutrient availability to the plant, where N-limited = N:P <25, replete 

N:P = 25 to 30; P-limited = N:P >30. 

Region Catchment 
Location 
(habitat) 

C:Nplant 

status 
C:Pplant 

status 
N:Pplant 

status 

Cape York Endeavour 
Archer Pt  
(reef) 

low 
(low) 

poor 
(rich) 

P-limited 
(N-limited) 

Wet Tropics 

Barron 
Russell - Mulgrave 
Johnstone 

Yule Pt 
(coast) 

low 
(low) 

rich 
(rich) 

P-limited 
(P-limited) 

Green Is 
(reef) 

moderate 
 (moderate) 

poor 
(poor) 

replete 
(replete) 

Tully ï  
Murray 

Lugger Bay 
(coast) 

low 
(low) 

rich 
(rich) 

replete 
(P-limited) 

Dunk Is 
(reef) 

moderate 
(poor) 

poor 
(poor) 

replete 
(replete) 

Burdekin Burdekin 

Townsville 
(coast) 

low 
(low) 

rich 
(rich) 

replete 
(P-limited) 

Magnetic Is 
(reef) 

moderate 
(moderate) 

poor 
(poor) 

P-limited 
(replete) 

Mackay Whitsunday 
Proserpine 

Pioneer Bay 
(coast) 

low 
(low) 

poor 
(rich) 

replete 
(N-limited) 

Hamilton Is* 
(reef) 

low 
(low) 

poor 
(rich) 

P-limited 
(replete) 

Pioneer 
Sarina Inlet 
(estuary) 

low 
(low) 

rich 
(rich) 

P-limited 
(P-limited) 

Fitzroy 
Fitzroy 

Shoalwater 
(coast) 

moderate 
(moderate) 

poor 
(rich) 

replete 
(replete) 

Great Keppel 
(reef) 

low 
(low) 

poor 
(rich) 

P-limited 
(replete) 

Boyne 
Gladstone 
(estuary) 

moderate 
(low) 

poor 
(rich) 

P-limited 
(replete) 

Burnett Mary 
Burnett 

Rodds Bay 
(estuary) 

low 
(moderate) 

poor 
(rich) 

P-limited 
(N-limited) 

Mary 
Urangan 
(estuary) 

low 
(low) 

poor 
(rich) 

replete 
(replete) 

Epiphytes and macro-algae 

Epiphyte abundance was dependent on seagrass presence and for some habitats, time of 
year/season. In coastal habitats, epiphyte cover was significantly higher in the monsoon period 
(ANOVA, d.f.=3, F=5.12, p=0.006), however in estuarine habitats, epiphyte cover was significantly 
higher in the late dry (ANOVA, d.f.=3, F=3.58, p=0.03). At intertidal reef habitats, there was no 
difference in epiphyte abundance between seasons (ANOVA, d.f.=3, F=1.64, p=0.2). Generally trends 
in epiphyte cover are similar to seagrass abundance, however epiphyte cover appears to be 
increasing and remaining above the GBR long-term average at coastal habitats (Figure 9).  
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Figure 9. Epiphyte abundance (% cover) at each seagrass habitat monitored (sites pooled) (±SE). 
Red line = GBR long-term average. 

Some macro-algal overgrowth was reported at monitoring sites, but abundance was not as high as 
epiphytes and apart from the reef habitats, was below the GBR long-term average during the 
2009/10 monitoring period (Figure 10).  
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Figure 10. Macro-algal abundance (% cover) at each seagrass habitat monitored (sites pooled) 
(±SE). Red line = GBR long-term average. 
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Cape York  

2009/10 Summary 

The majority of the land in Cape York Peninsula is relatively undeveloped and waters entering the 
lagoon are perceived to be of a high quality. Only one seagrass location, Archer Point, is monitored in 
the Cape York region. It is a reef habitat, located in the southern section of the region and seagrass 
growth is primarily controlled by physical disturbance from waves and swell and associated sediment 
movement. Seagrass abundance in 2009/10 was relatively stable and seed banks increased above the 
GBR long-term average, indicating higher recovery potential to disturbances. Plant tissue nutrient 
ratios suggest the seagrass habitat had moderate/fair light availability, was nutrient poor and the 
plants N-limited. Epiphyte fouling of seagrass leaves increased above the GBR long-term average. 
Climate in the region (Cooktown) was warmer and drier over the monitoring period and within 
canopy temperatures in the 2009 calendar year were slightly higher than previous. Overall the status 
of seagrass condition in the region was rated as moderate. 
 

Table 14. Report card for seagrass status (community & environment) for the Cape York region: 

Sept 2009 ς May 2010. Values are indexed scores scaled from 0-100. Yellow = moderate, 
gold = fair. 

Habitat Abundance 
Reproductive 

Effort 

Nutrient 
status 

(C:P & N:P ratios)  

Light 
availability 

(C:N ratio) 

Seagrass 
Index 

reef intertidal 58 67 33 33 48 

coastal intertidal not monitored 

estuarine intertidal not monitored 

Cape York  58 67 33 33 48 

 

Background 

Cape York Peninsula is the northernmost extremity of Australia. From its tip at Cape York it extends 
southward in Queensland for about 800 km, widening to its base, which spans 650 km from Cairns 
(east) to the Gilbert River (west). The largest rivers empty into the gulf, however there are several 
significant catchments which empty into the GBR. The region has a monsoonal climate with distinct 
wet and dry seasons with mean annual rainfall ranging from 1715 mm (Starke region) to 2159 mm 
(Lockhart River airport). Most rain falls between December and April.  Mean daily air temperatures in 
the area range from 19.2 ς 32.1°C. The prevailing winds are from the south east and persist 
throughout the year (EarthTech, 2005). 

Cape York Peninsula is an area of exceptional conservation value and has cultural value of great 
significance to both Indigenous and non-Indigenous communities. The majority of the land is 
relatively undeveloped, therefore water entering the lagoon is perceived to be of a high quality. 
Mining, agriculture, shipping tourism and commercial and recreational fishing are the major 
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economic activities. All have potential to expand in this region and with this expansion the possible 
increase in pollutants.  

Of the seagrass habitats types identified for the GBR (Figure 1), Reef Rescue MMP monitoring of 
intertidal seagrass meadows within this region is on a fringing reef platform. These habitats in the 
Cape York region support diverse seagrass assemblages. Approximately 3% of all mapped seagrass 
meadows in the Cape York region are located on fringing-reefs (Coles et al., 2007). On fringing-reefs, 
physical disturbance from waves and swell and associated sediment movement primarily control 
seagrass growing in these habitats (Figure 11). Shallow unstable sediment, fluctuating temperature, 
and variable salinity in intertidal regions characterize these habitats. Sediment movement due to 
bioturbation and prevalent wave exposure creates an unstable environment where it is difficult for 
seagrass seedlings to establish or persist. 

 

Figure 11. Conceptual diagram of reef-platform habitat in the Cape York region ς major control is 
pulsed physical disturbance, salinity and temperature extremes: general habitat and seagrass 
meadow processes (see Figure 2 for icon explanation). 

The monitoring sites at Archer Point were located in a protected section of bay adjacent to Archer 
Point, fringed by mangroves, approximately 15km south of Cooktown. There are two major rivers 
within the immediate region: the Endeavour and the Annan River. The Endeavour River is the larger 
of the two river systems and has a catchment area of approximately 992 km2. The Annan River is 
located approximately 5 km south of Cooktown and extends inland from Walker Bay. The Annan 
River catchment area is approximately 850 km2 (Hortle and Pearson 1990). The Kuku Yalanji bama 
are the traditional people connected to country between Mowbray River (Port Douglas) and the 
Annan River. 

Status of the seagrass community 

Seagrass abundance and composition 

Cape York region reef habitat seagrass cover long-term average was between 16% in the dry and 19% 
in late dry season (Figure 12). Sampling was discontinued at Archer Point site AP2 after late dry 2009, 
however Seagrass-Watch volunteers continued to monitor Archer Point site AP1. Seagrass 
abundance, although below the GBR long-term average, remained stable over the past 12 months at 
AP1 and decreased at AP2 in the late dry (Figure 12).  
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coastal fringing-reef intertidal H. uninervis/H. ovalis
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Figure 12. Seagrass abundance (% cover, ± Standard Error) at Archer Point, inshore intertidal 
fringing-reef habitat (sites pooled). Red line = GBR long-term average for reef habitats. 

The Cape York region reef sites were dominated by Halodule uninervis and Halophila ovalis with 
varying amounts of Cymodocea rotundata (Figure 13). Although sites were only 50m apart, AP2 had 
slightly more Cymodocea and Thalassia present. Species composition has varied since sampling 
began in 2003 with the composition of Halophila ovalis increasing in 2006/07; coinciding with 
significant losses in abundance. Since then, the composition of Halophila ovalis has fluctuated 
seasonally with increases in the late monsoon following disturbance followed by deceases when the 
foundation species (Halodule and Cymodocea) increase.  
 

  
Monospecific H. uninervis (AP1) and mixed H. uninervis/C. rotundata (AP2). 

  
Quadrat at 5m on transect 3 at AP1 on 27 March 2009 (left) and 1 October 2009 (right)  
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Figure 13. Location of the Cape York region monitoring sites and seagrass species percent 
composition at each site since 2003. Please note: replicate sites within 500m of each other. 

 

Since monitoring was established at Archer Point site 1 (AP1) in 2003, seagrass cover has generally 
followed a seasonal trend with higher abundance in late dry to monsoon period (Figure 14). The 
seasonal trend at Archer Point site 2 (AP2) is less apparent. 








































































































































































































