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Executive summary  
The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in the 
Great Barrier Reef (GBR) lagoon assesses the long-term effectiveness of the Australian and 
vǳŜŜƴǎƭŀƴŘ DƻǾŜǊƴƳŜƴǘΩǎ wŜŜŦ ²ŀǘŜǊ vǳŀƭƛǘȅ tǊƻǘŜŎǘƛƻƴ tƭŀƴ όwŜŜŦ tƭŀƴύ ŀƴŘ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ 
DƻǾŜǊƴƳŜƴǘΩǎ wŜŜŦ wŜǎŎǳŜ ƛƴƛǘƛŀǘƛǾŜΦ 9ǎǘŀōƭƛǎƘŜŘ ƛƴ нллр ǘƻ ƘŜƭǇ ŀǎǎŜǎǎ ǘƘŜ ƭƻƴƎ-term status and 
health of GBR ecosystems the MMP is a critical component in the assessment of regional water 
quality as land management practices are improved across GBR catchments. The program forms an 
integral part of the Reef Plan Paddock to Reef Integrated Monitoring, Modelling and Reporting 
Program (P2R program) supported through Reef Plan and Reef Rescue. This report details the results 
of sampling that has occurred under the MMP to assess the status and identify responses to the 
environmental drivers of trends in the inshore seagrass ecosystems of the GBR lagoon. 

Inshore seagrass meadows along the developed (agricultural/urban) coast of the GBR were in a 
vulnerable condition with declining trajectories prior to 2011. Following the extreme weather events 
of early 2011, inshore seagrass meadows throughout much of the GBR were in a dire condition after 
experiencing widespread and substantial losses. As a critical component of the GBR inshore 
ecosystems, the substantial loss of seagrass had devastating flow-on effects to the dugong and green 
turtle populations, which are highly dependent on seagrass as their primary food supply.  

Throughout 2011/12, seagrass condition in the far north (Cape York and Wet Tropics) continued to 
decline, whereas seagrass condition in remaining NRM regions slightly improved, but remained in 
either a poor or very poor state (Table 1). Overall the system remains in low health status (very poor 
condition).  

Table 1. Report card for seagrass status for the GBR and each NRM region: July 2011 ς May 2012. 
Values are indexed scores scaled from 0-100; ƴ = very good (80-100), ƴ = good (60 - <80), 

ƴ = moderate (40 - <60), ƴ = poor (20 - <40), ƴ = very poor (0 - <20).  

Region 
Seagrass 

Abundance 
Reproductive 

Effort 
Nutrient status 

(C:N ratio) 
Seagrass 

Index 

Cape York 25 13 21 20 

Wet Tropics 13 3 21 13 

Burdekin 11 19 21 17 

Mackay Whitsunday 14 0 13 9 

Fitzroy 31 17 50 33 

Burnett Mary 5 0 47 18 

GBR 15 12 27 18 

The capacity of seagrass meadows to recover following catastrophic disturbances, or survive 
unfavourable periods for growth, depends on the interaction between light availability, nutrient 
loads, suitable habitat and the availability of seeds or propagules to form the foundation of new 
populations. In the current reporting year, light availability improved relative to previous years at a 
number of locations and turbidity had reduced where measured. Runoff from adjacent catchments 
was less in 2011/12 than the previous year, which possibly reduced sediment loads and improved 
light available for seagrass growth. Coincident with improved light availability at most sites, 68% of 
the meadows which had declined in extent or were absent for some period over the previous 2-5 
years, reappeared or expanded in early 2012. Locations where seagrass meadow extent increased 
relative to the previous monitoring period underwent a state change, primarily a consequence of the 
proliferation of colonising seagrass species such as Halophila ovalis, rather than recovery of 
foundation species. 
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Recovery, however, did not commence at all sites in 2011/12. Although light improved, it is possible 
that light levels may not have increased sufficiently (i.e. recovery thresholds higher than impact 
thresholds). There may also be other associated impacts, such as elevated nutrient concentrations, 
for which there is evidence at many sites. Seagrass leaf tissue nutrients for foundation species across 
the majority of GBR locations in late 2011 suggested P and N surplus to C requirements. The high 
tissue nutrient concentrations measured were likely a consequence of the elevated N, influenced by 
anthropogenic N sources such as fertiliser at the majority of sites within the influence of major rivers. 
The elevated nitrogen in the system would not be unexpected after a period of increased runoff. 
However, elevated N may increase epiphyte and macroalgae loads in the future, which could 
compromise the light available for photosynthesis and in turn reduce seagrass survival and capacity 
to produce a viable seed bank. This may leave the meadows vulnerable to further environmental 
perturbations from which some may then fail to recover after loss. 

The presence of increasing seed banks in several locations over the current monitoring period will 
improve the capacity of the seagrass to recover, however it may take another 1-2 years for recovery 
to progress to the foundation species as reproductive effort has generally declined. There are some 
locations (e.g. Lugger Bay, Dunk Island, Great Keppel Island) which risk protracted recovery due to an 
absent seed bank, and where seagrass abundance and reproductive effort remain low.  

With the onset of recovery from previous stressors, indications are that once re-established, seagrass 
meadows of the inshore GBR are expected to increase in abundance and distribution should 
environmental conditions remain favourable. Recovery processes will be key to maintaining the long-
term health of these seagrass meadows. Unfortunately, the characteristics of seagrass meadows that 
confer resilience are not well understood, and require priority attention as we are challenged to 
maintain long-term resilience of these important ecosystems as other cumulative impacts worsen 
due to changes in disturbance regimes.   
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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 
Sustainability, Environment, Water, Population and Communities (SEWPaC) has responsibility for 
implementation of this program. Fisheries Queensland (DAFF)1 and James Cook University (JCU) were 
contracted to provide the inshore seagrass monitoring component. The key aims 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 inshore seagrass meadows), 

b. Identify response of seagrass to environmental drivers of change, 

c. Integrate 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. 2006a). 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 seagrass ecosystems, nutrients and 
light are the most common limiting factors that control abundance and these factors are interrelated 
(see Waycott and McKenzie 2010). Indeed, the various threats to seagrass ecosystems along the 
coast of the GBR will cause a variety of impacts to seagrass growth (Grech et al. 2011; Figure 1). In 
the GBR system, seagrasses are at risk from a wide diversity of impacts, in particular where coastal 
developments occur (Grech et al. 2010).  

 

Figure 1. Conceptual diagram depicting threats to seagrass meadows and potential limitations to 
seagrass growth in inshore regions of the GBR related to changing water quality (adapted from 
Waycott and McKenzie 2010).  

As seagrasses are well recognised as integrators of environmental stressors, monitoring their status 
and trend can provide insight into the status of the surrounding environment (e.g. Dennison et al. 
1997). In low nutrient, oligotrophic systems there is typically high light availability to the plants, while 
high nutrient, eutrophic ecosystems have little light reaching the benthos (Johnson et al. 2006). 

                                                           

1
 The Fisheries Queensland (DAFF) contract was novated to James Cook University (JCU) on 17th December 2012. 
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Monitoring of C:N:P ratios may be advantageous for the early detection of changes in nutrient 
regimes for environmentally sensitive seagrasses (Johnson, et al. 2006; Waycott and McKenzie 2010). 
Observations of trends in indicators such as C:N:P ratios or changes in seagrass meadow composition 
provide insight into the responses of seagrasses to environmental change (Waycott and McKenzie 
2010). We have developed a matrix of comparison for these indicators (Table 2) and have evidence 
of seagrass responses in most categories. This framework, provides a structure for acknowledging 
and interpreting the variety of indicators being used to detect different types of environmental 
change. 

Table 2. Response stages of seagrass meadows to external stressors and the indicator responses 
observed in Great Barrier Reef monitored seagrass meadows(adapted from Waycott and McKenzie 

2010) * utilised in Paddock to Reef reporting. 

Indicator Sub-lethal 
(ecophysiological) 

State change 
(whole plant and population scale) 

Population decline 
(whole meadow scale) 

Tissue nutrients  Ratios of key macronutrients 
change to indicate relative 
excesses (i.e. C:N*, C:P, N:P) 

Limited by species variable 
upper threshold 

- 

Chlorophyll concentrations  Rapid short term changes 
observed  

Limited by species variable 
upper threshold  

- 

Production of reproductive 
structures  

- Reduced flowering and 
fruiting, loss of seeds for 
meadow recovery seen as 
high variability among 
sites* 

Threshold reached where 
no reproduction occurs 

Change in plant morphology  - Reduction in leaf area  Threshold reached 
Community structure  - Change in species 

composition 
Loss of species 

Change in species 
abundance (population 
structure)  

- Change in abundance of 
species (i.e. % cover)* 

Reduction in effective 
population size 

Change in meadow area  - - Reduction (or increase) in 
total meadow area 

Recovery time from loss  Limited or no change Measurably delayed Potentially no recovery if 
threshold reached 

In addition to the multiple stressors, the tropical seagrass ecosystems of the GBR are a complex 
mosaic of different habitat types comprised of multiple seagrass species (Carruthers et al. 2002) in 
which timing and mechanisms that capture their dynamism are relatively poorly understood. The 
seagrass ecosystems of the GBR, on a global scale, would be for the most part categorised as being 
dominated by disturbance opportunist species (e.g. Halophila, Halodule and Zostera) typically having 
low standing biomass and high turnover rates (Carruthers, et al. 2002; Waycott et al. 2007). In more 
sheltered areas, including in reef top or inshore protected areas, more persistent species are found, 
although are still relatively capable of being responsive to disturbance (Carruthers, et al. 2002; 
Waycott, et al. 2007; Collier and Waycott 2009). As a result, baseline condition of dynamic 
ecosystems requires a greater level of understanding of causes of dynamism although considerable 
insight into the causes and responses of ecosystems to perturbations can be inferred when these 
insights are gained. However, when comparing the species present in the coastal GBR, the area 
covered by this monitoring program, as well as the ecosystems and drivers themselves, monitoring 
approaches, thresholds and system drivers being studied in other coastal seagrass ecosystems 
around the world, which are predominantly in temperate Northern Hemisphere systems (Orth, et al. 
2006a; Waycott, et al. 2009), few system wide parameters are comparable, as a result, monitoring 
the unique GBR seagrass system requires baseline understanding to be gained and not rely on 
models and predictions generated by systems elsewhere. 

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 
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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 (Waycott et 
al. 2011a). These non-reef habitats are particularly important to the maintenance and regeneration 
of populations, e.g., reef fish.  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). 

Approximately 3,063 km2 of coastal seagrass meadows has been mapped in Great Barrier Reef World 
Heritage Area (GBRWHA) waters shallower than 15m, and in locations that can potentially be 
influenced by adjacent land use practices (McKenzie et al. 2010b). An additional 31,778 km2 of the 
sea floor within the GBRWHA has some seagrass present (Coles et al. 2009a). This represents more 
than 50% of the total recorded area of seagrass in Australia (Green and Short 2003) and between 6% 
and 12% globally (Duarte et al. 2005ύ ƳŀƪƛƴƎ ǘƘŜ DǊŜŀǘ .ŀǊǊƛŜǊ wŜŜŦΩǎ ǎŜŀƎǊŀǎǎ ǊŜǎƻǳǊŎŜǎ Ǝƭƻōŀƭƭȅ 
significant. 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. 

There are 15 species of seagrass in the GBR (Waycott, et al. 2007). 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 2). 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 2. 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  

In the following, an overview is given of the sample collection, preparation and analyses methods. 
Detailed documentation of the methods used in the MMP, including quality assurance and quality 
control procedures, is available in a separate report, updated in May 2012 (McKenzie et al. 2010a). 

Sampling design & site selection  

The sampling design was selected for the detection of change in inshore seagrass meadows in 
response to improvements in water quality parameters associated to specific catchments or groups 
of catchments (Region) and to disturbance events. 

One of the paramount requirements at the onset of the Marine Monitoring Program, apart from 
being scientifically robust, was that its findings must have broad acceptance and ownership by the 
North Queensland and Australian community. It was identified very early in development of Reef 
Rescue (previously know as the Reef Plan), that existing long-term monitoring programs (e.g. 
Seagrass-Watch) and legacy sites provided an excellent opportunity on which the inshore seagrass 
monitoring component could be based. In late 2004 all data collected within the GBR region as part 
of existing monƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳǎ ǿŜǊŜ ǎǳǇǇƭƛŜŘ ǘƻ DƭŜƴƴ 5ŜΩŀǘƘ ό{ŜƴƛƻǊ {ǘŀǘƛǎǘƛŎƛŀƴΣ !La{ύ ŦƻǊ 
ƛƴŘŜǇŜƴŘŜƴǘ ǊŜǾƛŜǿΦ 5ŜΩŀǘƘ ό2005) examined the available datasets to estimate expected 
performance of the monitoring program. Seagrass data included from 2000ς2004 and was collected 
from 63 sites in 29 locations from Cooktown to Hervey Bay. Results concluded that the existing 
monitoring was providing valuable information about long-term trends and spatial differences, with 
changes in seagrass cover occurring at various spatial and temporal scales. The report recommended 
that the value of the monitoring would be greatly enhanced by adding more widely spread locations. 

The meadows monitored within the MMP were selected by the GBRMPA, using advice from expert 
working groups. The selection of meadows was based upon two primary considerations: 

1. meadows were representative of seagrass habitats and seagrass communities across each 
region (based on Lee Long et al. 1993, Lee Long et al. 1997, Lee Long et al. 1998; McKenzie et 
al. 2000; Rasheed et al. 2003; Campbell et al. 2002;  Goldsworthy 1994) 

2. sampling locations where possible include legacy sites (e.g. Seagrass-Watch, MTSRF) or sites 
where seagrass research had been focused (e.g. Dennison et al. 1995; Thorogood and 
Boggon 1999; Udy et al. 1999; Haynes et al. 2000a; Inglis 2000; Campbell and McKenzie 
2001; Mellors 2003; Campbell and McKenzie 2004; Mellors et al. 2004; Limpus et al. 2005; 
McMahon et al. 2005; Lobb 2006). 

To account for spatial heterogeneity of meadows within habitats, two sites were selected at each 
location. Meadows were selected using mapping surveys across the regions prior to site 
establishment.  Representative meadows were those which covered the greater extent of the 
resource, were generally the dominant seagrass community type and were within GBR average 
abundances (based on Coles et al. 2001a; Coles et al. 2001c, 2001b, 2001d). Ideally mapping was 
conducted immediately prior to site positioning, however in most cases it was based on historic 
(>5yr) information. The final constraint on site selection was that the Minimum Detectable 
Difference (MDD) had to be below 20% (at the 5% level of significance with 80% power) (Bros and 
Cowell 1987). 
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From the onset, inshore seagrass monitoring for the MMP was focused primarily on lower littoral 
seagrass meadows due to: 

¶ accessibility and cost effectiveness (limiting use of vessels and divers) 
¶ Work Place Health and Safety due to dangerous marine animals (e.g., crocodiles, box jellyfish 

and irukandji) 
¶ occurrence of meadows in estuarine, coastal and reef habitats across the entire GBR, and 
¶ provides an opportunity for community involvement, ensuring broad acceptance and 

ownership of Reef Rescue by the Queensland and Australian community. 

Although considered intertidal within the MMP, the meadows chosen for monitoring were in fact 
lower littoral (rarely not inundated) and sub littoral (permanently covered with water). This limited 
monitoring to the very low spring tides within small tidal windows (mostly 2-4hrs per day for 1-2 days 
per month for 6-8 months of the year). Traditional approaches using seagrass monitoring to assess 
water quality have been developed for subtidal meadows typified by small tidal ranges (e.g., Florida = 
0.7m, Chesapeake Bay = 0.6m) and clear waters where the seaward edges of meadows were only 
determined by light (EHMP 2008). Unfortunately, depth range monitoring in subtropical/tropical 
seagrass meadows has not been as successful as initially expected (e.g. Moreton Bay ) and seagrass 
meadows within the Great Barrier Reef lagoon do not conform to traditional ecosystem models 
because of the system complexity (Carruthers, et al. 2002), including: 

¶ a variety of habitat types (estuarine, coastal, reef and deepwater); 
¶ a large variety of seagrass species with differencing life history traits and strategies; 
¶ tidal ranges spanning 3.42m (Cairns) to 7.14m (Hay Point) (www.msq.qld.gov.au); 
¶ a variety of substrates, from terrigenous with high organic content, to oligotrophic calcium 

carbonate; 
¶ turbid nearshore to clearer offshore waters; 
¶ large herbivorous marine mammals and reptiles influencing meadow community structure 

and landscapes; 
¶ near absence of shallow subtidal meadows south of the Whitsundays due to the large tides 

which scour the seabed. 

Deepwater (>15m) meadows across the GBR are predominately dominated by Halophila species and 
are highly variable in abundance and distribution (Lee Long et al. 2000). Due to this high variability 
they are generally not recommended for monitoring as the Minimum Detectable Difference (MDD) is 
very poor at the 5% level of significance with 80% power (McKenzie et al. 1998). Predominately 
stable lower littoral meadows of foundation species (e.g., Zostera) are best for determining 
significant change/impact (McKenzie et al. 1998). Nevertheless, where possible, shallow (<1.5m 
below Lowest Astronomical Tide) subtidal monitoring has been conducted since October 2009 at 
locations in the Burdekin and Wet Tropics regions. These sites were chosen as they were dominated 
by species similar to adjacent lower littoral meadows. 

Due to the high diversity of seagrass species across the GBR, it was decided in consultation with 
GBRMPA to direct monitoring toward the foundation seagrass species across the seagrass habitats. A 
foundation species is the dominant primary producer in an ecosystem both in terms of abundance 
and influence, playing central roles in sustaining ecosystem services (Angelini et al. 2011). The 
activities of foundation species physically modify the environment and produce and maintain 
habitats that benefit other organisms that use those habitats. For the seagrass habitats assessed in 
the MMP, the foundation seagrass species were those species which typified the habitats both in 
abundance and structure when the meadow was considered in it's steady state (Figure 3). The 
foundation species were all di-meristematic leaf-replacing forms. 
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Figure 3. Illustration of seagrass recovery after loss and the categories of successional species over 
time (from McKenzie et al. 2012). Recovery times based on Campbell and McKenzie (2004), 
McKenzie et al. (2010b), Birch and Birch (1984), McKenzie and Campbell (2003), Preen et al. (1995), 
Rasheed et al. (2014). 

The timing of the monitoring within the MMP was decided by the GBRMPA, using advice from expert 
working groups. As the major period of runoff from catchments and agricultural lands was the 
tropical wet season/monsoon (December to April), monitoring was focussed on the late dry season 
(seagrass growing season) and late wet season to capture the status of seagrass prior and post wet. 

Seagrass monitoring methods were conducted as per McKenzie et al. (2010). In early 2012, additional 
monitoring sites were established in the Cape York region north of Cooktown and within Bowling 
Green Bay (Burdekin region), with financial support from Reef Plan operations (Regional Services, 
DAFF).  Forty five sites were monitored during the 2011/12 monitoring period (Table 3). This included 
seven coastal, five estuarine and nine reef locations (i.e. two-three sites at each location). At the reef 
locations in the Burdekin and Wet Tropics, intertidal sites were paired with a subtidal site (Table 3). A 
description of all data collected during the sampling period under the monitoring contract has been 
collated by Natural Resource Management (NRM) region, site, parameter, and the number of 
samples collected per sampling period is listed in Table 4. The seagrass species present at each 
monitoring site (including foundation seagrass species) is listed in Table 4. 
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Seagrass abundance, composition and dist ribution  

Field survey methodology followed standardised protocols (McKenzie et al., 2003). At each location, 
with the exception of subtidal sites, sampling included two sites nested in a location. Subtidal sites 
were not replicated within locations. Intertidal sites were defined as a 50m x 50m area within a 
relatively homogenous section of a representative seagrass community/meadow (McKenzie et al., 
2000). The sampling strategy for subtidal sites was modified to sample along 50m transects 2-3 m 
apart (aligned along the depth contour) due to logistics of SCUBA diving in waters of poor visibility. 
Monitoring at sites in the late dry (September/October 2011) and late monsoon (March/April 2012) 
of each year was conducted by a qualified and trained scientist. Monitoring conducted outside these 
periods was conducted by a trained scientist assisted by volunteers. At each site, during each survey, 
observers recorded the percent seagrass cover within a 50 cm × 50 cm quadrat every 5 m along three 
50m transects, placed 25m apart. A total of 33 quadrats were sampled per site. Seagrass abundance 
was visually estimated as the fraction of the seabed (substrate) obscured by the seagrass species 
when submerged and viewed from above. This method was used because the technique has wider 
application and is very quick, requiring only minutes at each quadrat; yet it is robust and highly 
repeatable, thereby minimising among-observer differences. Quadrat percent cover measurements 
have also been found to be far more efficient in detecting differences in seagrass abundance than 
seagrass blade counts or measures of above- or below-ground biomass (Heidelbaugh and Nelson 
1996). To improve resolution and allow greater differentiation at very low percentage covers (e.g. 
<3%), shoot counts (higher accurate at low densities) based on global species density maxima were 
used. For example: 1 pair of Halophila ovalis leaves in a quadrat = 0.1%; 1 shoot/ramet of Zostera in a 
quadrat = 0.2%. Seagrass species were identified as per Waycott et al. (2004). Additional information 
was collected at the quadrat level, although only included as narrative in this report, including: 
seagrass canopy height of the dominant strap leaved species; macrofaunal abundance; abundance of 
burrows (as an measure of bioturbation); presence of herbivory (e.g. dugong and sea turtle); a 
visual/tactile assessment of sediment composition (see McKenzie 2007); and observations on the 
presence of superficial sediment structures such as ripples and sand waves to provide evidence of 
physical processes in the area (see Koch 2001). 

Mapping the edge of the seagrass meadow within 100m of each intertidal monitoring site was 
conducted in the late dry and late monsoon monitoring periods. Edge mapping was used to 
determine if changes in seagrass abundance were 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 was compared against each site's baseline (first measure). 
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Table 3. Reef Rescue MMP inshore seagrass long-term monitoring sites. NRM region from www.nrm.gov.au. * = intertidal, ^=subtidal. 
GBR 

region 
NRM region 

(Board) 
Catchment 

Monitoring 
location 

Site Latitude Longitude Seagrass community type 

Far 
Northern 

Cape York 

 

Shelburne Bay 
coastal 

SR1* Shelburne Bay 11° 53.233 142° 54.851 H. ovalis with H. uninervis/T. hemprichii 
SR2* Shelburne Bay 11° 53.251 142° 54.938 H. ovalis with H. uninervis/T. hemprichii 

Piper Reef 
reef 

FR1* Farmer Is. 12° 15.352 143° 14.020 T. hemprichii with C. rotundata/H. ovalis 
FR2* Farmer Is. 12° 15.448 143° 14.185 T. hemprichii with C. rotundata/H. ovalis 

Normanby 

Stanley Island 
reef 

ST1* Stanley Island 14° 8.576 144° 14.680 H. ovalis/H. uninervis with T. hemprichii/C. rotundata 
ST2* Stanley Island 14° 8.547 144° 14.588 H. ovalis/H. uninervis with T. hemprichii/C. rotundata 

Bathurst Bay 
coastal 

BY1* Bathurst Bay 14° 16.082 144° 13.961 H. uninervis with H. ovalis/T. hemprichii/C. rotundata 
BY2* Bathurst Bay 14° 16.062 144° 13.896 H. uninervis with H. ovalis/T. hemprichii/C. rotundata 

Endeavour 
Cooktown 

reef 
AP1* Archer Point 15° 36.500 145° 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) 

Mossman 
Low Isles 

reef 
LI1* Low Isles 16° 23.11 145° 33.88 H.ovalis/H.uninervis 
LI2  ̂ Low Isles 16° 22.97 145° 33.85 H.ovalis/H.uninervis 

Barron 
Russell -Mulgrave 

Johnstone 

Cairns 
coastal 

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 

Green Island 
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 
GI3  ̂ Green Island 16° 45.29 145° 58.38 C. rotundata/ H. uninervis/C.serrulata/S.isoetifolium 

Tully 

Mission Beach 
coastal 

LB1* Lugger Bay 17° 57.645 146° 5.61 H. uninervis 
LB2* Lugger Bay 17° 57.674 146° 5.612 H. uninervis 

Dunk Island 
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 
DI3  ̂ Dunk Island 17° 55.91 146° 08.42 H. uninervis /  H. ovalis/ H.decipiens/C. serrulata 

Central 

Burdekin 
(NQ Dry Tropics) 

Burdekin 

Magnetic island 
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 
MI3^ Picnic Bay 19° 10.734 146° 50.468 H. uninervis with H. ovalis & Zostera/T. hemprichii 

Townsville 
coastal 

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 

Bowling Green Bay 
coastal 

JR1* Jerona (Barratta Ck) 19° 25.380 147° 14.480 H. uninervis with Zostera/H. ovalis 
JR2* Jerona (Barratta Ck) 19° 25.281 147° 14.425 H. uninervis with Zostera/H. ovalis 

Mackay Whitsunday 
(Reef Catchments) 

Proserpine 

Whitsundays 
coastal 

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 
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. muelleri with H. ovalis/H. uninervis 

Pioneer 
Mackay 

estuarine  
SI1* Sarina Inlet 21° 23.76 149° 18.2 Z. muelleri with H. ovalis (H. uninervis) 
SI2* Sarina Inlet 21° 23.712 149° 18.276 Z. muelleri with H. ovalis (H. uninervis) 

Southern 

Fitzroy 
(Fitzroy Basin 
Association) 

Fitzroy 

Shoalwater Bay 
coastal 

RC1* Ross Creek 22° 22.953 150° 12.685 Zostera muelleri with H. ovalis 
WH1* Wheelans Hut 22° 23.926 150° 16.366 Zostera muelleri with H. ovalis 

Keppel Islands 
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 
GH1* Gladstone Hbr 23° 46.005 151° 18.052 Zostera muelleri with H. ovalis 
GH2* Gladstone Hbr 23° 45.874 151° 18.224 Zostera muelleri with H. ovalis 

Burnett Mary 
(Burnett Mary 

Regional Group) 

Burnett 
Rodds Bay 
estuarine 

RD1* Rodds Bay 24° 3.4812 151° 39.3288 Zostera muelleri with H. ovalis 
RD2* Rodds Bay 24° 4.866 151° 39.7584 Zostera muelleri with H. ovalis 

Mary 
Hervey Bay 
estuarine 

UG1* Urangan 25° 18.053 152° 54.409 Zostera muelleri with H. ovalis 
UG2* Urangan 25° 18.197 152° 54.364 Zostera muelleri with H. ovalis 
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Table 4. Samples collected at each monitoring site for each season. Activities include: SG = seagrass cover & composition, SM= seed monitoring, TN=tissue 

nutrients, EM=edge mapping, RH=reproductive health, SH=sediment herbicides, TL=temperature loggers, LL=light loggers. ^=subtidal. 

Region Catchment Monitoring location 
late dry Season (2011) late monsoon Season (2012) 

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

Cape York 

 
Shelburne Bay 

SR1        33 30 V 15* V V  
SR2        33 30 V 15* V V  

Piper Reef 
FR1        33 30 V 15* V V  
FR2        33 30 V 15* V V  

Normanby 
Stanley Island 

ST1        33 30 V 15* V V  
ST2        33 30 V 15* V V  

Bathurst Bay 
BY1        33 30 V 15* V V  
BY2        33 30 V 15* V V  

Endeavour Archer Point 
AP1 33 30 3 V 15 V  33 30 V 15*  V  
AP2 33 30 3 V 15 V  33 30 V 15*  V  

Wet Tropics 

Mossman Low Isles 
LI1 33 30 3 V 15 V V 33 30 V 15¥  V V 
LI2  ̂ 33 30 3 V 15 V V 33 30 V 15¥  V V 

Barron 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 

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  
GI3  ̂ 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 
DI3  ̂ 33 30 3 V 15 V V 33 30 V 15¥  V V 

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 
MI3^ 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 

Bowling Green Bay 
JR1        33 30 V 15* V V  
JR2        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  

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 . 
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 V 



Reef Rescue MMP Inshore Seagrass: ANNUAL REPORT (1st July 2011 ï 31st June 2012) 

12 

Table 5. Presence of foundation (Â) aƴŘ ƻǘƘŜǊ ό ύ ǎŜŀƎǊŀǎǎ ǎǇŜŎƛŜǎ ƛƴ ƳƻƴƛǘƻǊƛƴƎ ƭƻŎŀǘƛƻƴǎ ǎŀƳǇƭŜŘ 
in Reef Rescue MMP for plant tissue and reproductive health. Habitat type is classified as Reef, 

Coast, and Estuary following the classification of Carruthers et al. (2002). 

NRM Region Catchment 
Seagrass 

Monitoring 
location 

Habitat type 

C
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Z
. m

u
e
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ri 

Cape York 

 
Shelburne Bay Coast intertidal    Ã Â    

Piper Reef Reef intertidal Â      Â  

Normanby 
Stanley Reef Reef intertidal Â    Â  Â  

Bathurst Bay Coast intertidal     Â    

Endeavour Archer Point Reef intertidal Â   Ã Â   Ã*  

Wet Tropics 

Daintree Low Isles Reef 
Intertidal    Ã Â  Â  

subtidal    Ã Â    

Russell - 
Mulgrave, 
Johnstone 

Yule Point Coast Intertidal    Ã Â   Ã*  

Green Island Reef 
intertidal Â Ã  Ã Â  Â  

subtidal Â Â  Ã Â Ã   

Tully 

Lugger Bay Coast intertidal    Ã*  Â    

Dunk Island Reef 
intertidal Â Ã  Ã* Â  Â  

subtidal  Â Ã Ã Â    

Burdekin 
Herbert, 
Burdekin 

Magnetic Island Reef 
intertidal Ã Â  Ã Â  Ã Ã*  

subtidal  Â Ã Ã Â    

Townsville Coast intertidal    Ã Â    

Bowling Green Bay Coast intertidal    Ã Â   Â 

Mackay 
Whitsunday 

Proserpine 
Pioneer Bay Coast intertidal    Ã Â   Â 

Hamilton Island Reef intertidal    Ã Â   Â 

Pioneer Sarina Inlet Estuary intertidal    Ã Â   Â 

Fitzroy  
Fitzroy 

Shoalwater Bay Coast intertidal    Ã*  Ã*    Â 

Keppel Islands Reef intertidal    Ã Â   Â 

Boyne Gladstone Estuary intertidal    Ã Ã*    Â 

Burnett Mary 
Burnett Rodds Bay Estuary intertidal    Ã    Â 

Mary Hervey Bay Estuary intertidal    Ã*     Â 

Zostera muelleri = Zostera muelleri subsp. capricorni, as revision of Zostera capricorni (Jacobs et al. 
2006) resulted in classification to subspecies. * indicates presence adjacent, but not within, 50m x 
50m site. 

Seagrass reproductive health  

Seagrass reproductive health was assessed from samples collected in the late dry 2011 and late 
monsoon 2012 at locations identified in Table 4. Samples were processed according to standard 
methodologies (McKenzie, et al. 2010a). 

In the field, 15 haphazardly placed cores (10cm diameter x 10cm depth) 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 
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core were identified and counted for each samples and species. Reproductive effort was calculated 
as number of reproductive structures (fruits, flowers, spathes; species pooled) per core for analysis. 

Seeds banks and abundance of germinated seeds were sampled according to standard methods 
(McKenzie, et al. 2010a) by sieving (2mm mesh) 30 cores (50mm diameter, 10cm depth) of sediment 
collected across each site and counting the seeds retained in each. For Zostera muelleri, where the 
seed are <1mm diameter, intact cores (18) were collected and returned to the laboratory where they 
were washed through a 710µm sieve and seeds identified using a hand lens/microscope. 

Seagrass tissue nutrients  

In late dry season (October) 2011, foundational seagrass species leaf tissue nutrient samples were 
collected from each monitoring site (Table 4, Table 5). For nutrient status comparisons, collections 
were recommended during the growth season (e.g. late dry when nutrient contents are at a 
minimum) (Mellors et al. 2005) and at the same time of the year and at the same depth at the 
different localities (Borum et al. 2004). Shoots 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. 
(2010a). 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 
ratios of the most common macronutrients required for plant growth has been used widely as an 
indicator of growth status, in phytoplankton cultures this is known as the άwŜŘŦƛŜƭŘέ ratio of 
106C:16N:P (Redfield et al. 1963). Seagrass and other benthic marine plants possess large quantities 
of structural carbon, rŜǎǳƭǘƛƴƎ ƛƴ ΨΨǎŜŀƎǊŀǎǎ wŜŘŦƛŜƭŘ ǊŀǘƛƻǎΩΩ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ ōŜǘǿŜŜƴ ррлΥолΥм 
(Atkinson and Smith 1983) and 474:24:1 (Duarte 1990). The magnitude of these ratios and their 
temporal changes allow for a broad level understanding of the physical environment of seagrass 
meadows. 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 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).  

Changing C:N ratios have been found in a number of experiments and field surveys to be related to 
light levels, as leaves with an atomic C:N ratio of less than 20, may suggest reduced light availability 
when N is not in surplus (Abal et al. 1994; Grice et al. 1996; Cabaço and Santos 2007; Collier et al. 
2009). The ratio of N:P is also a useful indicator as it is a reflection of the άwŜŘŦƛŜƭŘέ ratios (Redfield, 
et al. 1963ύΣ ŀƴŘ ǎŜŀƎǊŀǎǎ ǿƛǘƘ ŀƴ ŀǘƻƳƛŎ bΥt Ǌŀǘƛƻ ƻŦ нр ǘƻ ол Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ΨǊŜǇƭŜǘŜΩ (well 
supplied and balanced macronutrients for growth) (Atkinson and Smith 1983; Fourqurean 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. 1992b; 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. 

Investigations of the differences in each individual tissue ratio within each of the species revealed 
that although tissue nutrient concentrations were extremely variable between locations and 
between years, by pooling species within habitat types trends were apparent (McKenzie and 
Unsworth 2009). As seagrass tissue nutrient ratios of the foundation species were generally not 
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significantly different from each other at a site within each sampling period (McKenzie and Unsworth 
2009), the tissue nutrient ratios were pooled at the request of the GBRMPA to assist with 
interpretation of the findings.  

To identify the sources of the nitrogen and provide insight into the occurrence of carbon limitation 
associated with light limitation, leaf tissue were also analysed for nitrogen and carbon stable isotope 
ratios (ɻ 15b ŀƴŘ ʵ13C). 

There are two naturally occurring atomic forms of nitrogen (N). The common form that contains 
seven protons and seven neutrons is referred to as 14N, and a heavier form that contains an extra 
neutron is called 15N: with 0.3663% of atmospheric N in the heavy form. Plants and animals 
assimilate both forms of nitrogen, and the ratio of 14N to 15N compared to an atmospheric standard 
όʵ15N) can be determined by analysis of tissue on a stable isotope mass spectrometer using the 
following equation: 
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{ŜŀƎǊŀǎǎŜǎ ŀǊŜ ǇŀǎǎƛǾŜ ƛƴŘƛŎŀǘƻǊǎ ƻŦ ʵ15N enrichment, as they integrated the signature of their 
environment over time throughout their growth cycle. The various sources of nitrogen pollution to 
coastal ecosystems often have distinguishable 15N/14N ratios (Heaton 1986), and in regions subject to 
anthropogenic inputs of nitrogen, changes in the ʵ15N signature can be used to identify the source 
and distribution of the nitrogen (Costanzo 2001). Nitrogen fertilizer, produced by industrial fixation 
ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ƴƛǘǊƻƎŜƴ ǊŜǎǳƭǘǎ ƛƴ ƭƻǿ ǘƻ ƴŜƎŀǘƛǾŜ ʵ15b ǎƛƎƴŀǘǳǊŜǎ όƛΦŜΦ ʵ15N ~0 - м҉ύ όUdy and 
Dennison 1997a). In animal or sewage waste, nitrogen is excreted mainly in the form of urea, which 
favours conversion to ammonia and enables volatilization to the atmosphere. Resultant fractionation 
during this process leaves the remaining ammonium enriched in 15N. Further biological fractionation 
ǊŜǎǳƭǘǎ ƛƴ ǎŜǿŀƎŜ ƴƛǘǊƻƎŜƴ ƘŀǾƛƴƎ ŀ ʵ15b ǎƛƎƴŀǘǳǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ф ƻǊ Ϥмл҉ όLajtha and Marshall 
1994; Udy and Dennison 1997b; Dennison and Abal 1999; Abal et al. 2001; Costanzo et al. 2001). 
Septic and aquaculture discharge undergo less biological treatment and are likely to have a signature 
closer to that of raw waste (ɻ15b Ϥр҉ύ όJones et al. 2001). 

Similar to N, there are two naturally occurring atomic forms of carbon (C), 13C and 12C, which are 
taken up during photosynthesis where 12C is the more abundant of the two, accounting for 98.89% of 
carbon. The ratio that 13C is taken up relative to 12C varies in time as a function of productivity, 
organic carbon burial and vegetation type. A measure of the ratio of stable isotopes 13C:12C (i.e. ɻ 13C) 
is known as the isotopic signatureΣ ŀƴŘ ǊŜǇƻǊǘŜŘ ƛƴ ǇŀǊǘǎ ǇŜǊ ǘƘƻǳǎŀƴŘ όǇŜǊ ƳƛƭΣ ҉ύΥ 
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 where the standard is an established reference material. 

Experimental work has confirmed that seagrasses from high light, high productivity environments 
demonstrate (less negative) isotopic enrichment: i.e. low %C, low C:N, in contrast, more negative 
ʵ13C, may indicate that light is limited (Grice, et al. 1996; Fourqurean et al. 2005). 

Epiphyte and macro -algae abundance  

Epiphyte and macroalgae cover were measured according to standard methods (McKenzie, et al. 
2010a). The total percentage of leaf surface area (both sides, all species pooled) covered by 
epiphytes and percentage of quadrat area covered by macroalgae, were measured each monitoring 
event. Values were compared against the GBR long-term average (1999-2010) calculated for each 
habitat type. 

http://en.wikipedia.org/wiki/Stable_isotope
http://en.wikipedia.org/wiki/Isotopic_signature
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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; 
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 MTSRF did not identify threshold levels beyond which loss of 
abundance occurred (McKenzie 2008) suggesting further research and analysis. 

Within seagrass canopy temperature  

Autonomous iBTagϰ submersible temperature loggers were deployed at all sites identified in Table 4. 
The loggers recorded temperature (accuracy 0.0625°C) within the seagrass canopy every 30-90 
minutes. iBCodϰ22L submersible temperature loggers were attached to the permanent marker at 
each site above the sediment-water interface. 

 

!ǳǘƻƴƻƳƻǳǎ ƛ.¢ŀƎϰ ǎǳōƳŜǊǎƛōƭŜ ǘŜƳǇŜǊŀǘǳǊŜ ƭoggers attached to permanent site marker at Green 
Island (GI1) 

Seagrass canopy light  

Submersible Odysseyϰ photosynthetic irradiance autonomous loggers were attached to permanent 
markers at 15 intertidal locations and 4 subtidal sites from the Wet Tropics region to the Burnett 
Mary region (Table 4). Detailed methodology for the light monitoring (including cosine correction 
factors) can be found in McKenzie et al. (2010). 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.  

The deployment durations were variable, with some deployed since 2008 under a different program 
(MTSRF); however the light monitoring was expanded and incorporated into the MMP in late 2009. 
Data were patchy for a number of intertidal sites because visitation frequency was low (3- 6 months), 
which increases the risk of light logger or wiper unit failure and increases the gap in data if loggers do 
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fail. Furthermore, there are some sites that are frequently accessed by the public and tampering is 
suspected in the disappearance of some loggers. For subtidal sites, and their associated intertidal 
sites (Picnic Bay, Dunk Island, Green Island and Low Isles, 8 sites in total), the logger replacement 
time was every 6 weeks so data gaps were fewer. 

Loggers were calibrated against a certified reference Photosynthetically Active Radiation (PAR) 
sensor (LI-CORϰ LI-192SB Underwater Quantum Sensor) using a stable light source (LiCor) enclosed in 
a casing that holds both the sensor and light source at a constant distance. Calibration is repeated 
after each deployment period of 6 weeks to 6 months.  

 

{ǳōƳŜǊǎƛōƭŜ hŘȅǎǎŜȅϰ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ƛǊǊŀŘƛŀnce autonomous logger deployed at Green Island. 

Light data measured as instantaneous irradiance (µmol m-2 s-1) was converted to daily irradiance (Id, 
mol m-2 d-1). Id is highly variable in shallow coastal systems, being affected by incoming irradiance, the 
tidal cycle as well as water quality (Anthony et al. 2004). This high variability makes it difficult to 
ascertain trends in data. To aid with the visual interpretation of trends, Id was then averaged over a 
28 day period (complete tidal cycle). 28 days is also biologically meaningful, as it corresponds to the 
approximate duration over which leaves on a shoot are fully replaced by new leaves and it is the 
approximate time over which shoot density and biomass starts to decline following reductions in 
light (Collier et al. 2012a). 28 day averaged Id are presented graphically against draft thresholds with 
different values for northern and southern communities as the dominant species and habitat types 
vary from north to south. Thresholds applied in the northern GBR (5 mol m-2 s-1) were developed for 
Halodule uninervis-dominated communities during episodic seagrass loss (Collier et al. 2012b). The 
threshold applied to southern GBR communities were developed for Zostera muelleri dominated 
communities over a 2 week rolling average using a range of experimental and monitoring approaches 
(Chartrand et al. 2012).  These working thresholds describe light levels associated with short-term 
changes in seagrass abundance.  

Also discussed is Id relative to estimated minimum light requirements (MLR). MLR describes the light 
required for the long-term survival of seagrass meadows (Dennison 1987). It is frequently calculated 
from measurement of annual light availability at the deepest edge of seagrass meadow, beyond 
which seagrasses cannot survive. MLR is difficult to determine in the dynamic seagrass meadows of 
the GBR, which often have poorly defined meadow boundaries, and these boundaries vary over 
intra-annual cycles. MLR are usually reported as percent of surface irradiance (SI), even though this 
not the most meaningful representation of light requirements. The average MLR of 15-25% SI for 
tropical blady species (summarized in Lee et al. 2007) was converted to Id using surface light data 
from Magnetic Island, Dunk Island, Green Island and Low Isles, which has been recorded at these 
sites since 2008. From this we estimate that the MLR equivalent to 15-25% SI is 4.7 to 7.9 mol 
photons m-2 d-1 (Table 6). Halophila species typically have a much lower MLR, around 5-10% SI (Lee et 
al. 2007), which is equivalent to 1.5 to 2.9 mol m-2 d-1 at the monitoring sites for which we have 
surface light data. There are other species that possibly have higher MLR than the range given here; 
for example, Zostera muelleri is thought to have an MLR greater than 30% Longstaff 2002.  


































































































































































































































































































































