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Figure 1. 
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Figure 2. 
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Figure 3. 
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Table 1. 

Indicator Sub-lethal 
(ecophysiological) 

State change 

(whole plant and 
population scale) 

Population decline 
(whole meadow scale) 

A. Tissue nutrients  Ratios of key 
macronutrients change 
to indicate relative 
excesses (e.g. C:N*, 

C:P, N:P, 
13

C) 

Limited by species 
variable upper 
threshold 

- 

B.  Chlorophyll 
concentrations  

Rapid short term 
changes observed  

Limited by species 
variable upper 
threshold  

- 

C.  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 

D.  Change in plant 
morphology  

- Change in meadow 
LAI: reduction in leaf 
area  

Threshold where 
reduction in leaf area 
is incapable of meeting 
respiration demand 

E.  Community 
structure  

- Change in species 
composition 

Loss of species due to 
the threshold being 
reached 

F.  Change in species 
abundance 
(population structure)  

- Change in abundance 
of species (i.e. % 
cover)* or the number 
of individuals in each 
population 

Reduction in effective 
population size 

G.  Change in 
meadow area  

- - Reduction in total 
meadow area (habitat 
loss) 

H.  Recovery time 
from loss  

Limited or no change Measurably delayed Potentially no recovery 
if threshold reached 
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Figure 4. 
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Figure 5. 
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Table 2. 

Table 3. 
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Figure 6. 
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Figure 7. 
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Table 4. 

    Thresholds Sub-lethal indicators 

Level Parameter grouping Parameter a. Flood 
plumes 

b. Salinity c. In-situ 
thresholds 

d. Light x 
temperature 

e. 
Review 

f. Light  g. Light x 
nutrients 

Physiological (sub-lethal) Leaf tissue nutrients %C        

  %N        

  C/N        

  Del13C        

 Energy reserves Rhizome 
carbohydrates 

       

 Photosynthesis PAM        

  O2 production        

Plant-scale (state change) Growth Leaf         

  Rhizome         

 Morphology Morphology        

 Sexual reproduction Sexual reproduction        

Meadow-scale (population level) Abundance Shoot density        

  Percent cover        

  Biomass        

 Species composition Species composition        
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Figure 8.  
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Table 6. 

Water Type Ocean colour Characteristics 

“Primary” 
Water Types 

CC1, CC2, CC3, CC4 

Four distinct colour classes within 
the primary waters reflecting 
changes in light attenuating 
properities (high TSS – high Chl) 

Very high turbidity, low salinity (0 to 10; Devlin et al., 2010), 
very high values of CDOM and Total Suspended Sediment 
(TSS). Turbidity levels limit light penetration in Primary waters, 
inhibiting primary production and limiting Chl-a concentration. 

“Secondary” 
Water Types 

S, CC5 Characterised by intermediate salinity, elevated CDOM 
concentrations, and reduced TSS due to sedimentation 
(Bainbridge et al., 2012). Middle salinity range: 10 to 25; 
Devlin et al., 2012b). Phytoplankton growth is prompted by the 
increased light (due to lower TSS) and high nutrient availability 
(delivered by the river plume). 

“Tertiary” Water 
Types 

T (Ft), CC6 Occupies the external region of the river plume. It exhibits no 
or low TSS associated with the river plume, but above-ambient 
concentrations of Chl-a and CDOM. Described as the 
transition between Secondary water and marine ambient 
water, presenting salinity lower than the former one (typically 
defined by salinity ≥ 35; e.g., Pinet, 2000). 
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Table 7. 

    Depth Sal. TSS CDOM Chl-a Kd(PAR) DIN DIP 

CC1 
mean 11.45 17.63 51.03 1.73 2.91 1.1 5.1 0.73 

stdv 7.86 11.19 74.41 1.28 4.16 0.97 4.14 0.8 

CC2 
mean 8.89 21.43 19.04 1.39 2.1 0.87 4.23 0.57 

stdv 8 9.76 36.87 1.32 3.07 0.66 3.56 0.67 

CC3 
mean 13.89 27.64 17.22 0.71 2.28 0.71 3.04 0.41 

stdv 16.68 7.16 16.27 0.77 2.79 0.49 2.97 0.36 

CC4 
mean 15.79 26.82 10.46 0.62 1.48 0.68 2.71 0.33 

stdv 18.34 7.06 10.47 0.69 1.78 0.54 2.26 0.24 

CC5 
mean 17.08 30.27 8.44 0.36 0.88 0.36 1.87 0.28 

stdv 15.62 6.28 8.21 0.49 0.88 0.27 1.99 0.24 

CC6 
mean 21.3 32.44 8.37 0.25 0.5 0.2 1.68 0.24 

stdv 6.39 4.7 8.29 0.26 0.61 0.26 2.23 0.18 

Marine waters 
mean 25 32.86 2.61 1.82 0.38 NA 1.9 0.17 

stdv 11.31 1.72 1.99 NA 0.93 NA 1.03 0.14 

 

 

 

Figure 10. 
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Figure 11. 
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Figure 12. 

 

Table 8. 

Habitat Annual  Baseline (2005-2007) 2008 2009 2010 2011 2012 2013 2014 

Estuarine 
intertidal 

F(plume) 17.12 0.60 0.63 0.67 0.69 0.65 0.64 0.64 

 SA 0.57 14.16 9.43 5.91 6.76 7.97 
  

Coastal intertidal 
F(plume) 17.10 0.34 0.33 0.40 0.45 0.42 0.29 0.37 

 SA 0.32 18.34 15.43 7.29 3.61 0.90 
  

Reef subtidal 
F(plume) 21.60 0.13 0.17 0.12 0.30 0.23 0.06 0.07 

 SA 0.09 22.59 12.42 9.01 10.35 13.16 
  

Reef intertidal 
F(plume) 18.83 0.20 0.21 0.24 0.29 0.25 0.13 0.19 

 SA 0.18 17.06 10.80 8.82 9.02 12.05 
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Table 9. 

 

 

 

 

 

Habitat Colour class 
(CC) 1 – 6 

Frequency  TSS (mg L-1) Chl-a* (ug L-1)  Kd (m-1) 

Estuarine intertidal F (CC 1 – 4) 0.6  > 10   > 1.5   > 0.7  
Coastal intertidal F (CC 2 – 4) 0.3  10 - 20   1.5 - 2.1  0.7 - 0.9  
Reef subtidal F (CC – 4) 0.1  ~ 10  ~  1.5  ~ 0.7  
Reef intertidal F (CC – 4) 0.2  ~ 10  ~ 1.5  ~  0.7  
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Figure 13. 
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Table 10. 

Approach Environmental parameter Range tested Finding 

a. Flood plume exposure Primary and secondary water 
types. Contains: high 
turbidity, high chlorophyll a 
high CDOM all attenuating 
light 

Primary and secondary 
water types 

Meadows exposed to moderate frequency of both primary (Fp) 
and secondary (Fs) waters are the most sensitive and both 
water types have high light attenuating properties (0.2 – 0.6) 

c. Event-based in situ 
seagrass loss/in situ light 
loggers 

Daily light (mol m-2 d-1) 2.3 – 14.2 mol m-2 d-1  In-situ changes in seagrass abundance (H. uninervis-
dominated communities) were correlated with in-situ light 

 This relationship enabled identification of light thresholds for 
>50% loss 

 Loss of Halodule-dominated meadows occurred at 4 mol m-2 
d-1 over 3 months 

Frequency of low light days % days <14 mol m-2 d-1 

Hsat 3.6 – 10.56 hrs 

f, Light experiment Daily light (mol m-2 d-1) 2.8 – 11.1 mol m-2 d-1 Sub-lethal (early warning) indicators tested (prior to shoot loss) 

C/N, 13C and rhizome carbohydrates were sensitive to light 
but: 

 C/N only sensitive at low-moderate nutrient concentrations 

 13C and rhizome carbohydrates were less sensitive to 
nutrients, and sensitivity was species dependant 

Percent of surface light (%SI) 10 – 40% 

g. Light x nutrients Daily light (mol m-2 d-1) 2.2 – 8.7 mol m-2 d-1 

Percent of surface light (%SI) 10 – 40% 

d. Light x temperature Daily light (mol m-2 d-1) 0 – 23 mol m-2 d-1   Shoot loss and growth reductions at low light (0 – 10% SI) 
over 14 weeks 

 Time to complete seagrass measured: Ho<Zm<Cs<Hu 

 Light thresholds developed e.g. 3.8 mol m-2 d-1 for 14 weeks 
leads to 50% loss of seagrass 

 Experimental light thresholds were comparable to in-situ 
thresholds (H. uninervis, Z. muelleri) 

 Percent of surface light (%SI) 0 – 70% 
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Figure 14. 
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Figure 15. 
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Figure 16. 
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Figure 17. 
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Figure 18. 
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Figure 19. 
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Figure 20. 
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Table 11. 

Level Parameter 
grouping 

Parameter Light Nutrients Salinity Flood 
plumes 

Physiological  

(Sub-lethal) 

Leaf Tissue 
nutrients 

%C   - - 

 %N   - - 

 C:N   - - 

 13C   - - 

Energy reserves Rhiz carbohydrates   - - 

Photosynthesis PAM   x - 

 O2 production   - - 

Plant-scale  

(state change) 

Growth Leaf   - x - 

 Rhizome   - - - 

Morphology   - x - 

Sexual reproduction  - -  - 

Meadow-scale  

(population level) 

Abundance Shoot density  -   

 Percent cover  - -  

 Biomass  -  - 

Species composition   -   
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A summary of research from the National Estuarine Research Program 
Tropical Ecosystem hub  (NERP TE) project 5.3

Towards water quality thresholds 
for healthy seagrass habitats in the 
Great Barrier Reef



Flood plumes affect seagrass health
• Seagrass meadows are exposed to a range of potential 

impacts including cyclones, physical disturbance, 
wind-induced resuspension of sediment, dredging 
operations, sedimentation and flood plumes. 

• Flood plumes generally cover large areas of the inshore 
GBR and are characterized by low salinity, high nutrient 
concentrations (triggering “green water”), toxicants, and 
both dissolved (“coloured water”) and particulate matter 
(“brown water”). Plume waters reduce light penetration, 
which can reduce seagrass growth and overall health.

• Dredge plumes generally cover relatively small areas of 
the inshore GBR and can also create brown water with 
similar characteristics and consequences to seagrass as 
flood plume waters. 

• Repeated exposure to this range of potential impacts 
resulted in the loss of seagrass meadows in the GBR 
during 2009-2011 (abundance fell below regional 
guidelines at 67% of sites). Some signs of recovery are 
now being observed.

• This research has focused on the impact that salinity, 
low light and nutrients may have had on the growth 
and overall health of seagrasses.

Salinity thresholds
• Floodwater is low in salinity, but the tolerance limit of 

seagrasses to low salinity was not known. 
• Seagrass (three species) responses to salinity ranging 

from seawater at 36 practical salinity units (PSU) to 
3PSU (almost fresh water) were tested over 10 weeks. 

• Seagrasses were quite tolerant of short-term exposure 
to low salinity. 

• They showed what is likely to be a mild stress 
response with density (number of leafy shoots) 
actually increasing by 400% at low-moderate salinity 
(6-9 PSU) for Zostera muelleri, and by almost 200% at 
9-15 PSU for other species (Figure 3).

• Density declined sharply at the lowest salinity, 
indicating a salinity threshold of <9PSU. 

• Because of their broad salinity tolerance, and 
the limited scope for management of salinity, 
establishment of salinity guidelines is a low priority. 

Figure 3. Change in seagrass shoot density (leaf pair density 
for Halophila) relative to week zero, after 10 weeks exposure to 
low salinity ranging from almost freshwater (3 PSU) to marine 
seawater (36 PSU). Density declined sharply below 9 PSU (i).

• Findings indicate that low light conditions could 
have been a major contributor to the observed loss of 
seagrass meadows. 

• Salinity, light and flood plume thresholds for these 
seagrasses have been developed in this research (Figure 1).

Frequency of exposure to flood plumes
• F(plume) is a proxy measurement representing a 

combination of colour classes that relate directly to the 
quality of the waters and impact on each seagrass habitat 
(estuarine, coastal, reef intertidal and subtidal) differently.

• For example, high turbidity waters, represented by a 
combination of colour class (CC) 1-4, are the main 
water type influencing the ecological condition of 
the estuarine seagrass sites. Estuarine seagrass beds 
exposed to CC 1:4 for >60% of the wet season are 
predicted to decline >50% in seagrass cover. Annual 
and multi-annual measurements of ocean colour can 
be related to broad scale water quality measurements, 
including annual values of light attenuation over the 
total seagrass bed.
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Figure 1. Salinity (1), light (2) and flood plume (3) thresholds 
were identified in this research.
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Figure 2. (Left) The combination of ocean colour classes measured 
(expressed as a normalized frequency) within each seagrass 
habitat and corresponding multi-annual (2007–2012) seagrass 
cover. (Right) MODIS image and corresponding colour-class map.



Light thresholds

How can this information be applied?
Monitoring and reporting
The Reef Rescue Marine Monitoring Program (MMP) 
measures and reports annually, on water quality and 
seagrass health. These seagrass salinity and light tolerance 
thresholds can be used to explain some of the observed 
changes in seagrass meadow health.  There are additional 
environmental factors that can affect seagrass health, and 
these are also considered when explaining changes in 
seagrass health. 

• Density and growth responses of seagrass species 
to low light (shading) was measured for just over 3 
months in cool (22ºC) and warm (27ºC) water. 

• In very low light (simulating muddy water) density and 
growth declined (Figure 4). There was more decline as 
the duration of exposure increased and in warm water. 

• In warm water there was complete mortality (no seagrass 
remaining) of the most sensitive species, Halophila, after 
only 17 days. This was followed closely by Zostera (30 d), 
whereas Halodule survived for more than 3 months. 

Figure 4. Shoot density of Zostera after almost 3 months at 
light levels ranging from no sunlight (complete darkness) to 
23 mol m-2 d-1 (70% of full sunlight) in cool (white circles) and 
warm (black circles) water. From this data we can calculate the 
light level that caused 20% or 50% decline of seagrass. This 
calculated light level is a “threshold”.

Figure 6. Long-term seagrass monitoring for the Reef Rescue MMP (a-c) includes ongoing measurement of light received in the 
seagrass canopy (b) as well as water quality (c). The development of water quality guidelines for seagrass will help managers reduce 
the associated impacts of dredging operations (d).

Development of water quality guidelines
Researchers have proposed that results of this research be 
used to develop short-term guidelines for these seagrasses. 
These guidelines could be an important consideration in 
determining and managing potential environmental impacts 
on seagrass meadows associated with dredging operations. 
For these thresholds to become operational, information on 
what reduces the available light is also required. Management 
actions that can be taken will primarily relate to catchment 
management actions that target the reduction of sediment 
and/or organic matter input.  

100% max. shoot density

80%

50%
← Light required for 80% max. shoot density

← Light required for 50% max. shoot density
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• The light level causing 20% decline (80% saved) ranged 
from 4 to 10 mol photons m-2 d-1 over 3 months, and 
for 50% decline ranged from 3 to 6 mol photons m-2 d-1 
depending on species and water temperature.

• These values are relevant to short-term low light events 
(up to 3 months), but do not represent long-term 
minimum light requirements.

• Figure 4 shows aquarium-based threshold calculations 
for Zostera. Using the same method for Halodule, 50% 
loss occurred at 3.8 mol photons m-2 d-1 in warm water 
after 3 months. In situ loss of 50% occurred at 4 mol 
photons m-2 d-1 after 3 months (Figure 5). These very 
similar thresholds suggest aquarium results can be used 
for further threshold development.

© Xanthe Rivett / CAFNEC / WWF

a)

b)

d)
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RELATED PROJECTS
Port Curtis seagrass light requirements
Developing a light-based seagrass management 
strategy using locally derived light thresholds for 
Zostera muelleri was implemented as part of a 
dredge management plan in Port Curtis. The work 
used in situ shading studies, long term light and 
seagrass monitoring and lab based manipulative 
experiments to derive locally relevant light 
thresholds. These were adapted into traditional 
turbidity-based monitoring programs. Sub-lethal 
indicators of light stress and the effect of spectral 
quality of light were also invested in this project.

Dynamics of deep-water seagrasses
The TropWATER seagrass group also has research 
programs established to determine the light 
requirements of deep-water Halophila species (>15m). 
These studies include a range of field and laboratory 
manipulative studies focusing on light requirements 
and their interactions with temperature, season 
and spectral shift, as well as establishing sub-lethal 
indicators for management. Study sites are at Green 
Island, Lizard Island, Abbot Point and Mackay.

Further details can be found at:  http://research.jcu.edu.au/research/
tropwater/research-programs/seagrass-ecology-1/seagrass-ecology

Publications arising from this work:
Collier, C.J., Villacorta-Rath, C., van Dijk, K.-j., Takahashi, M., and Waycott, M. (2014). Seagrass Proliferation Precedes Mortality 
during Hypo-Salinity Events: A Stress-Induced Morphometric Response. PLoS ONE 9, e94014.

Collier, C.J., Langlois, L., McKenzie, L., and Waycott, M. (In Prep). Seagrass protection guidleines developed from experimental 
light response curves.

Collier, C.J., Waycott, M., and McKenzie, L.J. (2012). Light thresholds derived from seagrass loss in the coastal zone of the northern 
Great Barrier Reef, Australia. Ecological Indicators 23, 211-219.

Petus, Caroline, Catherine Collier, Michelle Devlin, Michael Rasheed, and Skye McKenna. “Using MODIS data for understanding 
changes in seagrass meadow health: A case study in the Great Barrier Reef (Australia).” Marine environmental research 98 (2014): 68-85.

Devlin, Michelle J., Eduardo Teixeira da Silva, Caroline Petus, Amelia Wenger, Daniel Zeh, Dieter Tracey, Jorge G. Álvarez-Romero, 
and Jon Brodie. “Combining in-situ water quality and remotely sensed data across spatial and temporal scales to measure variability 
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Herbicides
In a related NERP TE project led by Dr Andrew 
Negri (AIMS), the effect of herbicides on seagrasses 
were tested. Threshold levels of herbicide exposure 
that reduce seagrass photosynthetic efficiency and 
affect seagrass energetic balances were identified. 

Figure 7 (above). A bioassay for rapidly screening 
seagrass exposure to herbicides has been developed. 
This is just one of the techniques being used to identify 
seagrass herbicide thresholds.
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http://watermonitoring.derm.qld.gov.au/host.htm



