
Drivers of spatial and temporal variability  
in benthic light
Light drives the ecosystems and industries of the Great Barrier Reef 
(GBR). The amount of light that reaches coral and seagrass ecosystems 
varies regionally and changes from season to season and year to year. 
We have developed an index for water quality based on variations in 
light reaching the bottom of the water column. This bPAR index may be 
suitable to monitor progress towards Reef 2050 goals.  

Benthic light can be very high in shallow nearshore regions if water quality 
is good. Light at the surface is higher in summer than in winter due to 
the changing relative position of the sun, but the tropical wet season 
brings rain, and river flows bring eroded sediments as well as nitrogen 
and phosphorus from farms to the GBR. These materials in GBR waters 
increase the attenuation of light. As a result, the amount of stress from 
low light experienced by corals and seagrasses in nearshore and some 
midshelf regions varies strongly as a function of river discharge.

Mapping light stress across the GBR can help us to predict where we 
will find suitable habitat for seagrasses. Tracking variations in light 
stress over time can also help us to predict changes in coral community 
resilience. We wanted to understand what drives the spatial and 
temporal variations in benthic light that cause light stress, and assess 
implications for management of the GBR.

We mapped spatial and temporal variations in the amount of light 
reaching the bottom of the water column in each part of the GBR. 
We then calculated how much stress corals and seagrasses have 
experienced due to a chronic reduction in light during each season from 
mid-2002 to 2019. We found that in nearshore regions, year-to-year 
variations in light are strongly associated with variations in river sediment 
and nutrient loads but are also influenced by factors such as storms.

What is “light stress”? Both short episodes of greatly reduced light and 
smaller but longer-lasting reductions in light can cause light stress 
for photosynthetic organisms. Sunlight that reaches the sea surface 
is attenuated underwater by dissolved and particulate materials. 
In nearshore regions and to some extent also in midshelf waters, 
concentrations of suspended sediments and phytoplankton are often 
high as a result of river discharges and subsequent tidal resuspension. 
This causes a long-lasting reduction in the amount of light reaching the 
bottom of the water column. Our work has shown that this light stress 
can be used to predict the distribution of various seagrass species in the 
GBR as well as year-to-year changes in the coral index, an indicator of 
coral community resilience.

Our new bPAR index is an indicator of water quality: a high index value 
(near 1) indicates high water clarity and low light stress. A low index value 
(near 0) indicates very poor water clarity and high light stress for corals 
and seagrasses. The bPAR index therefore directly links ecosystem health 
to river discharge in nearshore regions, and a relationship is also evident 
in midshelf waters. Improvements in the quality of water discharged from 
GBR rivers should lead to a reduction in lights stress and improvements 
in both the resilience of coral communities and the extent of seagrass 
coverage over large areas of the GBR
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Seasonal and spatial variability in mean attenuation 
(Kd) of light at 645 nm (red light), 2002-2019. Particulate 
materials such as sediment sediments carried by river flood 
plumes enhance scattering and attenuation of light at this 
wavelength in nearshore waters, particularly in summer. 
(Copyright: Australian Institute of Marine Science. Credit: 
Marites Canto)

An index for water quality based on benthic light varies from 
year to year in response to variations in river discharge, 
especially in nearshore regions. (Copyright: Australian 
Institute of Marine Science. Credit: Barbara Robson).
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