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1. Statement of purpose  
 
Mass bleaching events triggered by rising ocean temperatures – resulting from human-
caused greenhouse gas emissionsi – continue to threaten the Great Barrier Reef (GBR). The 
2021-2022 mass bleaching affected 91 percent of its corals, but its long-lasting impact is 
unknown. 
 
Ocean temperatures will continue to rise until greenhouse gas emissions start decreasing, 
and ocean acidification also will pose an increasing threat to the GBR. Yet aggressive 
management and monetary investments are succeeding in protecting and restoring parts of 
the reef. This case study explores those efforts and finds hope and optimism that all is not 
lost. 

2. The GBR ecosystem 
 
The GBR contains approximately 10 precent of the world’s coral reef ecosystems. It covers 
344,400 km2 and stretches 2,300 km across 14 degrees of latitude along Australia’s north-
eastern and central coast – essentially the length of the North American west coast from 
Vancouver Island to Baja, Mexico. ii(GBRMPA). 
 

 
Photo 1. A SCUBA diver approaches corals in the GBR. (Photo: GBRMPA) 
 
The GBR makes up 7 percent of the Great Barrier Reef Marine Park, and includes: 

• 3,000 coral reefs; 
• 600 continental islands; 
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• 300 coral cays (sand islands formed from sediments derived from the reef); 
• 150 inshore mangrove islands; and, 
• Has an average depth of 35 m in its inshore waters, with outer reefs extending as 

deep as 2,000 m.  
 

 
Figure 1.  The 2,300 km GBR could cover large swaths of Europe and North America. (Image: 
Australian Government). 
 
The reef is host to thousands of marine species – perhaps as much as 25 percent of the 
wide variety of marine species thought to engage with reef ecosystems. 
 

3. The actors on the GBR stage 
 
The Australian government's lead agencies managing the GBR are the Great Barrier Reef 
Marine Park Authority (GBRMPA), the Australian Institute of Marine Science (AIMS), and the 
Commonwealth Scientific and Industrial Research Organisation (CSIRO):iii   
 

• GBRMPA is responsible for the protection and care of the reef. 
• AIMS manages the Long Term Monitoring Program: a survey initiated in 1992 of 47 

midshore and offshore reefs across the GBR region. 
• CSIRO is an Australian government agency responsible for scientific research. 

 
The GBRMPA also works with approximately 70 Traditional Owners of the Great Barrier 
Reef: Aboriginal and Torres Strait Islander peoples, who have been linked with the GBR 
since time immemorial.  
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4. Governance of the GBR 
 
The GBRMPA is the key manager, created when the Australian government passed the 
Great Barrier Reef Marine Park Act 1975.iv The GBR is divided into 19 zones, and the 
agency's zoning plan specifies which activities are permitted within each zone of the multi-
use GBR. The zoning plan offers guidance for: 
 

• Recreational fishing; 
• Commercial fishing; 
• Filming and photography; 
• Boating and yachting; 
• Anchoring and mooring; 
• Collecting; 
• Diving and snorkeling; 
• Motorized water sports; and, 
• Interaction with wildlife (turtles, whales, dolphins, and birds). 

 
The Queensland Department of Environment and Science (QDES) provides guidance to 
Permittees who conduct activities in the GBR (see Section 8). 
 

5. The GBR under stress 
 
Among the biggest threats to the GBR is coral bleaching, a natural process in which water 
temperatures rise to levels above what’s normal for hard corals and their symbiotic 
relationship with the zooxanthellae algae, which give corals their bright colors. When 
stressed by warming temperatures, the zooxanthellae leave the corals, resulting in the 
bleached “dead” appearance.   
 
Much attention is given to the rising global mean surface temperature (GMST) relative to 
pre-industrial times, but the ocean absorbs heat from the atmosphere, resulting in rising 
sea surface temperatures as well, increasing the threat to marine ecosystems. Frieler et al 
(2013) calculated that even if GMST peaked at 1.5 degrees Celsius, 70- to 90-percent of reef 
building corals worldwide would be lost, with the dire conclusion that limiting global 
heating to 2 degrees Celsius above pre-industrial levels likely would result in the loss of 99 
percent of reef-building coralsv.  
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Figure 2.  A June 2, 2022 snapshot of the GBR sea surface temperature anomaly relative to the 
historical average. Even as Australia enters its Winter months of June, July, and August, ocean 
temperatures are 2- to 3-degrees Celsius warmer than the GBR’s historical average temperatures. 
(Source: NOAA Coral Reef Watchvi) 
 
Five bleaching events have affected more than 98 precent of the GBR between 1998 and 
2020 (Hughes et al., 2021).vii And the recent bleaching during the 2021-2022 summer 
affected 91 percent of the GBR (Reef Snapshot).viii As recently as June 2, 2022, GBR water 
temperatures remained higher than the historical average (Figure 2). 
 
Hughes et al also found “the bleaching responses of corals to a given level of heat exposure 
differed in each event and were strongly influenced by contingency and the spatial overlap 
and strength of interactions between events” (Figure 3).   
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Figure 3. Areas of the GBR affected by bleaching events (C and D), excluding the 2021-2022 event 
that affected 91 percent of the reefs in all regions. (E) Heatmap of maximum bleaching scores during 
mass bleaching events in 2016, 2017, and 2020, measured by repeated aerial surveys of 573 reefs. 
(F) Maximum degree heating weeks (°C-weeks) measured from satellites during each of the latest 
three bleaching events, showing the contraction of spatial refuges from heat stress to a relatively 
small southern, offshore region. (Source: Parts of Figure 2 from Hughes et al, 2021). 
 
Coral bleaching is patchy and does not ubiquitously affect every coral even if they’re side by 
side, and corals can rebound from such eventsix (Berwald, 2022). However, due to the 
increased frequency of bleaching events on the GBR since 2016, “ecological memories of 
heatwaves” inhibits a decent recovery of corals – approximately 10 years for fast-growing 
corals, but much longer for slow-growing species (Hughes et al, 2021).x The 2021-22 
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bleaching event that affected 91 precent of GBR corals is still being evaluated, and which 
corals will rebound remains uncertain. 
  
Additional threats to the GBR include ocean acidification, damage from powerful storms, 
pollution runoff from the coast, and the voracious Crown-of-thorns starfish (Photo 2). 
 

 
Photo 2. A snorkeler removes a Crown-of-thorns starfish from the GBR. (Image: GBRMPA) 
 
 

6. Past efforts to restore the GBR 
 
The Australian government established the GBRMPA through legislation in 1975, and has 
spent $3 billion since 2012 to protect and restore the reefxi (Authority, Science, and CSRIO). 
Among some notable achievements: 
 

• 13,000 hectares protected via the Crown-of-thorns starfish control program; 
• Improved land management practices that protected the reef from 366 tons of 

dissolved inorganic nitrogen; 
• Expected to reach a 2025 target of a 25-percent reduction in fine sediment load 

leaving reef catchments; and, 
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• Successfully trialed transplanting coral fragments to a previously bleached area that 
led to a coral-cover increase from 15 to 25 percent over a 6-month period. Fish 
species in the area also increased by 25 percent (Photo 3). 

 

 
Photo 3. Coral fragments are transplanted on a previously bleached reef in November, 2020 (left), 
followed by new coral growth a year later (right). (Photo: GBRMPA) 
 

7. Restored hope for the GBR 
 
While bleaching has increased in frequency, occurring in four of the past seven summers, 
Hughes et al. found “when pairs of successive bleaching episodes were close together (1–3 
years apart), the thermal threshold for severe bleaching increased because the earlier event 
hardened regions of the Great Barrier Reef to further impacts.”xii   
 
The Woods Hole Oceanographic Institution (WHOI) identified four potential solutions for 
corals in crisisxiii:  
 

• Coral probiotics: A new avenue of research in the marine realm, researchers have 
demonstrated that feeding corals “good bacteria” increases their health and 
resilience to rising water temperaturesxiv; 
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• Breed resilient corals: And plant them “where they have a good chance of thriving;” 
• Build artificial reefs: Hard corals require a surface appropriate for growth, whether a 

sunken ship, bridges, or constructed reefs made from rocks and cinder blocks; and,  
• Active monitoring: Using robots and portable underwater sensors to monitor reef 

health, and also working with recreational divers. 
 
Applying assisted evolution techniques to coral reefs is another possible mitigation strategy, 
though “there is a risk of unanticipated and unintended ecological consequencesxv (van 
Oppen et al, 2015). 
 
However, researchers found no genetic markers for bleachingxvi (Quigley et al, 2020), so 
tracing bleaching to a specific gene in hard corals may not be the solution to identifying 
those naturally designed to be highly resilient to bleaching.  
 
Marine cloud brightening (MCB) is another technique being tested at the GBR (Photo 4). 
Marine low clouds are darker than low clouds over land, so the open, international MCB 
collaboration explores methods to brighten marine low cloudsxvii.  
 

 
Photo 4. A Marine cloud brightening device sprays microscopic seawater salt particles into the air 
above a test area of the GBR. (Image: Brendan Kelaher/Southern Cross University) 
 
In MCB, tiny sub-micrometer seawater particles are sprayed into the air so they drift up to 
existing marine low clouds, brightening them. The brighter clouds presumably would reflect 
more of the sun’s energy away from the GBR, keeping waters cool in a localized area. 
Testing at the GBR is in the early stages, but MCB is predicted to reduce light reaching the 
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water by 6 percent, which would reduce the reef’s water temperature by 0.6 degrees 
Celsius. If deployed across the GBR’s 2,900 reefs, 800 spray stations would be required. 
 
The GBRMPA’s free Eye on the Reef app is another tool to enhance its monitoring network. 
The app can be used by anyone to contribute observations to a central database tracking 
GBR health down to the individual reef level. Community scientists are encouraged to 
record reef health, animal sightings, or incidents. Official qualified surveyors use the app in 
their routine visits, and advanced marine biology training is available for frequent visitors 
who are not yet qualified surveyors. Anyone can view recorded sightings at 
http://www.gbrmpa.gov.au/sightings-network/.  
 

8. Applying ecological concepts and frameworks to the 
GBR 
 
Part of the Reef 2050 Plan is the Reef 2050 Integrated Monitoring and Reporting Program 
(RIMReP, Figure 4). It evolved over a 3-year period beginning in 2016 and included assessing 
pre-2016 monitoring programs, funding sources, conceptual modeling and identification of 
key indicators to track, and the development of protocols for managing culturally sensitive 
and other information regarding the handling of data. 
 

 
Figure 4. A simplified version of how the GBRMPA is monitoring the impacts of its long-term 
management strategy. (Source: RIMReP) 
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The GBRMPA's funding framework includes the Environmental Management Charge (EMC) 
and the Permit Application and Assessment Fees (PAAFs): 
 

• The EMC is associated with most commercial activities, such as tourism and non-
tourist charter operations; and, 

• Permits are required for activities within the GBR, such as operating marinas, 
tourism and research. 

 
Both the EMC and PAAFs are paid by visitors and permit holders to the GBRMPA. However, 
the Australian Government has waived the EMC until July 1, 2023 to support recovery of 
tourism along the GBR. Another funding source is the Reef Trust, which combines 
government and private funding to improve coastal habitats and water quality. 
 
The GBRMPA works with Australia and Queensland government agencies, industries, and 
the coastal communities to implement the Reef 2050 Long-term Sustainability Plan, the key 
framework for GBR management.  
 
Sea surface temperature data can predict the survival rate of out planted species -- the 
practice of restoring coral reefs by replanting coral fragmentsxviii. Hence, appropriate 
restoration sites can be identified to increase the likelihood of survival. 
 
 

9. Management challenges and critical decisions  
 
One obvious challenge for the GBRMPA is that global temperatures continue to rise, and are 
beyond its control. In fact, the GBRMPA openly acknowledges “mass bleaching reaffirms 
that climate change remains the single greatest challenge to the Reef and the strongest 
possible global efforts to reduce emissions are essential, along with local actions in the 
Marine Park and its catchment.”  
 
The 2021-22 bleaching event was a surprise to the marine science community because we 
are in a La Niña cycle, which typically leads to cooler temperatures at the GBRxix. The fact 
that warmer-than-usual water temperatures persisted last summer is a worrisome 
harbinger that future bleaching events will become more frequent and possibly result in 
critical decisions regarding which reefs to protect or restore.  
 
As ocean acidity increases, hard-corals affected by bleaching will have even more difficulty 
rebounding, so helping corals build resilience – or transplanting corals from other harsh 
environments – may be among critical decisions for the GBRMPA. Likewise, climate 
engineering approaches such as MCB or other methods may be required to keep water 
temperatures favorable for reef health and growth. 
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10. Discussion questions 
 
Hughes et al. conclude “the multi-decadal accumulation of bleaching impacts highlights the 
grave risk that without immediate global action on greenhouse gas emissions, more 
frequent and more severe bleaching events will continue to undermine the resilience of 
coral reef ecosystems.”xx So, is Australia’s investment in the GBR wasted, and better spent 
reducing the country’s contributions to greenhouse gas emissions, which are at the root of 
the problem? 
 
Marine cloud brightening is thought to be a localized method of climate engineering – 
meaning it is not believed to have unpredictable far-reaching impacts. Should MCB be 
aggressively pursued to help keep GBR waters cool? 
 
Human-assisted evolution can be an effective tool to increase the resilience of some reef-
building corals, but does the risk of unintended consequences to the GBR ecosystem 
undermine this approach? 
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