The Heron Island Climate Change Observatory: An In-Situ Ocean Acidification and Carbonate Chemistry Monitoring Platform
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A7.2 Summary of Proposal

In no more than 100 words (approx. 750 characters):

Ocean acidification associated with increasing CO2 emissions is one of the main threats to the GBR.  Previous experiments have been limited to aquaria studies that have ignored the complexity of the ecosystem and their potential buffering capacity. This project will include the first long-term coral reef in-situ ocean acidification experiment in which the impacts of predicted future CO2 concentrations will be studied on an intact reef flat ecosystem. This study will determine the impacts of acidified seawater chemistry on coral reefs from the molecular to the ecosystem level, providing data critical for the management and conservation of the GBR.

A7.3 Summary of National/Community Benefits (for Public Release)

In no more than 100 words of plain language:

Increasing CO2 emissions are causing rapid climate change that has become a serious threat to Australia’s natural environments. The Heron Island Climate Change Observatory will provide the first information on the impacts of ocean acidification on intact coral reef ecosystems. This information will be critical to understanding the impacts on a range of scales from the molecular to the ecosystem level and to understanding the associated vulnerabilities of reef communities. This research will be essential to the management and protection of the Great Barrier Reef, an important biological, economic, and cultural asset to Australian society. 

Project Description:
The CO2 content of the atmosphere is currently increasing at the rate of around 2 ppm per year.  The current level of CO2 (383 ppm) is the highest level seen in the last 740,000 years (Fig 1) and the rates of change are is 2-3 orders of magnitude greater than any seen in that time (Table 1 in Hoegh-Guldberg et al. 2007, Science Dec 2007). There is no longer any doubt that the earth’s climate system is changing as a result. Currently, global temperature is approximately 0.7°C above its level higher than 100 years ago and projections suggest increases of 2-6 °C by 2100 in response to atmospheric CO2 levels of 450-800 ppm (Friedlingstein et al. 2006). Many other aspects of the climate system (e.g. water availability, storm intensity) have also changed as global temperature has increased, with implications for a broad range of natural and man-made systems (Walther et al. 2002; IPCC 2007; Poloczanska et al. 2007; IPCC 2007).  The most dramatic example of this has been widespread coral bleaching events which began to occur after 1979, and which have driven resulting in the mass mortality of corals in Australia and as well as around the globe worldwide (Brown 1997; Hoegh-Guldberg 1999; Hoegh-Guldberg et al. 2007). It is now beyond reasonable doubt that Serious changes are already underway but what the have serious implications are for natural ecosystems as well as social and economic systems is not understood (IPCC 2007).  More over, the general populace and policy makers of the world have been solely focused on the atmosphere. It is only a recent development that science has been able to get the message out that our largest and most precious resource, the Earth’s oceans, are a key participant in this issue. 
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Approximately 25% of the CO2 that enters the atmosphere is absorbed by the ocean, where it reacts with water to produce carbonic acid, causing a decrease in pH (Raven et al. 2005).  Protons released by the acid react with carbonate ions to produce bicarbonate, reducing the concentration of carbonate ions in ocean waters.  These changes, though subtle, result in a precipitous drop in the availability of carbonate ions in seawater as the atmospheric CO2 increases.  These reduced concentrations of carbonate have the potential to affect a wide range of marine ecosystems.

Carbonate ion concentrations plotted together with global temperatures reveal that the conditions that marine organisms are experiencing today are substantially different from any that they have experienced over at least the last 740,000 years (Fig 1, Hoegh-Guldberg et al. 2007).   In the case of corals, there appears to be a significant carbonate threshold which occurs when atmospheric CO2 rises above 450 ppm (carbonate ion concentrations ~ 200 mol.kg-1).  Reef-building corals appear unable to maintain reef integrity beyond this point.  This has potentially serious implications for coral reef ecosystems.

CO2-induced reductions in carbonate ion concentration are sufficient to slow the calcification rate of many marine organisms (Kleypas et al. 1999). There is now abundant evidence that ocean acidification is beginning to affect marine life (Raven et al. 2005; Shirayama and Thornton 2005; Berge et al. 2006), with a wealth of studies on corals (for review, see Kleypas and Langdon 2006) revealing that calcification decreases linearly with decreasing carbonate ion concentration in seawater.  This decrease is purportedly being detected in long-lived corals of the genus Porites on the Great Barrier Reef (i.e. 20% decrease in calcification over the past 20 years; Cooper et al. 2008).  Studies on crustose coralline algae have also revealed a high sensitivity to ocean acidification (Diaz-Pulido et al. 2007; Kuffner et al. 2007). This is likely to have significant synergistic impacts on the resilience of coral reefs to other disturbances arising from global warming (i.e. bleaching events), local human stressors (e.g. declining water quality, over-fishing of herbivores), and increased storm frequency.

While much of the recent focus has been on reef-building corals (Kleypas and Langdon 2006), there is growing evidence that ocean acidification will have significant impacts on a wide range of reef-associated organisms and biological processes.  Our understanding of these impacts and underlying mechanisms, however, is minimal and must be rapidly improved if we are to comprehend the full gamut of vulnerabilities arising from ocean acidification (Raven et al. 2005; Harley et al. 2006). The Heron Island Climate Change Observatory will rapidly improve our understanding of climate change impacts on coral reefs by providing fine scale data on the physical and chemical changes to the seawater flushing across the Heron reef and the first data on the response of an intact coral reef flat community to future CO2 levels.

The in-situ acidification experiment will provide data not previously unobtainable from earlier coral reef acidification experimental studies. These studies mostly relied on laboratory based aquaria experiments with coral fragments with numerous limitations including modified physical parameters (including light, water flow, and water temperatures), biological parameters (associated with having broken fragments of corals without their associated biota) and chemical parameters (by excluding the natural benthos that could serve as buffers to the changing pH). One previous research effort attempted to study the impacts of acidification on intact reef communities but it was a short term studies lasting only several hours using plastic enclosures that greatly altered water flows over the corals (Yates and Haley 2003). Our Heron Island study will be the first in-situ CO2 enrichment study on a coral reef with natural environmental conditions including flow. The experiments are based on a technology to inject CO2 in to the center of a ring structure that has been used successfully on land for over 15 years (FACE experiments, Fig 1a, Hendrey and Kimball 1994, LaDeau 2001, Ainsworth 2005). This technology has been used successful by our collaborators in other marine environment and termed the Free Ocean CO2 Enrichments Experiments (FOCE experiments, Fig 1b, Kirkwood et al. 2005, 2007) but this will be the first application on a coral reef and likely the start of a global network of Coral FOCE experiments. 
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    Figure 1: a) Photograph of a FACE experiment in Wisconsin b) Photograph of a         

    FOCE system designed for the deep ocean (Kirkwood et al. 2007)

Studying the impacts of climate change on an intact reef community allow previously unanswerable questions to be posed such as the impacts of acidification on species interactions, community structure, bioerosion and dissolution (Kleypas et al. 2006). This data will be critical for better predictions of the impacts of climate change on the Great Barrier Reef providing information critical to the conservation and management of this important Australian resource. The Heron Island Research Station (HIRS) is the ideal place for a climate change observatory because it one of the most highly studied reefs on the GBR, it has excellent infrastructure and facilities, and it has a large International community of scientists who are experts in climate change impacts on corals.

The Heron Island Climate Observatory will include three interconnected components for real time measurements of coral reef environmental responses to present day and predicted future climate change scenarios:

 I) A series of buoys to measure changes in water chemistry across the Heron Island lagoon; 

II) An in situ ocean acidification cabled observatory platform with a instrument ring to manipulate and monitor change in water chemistry and in coral reef health under elevated CO2 conditions; and 

III) a platform to transmit all of the measurements from the observatory to the Great Barrier Reef Observing System (GBRUCE)- a wireless network that will make it possible to provide real time access to the results to researchers around the world.

I) Ocean Chemistry Buoys

Two ocean chemistry buoys designed and provided by CSIRO will be moored in the Heron channel and the Wistari channel. The sensors will include temperature, light, and carbonate chemistry sensors including pCO2, pH, and an automated water sipper for total alkalinity calculations. The two buoys will be situated so that the reef flats influence on the sea water’s carbonate chemistry can be determined. The buoys and sensors will be provided by CSIRO and the observatory would support the construction of the permanent moorings.

II) In situ Ocean Acidification Cabled Observatory and and Experimental Platform

The Coral FOCE system will be designed and constructed by the Kirkwood and Brewer lab at MBARI. Modifications to the FOCE system are currently being made based on regular consultations between the MBARI group, the UQ group, the Stanford University, and the ANU group. With such a diverse, experienced, international team this project will have a high likelihood of success. The equipment needed for this component of the project will include two, three meter ringed instrumentation platforms that will be permanently moored to the reef flat and will include emitters across the ring that will release CO2 enriched seawater as needed (Fig 2). The instrumentation associated with the ring will
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Figure 2: Schematic of coral FOCE experiment on Heron reef flat. The 3-meter instrument and dosing ring will be permanently moored to the reef floor. The ring consists of emitters that release the instrumentation will include pH, pCO2, and flow sensors that will communicate with a control computer in a closed loop system to regulate the flow of acidified reef water from the shore. The ring consists of emitters that will release the dosed seawater at the appropriate locations depending on the flow and pH levels to ensure controlled pH conditions throughout the ring.

Each of the instrumentation rings will be connected to a piping system which will pump water from the ringed reef areas back to the beach where a dosing chamber will add CO2 to the seawater as required.  One of the rings will be a control ring that will have un-manipulated seawater pumped to the instrumentation ring at the same rate as in the treatment ring  (Fig 3). The control ring and treatment ring will be cabled to the central computer system for constant logging of the FOCE ring instrumentation. The sensors on both FOCE rings will include a SAMI pCO2 sensor, 5 pH Sensors, an ADV current meter, a light meter, and a CTD (salinity,temperature and depth). These instumented rings will make up a cabled observatory (Fig 3).
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Figure 3: Diagram of the FOCE cabled observatory with a treatment and a control sensor ring. The instruments in each ring include a current sensor, a central master pH sensor and 4 pH sensors along the ring which all communicate with the control computer to determine how much dosed seawater should be released from the emitters spaced around the ring.
The seawater from both rings will be pumped back to the research station and the water from the treatment ring will pass in to the dosing chamber (Fig 4). The dosing chamber will spray the seawater into the chamber in a fine mist through which the treatment CO2 will be added. The seawater mist results in faster and more efficient CO2 absorption in to the seawater. The dosed seawater will be held in the chamber and pumping tubes, long enough to exceed the residence time necessary to have complete carbonate equilibrium within the dosed seawater (citation?). The source of the CO2 for dosing will be from the exhaust from the island’s generators’ which will be cleaned through a series of filters and then added to the seawater mist in the appropriate quantity based on the feedback from the CO2 control loop (Fig 4). A large CO2 tank will also be installed as a back up in case there are problems with the generators. Exhaust has been successfully used in carbon dioxide enrichment studies in seagrass meadows (Palacios and Zimmerman 2007). 
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Figure 4: Layout of the pH dosing chamber that take the seawater pumped from the FOCE ring and sprays it in to a fine mist to which the CO2 is added. The CO2 is either from the exhaust from the island’s generators which passes through a crushed carbonate filter to remove any contaminants, or from a back up CO2 tank. The dosed seawater is then pumped back to the FOCE ring and added as needed to tightly control the experimental pH.

The coral FOCE experimental platform provides an ideal design to study the complex, interactive impacts of ocean acidification on a coral reef ecosystem. It has been designed to produce the experimental pH conditions predicted for future reefs within discrete limits while allowing for multidisciplinary experiments on the coral reef community with tightly monitored environmental conditions within the cabled observatory. The Heron Island coral FOCE will be the first of its kind internationally making the Heron Island climate change observatory an Internationally important site for climate change research. It will help place the Australian coral reef community at the forefront of climate change science and provide an experimental system that will be widely used and likely replicated globally.

III. Integration with the Heron Island GBRUCE Wireless Network

Both the carbonate buoy system and the coral FOCE abled observatory will be integrated into the Heron Island’s existing GBRUCE wireless network. Heron Island has been chosen as one of the sites off this wireless network that exists throughout the GBR. Use of the wireless network will allow all of the physical, chemical, and biological measurement made with the Heron Island Observatory to be backed-up, observed, and analyzed in real-time from any computer around the world. Integration with the GBRUCE network will greatly facilitate the many International and national collaborations within this project and ensure that the results will be quickly analyzed and provide a mechanism to ensure that everything within the system is working properly.

The Heron Island Climate Change Observatory will place Australia and Heron Island at the forefront of climate change research. By regular monitoring of water chemistry  and biological parameters using the state of the art in instrumentation we will be able to determine the document the changes that are already occurring as a result of climate change as well as stimulating future scenarios to experimentally determine the response of an intact coral reef ecosystem. This observatory will be critical for the conservation and management of the incredible diversity and economic value of the GBR to the Australian public. The data from the observatory will allow for more informed and responsive management of the GBR as we struggle to keep up with the many threats to the ecosystem associated with climate change. It will also for more informed policy to be developed to allow Australia to protect its International icon, the GBR.
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Fig 1.  Sea temperatures and carbonate ion concentrations have remained in a tight cluster for over 740,000 years despite fluctuations such as ice age transitions.  In the past 100 years, however, these parameters have moved significantly outside this cluster (to position A), presenting marine organisms with conditions unlike any that they have seen before.  (Fig 1B, Hoegh-Guldberg et al. 2007, Science 318: 1737-1742)











