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REEF ENCOUNTER 
Reef Encounter is the Newsletter and Magazine Style Journal of the International Society for Reef Studies. It was first published 
in 1983. Following a short break in production it was re-launched in electronic (pdf) form.  Contributions are welcome, 
ŜǎǇŜŎƛŀƭƭȅ ŦǊƻƳ ƳŜƳōŜǊǎΦ tƭŜŀǎŜ ǎǳōƳƛǘ ƛǘŜƳǎ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ ǊŜƭŜǾŀƴǘ ŜŘƛǘƻǊ όǎŜŜ ǘƘŜ ōŀŎƪ ŎƻǾŜǊ ŦƻǊ ŀǳǘƘƻǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎύΦ 

Coordinating Editor    Rupert Ormond  (email: rupert.ormond.mci@gmail.com) 
Deputy Editor     Caroline Rogers (email: caroline_rogers@usgs.gov) 
Editor Reef Perspectives (Scientific Opinions)  Rupert Ormond  (email: rupert.ormond.mci@gmail.com) 
Editor Reef Currents (General Articles)    Caroline Rogers (email: caroline_rogers@usgs.gov) 
Editors Reef Edge (Scientific Letters)  Dennis Hubbard (email: dennis.hubbard@oberlin.edu) 
      Alastair Harborne (email: alastair.harborne@fiu.edu) 
      Edwin Hernandez-Delgado (email: coral_giac@yahoo.com) 
      Nicolas Pascal (email: nppacific@gmail.com) 
Editor News & Announcements   Sue Wells (email: suewells1212@gmail.com) 
Editor Book & Product Reviews   Walt Jaap (email: wjaap@tampabay.rr.com) 

 

INTERNATIONAL SOCIETY FOR REEF STUDIES 
The International Society for Reef Studies was founded in 1980 at a meeting in Cambridge, UK. Its aim under the constitution is 
to promote, for the benefit of the public, the production and dissemination of scientific knowledge and understanding 
concerning coral reefs, both living and fossil. 

President    Ruth Gates (UK/USA) (email: rgates@hawaii.edu) 
Vice President    Yimnang Golbuu (Palau) (email: ygolbuu@picrc.org) 
Treasurer    Donald Potts (USA) (email: potts@ucsc.edu) 
Corresponding Secretary   Rupert Ormond  (UK) (email: rupert.ormond.mci@gmail.com) 
Minutes Secretary    Kiho Kim (USA) (email: kiho@american.edu) 
Council Members  (2013-17)  Juan Pablo Carricart-Gavinet (Mexico) (email: carricart@cmarl.unam.mx) 
     Beatriz Casareto (Japan) (email: dcbeatr@ipc.shizuoka.ac.jp) 

Andrea Grottoli (USA) (email: grottoli.1@osu.edu) 
     Jeff Miller (USA/US Virgin Islands)) (email: William_J_Miller@nps.gov) 
     Erinn Muller (USA) (email: emuller@mote.org) 

Stephanie Norman (USA) (email: stephanie@marine-med.com) 
Council Members  (2015-19)  David Baker (USA/Hong Kong) (email: dmbaker@hku.hk) 
     Ilsa Kuffner (USA) (email: ikuffner@usgs.gov) 

Stacy Jupiter (USA/Fiji) (email: sjupiter@wcs.org) 
     Kazuo Nadaoka (Japan) (email: nadaoka@mei.titech.ac.jp) 
     Serge Planes (France/French Polynesia) (email: planes@univ-perp.fr) 
     Laurie Richardson (USA) (email: laurie.richardson@fiu.edu) 

Thamasak Yeemin (Thailand) (email: thamasakyeemin@yahoo.com) 
 

     CORAL REEFS - THE JOURNAL 
The International Society for Reef Studies also publishes through SpringerΩǎ ƛǘǎ ǇǊŜƳƛŜǊ ǎŎƛŜƴǘƛŦƛŎ ƧƻǳǊƴŀƭ ŜƴǘƛǘƭŜŘ ά/hw![ 
w99C{έΦ The Journal publishes high quality scientific papers concerning the broad range of fields relevant to both modern and 
ancient reefs (see http://www.springer.com/life+sciences/ecology/journal/338). 

Editor in Chief     Howard R. Lasker (email: CoralReefsEditor@buffalo.edu) 
Topic Editors (Biology)   Anastazia Banaszak (email: banaszak@cmarl.unam.mx) 

Line K Bay (email: l.bay@aims.gov.au) 
Simon Davy (email: Simon.Davy@vuw.ac.nz) 
Brian Helmuth (email: b.helmuth@neu.edu) 

     Andrew Hoey (email: andrew.hoey1@jcu.edu.au) 
     Mark J.A. Vermeij (email: carmabilog@gmail.com) 
Topic Editors (Ecology)   Michael Berumen (email: Michael.berumen@kaust.edu.sa) 

Stuart A. Sandin (email: ssandin@ucsd.edu) 
 Alastair Harborne (email: alastair.harborne@fiu.edu) 

Topic Editor (Geology)   Chris Perry (email: C.Perry@exeter.ac.uk)
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EDITORIAL  

 Apologies to members that this edition of Reef Encounter is 

appearing a little later than scheduled, but hopefully the 

content has been worth wai ting for. My thanks to those who 

have come forward with such an interesting and unusually 

diverse range of articles, ranging from deep reef survey work 

to three -dimensional printing, to add to the continuing news 

of the near global effects of cl imate chang e and other impacts 

on our coral reefs.  

 

Among the articles in this edition are also a diverse set of s hort communications in 

the REEF EDGE section. We have now clearly departed from the original policy of 

Reef Encounter, not to include papers based on ori ginal data. There were doubtless 

good reasons for this policy, but we agreed to trial this sec tion, and to date I 

believe the  innovation has been well received. The section not only offers 

researchers the opportunity to alert our community promptly to sign ificant new 

findings , but also provides a service to members who may otherwise find it difficult 

to draw the  attention of o ther members to potentially valuable observations . 

 

Rupert Ormond  

Corresponding Secretary ISRS & Editor , Reef Encounter  

Honorary Prof essor , Heriot - Watt University, Edinburgh, UK  

 

RECORDING  SECRETARYõS  REPORT 
 

 

In addition to approximately monthly conference calls of the 

Societyõs Officers, conference calls of Council Members were held 

on 8
th

/9
th

 October 2015 and 14
th

/15
th

 April 2016.  To accommodate 

the now global distribution of Council Members, calls are held in 

two parts, at times suitable for members resident in eastern and 

western hemispheres respectively.  

 

Significant items for discussion included: general organisation 

of (and ar rangements for ICRS meetings at) ICRS13; selection of 

hosts for ICRS14 and a European coral reef meeting; Society 

finances; input to the Paris Climate Change Convention CoP; revision of the 

Societyõs constitution; Society journals and newsletters; the Societyõs website and 

facebook pages; design of and competition for a new Society logo; Society awards 

and honors; and establishment of new Education and Conservation Committees.  

 

Kiho Kim  

ISRS Recording Secretary & Chair Website Committee  

Associate Professor,  American University, Washington DC, USA  
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TREASURERõS 

REPORT  

 

 
 

 
The societyõs financial state and reserves have increased in every year since 

2012. Figure 1 shows reserves of unliened funds at the end of each month since 

ISRS entered a contract with th e Schneider Group to provide administrative 

support services (in mid 2012). On 30 April 2016, the society had an unliened 

balance of $US 122,300  with anticipated routine expenditures of about $27,000  

for the re mainder  of 2016.   

 

The initial strong annual cy cle was caused by membership dues being paid 

mainly in the first half of each year. Dampening of the cycle in 2014 and 2015 

probably stems from two policy changes in our dues structure:  1) increasing 

numbers of members are now paying dues 1 - 3 years ahead rather than 

annually, and 2) reduced dues seem to be increasing membership in developing 

countries. The sharp decline in late 2015 represents a $40,000 no - interest seed 

money loan to the organizers of the 13
th

 ICRS, which we anticipate will be repaid 

by th e end of 2016, while the huge 2016 increase is the direct result of more than 

doubling total membership in anticipation of the 13
th

 ICRS.  

 

ISRS income comes exclusively from membership dues, with one exception. In July 

2015, Springer -Verlag made a gift û10,000 ($US11,189) as a bonus for the 

success and prestige of our journal òCoral Reefs.ó The increasing reserves has 

allowed ISRS to increase  expenditures in support of the societyõs primary mission. 

Recent initiatives include $3,329 to ensure ISRS representation at COP21, the 

2015 United Nations Climate Change Conference  in Paris, and $10,000 to fund 

four Graduate Research Fellowships.  

 

Donald  Potts   

ISRS Treasurer  

Professor of Biology, University of California at Santa Cruz, California, USA  

Figure 1. Monthly uncommitted funds held by ISRS from 1 January 2012 to 30 April 2016. 
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SOCIETY ANNOUNCEMENTS  

   

Darwin Medal 2016 
 

On 1st March the Society announced that the winner of the 2016 Darwin Medal is Dr. John E. (Jack) 
Randall, of the Bernice P Bishop Museum, Honolulu, Hawai'i. The Medal is the Society's most prestigious 
honor, awarded only once every 4 years, to an eminent scientist based on their lifetime's achievements.  
The award will be presented at the upcoming International Coral Reef Symposium, coincidentally to be 
held in Honolulu, from 19th -24th June. 
 
 

SocietyΩǎ Honors and Awards for 2016 
 

The Society announced in February that its Annual Honors for 2016 have been awarded to the following 
members: 
The ISRS Eminence Award (two awarded annually): Bette Willis and Katharina Fabricius 
The ISRS World Reef Award: Sangeeta Mangubhai 
The ISRS Mid-Career Award (2016): Andrea Grottoli 
 
In addition the following members were elected to the status of ISRS Fellow: Katharina Fabricius, Andrea 
Grottoli,  Mark Hixon,  Ove Hoegh-Guldberg, Sangeeta Mangubhai, Rupert Ormond, Peter Sale, Bette 
Willis, and (in recognition of their past services to the Society) the following former ISRS Presidents: Ian 
Macintyre, Charles Birkeland, Bernard Salvat, John Ogden, Terry Done, Nick Polunin, Richard Aronson, and 
Bob Richmond. Congratulations to all recipients.  
 
 

 ISRS Graduate Fellowships 
 

In March the Society announced the recipients of four new ISRS graduate fellowships (including two for 
students from developing countries). They and their project titles are as follows: 
Archana Anand, Hong Kong University, Hong Kong: Linking sewage impacts to ecosystem decline in a 
human impacted marine environment. 
Danielle Claar, University of Victoria, Victoria, Canada: Elucidating mechanisms of coral reef resilience to 
ƭƻŎŀƭ ǎǘǊŜǎǎƻǊǎ ŀƴŘ 9ƭ bƛƷƻ ƻƴ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŀǘƻƭƭΦ 
James Dimond, University of Washington, Seattle, USA: The role of DNA methylation in the response of 
tropical reef corals to environmental change. 
Laura Marangoni, Federal University of Rio Grande, Rio Grande, Brazil: Interactive effects of acidification, 
increasing temperature and micronutrient enrichment on the physiology of Mussismilia harttii 
(Scleractinia, Mussidae) - implications of concurrent climate and non-climate stressors. 
25 applications were received and assessed independently by a six-member selection committee. 
Congratulations to the successful candidates. 
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General Meeting of Members 
 

¢ƘŜ {ƻŎƛŜǘȅΩǎ ƴŜȄǘ п-yearly General Meeting of Members will take place on Wednesday 22nd June in the 
Hawaii Convention Center, Honolulu, Hawaii, during the course of the International Coral Reef 
Symposium being held there from 19th ς 24th June. Members present at the Symposium are urged to 
attend. 
 
Any member wishing to have an item placed on the Agenda should please notify the Corresponding 
Secretary, Rupert Ormond (rupert.ormond.mci@gamil.com) or Recording Secretary, Kiho Kim 
(kiho@american.edu) by 31st May, 2016. 
 
 

{ƻŎƛŜǘȅΩǎ /ƻƴǎǘƛǘǳǘƛƻƴŀƭ wŜŦŜǊŜƴŘǳƳ 
 

As members were advised by email, the Referendum to approve the proposed revisions to the Society's 
Constitution and Bylaws closed on 30th November 2015, with 49.3% of the membership having voted, all 
in favour of the revised Constitution. Proposed changes to the Bylaws were likewise approved. These votes 
having met the requirements of the old constitution, the revised Constitution and Bylaws became effective 
on December 1st. 
 
 

New Conservation and Education Committees 
 

At its meeting on 14th/15th April the ISRS Council agreed to establish two new committees which it is 
intend will become increasingly important and active - an Education Committee and a Conservation 
Committee. Chairs were appointed as follows: Conservation Committee - Sue Wells (email: 
suewells1212@gmail.com); Education Committee - James Crabbe (email: james.crabbe 
@wolfson.ox.ac.uk) 
 
Each committee will be composed of three council members plus a minimum of three other society 
members, and include if possible at least two practitioners (e.g. teacher or coral reef manager) and two 
student members (graduate or undergraduate). Any member interested in being considered for either 
committee is asked to email the relevant chair with a copy of their CV. 
 
¢ƘŜ ¢ŜǊƳǎ ƻŦ wŜŦŜǊŜƴŎŜ ŦƻǊ ŜŀŎƘ ŎƻƳƳƛǘǘŜŜ Ŏŀƴ ōŜ ŘƻǿƴƭƻŀŘŜŘ ŦǊƻƳ ǘƘŜ ƘƻƳŜ ǇŀƎŜ ƻŦ ǘƘŜ {ƻŎƛŜǘȅΩǎ 
website (www.coralreefs.org). 
 

aŜƳōŜǊǎΩ 5ƛǊŜŎǘƻǊȅ 
 

aŜƳōŜǊǎ Ƴŀȅ ǿƛǎƘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ {ƻŎƛŜǘȅΩǎ 5ƛǊŜŎǘƻǊȅ ƻŦ aŜƳōŜǊǎ ƘŀǎΣ ǎƛƴŎŜ ƭŀǎǘ ȅŜŀǊΣ ōŜŜƴ ŀǾŀƛƭŀōƭŜ ƛƴ 
ǘƘŜ aŜƳōŜǊǎΩ ŀǊŜŀ ƻŦ ǘƘŜ {ƻŎƛŜǘȅΩǎ ǿŜōǎƛǘŜΦ ¢ƘŜ 5ƛǊŜŎǘƻǊȅ Ŏŀƴ ōŜ searched for example to find members 
living in different countries, or working in a specific ocean region or researching a particular subject area. 
To access the Directory log in to your account using your email address and ISRS password at:  
http://coralreefs.org/membership/. 
 

 

mailto:rupert.ormond.mci@gamil.com
mailto:kiho@american.edu
mailto:suewells1212@gmail.com
mailto:james.crabbe@wolfson.ox.ac.uk
mailto:james.crabbe@wolfson.ox.ac.uk
http://www.coralreefs.org/
http://coralreefs.org/membership/
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13th International Coral Reef Symposium, Hawaii 
 

 
As members will know, the 13th 
International Coral Reef 
Symposium (ICRS) will be taking 
ǇƭŀŎŜ ƛƴ Ƨǳǎǘ ƻǾŜǊ ŀ ƳƻƴǘƘΩǎ ǘƛƳŜΣ 
from 19th ς 24th June, at the Hawaii 
Convention Center, Honolulu, 
Hawaii. The ICRS, sanctioned by 
the International Society for Reef 
Studies (ISRS) and held every four 
years, is the primary international 
meeting focused on coral reef 
science and management.  
 
It is now expected that the 
Symposium will be attended by 
over 2,100 coral reef scientists, 
policy makers and managers, from 
97 different countries.  1507 talks 
are scheduled, along with 677 
posters.  
 
 
The full scientific programme is now available on line at:  
https://www.sgmeet.com/icrs2016/sessionlist.asp. 
 
Note that details of meetings and of workshops and townhalls are shown on separate web-pages as follows: 
https://www.sgmeet.com/icrs2016/meetings.asp 
https://www.sgmeet.com/icrs2016/workshops-townhalls.asp 
 
Members and others can still register to attend, albeit at a higher rate than previously. For details see: 
https://www.sgmeet.com/icrs2016/registration-fees.asp 
 
¢ƘŜ {ƻŎƛŜǘȅΩǎ DŜƴŜǊŀƭ aŜŜǘƛƴƎ ƻŦ ƳŜƳōŜǊǎ όƴƻǿ ǘƻ ōŜ ƘŜƭŘ ŜǾŜǊȅ п ȅŜŀǊǎύ ǿƛƭƭ ǘake place during the course of the 
symposium on Wednesday 22nd June at 7.30 p.m. in Theatre 310 
 
For queries concerning the scientific program, please 
contact: 
Dr. Robert Richmond, Convener, 13th ICRS, 
Kewalo Marine Laboratory 
University of Hawaii at Manoa 
41 Ahui Street 
Honolulu, HI 96813 USA 
email: richmond@hawaii.edu 
Phone: (1) 808-539-7330 

For practical and logistical queries contact: 
Helen Schneider Lemay,  
Conference Manager, 13th ICRS 
SG Meeting and Marketing Services 
5400 Bosque Boulevard, Suite 680 
Waco, TX 76710 USA 
email: helens@sgmeet.com 
Phone: (1) 254-776-3550 
Fax: (1) 254-776-3767 

  

Honolulu, from Diamond Head 

https://www.sgmeet.com/icrs2016/sessionlist.asp
https://www.sgmeet.com/icrs2016/meetings.asp
https://www.sgmeet.com/icrs2016/workshops-townhalls.asp
https://www.sgmeet.com/icrs2016/registration-fees.asp
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GENERAL ANNOUNCEMENTS  

 

19th Reef Conservation United Kingdom (RCUK) Meeting  
26th November 2016, Zoological Society of London, London, UK 

   

Reef Conservation United Kingdom (RCUK) will again be organizing its annual one day meeting at London 
Zoo. The event will continue to highlight the need for multidisciplinary studies of coral reefs and adjacent 
environments, and the RCUK themes of conservation, management and education. RCUK meetings 
provide an excellent opportunity to meet fellow reef workers and enthusiasts in order to discuss ideas and 
activities on an informal basis. While the meetings are principally attended by UK reef scientists and 
conservationists, colleagues from elsewhere are very welcome to attend and present. The call for abstracts 
will open in early June and should be submitted online by Friday October 3rd. Registration is required (also 
online) by Friday November 21st, 2016.  
 
More information will be posted shortly at: http://www.reefconservationuk.co.uk/rcuk-2016.html  

 
 

European Coral Reef Symposium 2017 
13-15th December 2017, Department of Zoology, University of Oxford, UK 

 
The next European Coral Reef Symposium, sponsored by ISRS, will be held in association with the 20th 
Annual Reef Conservation UK Meeting, in the Department Zoology, at the University of Oxford, Oxford, UK, 
from 13th-15th December, 2017. 
 
This three day conference is planned as the European Inter-congress scheduled to take place 
approximately midway between ICRS13 and ICRS14. The meeting will consist of talks, poster sessions, 
social events and workshops. More information will be posted online over the coming months at:  
http://www.reefconservationuk.co.uk/ecrs-2017.html  
 

 

 
WANTED: BARCODES OF NEOPOMACENTRUS CYANOMOS (REGAL DEMOISELLE) 

 
The Indo-west Pacific reef damselfish Neopomacentrus cyanomos, aka the Regal demoiselle, is now well established 
in the southern Gulf of Mexico. We are trying to determine the ultimate source and mode of this introduction. 
Barcodes of this species from the Seychelles, Madagascar and the northern Great Barrier Reef do not resolve those 
issues. Hence we request that people in various other parts of its geographic range (e.g. the Red Sea, E Africa, India, 
Sri Lanka, Thailand, Indonesia, W Australia, the Philippines, Taiwan, and New Caledonia) provide barcodes of this 
species to help with this effort. Barcoded fish need to be field-caught (NOT supplied by the aquarium trade, which 
moves fish around a lot) and vouchered (a good photo will do if the fish can not be preserved and kept in a museum 
collection). Please send barcodes and collection and voucher information to: D Ross Robertson (Smithsonian 
Tropical Research Institute, Panama) at drr@stri.org. With many thanks for any assistance. 
   

http://www.reefconservationuk.co.uk/rcuk-2016.html
http://www.reefconservationuk.co.uk/ecrs-2017.html
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REEF PROFILE  

A new section profiling members of note 

Sangeeta Mangubhai 

Sangeeǘŀ aŀƴƎǳōƘŀƛ ƛǎ ǘƘŜ ǇǊƻǳŘ ǊŜŎƛǇƛŜƴǘ ƻŦ ǘƘŜ {ƻŎƛŜǘȅΩǎ нлмс ²ƻǊƭŘ wŜŜŦ !ǿŀǊŘΦ 
{ƘŜ ǿŀǎ ōƻǊƴ ŀƴŘ ƎǊŜǿ ǳǇ ƛƴ {ǳǾŀΣ CƛƧƛΦ CƻƭƭƻǿƛƴƎ CƛƧƛΩǎ ŦƛǊǎǘ ƳƛƭƛǘŀǊȅ ŎƻǳǇ ƛƴ мфутΣ ƘŜǊ 
family migrated to Toowoomba, Australia where she completed her last years of high 
school. She went on to graduate with a Bachelor of Science (Hons) majoring in marine 
biology from University of Queensland in Brisbane, Australia in 1995. Her first job was 
as a Conservation Officer with the Queensland Parks and Wildlife Service, where she 
gained her first experience in environmental management, and was heavily involved 
in the first zoning of Moreton Bay Marine Park. Three years later while on holiday in 
Fiji, she was offered the position of regional coordinator for the World Wide Fund for 
bŀǘǳǊŜΩs South Pacific Programme, providing technical guidance and strategic support 
to their country programs Fiji, Papua New Guinea, Solomon Islands and Cook Islands. 

  
In 2001, she moved to Kenya as a research associate with CORDIO East Africa, and commenced her PhD in 2003 with 
Southern Cross University, Lismore, Australia as an external student. Her dissertation was on the reproduction and 
recruitment of scleractinian corals on equatorial reefs in Mombasa, Kenya, for which she received the /ƘŀƴŎŜƭƭƻǊΩǎ 
Outstanding Thesis Medal. On completion of her PhD in 2007, Sangeeta moved to Indonesia where she spent a year 
as the Conservation Manager for Putri Naga Komodo helping to improve the management of Komodo National Park. 
A year later she took over as the Portfolƛƻ aŀƴŀƎŜǊ ŦƻǊ ¢ƘŜ bŀǘǳǊŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƻƎǊŀƳ ƛƴ ²Ŝǎǘ 
Papua. While in Indonesia, she provided technical advice to government on policy and legislation at the regency and 
national level, and designed and led strategies on spatial planning, Marine Protected Area (MPA) network design, 
climate change, fisheries, community resource management, governance, sustainable financing, and monitoring and 
ŜǾŀƭǳŀǘƛƻƴΦ {ƘŜ ƘŜƭǇŜŘ ƭŜŀŘ ŜŦŦƻǊǘǎ ǘƻ ŦƻǊƳŀƭƭȅ ŘŜŎƭŀǊŜ LƴŘƻƴŜǎƛŀΩǎ ŦƛǊǎǘ ǎƘŀǊƪ ŀƴŘ Ƴŀƴǘŀ Ǌŀȅ ǎŀƴŎǘǳŀǊy in Raja 
Ampat, the global center of marine biodiversity.  
 
In 2013, Sangeeta decided to move back to Fiji permanently and 
ŎǳǊǊŜƴǘƭȅ ƛǎ ǘƘŜ 5ƛǊŜŎǘƻǊ ŦƻǊ ǘƘŜ ²ƛƭŘƭƛŦŜ /ƻƴǎŜǊǾŀǘƛƻƴ {ƻŎƛŜǘȅΩǎ CƛƧƛ 
Country Program. She oversees a diverse portfolio of work on national 
policy, MPAs, fisheries, gender, ridge to reef planning, forest protected 
areas, and payment for ecosystem services. She sits on numerous 
government committees providing policy, science and management 
advice, and co-chairs the Executive Committee for the Women in 
Fisheries Network-Fiji. 
 
Since her PhD, Sangeeta has maintained her passion for science. 
Reflecting her diversity of research interests, she has published on coral 
reproduction, grouper spawning aggregations, coral bleaching, cetacean 
diversity, MPAs, sharks, and conservation planning. She specialises in designing monitoring programs to understand 
the impacts of disturbances on coral reef communities, and the return of investment of conservation strategies. She 
enjoys mentoring young scientists in developing countries to be stronger scientists, and has run multiple trainings 
and informal writing groups. She holds an adjunct scientist position with the New England Aquarium in Boston, and 
ǎƛǘǎ ƻƴ ǘƘŜ YƛǊƛōŀǘƛ DƻǾŜǊƴƳŜƴǘΩǎ {ŎƛŜƴǘƛŦƛŎ !ŘǾƛǎƻǊȅ /ommittee for the Phoenix Islands, advising on monitoring and 
science in this Protected Area. She has participated in the long-term monitoring of Phoenix Islands since 2000, and 
helped lead the last two expeditions. She is currently an editor for the journal Pacific Conservation Biology. 
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CLIMATE CHANGE  

 

/ŀǊŘōƻŀǊŘ ōƻȄŜǎΣ άŎƻƴǎŜƴǎǳǎέΣ /htнм ŀƴŘ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ 
 

Sue Wells, with contributions from Ove Hoegh-Guldberg and Mireille Guillaume 
 
The climate change negotiations that took place in Paris in December 2015 now seem a long time ago, but it is 
ǳǎŜŦǳƭ ǘƻ ǊŜŦƭŜŎǘ ƻƴ L{w{Ωǎ ŜŦŦƻǊǘ ŦƻǊ ǘƘŜ UN Framework Convention on Climate Change (UNFCCC) COP21 and how 
this demonstrates the role that our Society can play globally. It is always difficult to judge the impact of campaigning 
and communications efforts, but we think that ISRS, along with the many others involved, played an important part 
in the historic ƻǳǘŎƻƳŜΦ  ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ǘƘǳǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ L{w{Ωǎ ŎƻƴǘǊƛōǳǘƛƻƴΣ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ŜǾŜƴǘ ƛǘǎŜƭŦ 
and some thoughts on what needs to happen next. 
 
Cardboard boxes and consensus 
In early December, Ove and I found ourselves in Paris with the potentially unmanageable cargo of some 15 
cardboard boxes, each weighing over 10 kg. These contained 7000 English, 2500 French and 2000 Spanish copies of 
the ISRS Consensus Statement on climate change (http://coralreefs.org/Convention-on-Climate) which we had to 
get, in the right numbers and right languages, to the numerous event venues scattered across the city, including the 
COP21 itself at Le Bourget, some 15 km north-east of the city centre. 
 
The boxes were not the first of our headaches.  Reaching consensus on the content of the statement had been the 
first hurdle. ISRS had been calling for the 1.5°C target since at least 2009, as this has been recognised as essential by 
many, and notably by those countries most likely to be affected by climate change. For the UNFCCC COP15 in 
Copenhagen that year, we produced a very short flier (an initiative led by John Bruno, Sue Wells, Melanie McField 
and Caroline Rogers) that pushed for this.  However, negotiations at COP15 proved particularly difficult and very 
little progress was made.  
 
By 2015, there was a much greater understanding of the need for action, a larger body of irrefutable evidence on 
the causes of climate change and the impact it would have, and stronger political momentum to take action.  ISRS 
Council felt that it was important that the Society used the research of its members and its scientific credibility to 
support the lobbying that was underway for the 1.5oC target.  This time we had a slightly longer lead-in time and 
more capacity to produce a document. But things never go according to plan.  
 
Producing a consensus statement is much like the proverbial herding of cats.  Ove agreed to act as lead author and 
supporting co-authors were brought in (many thanks to Mark Eakin, Gregor Hodgson, Peter Sale and Charlie Veron), 
with Rupert Ormond as co-ordinator. The list of reviewers grew steadily longer as the Society worked towards a 
position that was acceptable to a majorityΦ  ¢ƘŜ ƳŜŀƴƛƴƎ ƻŦ άŎƻƴǎŜƴǎǳǎέ ǿŀǎ ƴŜǾŜǊǘƘŜƭŜǎǎ ŎŀƭƭŜŘ ƛƴǘƻ ǉǳŜǎǘƛƻƴΦ ¢he 
/ƻǊŀƭ [ƛǎǘ ŀƴŘ WƛƳ IŜƴŘŜŜΩǎ ŎƘŀƳǇƛƻƴƛƴƎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ L{w{ ƳŜƳōŜǊǎƘƛǇ ƴŜǘǿƻǊƪΣ ŀƭƭƻǿŜŘ Ƴŀƴȅ ǇŜƻǇƭŜ ǘƻ ŀƛǊ ǘƘŜƛǊ 
views but inevitably not all members fully agreed with the final text. For future similar initiatives it would perhaps be 
ōŜǎǘ ƴƻǘ ǘƻ ǳǎŜ ǘƘŜ ǘŜǊƳ άŎƻƴǎŜƴǎǳǎέΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ǿŀǎ ǿŜƭŎƻƳŜŘ ƛƴ Ƴŀƴȅ ŎƛǊŎƭŜǎ ŀƴŘΣ ƻnce approved 
by Council, the power of social media meant that it was circulated widely and almost instantaneously, which had not 
been possible in 2009.   
 
Thanks to the efforts of Council and ISRS members, the leaflets were translated into French (Mireille MM Guillaume, 
Serge Planes, Nicolas Pascal, Francis Staub), Spanish (Juan P. Carricart-Ganivet, Anastazia Banaszak, Edwin 
Hernandez-Delgado), Arabic (Mohammed M. A. Kotb, Abdulmohsin Sofyani, Dirar Nasr) and Chinese (Dave Baker 
and students) ς ISRS is very grateful to those who helped with this.  We also had offers to translate it into German 
and Bangla (Bangladesh) but unfortunately did not have the time to take these up. 
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All language versions were posted on the ISRS website, and the ISRS network of members led to links being made 
very rapidly with numerous other sites. WWF International sent the statement to the 55 WWF national offices with 
marine teams within 24 hours of its completion, and ReefCheck similarly sent it to all its global contacts. Other 
organisations and discussion groups that took up the cause included: the International Coral Reef Initiative (printed 
copies were distributed at the annual ICRI meeting in Thailand in December); Australian Coral Reef Society; French 
Centre National de la Recherche Scientifique (CNRS); Coral-list and its French counterpart ACOR-list; Muséum 
bŀǘƛƻƴŀƭ ŘΩIƛǎǘƻƛǊŜ bŀǘǳǊŜƭƭŜ όMNHN), Paris; Cambridge Conservation Forum; IUCN ς Maldives network; Chagos 
¢ǊǳǎǘΤ άIŜŀƭǘƘȅ wŜŜŦǎέΣ .ŜƭƛȊŜΤ aŀǊƛƴŜ /ƻƴǎŜǊǾŀǘƛƻƴ {ƻŎƛŜǘȅΣ ¦YΤ bŜǿ /ƻǊŀƭ wŜŜŦ /ƻŀƭƛǘƛƻƴΤ wŜŜŦ /ƻƴǎŜǊǾŀǘƛƻƴΣ ¦Y 
(RCUK) (printed copies distributed at its annual meeting); and marine science networks in Thailand, Singapore and 
many other countries.  Rupert also organised a petition, based around the statement, and this rapidly gathered 
signatures, reaching over 1550 by the end of November 2015. 
 
Meanwhile the COP21 itself was rapidly approaching and it became clear that we need printed versions of the 4 
page statement to distribute to lobbyists and negotiators, and people there to distribute them.  A friendly printer in 
Cambridge, UK, came to our aid as we had very few days to print and ship the leaflets, and the problems of travel to 
France had become acute, with the unhappy migrant situation in Calais and the shocking terrorist event in Paris.  But 
the printer knew a driver willing to run the gamut of this and somewhat to our amazement the boxes arrived in 
time. 
 
COP 21 
The atmosphere in Paris was highly charged in 
every way ς a deep sense of grief from the earlier 
terrorist tragedy combined with the heady 
excitement about finally making progress on the 
climate change issue. The logistics were 
impressive: the high level of security required was 
handled sensitively and there were helpful and 
friendly officials at every step.  Paris was given 
over to promoting the message: the Christmas 
lights on the Champs Elysées were powered by 
solar and wind energy; there were numerous 
exhibitions on energy saving and the impact of 
climate change; and striking art installations, most 
notably the twelve 10-ton pieces of ice from 
Greenland that were placed outside the Pantheon by Danish-Icelandic artist Olafur Eliasson and geologist Minik 
Rosing in a clock formation and that progressively melted as the negotiations continued1. 
 
The Le Bourget conference centre sprawls over 25 hectares (comfortable shoes were essential for walking between 
venues) and was divided into two: an area accessible to official delegates only where the negotiations took place, 
and an area open to the public (but under strict security arrangements).  Here, 100s of side events, exhibitions and 
stands were located with presentations, displays and materials to support and influence the negotiators. Energy 
saving was paramount, with delegates in suits and ties pedalling furiously to charge their phones or laptops, or to 
have a freshly squeezed orange juice.   
 
The oceans had a high profile and, in the context of the UNFCCC, a new and welcome visibility. Paris saw a fantastic 
mobilisation of groups of all types concerned about the future of the oceans, and the engagement and support from 
many political leaders.  The Small Islands Developing States (SIDS) such as Seychelles, Palau, and Grenada played 

                                                           
1 In case you were wondering, as I did, about the environmental impact of this, the ice chunks had already broken off from the ice sheet into Nuuk 

Fjord and the carbon footprint of the installation was estimated at equivalent to 30 return flights from Paris to Greenland. 

Solar and wind power take over the Champs Elysees powering the 
Christmas illuminations 
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prominent roles, along with the French overseas territories of New Caledonia and French Polynesia. The Ocean and 
Climate Platform (www.ocean-climate.org), established in 2014 to ensure that the UNFCCC negotiations took oceans 
into account, and the Global Ocean Forum (https://globaloceanforum.com), established in 2001 to provide support 
to the SIDS and now with a global agenda, were the two main co-ordinating bodies and brought together the 
evidence and science that needed to be relayed to the delegates.  Tara Expeditions 
(www.oceans.taraexpeditions.org), a French non-profit organisation that uses the expeditions by the yacht Tara to 
campaign on ocean and climate-change related issues, set up a base in the city centre on the banks of the Seine for 
presentations, educational events and promotional activities 
 
A regal aura accompanied the frequent appearances of the 
main ocean champions, not least because of their names: His 
Serene Highness Prince Albert of Monaco, Sérgolène Royal, 
Secretary of State John Kerry, and of course Sylvia Earle, well 
known as άHer Deepnessέ.  Ove and his colleagues organised 
and spoke at a number of high profile events including a pre-
ǎŎǊŜŜƴƛƴƎ ƻŦ 5ŀǾƛŘ !ǘǘŜƴōƻǊƻǳƎƘΩǎ ƭŀǘŜǎǘ ŦƛƭƳ όΨDǊŜŀǘ .ŀǊǊƛŜǊ 
wŜŜŦΩύ at La Maison des Oceans (Institut Oceanographique).  
This included star appearances by Sir David, Sir Richard 
Branson and others.  Australian Minister for the 
Environment, Greg Hunt, made regular appearances on 
behalf of Australia and survived (with good humour) heckling 
and disturbance from protesters drawing attention to the 
decline of corals on the Great Barrier Reef. 
 
Equally important were the huge efforts put in by French marine and coral reef scientists and conservationists, and 
the ISRS members (notably Council member Serge Planes) who were present.  A small band of unassuming heroes 
including Mireille Guillaume (MNHN), Léa Godiveau, André Abreu and Romain Troublé (Tara Expeditions), Claire 
Bertin (Ocean and Climate Platform), Miriam Balgos (Global Oceans Forum), Aurélie Boquet (IUCN French 
Committee) and many others stepped in to help with the significant logistical problems.  We distributed the 
statement and promoted the coral reef message at numerous events and lobbied many official delegates.  
Concurrently, the French reŜŦ ǎŎƛŜƴǘƛǎǘǎ ǳǊƎŜŘ ǘƘŜ ŀŘǾƛǎƻǊǎ ǘƻ ǘƘŜ CǊŜƴŎƘ ƎƻǾŜǊƴƳŜƴǘ ŀǘ ǘƘŜ tŀƭŀƛǎ ŘŜ ƭΩ9ƭȅǎŞŜ ŀƴŘ ŀǘ 
various ministries to take the statement to the President of the COP21, Laurent Fabius. 
 
L ǎǇƻƪŜ ŀǘ ŀ CǊŜƴŎƘ ǎȅƳǇƻǎƛǳƳ ƻƴ ά/ƻǊŀƭ wŜŜŦǎ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜέ ŀǘ ǘƘŜ CǊŜnch National Assembly in the city 
centre, at the invitation of IFRECOR (the French Coral Reef Initiative), and the Maison de Nouvelle Calédonie (which 
kindly co-financed my trip to Paris) and again at a small side event organised by IUCN-France at the COP21 venue.  
Ove spoke at a breakfast on Oceans (that included an inspiring speech by John Kerry), and, as one of the co-
ordinating lead authors of the 5th Assessment Report of the International Panel on Climate Change (IPPC), brought 
the conclusions  that related to oceans to the main meeting.  Both Ove and I presented the coral reef argument at 
ŀƴ άLǎƭŀƴŘǎ ŀƴŘ tŀŎƛŦƛŎ 5ŀȅέ ŜǾŜƴǘ that was organised by Tara Expeditions and attended by many leaders, official 
delegates and senior ministers of the SIDS. Overall, our precious coral reefs were front and centre ς reminding 
ŜǾŜǊȅƻƴŜ ŀǘ /htнм Ƙƻǿ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ǊŜŀƭΣ ƘŀǇǇŜƴƛƴƎ ǊƛƎƘǘ ƴƻǿ ŀƴŘ Ƙŀǎ ŘƛǎŀǎǘǊƻǳǎ ŎƻƴǎŜǉǳŜƴŎŜǎ ƛŦ ǿŜ ŘƻƴΩǘ 
begin to act now. 
 
As is now common knowledge, the outcome was that 195 countries adopted the Paris Agreement 
(https://unfccc.int/resource/docs/2015/cop21/eng/l09.pdf), through which they intend to hold the increase in the 
Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ άwell below 2 °C above pre-industrial levels and to pursue efforts to limit the 
temperature increase to 1.5 °C above pre-industrial levelsέ ό!ǊǘƛŎƭŜ н όмŀύύΦ This wording tallies closely with that of 
L{w{Ωǎ statement: ǘƘŀǘ ŎƻǳƴǘǊƛŜǎ ǎƘƻǳƭŘ άcommit to limiting atmospheric carbon dioxide (CO2) concentrations to no 
more than 450 ppm in the short-term, and reducing them to 350ppm in the long-term. This should keep average 

Ocean royalty at the GBR event 

http://www.ocean-climate.org/
https://globaloceanforum.com/
http://www.oceans.taraexpeditions.org/
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global temperature increase to less than 2°C (or 3.6oF) in the short-term, and less than 1.5oC (or 2.7oF) in the long-
term, relative to the pre-industrial period. This would prevent global collapse of coral reef ecosystems and allow 
coral reefs to survive in perpetuity.έ  bŀǘǳǊŀƭƭȅΣ ǿŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ōŜƭƛŜǾŜ ǘƘŀǘ L/w{ ƘŀŘ ŀ ƘǳƎŜ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ 
outcome! 

 
Climate change and coral reefs ς the next steps? 
There is a still a long way to go before the Paris Agreement 
comes into force.  It opened for signature on 21 April 2016 
and some 175 countries have now signed. Signature 
means only that a country intends to launch the domestic 
processes for ratification or acceptance of the Agreement.  
Subsequently, nations will formally deposits their 
instrument of ratification, approval, acceptance or 
accession with the UN Secretary-General, and this is the 
point at which they consent to be bound by the 
Agreement.  The Agreement however does not come into 
force until the 30th day after the date on which at least 55 
Parties that, between them, account for at least 55% of 
the total global greenhouse gas emissions, have deposited 
their instruments. 
 
So there are many who are skeptical about whether any 
real progress has been made.  As this issue of Reef 
Encounter appears, the current global bleaching event is 
continuing (see other articles), with a major event on the 

Great Barrier Reef in March2 and the outlook for coral reefs continues to be dire.  Current Intended Nationally 
Determined Contributions (INDCs) to reduce carbon dioxide emissions would probably only limit the rise to 3°C.  But 
those with a more optimistic outlook feel that the Paris Agreement has set a path that is heading in the best 
direction feasible.  To many, COP21 represented a watershed for the science of climate change, in that the Paris 
Agreement was accepted allowing future discussions to focus on implementation.  
 
The 2°C target could be technologically feasible with the right investments, correct policies and appropriate political 
will, although even this target will require zero carbon economies by the end of the century.  Hope lies in the fact 
that the ŀƎǊŜŜƳŜƴǘ Ŏƻƴǘŀƛƴǎ ŀ άǊŀǘŎƘŜǘ ƳŜŎƘŀƴƛǎƳέΦ  9ǾŜǊȅ р ȅŜŀǊǎΣ ŎƻǳƴǘǊƛŜǎ ǿƛƭƭ ƘŀǾŜ to say what they are doing 
to tackle climate change, in what will be called their Nationally Determined Contribution (NDC).  Each successive 
b5/ άǿƛƭƭ ǊŜǇǊŜǎŜƴǘ ŀ ǇǊƻƎǊŜǎǎƛƻƴ ōŜȅƻƴŘέ a ŎƻǳƴǘǊȅΩǎ ǇǊŜǾƛƻǳǎ ƻƴŜΦ Vast changes will be necessary in the form of 
rapid de-carbonisation and adoption of new technologies but it potentially would be scientifically feasible to 
progressively lower temperature increase to 1.5°C by 21003. ISRS will need to continue to take part in the global 
debate, perhaps going further than simply documenting the rate of decline of reefs, to championing some of the 
solutions that will be needed. 
 
And the cardboard boxes: another lesson learnt. We printed far too many leaflets. We now live in an electronic 
world, and some of the boxes had to go for recycling.  Printed leaflets were essential but in small numbers only.  The 
value lay in being able to thrust the ISRS statement into the hands of a senior government officials and seeing their 
delight when they ǎŀǿ ǘƘŀǘ L{w{Ωǎ ǎŎƛŜƴǘƛǎǘǎ ǎǳǇǇƻǊǘed their governmentsΩ negotiating position.  And for the effect 
that had, we all feel that the slight indiscretion here was worth every gram of paper not consumed! 

                                                           
2 https://theconversation.com/great-barrier-reef-bleaching-would-

%E2%80%A60would%20be%20almost%20impossible%20without%20climate%20change 

3 http://www.carbonbrief.org/piers-forster-1-5c-is-a-brave-new-world 

The Tara and the Tara Pavilion used as a venue for many 
ocean events, on the banks of the Seine with the Eiffel 
Tower as backdrop 
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REEF PERSPECTIVES 

Personal comment on reef science, policy and management 

WITH A LITTLE HELP FROM SOME MODELLING? 

Peter J. Mumby 
 

Marine Spatial Ecology Lab, School of Biological Sciences, University of Queensland, Brisbane, Australia;  
email: p.j.mumby@uq.edu.au

CƛǊǎǘ ƻŦŦΣ LΩŘ ƭƛƪŜ ǘƻ ŜȄǇǊŜǎǎ Ƴȅ ǎƛƴŎŜǊŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ 
ISRS for awarding me the inŀǳƎǳǊŀƭ άaƛŘ-career 
wŜǎŜŀǊŎƘŜǊ !ǿŀǊŘέ together with an ISRS Fellowship. 
Science tends to be a thankless business so recognition 
is gratefully received, and is especially humbling when 
from your peers. Thank you. 
 
A boon of receiving the award is the opportunity to 
mount my soapbox and write a piece for Reef 
Encounter. I was reflecting on the paucity of modelling 
in reef science and the lost opportunities this presents. 
If that statement induces a feeling of nausea that 
makes you reach to turn the page, then STOP ς this 
article is intended for you! Please read on. 
 
Here, I attempt to answer four questions. 1) What are 
models used for in reef science? 2) Why should 
empiricists add some modelling to their research?  3) 
Are there any downsides to ōŜŎƻƳƛƴƎ άŀ ōƛǘ of a 
modellerέΚ ŀƴŘ, 4) How do we move forward? 
 
1) What are models used for in coral reef science? 
The most common uses of models are to support 
population and community ecology, though models 
are also used to integrate physiological mechanisms 
such as photosynthesis and bleaching (Gustafsson et 
al. 2013). There are many examples of models having 
been used to understand and predict the population 
dynamics of reef organisms including corals (Madin 
and Connolly 2006; Edmunds and Elahi 2007; Yakob 
and Mumby 2011; Bramanti and Edmunds 2013) and 
reef and commercial fish stocks (Ault et al. 2005; 
Ainsworth et al. 2008; Bozec et al. 2016). While most 
studies have focused on demography, others have 
explored population genetics (Kool 2009; Foster et al. 
2012). 
 

Most ecological modelling has been carried out on 
community-level processes. These include 
understanding community interactions and 
trajectories (McClanahan 1995; Van Woesik 2000; 
Connolly and Muko 2003; Mumby et al. 2006; Riegl 
and Purkis 2009; Zychaluk et al. 2012; Riegl et al. 2013; 
Sebastian and McClanahan 2013; Ortiz et al. 2014), 
community resilience (Mumby et al. 2007; Anthony et 
al. 2011; Blackwood et al. 2011,2012; Mumby et al. 
2014b; Bozec and Mumby 2015), the function of 
ecosystem engineers (Bozec et al. 2013), reef 
carbonate budgets (Kennedy et al. 2013; Roff et al. 
2015), and food web dynamics (Polovina 1984; Rogers 
et al. 2014). Several studies have also explored 
evolutionary mechanisms and the likelihood of coral 
adaptation to climate change (Baskett et al. 2009; 
Baskett et al. 2010; Ortiz et al. 2013). 
 
In reality though, the list of reef scientists using 
models is pretty short; this probably stems from (1) 
empiricists being busy enough answering empirical 
questions, (2) a perception that the rewards of adding 
a modelling component are small, and, in some cases, 
(3) a fear of numerical methods. I wish there was a 
word for the expression most students wear when first 
ŀǎƪŜŘ ƛŦ ǘƘŜȅΩŘ ƭƛƪŜ ǘƻ ƛƴŎƭǳŘŜ ǎƻƳŜ ƳƻŘŜƭƭƛƴƎ ƛƴ ǘƘŜƛǊ 
ǿƻǊƪΤ ƛǘΩǎ ŀ ŎǊƻǎǎ ōŜǘǿŜŜƴ seasickness and the rictus 
grin you develop on the 100th wedding photo. Which 
brings us to item 2. 
 
2) Why should reef scientists include some modelling 
in their work? 
There are several reasons to consider incorporating 
modelling into what is often a field- or lab-oriented 
research programme.  
 
Many of the key scientific questions require models. 
Almost every other paper I read talks about the effects 
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of anthropogenic stress, including climate change, on 
coral reef dynamics. A typical discussion will argue that 
the study suggests that the effects of climate change 
are more complex or deleterious than previously 
thought. While this is usually true we should be 
cautious about implicitly scaling up to ecosystem-level 
impacts. This is particularly true when the study has 
only focused on one component of the system and one 
stressor (e.g., the effects of ocean acidification on 
acroporid calcification). When you actually embed that 
organism-stressor interaction into a wider ecosystem, 
you might find that the net effect is far less important 
than you expected (Mumby and Van Woesik 2014). 
This might be because the interaction is overwhelmed 
by another driver, or the result of the antagonistic 
influence of another stressor (Brown et al. 2013). For 
example, reducing levels of sedimentation might 
expose corals to greater levels of radiative stress and 
exacerbate bleaching. Including your results in even a 
simple qualitative model can help substantiate your 
conclusions and place your results in context. 
Moreover, the results of some empirical experiments 
are equivocal and require modelling to evaluate (Fig. 
1). 
 
One aspect of ecosystem-level dynamics that really 
benefits from modelling is resilience. The literature on 
coral reef resilience is diverse and, in some cases, 
confused (Mumby et al. 2014a). The core concept of 
resilience ς the existence of alternative attractors 
(multiple stable states) ς is quite challenging, but I 
have found that people find it much easier once 
ǘƘŜȅΩǾŜ ƘŀŘ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ Ǉƭŀȅ ǿƛǘƘ ŀ ƳƻŘŜƭ ŀƴŘ 
understand it first hand. 
 
aƻŘŜƭǎ Ǉƻƛƴǘ ƻǳǘ ǿƘŀǘ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿΦ This may be 
an obvious point, ōǳǘ ǘƘŜǊŜΩǎ ƴƻǘƘƛƴƎ ƭƛƪŜ ǘǊȅƛƴƎ ǘƻ 
parameterise a model to help you uncover massive 
gaps in scientific knowledge. Alyssa MarshellΩǎ ǿƻǊƪ ƛǎ 
a good example. We discovered that no one seemed 
to have published the rate of algal biomass 
accumulation over time, yet this is fundamental to reef 
productivity! 
 
Models challenge your understanding and pave the 
way for new research. L ǘƘƛƴƪ ƛǘΩǎ ŦŀƛǊ ǘƻ ǎŀȅ ǘƘŀǘ Ƴƻǎǘ 
reef scientists ς myself included ς chose this career 
because they love experiencing coral reefs. Not 
surprisingly, this tends to take us down an empirical 
ǇŀǘƘ ƻŦ ŦƛŜƭŘ ǿƻǊƪ ŀƴŘκƻǊ ƭŀō ŜȄǇŜǊƛƳŜƴǘǎΦ .ǳǘ ƛǘΩǎ 
worth bearing in mind that having an empirical 

familiarity with coral reefs can be a huge asset when 
developing models, since it helps you avoid making 
rash assumptions and sets you up to ask pertinent 
questions.  
 
Models are great for challenging our understanding 
of a topic or process. Let me give you a couple of 
examples. We recently undertook a suite of 
experiments to deconstruct the process of coral 
recruitment into its component parts; settlement 
behaviour, competition, predation, the role of crevice 
ǊŜŦǳƎƛŀΣ ŀƴŘ ƻƴǘƻƎŜƴȅΦ IƻǿŜǾŜǊΣ ƛǘΩǎ ƴƻǘ ŎƭŜŀǊ ǿƘŜǘƘŜǊ 
the collective insights gained from multiple 
experiments are actually sufficient to explain the 
ǇǊƻŎŜǎǎ ŀǎ ƛǘ ƻŎŎǳǊǎ ƛƴ ƴŀǘǳǊŜΦ /ƻǳƭŘ ƛǘ ōŜ ǘƘŀǘ ǿŜΩǾŜ 
missed a key process? Do the individual components 
actually integrate in non-intuitive ways that we were 
unable to measure? To test this, we used our 
experiments to construct a model of the system and 
then compared predictions to independent field data 
on the distribution of recruits across a reef. In this case 
we found that our insights were sufficient to explain 
what we observe in nature (Doropoulos et al. 2016).  
 
.ǳǘ ƳƻŘŜƭǎ ŘƻƴΩǘ ŀƭǿŀȅǎ ŎƻƴŦƛǊƳ ǘƘŀǘ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ 
things. Alyssa and I studied the processes governing 
algal turfs on reefs of the southern GBR and Palau. She 
used her field data and experimental results to 
parameterise a model of the bottom-up and top-down 
drivers of turfs and then attempted to predict the 
standing crop observed on the reef. In one habitat, the 
model fitted very well, implying that our 
understanding of these processes might be 
reasonable. But the model consistently failed in 
another habitat. This implies that something else is 
going on of which we are as yet unaware. Alyssa 
generated a series of hypotheses that might account 
for these discrepancies and these can be used to 
target new research. Similarly, models sometimes 
generate non-intuitive predictions which can generate 
new hypotheses for study (Ware 2015).  
 
Models integrates science for managers. Coral reef 
ƳŀƴŀƎŜǊǎ ŀǊŜ ŀƭǿŀȅǎ ǘŜƭƭƛƴƎ ƳŜ ǘƘŀǘ ǘƘŜȅΩǊŜ ǿƛƭƭƛƴƎ ǘƻ 
base decisions on the best science available, even 
though our knowledge is imperfect. So how do we 
provide the best science available? In some cases, the 
best science comprises one or two key papers on a 
topic, such as estimates of larval spillover from 
reserves. In others, there are literally hundreds of 
articles concerning an issue ς particularly when looking 
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at questions like marine reserve impacts. Here, models 
are a great way to integrate information. For example, 
Emma Kennedy developed a model of the drivers of 
reef carbonate budgets ς which underpin many 
ecosystem functions ς and effectively integrated more 
than 300 individual studies (Kennedy et al. 2013). The 
results allowed us to compare the influence of 
management drivers (control of fishing and pollution) 
and greenhouse gas emission related stressors on the 
future carbonate budgets of reefs.  
 
3) The downsides of becoming a bit of a modeller 
L ǎŀȅ ŀ Ψōƛǘ ƻŦ ŀ modellerΩ ōŜŎŀǳǎŜ while I hope that 
more empiricists will incorporate a little modelling into 
their work, LΩƳ ƴƻǘ ŀŘǾƻŎŀǘƛƴƎ ŀ ǿƘƻƭŜǎŀƭŜ ǎƘƛŦǘ ƛƴ 
focus. In fact, I think the greatest advances in 
understanding coral reefs will happen when people 
with a sound empirical foundation integrate or 
challenge their work with models. So what, if any, are 
the downsides?  
 
First, it requires some training, but this does not have 
to involve a return to the math(s) that terrorized you 

as a teenager. Some forms of modelling can be 
implemented using custom software programs that do 
not require any mathematical or programming skills 
(e.g., STELLA). And I think the most intuitive form of 
modelling for empiricists is to develop simulation 
models that explicitly capture the results of field 
studies into a virtual framework (e.g., coral recruits are 
ǇƭŀŎŜŘ ƻƴ ŀ ΨǊŜŜŦΩ ŀǘ ǘƘŜ density observed in nature, 
the corals grow at observed rates, the competitive 
outcomes follow observed relationships, etc). 
 
tŜǊƘŀǇǎ ǘƘŜ ōƛƎƎŜǎǘ ŘƻǿƴǎƛŘŜ LΩǾŜ ŜȄǇŜǊƛŜƴŎŜŘ ƛǎ 
during the publication process (surprise, surprise). 
Sometimes people forget that a model is ς by 
definition and necessity ς a simplification of reality, a 
situation which can easily result in some patronizing 
remarks. Most models evolve and increase in their 
complexity and representation of reality over time. For 
example, my first model did not attempt to 
discriminate the role of individual herbivore species, 
leading some referees to make dismissive comments 
asserting that I do not understand the complexity of 
the system. But this criticism is misplaced; it just 

Figure 1. Use of an 

ecological model to 

evaluate the overall 

impact of large reef 

fish for coral 

recruitment in 

Moorea. Herbivory by 

large fishes benefits 

recruitment by 

reducing algal 

canopies but this 

comes at a cost of 

greater corallivory 

which increases 

mortality. Modified 

from Mumby et al 

(2015). 
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ǿŀǎƴΩǘ ǇƻǎǎƛōƭŜ ǘƻ ƳƻŘŜl it in greater detail at the 
time. A more appropriate criticism, and one made by 
Burkepile and Hay (2008), is to show that inter-specific 
differences in grazing are important and that models 
need to embrace this complexity. Absolutely right. 
Being aware of the deficiencies of the model I started 
a detailed campaign to άƳƛƴŘ ǘƘŜ ƎŀǇǎέ. Thus, we 
recently created a model of the bioerosion of Orbicella 
annularis by parrotfish that incorporated different 
species, body size, feeding rates, feeding preferences, 
and territory sizes; the results provided a compelling 
match to our observations (Roff et al. 2015). 
 
In general, however, the interactions with referees are 
positive, and I can recall several occasions when a 
comment about the model formulation has advanced 
science by leading us to question some widely-held 
assumptions. 
 
4) The way forward 
I think the challenge of learning how to incorporate 
some modelling is getting easier all the time. Today, 
most graduate students are comfortable manipulating 
their data in R, and the skills needed to write basic 
programs are scarcely more sophisticated. My own 
experience was that Peter Sale asked me to write a 
book chapter on coral metapopulations. I figured that I 
really ought to develop some models to support this 
and took advantage of having a programming guru in 
the lab by the name of John Hedley. I asked him how 
ƘŜΩŘ ŀǇǇǊƻŀŎƘ ŎƻŘƛƴƎ ǿƘŀǘ L ƘŀŘ ƛƴ ƳƛƴŘΦ IŜ ŎǊŜŀǘŜŘ ŀ 
prototype following the rules of good programming, 
and this was enough for me to learn the basics and 
develop it further, albeit following far less efficient 
coding. Since then, most students and post-docs in the 
Marine Spatial Ecology Lab have picked up various bits 
of programming and used it to extend the scope and 
ƛƳǇŀŎǘ ƻŦ ǘƘŜƛǊ ǿƻǊƪΦ L ŘƻƴΩǘ ǘƘƛƴƪ ŀƴȅ ƻf them regret 
ƛǘΣ ƻǊ ƛŦ ǘƘŜȅ ŘƻΣ ǘƘŜȅ ƘŀǾŜƴΩǘ had the heart to tell 
me!....ΧIŀǇǇȅ ŎƻŘƛƴƎ ŀƴŘ ƎƻƻŘ ƭǳŎƪΦ 
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In 2014 we wrote in Reef Encounter about the prospect for a 2014-15 El Niño (Eakin et al. 2014). While that El Niño 
never fully formed, it helped set off the ongoing multi-year global coral bleaching event. A subsequent 2015-16 
strong El Niño formed, spreading and worsening the bleaching, and has already caused bleaching in some areas two 
years in a row. As of April 2016, the current global coral bleaching event is the longest ever recorded. While it 
generally has not been as severe as the bleaching in 1998, it has affected more reefs than any previous global 
bleaching event and been worse in some locales (e.g., Great Barrier Reef, Kiribati), and thermal stress during this 
event has caused mass bleaching in several reefs that never bleached before. 
 
Climatic History of the Global Bleaching Event 
In June 2014 ǘƘŜ ¦{ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ όbh!!ύ bŀǘƛƻƴŀƭ /ŜƴǘŜǊǎ ŦƻǊ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 
Prediction (NCEP) issued an El Niño Watch, indicating a greater than 70% chance that a weak-to-moderate El Niño 
would develop by late 2014. While the ocean warmed for several months, the atmosphere never fully engaged in 
formation of this event, and the warming dissipated without an El Niño being declared. However, warming resumed 
early in 2015 - this time with full engagement of the atmosphere. In March 2015, NOAA issued an El Niño Advisory, 
indicating that El Niño conditions had finally been observed and were expected to continue. Starting in 2013 and 
coincident with these events, an unusually warm patch of water appeared in the eastern North Pacific. Nicknamed 
ά¢ƘŜ .ƭƻōέΣ ƛǘ ǿŀǎ Ƴƻǎǘ ƭƛƪŜƭȅ ŎŀǳǎŜŘ ōȅ a record-strength anomalously strong high-pressure ridge in the 
atmosphere over the region (Bond et al. 2015). This anomaly increased already warm ocean temperatures impacting 
marine life in much of the eastern North Pacific until late 2015 when the strengthening El Niño caused it to 
dissipate. 
 
As of April 2016Σ bh!!Ωǎ 9ƭ bƛƷƻ Advisory remains in effect, but the warming in the central to eastern tropical Pacific 
has begun to dissipate, following the usual chronology of an El Niño. Importantly for some reefs, such as in 
Micronesia and Palau, a La Niña Watch is in effect as the forecast estimates a >70% chance of a La Niña forming later 
this year.  
 
2014: Initiation of the Global Bleaching Event 
The current global coral bleaching event began in June 2014, with initial bleaching in Guam and the Commonwealth 
of the Northern Mariana Islands (CNMI, Heron et al. 2016a) ς an area not normally linked to warming during an El 
Niño (Figure 1). Warming in Guam and the CNMI lasted until October 2014. Regions of anomalously warm water 
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http://coralreefs.org/wp-content/uploads/2014/03/Reef-Encounter-Aug-2014-080914-FINAL_hires.pdf
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then exǇŀƴŘŜŘ ǳƴǘƛƭ ǘƘŜȅ ƳŜǊƎŜŘ ǿƛǘƘ ǘƘŜ ǎƻǳǘƘǿŜǎǘǿŀǊŘ ŜȄǘŜƴǎƛƻƴ ƻŦ ά¢ƘŜ .ƭƻōέΣ ŜƴŎƻƳǇŀǎǎƛƴƎ ǇŀǊǘǎ ƻŦ ǘƘŜ 
Hawaiian archipelago, where the most severe bleaching was seen at Lisianski Atoll in the tŀǇŀƘņƴŀǳƳƻƪǳņƪŜŀ 
Marine National Monument. Thermal stress and bleaching extended into the Main Hawaiian Islands where major 
bleaching was seen along windward Oahu, especially YņƴŜΨƻƘŜ .ŀȅ όBahr et al. 2015). This was only the second 
ǿƛŘŜǎǇǊŜŀŘ ōƭŜŀŎƘƛƴƎ ŜǾŜǊ ǎŜŜƴ ƛƴ ǘƘŜ Ƴŀƛƴ ƛǎƭŀƴŘǎ ƻŦ IŀǿŀƛΨƛ όJokiel and Brown 2004). Also, in September 2014, 
severe bleaching was documented in both southeastern Florida and the Florida Keys. In November, sustained high 
water temperatures in the Republic of the Marshall Islands resulted in their most severe bleaching on record 
όCŜƭƭŜƴƛǳǎ нлмпύΦ bh!! /ƻǊŀƭ wŜŜŦ ²ŀǘŎƘΩǎ р-km Degree Heating Week values (Liu et al. 2014) exceeded 8 °C-weeks 
(categorized as Alert Level 2 thermal stress, associated with widespread coral bleaching and significant mortality) in 
many of these areas.  

 

Figure 1. Coral Reef Watch Maximum Bleaching Alert Area map for September 2014. Marked are four areas exhibiting bleaching 
in the latter half of 2014. Alert Level 2 is associated with widespread coral bleaching and significant mortality. 

 

January-June 2015: Bleaching Spreads 

With the onset of austral summer, ocean temperatures started to rise and bleaching was reported in the Southern 
Hemisphere (Figure 2). Moderate levels of thermal stress and bleaching were reported in eastern Papua New Guinea 
and the Solomon Islands early in 2015, and subsequently in northern Fiji. The Samoas, especially American Samoa, 
reported the worst bleaching ever seen (Figure 3). Moderate levels of thermal stress were seen in the Indian Ocean 
in the first half of 2015 with reports of moderate bleaching in the Chagos Archipelago, the Maldives, western 
Indonesia, and the southern Red Sea. It is interesting to note that this pattern of bleaching in the South Pacific and 
Indian Ocean is most commonly observed during the second year of an El Niño, as in 1998 and 2010. However, most 
of the 2015 bleaching occurred before the 2015-16 El Niño conditions developed, raising the suspicion that this 
bleaching was associated with either the aborted 2014-15 El Niño or an oceanographic precursor of 2015-16 record-
strength El Niño. 
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Initiation of the 2015-16 El Niño resulted in high thermal stress in the eastern tropical Pacific, with observations of 
bleaching in Panamá, and expected but unconfirmed bleaching in the northern Galápagos Islands. Mid-2015 also 
brought thermal stress to Kiribati, especially the Line Islands, where thermal stress reached the highest levels ever 
recorded, and killed at least 80% of the corals there (K. Cobb, pers. comm). 

 

Figure 2. Coral Reef Watch Maximum Bleaching Alert Area map for January-June 2015. Marked are six areas exhibiting bleaching 
in the first half of 2015. 

 

Figure 3. Photo composite of before, during, and after bleaching at Airport Reef, Tutuila, American Samoa (image courtesy of R. 
Vevers, XL Catlin Seaview Survey). 
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July-December 2015: Global Bleaching 
With the 2015-16 El Niño in full swing, thermal stress intensified in the central to eastern Pacific (Figure 4). Reports 
from the Phoenix and Line Islands of Kiribati indicated bleaching and mortality of corals were well underway. A 
warm water mass, most likely related to warm El Niño waters off the Americas, spread to the Hawaiian archipelago 
from the southeast, resulting in widespread bleaching in the main islands of IŀǿŀƛΩƛΣ ǿƛǘƘ ǘƘŜ Ƴƻǎǘ ǎŜǾŜǊŜ ōƭŜŀŎƘƛƴƎ 
ǎŜŜƴ ŀƭƻƴƎ ǎƘƻǊŜǎ ƻŦ IŀǿŀƛΩƛ LǎƭŀƴŘ ŀƴŘ aŀǳƛ bǳƛΦ ¢Ƙƛǎ ǿŀǎ ǘƘŜ worst bleaching ever seen in the main Hawaiian 
Islands and their first documented instance of back-to-back bleaching. 
 
Unlike 2014, thermal stress and bleaching were widespread in the northern Caribbean, along with some bleaching in 
other parts of the basin. Bleaching of varying severity was reported in Florida, Cuba (northern and southern coasts), 
the Bahamas, Turks & Caicos, the Cayman Islands, parts of the Dominican Republic, Haiti, and Bonaire. Southeastern 
Florida and the Florida Keys not only saw a second year of bleaching, but southeastern Florida saw a severe 
outbreak of a white disease resulting in high levels of mortality. As of October 2015, with widespread bleaching in 
each of the Indian, Pacific, and Atlantic basins, NOAA declared that the third documented global coral bleaching 
event was underway. This followed confirmed global bleaching in 1998 (Wilkinson 2000) and 2010 (Heron et al. 
2016b). Of note, this actually may have been the fourth global event, as widespread, possibly global bleaching was 
seen in 1983 in association with the 1982-83 El Niño (Coffroth et al. 1990). 
 
By the end of 2015 32% of coral reefs worldwide had been exposed to thermal stress of 4 °C-weeks or more and 
ŀƭƳƻǎǘ ŀƭƭ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǊŜŜŦǎ ƘŀŘ ŜȄŎŜŜŘŜŘ ǘƘŜƛǊ ƴƻǊƳŀƭ ǿŀǊƳ-season temperatures. 
 

 

Figure 4. Coral Reef Watch Maximum Bleaching Alert Area map for 2015. Marked are five areas exhibiting bleaching in the latter 
half of 2015. 

2016: Global Bleaching Continues 
The El Niño continued to strengthen, becoming one of the strongest ever witnessed by the end of 2015. With the 
return of the austral summer, thermal stress and bleaching returned to the Southern Hemisphere. As of this writing, 
bleaching has been reported from as far west as Tanzania to as far east as French Polynesia, with severe bleaching  
in the  Far  Northern  Great  Barrier Reef,  New  Caledonia,  and Fiji.  Bleaching in the  GBR  has  been  the worst ever  
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Figure 5. Coral Reef Watch Maximum Bleaching Alert Area map for January-April 2016. List of marked areas with reports of 
severe bleaching.  

 

Figure 6. Map of areas where 60% or more of the model ensemble members are predicting thermal stress at each of NOAA 
/ƻǊŀƭ wŜŜŦ ²ŀǘŎƘΩǎ ōƭŜŀŎƘƛƴƎ ǘƘŜǊƳŀƭ ǎǘǊŜǎǎ ŀƭŜǊǘ ƭŜǾŜƭǎ ǘƘǊƻǳƎƘ !ǳƎǳǎǘ нлмс όŀǎ ƻŦ о aŀȅ нлмсύΦ 
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documented, affecting over 93% of the reefs with severe bleaching in 95% of the reefs in the northern 1/3 of the 
D.wΣ ŦƻǊƳŜǊƭȅ ǘƘŜ ƘŜŀƭǘƘƛŜǎǘ ǇŀǊǘ ƻŦ ǘƘŜ D.w ό5ŜΩŀǘƘ Ŝǘ ŀƭ нлмнύΦ CŀǊ ǿƻǊǎŜ ƛǎ ǘƘŜ ōƭŜŀŎƘƛƴƎ ƛƴ YƛǊƛōŀǘƛΦ {ǳǊǾŜȅǎ ƛƴ 
March and April revealed over 80% of corals dead and 15% bleached, leaving few untouched (J. Baum, pers. comm. 
and in Harvey 2015). 
 
An important question for Micronesia, Palau, and some other parts of the western Pacific Ocean, is whether a strong 
La Niña will follow this El Niño, as occurred in 1998. It is unfortunately too soon to tell. NOAA has issued a 70% 
chance of a moderate La Niña, but predictions of El Niño and La Niña issued before June are not highly reliable. 
bh!! /ƻǊŀƭ wŜŜŦ ²ŀǘŎƘΩǎ CƻǳǊ aƻƴǘƘ hǳǘƭƻƻƪ indicates that more bleaching is likely in the northern Indian Ocean, 
parts of the Coral Triangle and Southeast Asia, and the central to eastern tropical Pacific during April-July (Figure 6). 
Also, the extended-range outlook and past El Niño patterns indicate bleaching will likely return to the Caribbean 
again this year. While still beyond the range of the seasonal models, bleaching has been seen in the Southern 
Hemisphere in the year after an El Niño, leaving open the possibility of this event continuing into 2017. 
 
 
Documenting the 2014-(2017?) Global Bleaching Event 
Unfortunately, two international programs that previously documented coral bleaching events are no longer serving 
this purpose. ReefBase has not added new bleaching observations since 2012 and few records in the database 
document the 2010 global bleaching. Also, since the retirement of its former coordinator, Clive Wilkinson, the 
Global Coral Reef Monitoring Network (GCRMN) has not actively maintained observations and reporting of 
bleaching worldwide. Fortunately, some regional GCRMN networks are still in place or are rebuilding, while other 
regional and global programs, like Reef Check, continue to coordinate coral reef monitoring. 
 
To ensure that documentation of the ongoing bleaching event is as complete as possible, Coral Reef Watch plans to 
collate and report on the global extent of this event and we would be happy to work with any local or regional 
partners. Please continue any monitoring you are conducting and either report to your existing regional efforts or 
send them directly to us at Coral Reef Watch. Of note, we need both bleaching and non-bleaching observations to 
document the spatial extent and timing of the event, and to validate our satellite- and climate model-based 
products. Contributing data ensures that your site data are considered in global analyses; helps to understand how 
to better use the tools for your reefs; gives context to how bleaching patterns at your sites compare with global 
patterns; and provides access to the latest global bleaching data analyses to communicate climate impacts to 
decision makers. All contributors will have the opportunity to co-author peer-reviewed publication(s) on global 
and/or regional bleaching. 
 
Additionally, film-makers at Exposure Labs are developing a documentary on this bleaching event. They are in need 
of assistance capturing pictures and video of the bleaching in as many places as possible. They have issued an appeal 
for underwater photographers and videographers to help them in this project. 
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Introduction 
Mesophotic coral ecosystems (MCEs) are of growing interest because of the degradation of shallow coral 
ecosystems as a result of regional and global stressors, and the possibility that MCEs may be more protected by 
virtue of their depth. MCEs occur between depths of 30 to 150m, and are characterized by light-dependent 
zooxanthellate coral, octocorals, macroalgae and sponge communities (Hinderstein et al. 2010). Historically, MCEs 
have been poorly studied because of the logistical challenges associated with surveying this depth range (Pyle 2000; 
Hinderstein et al. 2010). Recent advances in technology are now making it possible to conduct research at these 
depths. 
 
Much interest in MCEs has been driven by the deep-reef refugia hypothesis, first proposed by Glynn (1996) and 
based on decreased thermal stress with depth, but now expanded to other reef stressors. In short this states: many 
of the stressors causing damage to shallow reefs decline with depth, therefore allowing species threatened on 
shallow reefs to survive in deeper waters. These deep populations can then recolonize shallow reefs following 
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disturbance, forming a local source of recruits (Bongaerts et al. 2010). There is evidence that MCEs are buffered 
from the impacts of storm damage, chronic pollution, sedimentation and overfishing with increased depth (Bridge et 
al. 2013). For example, in a 30 year time series of permanent photo quadrats in Curaçao and Bonaire, shallow reefs 
(<20m), appear to have experienced the greatest change, while MCEs appear to have maintained their coral 
communities (Bak et al. 2005). 
 
It is increasingly being recognized, however, that MCEs themselves are under threat (Andradi-Brown et al. in press). 
For example, fishing has caused declines in fish biomass on MCEs (Lindfield et al. 2014). Damage from invasive 
species has also been recorded on MCEs, with high densities of lionfish (Pterois volitans and P. miles) in the western 
Atlantic, and Snowflake coral (Carijoa riisei) in Hawaii, leading to changes in the benthic community (Andradi-Brown 
et al. in press). Research to understand the refuge potential of MCEs and their resilience to stressors is therefore a 
high priority. Here we discuss how the University of Oxford Thinking Deep expedition overcame some of the 
logistical challenges associated with diver surveying of MCEs and conducted ecological research to 85m in Utila, 
Honduras, in September 2015. 
 

1. Use of Closed Circuit Rebreathers (CCR) 
We used closed circuit rebreathers (CCR) to conduct decompression dives on MCEs. CCRs re-cycle the expired gas 
from the diver by absorbing the exhaled carbon dioxide, allowing the diver to breathe this gas again, giving much 
greater efficiency than traditional open circuit (OC) scuba diving, as no gas is released (Sieber and Pyle 2010). 
Therefore with each breath the only gas addition required is a small amount of oxygen to maintain the oxygen 
partial pressure in the breathing gas, or a small amount of diluent gas with a lower percentage of oxygen - typically 
air or a helium-based gas mix, to dilute the breathing gas if it contains too much oxygen given the depth. The CCR 
unit contains multiple independent oxygen detectors (cells) to measure the partial pressure of oxygen being 
breathed. A specialized dive computer can then adjust the partial pressure of oxygen automatically or the diver can 
manually adjust, through adding oxygen or diluent to maintain the breathing gas at the desired oxygen level. This 
gas recycling allows divers to use far smaller cylinders than traditional open circuit diving, while substantially 
extending dive times by maintaining optimal breathing mixes. As a back-up measure, divers always carry extra 
cylinders to provide sufficient breathing gas to end the dive should their rebreather fail.  Despite the need for back 
up cylinders, using a rebreather substantially reduces the number of cylinders required compared to traditional OC 
mesophotic reef dives of similar depth and duration (Figure 1 ς on cover).  For example, carrying out 30 minutes of 
research at 60m depth using trimix breathing gas (mix of oxygen, helium and nitrogen) followed by required 
decompression results in similar total dive times for OC and CCR, of 100 minutes and 102 minutes respectively, yet 
vastly different cylinder requirements.  A CCR diver conducting this work would need to carry two back up cylinders 
in addition to their rebreather, whereas an OC diver requires seven cylinders to make the dive safely (Table 1). This 
difference is crucial, as it gives CCR divers the space to carry camera systems, photo-quadrat frames, transect tapes 
and other required scientific survey equipment to mesophotic depths. In addition the available gas resources to the 
diver allow a much more conservative reserve than could possibly be carried by a diver using OC. 
 
 

Gas mix Open Circuit 
cylinders 

Rebreather back 
up cylinders 

18/45 trimix 
(18% oxygen, 45% 
helium, 37% nitrogen) 

4 1 

50% nitrox 
(50% oxygen, 50% 
nitrogen) 

2 1 

100% oxygen 
 

1 0 

Total cylinders 7 2 

 

Table 1. Number of cylinders a 
diver must carry to conduct 30 
minutes of reef survey work at 
60m depth followed by required 
decompression. Calculated 
assuming a cylinder size of 11.1L 
filled to 200bar, breathing rate of 
20 L/min, rule of thirds for gas 
management, gradient factor 
conservatism of 30/70, CCR set 
point of 1.3, CCR diluent of 16/45. 
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When diving in relatively remote locations, helium and oxygen can often be in limited supply and expensive. CCR 
maximizes gas efficiency; for example on our reef survey dives to 85m, each diver consumed less than 600L of 
oxygen and 600L of trimix diluent per dive. This reduced breathing gas consumption meant we could conduct 
approximately eight mesophotic CCR dives using the same amount of trimix that a mesophotic OC diver would use 
on a similar single dive, allowing helium and oxygen usage and costs to be minimized while maximizing survey dive 
time. 
 
In addition, we also used CCRs for shallow survey dives. While these dives were within the range of recreational OC 
scuba diving (<30m), the use of CCRs allowed us to markedly increase efficiency. Our team was able to execute 
single dives up to four-hours long, far beyond the gas and obligatory decompression limits of recreational OC diving. 
Table 2 shows the potential for CCR diving at 15m depth, dramatically increasing survey time without the bulk of 
additional cylinders and the build-up of decompression debt. After three hours of diving at 15m using an air diluent 
on CCR only one minute of mandatory decompression is required before surfacing, whereas over one hour of 
mandatory decompression is required using OC air. Switching to OC nitrox (mix of oxygen and nitrogen) reduces the 
decompression obligation but still leaves divers overburdened by a large number of cylinders. Application of 
rebreather technology enables researchers to substantially increase data collection time over the course of a 
fieldwork trip, especially in the recreational dive range, making it a tool that should be considered by reef scientists 
who conduct fieldwork even in the depth ranges of recreational scuba diving. 
 

Depth Air OC diver 
(21% oxygen, 
79% nitrogen) 

40% nitrox OC 
diver (40% oxygen, 

60% nitrogen) 

CCR diver 

Survey time at 15m (min) 180 180 180 

Decompression time at 
9m (min) 

1 0 0 

Decompression time at 
6m (min) 

13 0 1 

Decompression time at 
3m (min) 

45 1 0 

Total dive time (min) 240 183 182 

 
 

7 6 1  
(back up cylinder) 

While earlier CCR technology gained a reputation of being dangerous, to the point of not being worth the risk, the 
main causes of these issues have been overcome with more modern systems, testing, and rigorous diver training. 
Although there are higher inherent risks when using CCR rather than OC (Fock 2013), the accident analysis research 
related to both training and manufacturing has led to a greatly improved safety record. Rebreather training courses 
regularly emphasize constant monitoring of the CCR unit, and involve extensively practicing drills to simulate 
ǇƻǎǎƛōƭŜ ǳƴƛǘ ŦŀƛƭǳǊŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŦƻƭƭƻǿƛƴƎ ŜŀŎƘ ŘŀȅΩǎ ŘƛǾƛƴƎ ŘǳǊƛƴƎ ǘƘŜ ¢ƘƛƴƪƛƴƎ 5ŜŜǇ ŜȄǇŜŘƛǘƛƻƴΣ ǘƘŜ 5ƛǾŜ {ŀŦŜǘȅ 
Officer downloaded dive profile data for each rebreather. From this it was possible to check the oxygen cell readings 
for the unit for any inconsistencies indicating possible degradation or faulty connections, with the aim of identifying 
and solving problems before they occur. Should the diver encounter a problem, CCRs provide far more failure 
management options and available gas resources than OC systems, and divers always have a fully isolated back up 
option. With proper maintenance, diving practices, and training, CCRs can be used safely for research. 

Table 2. Dive plan for 180 minutes survey work at 15m depth, showing time required to complete the survey work 
followed by required decompression. Comparisons are made for open circuit (OC) air, open circuit recreational 
nitrox (40% oxygen and 60% nitrogen) and closed circuit rebreather (CCR). The total number of cylinders of the 
required open circuit gas is indicated. Total dive time includes time to ascend between indicated depths. Calculated 
assuming a cylinder size of 11.1L filled to 200bar, breathing rate of 20 L/min, rule of thirds for gas management, 
gradient factor conservatism of 30/70, CCR set point of 1.3, air CCR diluent. 
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2. Use of photogrammetry 
Even with the use of rebreathers, there are limits on how much the time for data collection can be extended, 
making it crucial to maximize efficiency. In coral reef ecological research and monitoring, most data are collected by 
divers in the water recording visual observations. While this process allows direct observations of reef organisms in 
situ, it is time consuming, resulting in long field trips to collect even small datasets. Yet the careful use of 
photogrammetric methods (photo/video) can enable vast amounts of data to be collected with minimal time in the 
water. 
 
With improvements in camera quality and reliability it is now possible for many studies to get data of similar, and in 
some cases superior quality, from photogrammetric methods. For example, we used stereo-video systems for 
accurate fish community biomass assessments (Figure 2). This method allows more accurate fish length 
measurements than traditional diver visual length estimations (Harvey et al. 2001). A typical 50m fish visual transect 
takes 20 minutes to complete in a high-fish diversity reef environment, whereas a stereo-video transect can be 
filmed in less than 4 minutes. This shifts the bulk of the workload to post field trip analysis of video footage, but 
enables vast quantities of data to be collected in short, highly efficient field trips. Photogrammetric methods also 
have the advantage of creating images and videos that can be archived as permanent records, allowing examination 
at a later date for additional information. Archived photos and videos may also be used in future studies that are not 
yet envisioned. In addition, the use of photogrammetry with blinding of survey location during image/video analysis 
is particularly useful for eliminating unconscious bias (e.g. comparing MPAs to fished areas). Specifically for 
mesophotic reef surveys, the use of photogrammetry overcomes the restricted dive times at greater depths, while 
simultaneously allowing the insights from in-water observation and first-hand experience that is not possible using 
remote survey techniques. 
  

Figure 2. A CCR diver using a stereo-video system to conduct fish biomass surveys along reef transects. Post dive the 
footage from the two cameras are synchronized, allowing fish lengths to be accurately estimated. (Photo: Ally McDowell) 
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3. Use of team-oriented diving 
Teams of technical and recreational support divers working together improved the overall safety for deep dives, 
while increasing data collection ability. Support divers were able to collect bulky equipment (e.g. stereo-video 
systems, photo quadrats), delicate samples (e.g. water samples, sediment traps) and spare back-up gas cylinders 
from the deep dive team early during their decompression schedule (Figure 3). Divers completing long 
decompression schedules (>2 hours) were therefore not overladen with equipment, reducing physical exertion and 
increasing comfort, and so reducing a risk factor contributing to decompression complications. It was important for 
each team to have a clear dive plan with accurate time estimates to allow teams to stagger their water entry and 
meet underwater. In addition, by taking research equipment (e.g. a stereo-video system) from the deep divers early 
in their decompression schedule, it was possible for an additional dive team to use this equipment while the deeper 
team was decompressing. In some cases, this allowed several hours of additional data collection on shallow reefs 
that would otherwise have been wasted. 
 
Support divers also acted as a standby response team that could assist the deep divers in an emergency situation. 
We used pre-arranged color coded delayed surface marker buoys (DSMB) to signal to the boat and support divers on 
the surface, allowing support divers to quickly descend down the DSMB line to meet the deep divers. A single 
orange DSMB indicated the deep dive team had begun decompression, that all was well, and for the support divers 
to carry out the pre-planned equipment or scientific samples collection from the deep dive team. A single yellow 
DSMB indicated an emergency situation requiring immediate assistance. In this situation the support divers would 
immediately descend while the boat radioed the dive center informing them an emergency situation was underway 
and to standby for more information. Both an orange and a yellow DSMB on the same line indicated the deep divers 
required additional back up decompression gas, which the support divers were able to descend with. 

Figure 3. Support diver receiving unused deep back up cylinders from the deep dive team during their decompression 
stops. Good teamwork is necessary to efficiently conduct mesophotic dive surveys. (Photo: Jack Laverick) 
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Preliminary mesophotic observations 
Utila is located on the edge of the continental drop-off, with steep coral covered walls off the north shore and 
gentler reef slopes on the south. Several ledges broke the steep north shore walls at approximately 30m, 55m and 
70m depths. These ledges were approximately 20m wide and covered with established reef communities, providing 
a source of structural complexity that was associated with higher fish densities. Common fish observed in the 70-
85m depth range included the Sunshine fish (Chromis insolata) and Blackfin snapper (Lutjanus buccanella). In 
addition, on several occasions we observed Caribbean reef sharks (Carcharhinus perezii) at depths >50m. Because of 
the historic shark fishing around Utila, divers on shallow reefs very rarely report seeing Caribbean reef sharks. 
Despite over 350 shallow reef dives conducted on Utila during the past three years we had never previously 
observed these sharks. Utila has an intensive shallow reef lionfish culling program, and we saw few lionfish on the 
fringing reefs shallower than 30m. However, large aggregations of lionfish were seen at mesophotic depths, with 
multiple occasions where >10 individuals were observed aggregated around single coral bommies. Full benthic and 
fish video analysis is currently underway, and we plan to shortly publish full research findings from this expedition. 

 
Conclusion 
When planning mesophotic research it is important to carefully consider which survey techniques to use based on 
the specific research objectives. Many established shallow reef techniques can be adapted to mesophotic depths 
depending on the resources available and logistics of the study site. For our research questions, many of the 
changes required to adapt shallow reef techniques for mesophotic depths were technological, such as using closed 
circuit rebreathers rather than open circuit scuba and using photo and video methods. It is important to remember 
that shifting research diving to greater depths requires a step-up in team awareness, training and orientation to 
ensure all divers remain safe and surveys can be conducted efficiently. 
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In this article we would like to describe our experience of testing and using over about 10 years a design of coral 
settlement plate that we developed to aid coral community restoration in the Ryukyu Islands of Southern Japan. 
Coral reefs in the Ryukyu Islands have been deteriorating ever since a serious outbreak of crown-of thorns starfish, 
Acanthaster planci, occurred in the 1970s (Omori 2011). To restore degraded reefs, various reef recovery projects 
involving transplantation of coral fragments were undertaken beginning in the 1990s. However, strong opposition 
was expressed by numbers of local scientists to the use of this method without scientific support on several grounds 
(Japanese Coral Reef Society 2004). Firstly, concern was expressed at the damage being caused to surviving coral 
colonies and habitat by collection of the coral fragments or branches to be used for planting out. Secondly, concern 
was raised that repeated collection from corals at a few favored locations would likely result in both a reduction in 
biodiversity and a decreasing genetic diversity within species (see Rinkevich 2005). Therefore it seemed worth 
considering whether an alternative restoration technique could be developed that would avoid these undesirable 
side-effects.  
 

Sexually Reproduced Coral Spat 
The alternative to employing artificial asexual reproduction to create new coral colonies must be to take advantage 
in some way of normal sexual reproduction. Over recent decades much has been learnt about reproduction in corals. 
Among the most important facts are that while in some genera fertilization takes place internally with the larvae 
being brooded within the coelenteron prior to release, in most corals both female and male gametes are discharged 
to the water column with fertilization taking place externally. In some regions spawning involving many species 
appears to take place synchronously over the same night (or few nights) of the year. Such mass spawning was first 
recorded on the Great Barrier Reef (Harrison et al. 1984), but also occurs in the Ryukyu Islands, where the dominant 
genus, Acropora, mostly spawn around full moon in either May or June (Hayashibara et al. 1993; Misaki 1994). It was 
naturally tempting to make use of this fact in searching for a method for restoring reefs there via sexual reproduction. 
 

mailto:fjw20240@ideacon.co.jp
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Broadly speaking two approaches have been used to propagate corals sexually. The tank method uses larvae and 
embryos collected from spawn slicks or larvae produced from gametes collected from coral colonies, with the 
resulting larvae then being reared in culture tanks at the laboratory. The seabed method, by contrast, involves 
deploying on or above the seabed portions of suitable substrate on which larvae will settle naturally post-spawning. 
While this latter method may seem haphazard and likely to require huge areas of settlement substrate if sufficient 
larvae are to be acquired, if successful it would have the advantage that no laboratory facilities would be required. 
Rather, trained workers could deploy the settlement units on suitable areas of seabed, and given sufficient 
recruitment corals could be economically produced or raised. Researchers at the Akajima Marine Science Laboratory 
have taken the first approach and trialed the transplantation of juvenile corals produced after fertilization of coral 
eggs in culture tanks or rearing of the larvae collected in situ (Omori 2011). By contrast Okamoto et al. (2005) 
evaluated artificial substrates for coral settlement using test panels, and subsequently developed the Coral 
Settlement Device (CSD) (Okamoto et al. 2008), use of which we describe here. 
 

   

 
 
 

The Coral Settlement Device  
The CSDs described here were designed to provide an optimal surface for coral recruitment on a structure that could 
then be placed directly on to the reef once the coral larvae had established themselves and metamorphosed into 
juvenile corals. Each CSD consists of a ceramic vase-shaped component, 5 cm in diameter, and 3 cm in height (Fig. 1). 
They are designed so that individual CSDs can be stacked together by inserting the peg-like base of the lower side of 
one into a depression in the upper side of another below it. Several CSDs can be stacked together, and the stacks of 
CSDs are then installed into a robust plastic frame which is set out on the reef to await recruitment.  
 
We have found that the final design of the CSDs has the following advantages: 

(a) The ceramic material used provides a substrate similar to natural reef rock. 
(b) Grooves formed on both upper and lower surfaces of each CSD attract and promote the settlement of larvae. 
(c) The spaces between the CSDs in each stack are sufficiently small to prevent entry and attack by most 

predators, or accidental damage by grazing herbivores. 
(d) The peg-like design assists transplantation of each CSD out on to the reef, in addition to assisting with 

stacking. 

1 

 

2 

 

3 

 

4 

 

Figure 1. Coral 

Settlement Device. Ten 

devices were stacked 

into one batch. Six 

batches were arranged in 

a plastic frame. Six 

frames were set on a 

stainless steel platform. 

Eight platforms were 

deployed on a steel pipe 

stand placed on the sea 

bottom. A: coral 

settlement device, B: 

plastic frame, C: stainless 

platform, D: steel frame. 

A B 

C D 
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(e) The stacked units can be set out on the reef in large quantities. 
(f) The strong plastic frames used to hold the stacks of CSDs are convenient to carry and resistant to wave 

action.  
(g) Holes formed on the upper side of each CSD also encourage further coral recruitment after the CSDs have 

been out-planted on to the reef. 
(h) Both mass production of the CSDs and their deployment in reef areas has been found to be cost effective 

and the method economic. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Sekisei Lagoon 
The site where we tested and then employed the CSDs on a coral rehabilitation project was Sekisei Lagoon, which is 
positioned between Iriomote and Ishigaki Islands in the south Ryukyu archipelago. It is part of the largest coral reef 
complex in Japan, which extends 20 km from east to west and 15km from south to north and has been designated as 
the Iriomote - Ishigaki National Park. The broad lagoon is enclosed between the two large islands by various smaller 
islands and their fringing reefs, in addition to which there are patch reefs scattered around the lagoon. Together 
these features create a varied environment that supports a diverse coral community. However, the coral 
communities in the Sekisei Lagoon were devastated by an outbreak of A. planci that began in the 1980s and to some 
extent continues (Fujiwara & Omori 2004). More recently in 1998 and 2001 extensive mortality followed coral 
bleaching due to thermal stress (Shimoike 2004). Since these events coral community recovery has been slow and 
very variable depending on location, likely reflecting the fact that coral recruitment can vary both temporally and 
spatially (Harrison & Wallace, 1990). Because of this patchy recovery a coral reef restoration project using CSDs was 
launched in 2002 by the Ministry of the Environment. The project aimed in particular to assist rehabilitation of those 
reef areas which otherwise showed very poor recruitment. It was hoped that once their coral communities had been 
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rehabilitated, these sites might in turn act as source areas for coral larvae that would assist other sites to recover 
(Fujiwara, 2010). 
 
 

 
 
As on the Great Barrier Reef, in Sekisei Lagoon many corals, especially Acropora species, which dominate there, 
spawn synchronously once a year, usually at midnight around the May full moon when daily mean temperature 
reach about 26°C (Hayashibara et al., 2004; Fujiwara et al., 2015). Therefore, with this timing in mind, every year, 
from the start of the project in 2005 until 2015, we deployed approximately 48,000 CSDs in frames on to the reef in 
late April, up to one month before coral spawning was due (Fig. 2). The main deployment site chosen  was in water 5 
to 6 m deep towards the northern reef margin in an area where coral recruits were naturally relatively abundant, 
suggesting a good supply of coral larvae. Here in 2015, for example, settlement rates of 16.2 recruits per 100 cm2 
were recorded on the artificial plates, even though the mean settlement rate across 35 sites in Sekisei Lagoon was 
only 1.88 colonies per 100 cm2 (Naha Nature Environment Office, 2016). The dominant coral species Acropora 
nasuta and A. cytherea appeared to settle especially at this depth. However, although the reef margin was a good 
deployment site from the point of view of larval settlement, it is also subject to severe wave action if a typhoon 
occurs; therefore after a month or two the frames were moved to calmer areas before the beginning of peak 
typhoon season in July. Besides this move, the frames and CSDs were maintained by regularly removal of fouling 
algae that might otherwise overgrow any coral spat. 
 
The area selected for transplantation was in the southern part of the lagoon. It was chosen because, while water 
quality was considered favorable and conditions looked suitable for coral growth, coral community recovery had 
been impeded there due to poor recruitment (Fig. 3). Most likely this was because with the residual tidal currents 
moving from south to north, the area received relatively few coral larvae from elsewhere. In addition the area was 
preferred because generally it did not experience severe waves generated there by typhoons, because it was well 
away from any sandy bottom areas, which can be stirred up by typhoon waves resulting in sediment being deposited 
on and smothering the juvenile corals, and because the presence of a ridge topography also protected the area from 
gravel drift which can be caused by typhoon waves.   

 

Figure 3. Left, location of the 
Project Sites in the Ryukyu 
Islands:  White solid circle = 
transplantation area; Red solid 
circle = larvae settlement area; 
Yellow solid circles = rearing 
areas. Above, location of Ryukyu 
Islands in the south of Japan. 
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Transplantation of the CSDs 
For transplantation the stacks of CSDs were removed from their frames approximately 2 years after their original 
deployment, and each stack disassembled so that the CSDs could be planted out individually. The peg of each 
individual CSD unit was then inserted in to a suitably sized hole drilled in to the rocky reef substrate with an 
pneumatic (air-powered) drill and the peg fixed in place with a suitable glue. In general about ten juvenile corals 
were transplanted to every square metre of substrate, with a total of about 39,000 juvenile corals being transplanted 
between fiscal years 2005 and 2014 over an approximately 1 km2 area. Unsettled CSDs were removed and reused in 
subsequent years. 
 
About 10 % of these corals were tagged for monitoring purposes (Fig. 4) and then checked at 1, 6 and 12 months 
after transplantation and subsequently once a year. The following parameters were recorded: survivorship, coral 
length, bleaching, destruction, predation, algal smothering, sedimentation, and whether any habitat was being 
provided for animals. Temperature and turbidity were measured every hour by data loggers. Once they were four-
years old a proportion of transplanted corals were observed to see if spawning occurred. Because most Acropora 
corals synchronously release bundles of gametes at around midnight, we set automatic cameras near the 
transplanted corals and took photos every 30 minutes over four consecutive nights to see whether spawning 
occurred (Fig. 5).  

 

Recruitment, Growth and Spawning  
The production ratio of the CSDs, i.e. the proportion of CSDs with juvenile corals, was monitored. In 2015 for 
example the ratio was 30 %. The use of the CSDs resulted in a much higher mean density of recruits than elsewhere 
in the lagoon, much of which suffered from very poor recruitment. Besides producing high densities of juvenile 
corals, the use of CSDs also resulted in a high diversity of recruits - although over 90 % of recruits were different 
species of Acropora, corals from more than 20 other genera were recorded (Fig. 6). The batch giving rise to the 
fastest growing corals was planted out in 2008 and by 2016 had generated a mean coral cover of approximately 60% 
(Fig. 7). At this density the corals were increasingly providing habitat for a range of fish and invertebrates, most 
noticeably various damselfishes and crustaceans. By creating sufficient coral habitat to provide food and shelter for 
other reef fauna the rehabilitation project was thus fulfilling one of the important functions of coral community 
rehabilitation. 
 
The first spawning of a transplanted coral, by an A. nasuta that was transplanted in February, 2006, was recorded by 
our automatic camera in May, 2010. Subsequently we also observed, in 2011, spawning by colonies of A. nasuta and 
A. selago. By 2014, when observations ceased, spawning was occurring annually in many of the blocks of 

Figure 4 A transplanted juvenile coral (growing from the 
upper right of an encrusted CSD) which is being 
monitored. 

Figure 5 The camera arrangement used to monitor corals 
for spawning, taking a picture every 30 minutes. 



REEF ENCOUNTER 
The News Journal of the International Society for Reef Studies 
Reef Currents: The Coral Settlement Device 
                                                                                                                                                                                                                                                                                              

 

VOLUME 31 NUMBER 1 April 2016                                                                                                                         37 |  P a g e 

transplanted corals. The extent of spawning suggested that the areas of transplanted corals were also beginning to 
function as a source of coral larvae for other parts of the lagoon.  

Concluding Remarks 
Rinkevich (2005) has suggested that the extent of degradation on coral reefs globally is now so high that many reef 
areas are already beyond the possibility of natural recovery and that transplantation must become an important 
method for restoration. It seems unlikely that cultured coral fragments or laboratory reared juveniles could be 
produced on the scale required to restore very large areas. Our experience suggests that, in contrast, CSDs such as 
those described here can be an invaluable tool in reef restoration. The design of the CSDs appears very effective in 
encouraging natural settlement of coral spat and in preventing predation by fish and invertebrates. A high proportion 
of the CSDs are settled by larvae that grow to reproduce. The method avoids damage to existing corals caused by the 
collection of coral fragments, which may be critical in areas where coral abundance is already very low. The methods 
also avoids artificial colonisation of an area with only a limited number of coral genotypes, such as might happen if 
coral fragments are collected from only a few sites. And the method automatically results in the planting out of a 
wide variety of genera and species in approaching natural relative abundances. We believe that the method 
deserves further study. 

Figure 6. A variety of juvenile colonies recruited on to the CSDs 1: Pocillopora, 2: Seriatopora, 3: Stylophora, 4: Montipora, 
5: Porites, 6: Fungiidae, 7: Galaxea, 8: Echinophyllia, 9: Mussidae, 10: Symphyllia, 11: Hydnophora, 12: Merulina,, 13: 
Favites, 14: Goniastrea, 15: Montastrea, 16: Cyphastrea, 17: Faviidae 1, 18: Turbinaria, 19: Millepora, 20: Faviidae 2, 21a,b: 
Acropora (the most abundant coral)  
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Figure 7.  The site showing the fastest recovery of corals following transplantation. Left, the site as it was in January 2008 with 
few living corals. Right, the site in February 2016, with coral cover increased to approximately 60 %. 
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