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CRCP Ocean Acidification and Climate 
Change Monitoring 

• Major Science Question 

o What is the impact of  climate change and ocean acidification on US coral 

reefs? 

• What are the spatiotemporal trends in climate change and 
ocean acidification on US coral reefs? 

• What are the ecosystem impacts of  ocean acidification on 
US coral reefs? 



Funding Support 

• NCRMP funding 
– Co-funded by CRCP and Ocean Acidification Program 

(OAP) 

• Ocean Acidification Project Suite 
– Developed with CRCP funds 
– Maintained via OAP support  

• Ancillary Project’s funding by CRCP is variable both by year and 

project 
– e.g., Maug high-CO2 seep study: CRCP award with OAP-funded 

ship time 

• OAP also invests in data management, advancing technology 

development, and lab inter-comparisons 



I. What are the spatial and temporal trends in temperature and ocean 
acidification on US coral reefs? 

NCRMP Climate Site Classes 

• Class III or ‘Sentinel’  Climate Monitoring Sites  
o 2 of  3 planned sites fully instrumented: Cheeca Rocks, 

Florida Keys and La Parguera, Puerto Rico 
• CO2 time-series  
• Ecosystem response to OA 

Class III sites in Atlantic 

Cheeca Rocks time-series: 2011-present  

xC
O

2 

200 

400 

600 

FLORIDA KEYS 
Installed DECEMBER 2011 

PUERTO RICO 
Installed JANUARY 2009 

FLOWER GARDEN BANKS 
Not currently funded 

CO2 in atmosphere 800 

2012 2013 2014 2015 2016 

CO2 in seawater 

http://www.pmel.noaa.gov/co2/story/Cheeca+Rocks 
Cheeca Rocks MApCO2 



I. What are the spatial and temporal trends in temperature and ocean 
acidification on US coral reefs? 

NCRMP Climate Site Classes
• Class II (n = 3 sites in Atlantic: St. Croix, St. Thomas, 

Dry Tortugas – expanding to 27 total sites over next 3 
yrs) 

• 72 hr diurnal sampling of  TCO2 and total 
alkalinity (TA) 

• Ecological Response (Calcification, 
Bioerosion etc.) 

• Class I (n = 27 transects, 108 sites in Atlantic) 
• Each transect is an array of  four thermistors 

across a depth gradient 
• Temperature measurements obtained every 

5 minutes 
• Class O (n = 150/year in Atlantic) 

• Randomized bottle sampling for TCO2 and 
TA 

• Highest spatial resolution, least temporal 
resolution 

• US coral reef  sites in Virgin Islands, Puerto 
Rico, Florida, Flower Garden Banks 

• Each region sampled once every 2 years 
 
 

Class I 
Lang Bank, 
St Croix 

Class I sites on Florida Reef  Tract 
Spatial  

resolution 

Temporal  
resolution 



I. What are the spatial and temporal trends in ocean acidification on US 
coral reefs? 

Class O data snapshot from Florida Keys  

Ancillary project providing 
information on seasonal variability  

Miami 



I. What are the spatial and temporal trends in ocean acidification on US 
coral reefs? 

http://www.coral.noaa.gov/accrete/oaps.html 

Ocean Acidification Product Suite 
Developed by D. Gledhill, updated by R. van Hooidonk  
Greatest spatial resolution 



II. What are the ecosystem impacts of  ocean acidification 
on US coral reefs? 

Coral 
Calcification 

BMU 
(Bioerosion 

monitoring unit) 
CAU  

(Calcification 
Accretion Unit) 

+ BMU 

ARMs 
(Artificial Reef 

Monitoring 
Structure) 

Landscape Mosaic CaCO3 flux 
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II. What are the ecosystem impacts of ocean acidification? 
 
Landscape mosaics 

• High-resolution benthic characterization 
• Visual archive posted on web 

o Measure any metric of  interest (coral cover, H’, etc) 

o Rotate annually between class III sites – ONCE EVERY 3 YRS PER SITE 

Cheeca Rocks Flower Garden Banks 

UM collaborator 
Art Gleason 
conducts 
landscape mosaic 
survey at Cheeca 
Rocks, Sept 2015 



Cheeca Rocks Coral Bleaching Patterns: 2014-2015 

1.3-3.7% coral mortality despite 2014 and 2015 being two hottest 
summers on record; 99% colony survival 

September 2014 March 2015 



 

VI. Slide of  Cheeca Mosaic-zooxs 
September 2014 
Peak bleaching 

March 2015 
Recovery 

1 m 

Pie charts show relative 
abundance of symbionts 
from clades   A   B   C   D 

Preliminary results 
• Clades B and D increased, whereas A decreased 
• Clade D known to be heat tolerant 
Next steps 
• Determine if  clade type and flexibility correlates with mortality 

Relative abundance of  algal symbiont types during bleaching/recovery 



II. What are the ecosystem impacts of ocean acidification on US coral 
reefs? 
 

Census-based CaCO3 flux 
• Net CaCO3 Production = Gross 

CaCO3 Production – Bioerosion 
• Parrotfish and microborers dominant 

agents of bioerosion in Atlantic 
• Shift from net accretion to net erosion 

around 5% coral cover 
• Once every 3 years at each class III site 
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II. What are the ecosystem impacts of ocean acidification on US coral 
reefs?? 

Calcification Accretion Units (CAUS) + Bioerosion Monitoring Unit (BMU) 

Coral Calcification, class III sites 

CT scan of Orbicella 
faveolata from 
Flower Garden 
Banks, June 2015 

82-83 ENSO 

1st reported 
bleaching 

Mississippi River 
Flood 

2005 bleaching and 
Hurricane Rita 

40 year record 
from 10 cores  

CAU and 
BMU 

BMU at deployment BMU at retrieval 
Volumetric determination of   

net accretion, grazing, 
macroboring, and microboring 

27 sites in the Atlantic 

3 years 

ACCRETE divers take coral core at 
Flower Garden Banks, June 2015 



Key Contributions and Strengths 

Key Outcomes 
Providing high-quality data on the rate and 

magnitude of  OA and its ecosystem impacts 
Unprecedented in scale and scope, no one else is 

doing this at this scale 
Basic information on relative risk of  regions/reefs 

to OA (e.g., hotspots vs. refugia) 
Advancing science of  climate change and OA 

impacts to coral reefs 
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How is the information being disseminated? 
• Peer reviewed publications 

28 peer-reviewed journal publications since 2010 for 
ACCRETE lab 



How is the information being disseminated? 
• Peer reviewed publications 
• International Scientific Conferences (ICRS, Oceans in a High-CO2 World 

etc.)  
– Since 2007, 41 oral presentations, 12 poster presentations  

• Data freely available at:  
– Ecological Data 

• CoRIS (Coral Reef  Information System)  
– CO2 data 

• NCEI (National Centers for Environmental Information) 
• CDIAC (Carbon Dioxide Information Analysis Center) 

• ACCRETE website 
  http://www.coral.noaa.gov/research/accrete.html 
• PMEL website  
 http://www.pmel.noaa.gov/co2/story/Cheeca+Rocks 
• NCRMP report card 
• Monitoring reports (e.g., Flower Garden Banks monitoring reports) 
• Presentations to local managers (e.g., FL Keys National Marine Sanctuary) 



Five research priorities: 
1. Establishing an ocean carbonate chemistry baseline  
2. Establishing ecological baselines  
3. Determining species/habitat/community sensitivity to 

ocean acidification  
4. Projecting changes in seawater carbonate chemistry  
5. Identifying potentially synergistic effects of  multiple 

stressors 
 

How is the information intended to be 
used? 

Frontiers in Ecology and Evolution, 2012 



How is the information intended to be 
used? 

• Who are the intended users of  the information?  
– Resource managers, policy makers, scientists  

• How will they/could they use this information to make management 
decisions? 
– Focusing restoration/mitigation activities to those places or species least likely to 

be impacted or buffered  
• e.g., Current CRCP project directly measuring how seagrasses may stimulate 

growth for restoration activities of  ESA-listed Acropora cervicornis  
– MPA design 

• Priority focus of  neighboring seagrass habitats in coral reef  management plans 

• Protecting areas with naturally high or low CO2, or high/low variability: research evolution will 
work to inform which areas are most important to building resilience  

• Most at risk places may warrant increased protection of  herbivores to control macroalgae and favor 
coral and crustose corraline algae despite depressed growth 

 
 



What are your challenges? 
• NCRMP plan called for 3 sentinel sites in Atlantic and Pacific, but currently there are only 2 fully 

functional in the Atlantic and 1 in the Pacific (though funding in place for procurement of  2nd 
Pacific buoy) 

• Requires sustained, long-term funding given subtle, yet progressive nature of  OA.  This will be a 
challenge given personnel turnover within funding agencies/programs that operate on 3-5 year 
project cycles and expect immediate results 

• Need to have personnel in place that are proficient with analysis/interpretation of  seawater 
chemistry AND knowledge/experience with field-based coral reef  ecology 

• Most are one or the other!  Rare to find people with combined skill set 

• Requires measurement of  1) physical environment, 2) the biological variables expected to be 
impacted by OA, as well as 3) those variables that could interfere with detection of  an OA 
signal 

• e.g., coral bleaching mortality will cause large depression in calcification regardless of  OA  
• Fluctuations in parrotfish populations swamping subtle increases in bioerosion by endolithic 

algae, clionaid sponges etc.   
• In essence, we must know what is happening to those variables that are expected to be directly 

impacted by OA as well as those things that could interfere with detection of  an OA signal  

• No funding in place for hydrochemical determination of  reef  calcification; reef  metabolism tier 3 
NCRMP metric  



• Incorporation of  results into management 
plans 
 • Utilize this information to more accurately 
project future CO2 conditions and how 
that will actually impact coral reefs 

– Right now we take (generally) poor 
characterizations of  seawater CO2 conditions 
and then forecast into the future assuming 
arbitrary thresholds; Ω < 3 is ‘bad’ and this 
ocean hits that value in 2072! 

 
 

 

• We are currently addressing 3 of  the 5 of  
McCleod et al.’s  priority needs for 
managers very well, thus should 
incorporate more projects to better 
address other two: 

– Determining species/habitat/community 
sensitivity to ocean acidification  

– Identifying potentially synergistic effects of  
multiple stressors 
 
 

 
 

What are the potential future directions for 
this work? 



 

What are the potential future directions for 
this work? 

• Link with new Coral Reef  Omics initiative to understand genetic basis to better 
understand why certain corals are more resistant and/or resistant to climate and OA 
stress 

Same coral species 

Healthy 

Bleached 

Bleached 

Healthy 

Different coral species 

Partially 
Bleached 

Disease 

Schematic of  
new aquaria 
facility for CO2, 
temperature, and 
nutrient 
experiments 



Bibliography:  
Summary statistics, 2007-2016 

• 4.5 core personnel  
– Currently 2 Ph.D.s, 1.5 M.S., 1 B.S.  
– Less personnel  before 2013 (2 in 2011; 3 in 2012) 

• 33 peer-reviewed journal publications; 28 since 2010  
– 22 with ACCRETE 1st author 

• 1 book, 6 book chapters, 4 conference proceeding articles 
• Four television documentaries (1 more currently in production) 
• Multiple articles  

– e.g., New York Times (2x), Scientific American (2x), Discovery News, National Geographic Online 
News, Miami Herald etc. 

• 41 oral presentations at scientific conferences  
– 27 by ACCRETE presenter 

• 12 poster presentations at scientific conferences  
– 7 by ACCRETE presenter 

• 3 sessions chaired at scientific conferences 
• Other 

– Google hangout, Nerd Nite Miami, Skype with scientists etc. 
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