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Why Care About Ocean Acidification? 
 Coral reefs are the most biologically diverse marine ecosystems Coral reefs provide ecosystem services (food security, livelihoods, coastal 

protection, etc.) to many 100s of millions of people in the tropics worldwide, 
including all of the Pacific Islands countries 

Coral reefs provide many benefits for people: men and women, young and old, 
rich and poor!  

Coral reef ecosystems, fisheries, biodiversity, & the ecosystem goods & 
services they provide are now threatened by OCEAN ACIDIFICATION! 

 
We need improved information about the current and future impacts of ocean 
acidification to improve management decision-making and adaptation strategies. 



Why It Matters 
(Example: mass coral mortality) 

• 10 % of coral reef fishes are coral dependent, so directly 
affected by coral loss 

• But, 75% of fish species declined following coral decline 

• 50% of fish species declined by >50% 
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Coral-dwelling species Corallivores Herbivores 

Wilson et al. 2006 Global Change Biology 12, 2220-2234 
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  NOAA Coral Program’s National Coral Reef Monitoring Plan 
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NCRMP 

In the Pacific Islands 
Region, NCRMP has been 
implemented thru the 
Pacific Reef Assessment 
and Monitoring Program 
(Pacific RAMP) since 
2000/2001.  



Pacific RAMP 

Long-term Monitoring of Abundance, Distribution, Diversity, Condition of 
reef fishes, corals, invertebrates, & algae 

Monitoring ocean acidification & warming  

‘Wide-but-thin’ approach to monitor shallow (<30m) reefs  

Consistent, repeatable, comparable methods  

Robust change detection at ‘island scale’ 



Brainard et al, 2010 



Pristine Fish  
Biomass Reference 

Points 

Williams et al., (in review) 

20%
 

56%
 



NCRMP Ocean Acidification 
Monitoring 

Goals:  
Scientifically sound, consistent methods  
Strong partnerships  
Geographically comprehensive status & trends data  
Deliver products & tools to support decision making 

OA Objective:  Document & track a suite of metrics long-term most 
valuable towards discerning specific attribution of changes in coral 
reef ecosystems in response to ocean acidification (OA). 



Calcification/Recruitment 
Simplified experiments/models have shown corals and reef-building crustose 
coralline algae are highly vulnerable to OA:  

Reduced calcification/growth 
Reduced settlement/recruitment 

Will this happen in nature? Or,, does nature provide more resilience?  
          need long-term global observations 

From Ricke, Orr, Schneider & Caldeira (2013) 

Pre-industrial 

Now 

550 ppm 

900 ppm 

From Langdon & Atkinson. (2005) 



Reef Survival Requires Balance 

Net Reef 

Growth or 

Accretion of 

Calcium 

Carbonate 

PRODUCTION 

Net Reef 

Bioerosion & 

Dissolution of 

Calcium 

Carbonate 

REMOVAL 

Delicate 

Balance 

 need long-term global observations in nature 



CENOZOIC MESOZOIC PALEOZOIC PRECAMBRIAN 

Age (Ma) 

From Signor (1990) 

Number of Genera 

Biodiversity Loss 

65 200 251 360 444 

Era 

Coral Reef Gap 

Extinction rates have 
already increased ~100X 
Predicted to increase 
>100X this century 

 Lost Resilience?  
 lost function?  
 lost ecosystem services? 

We are now in the 6th Mass 
Extinction Event! 



MORE

LESS

86%

14%
known

unknown

Mora et al., 2011

1.5 done,

7.2 million to go

82%

18%The State of  
Biodiversity Knowledge

National Geographic 2013



Monitoring Ecological Impacts of OA 

Kimbe Bay, 

PNG 

Indonesia 

Philippines 

Establishing baseline observations to monitor long-term changes of: 

 Carbonate   
chemistry 
DIC, TA, S  
pH, Ω 

 Calcification 
rates (Coring, 
CAUs) 

 Bioerosion 
rates (BMUs) 

 Crytobiota 
diversity 
(ARMS) 

 Microbial 
diversity 
(environmental 
water sampling) 

 Benthic 
rugosity  

 Spatially distributed, consistent, 
repeatable, long-term observations 
of key indicators to robustly 
document  changes in natural coral 
reefs attributable to OA 

Want ‘Keeling Curve’ of:  
1. Carbonate chemistry:  
2. Key ecological indicators: 



Observing across gradients of environmental/oceanographic conditions, biodiversity, human uses and impacts 

 

Class 3 – MApCO2 

pCO2 

Ωarag  

Pacific RAMP OA  
Hierarchical Observing Network 



Observing across gradients of environmental/oceanographic conditions, biodiversity, human uses and impacts 

 

2015  
~3 months 

2014  
~3 months 

2016 
~3 months 

Pacific RAMP OA  
3-Year Observing Cycle 



Observing across gradients of environmental/oceanographic conditions, biodiversity, human uses and impacts 

 

Class 2 

Pacific RAMP OA  
Class 2 Sites 



Sampling for DIC, TA, T, S, Chl a, 

nutrients, microbes.  
Surface & Reef 

Onshore-offshore 

Derive pH, Ω, NEC, NEP 

Upstream 

DIC/TA 

sampling 

NCRMP CLASS 2 SITE 

Island-scale Survey Design  



Site-scale Sampling Design  

Class 2 

10 m x 5 m Photo Mosaic 

Diurnal water sampling (~4 hours) DIC, TA, S 
 with Langdon sampler (PUC) or RAS 

Diurnal pH with SeaFET sensor  



NCRMP Climate Station Installation 



ARMS 

ADCP 
CTD 

6 PUCs 

SeaFET pH 

• pH –SeaFET 

• PUC – Discrete Timed Samples 

• CTD 

• ADCP 

Diurnal Carbonate Suite 



SeaFET pH 

ADCP 

6 PUCs 

CTD 

3 ARMS 
 5 CAU 
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Vent Site in Philippines 



Ωarag Pacific-wide   

Tutuila, American Samoa 
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Coral Calcification Rates 

With Anne Cohen’s Lab WHOI  

 

 

Palmyra 

Kingman Jarvis 

GBR 
Rose 

Red Sea 
Palau 

Palau 

Palau 

Panama 

Jarvis 

Kingman 
Palmyra 

 Calcification rates of massive reef-
building corals not a function only 
of saturation state. 

 Also a function of food supply 
provided by upwelling. 

 
 

 



Coral Bioerosion is Higher at Low Saturation State & High Nutrients 

2.0 2.5 3.0 3.5 4.0 4.5
0

2
4

6
8

1
0

1
2

WAragonite

B
io

e
ro

s
io

n
 %

 V
o

lu
m

e

●
●

● ●● ●●

2.0 2.5 3.0 3.5 4.0 4.5
0

2
4

6
8

1
0

1
2

WAragonite

B
io

e
ro

s
io

n
 %

 V
o

lu
m

e
●●

●

●
●

High−Nutrient Reefs

Low−Nutrient Reefs

Individual cores

● Reef means

DeCarlo et al. (2014) Geology 
surface slab 3D 

ΩAragonite 

A core of skeleton is removed from a live 
coral (above) and CT scanned (below) 

Cohen Lab, WHOI 



Calcification Accretion Units (CAUs) 
Bioerosion Monitoring Units (BMUs) 

Price et al. (2012); Vargas-Angel et al. (in review) 





Autonomous Reef Monitoring Structures (ARMS) are a systematic 
tool to assess and monitor changes in  indices of biodiversity. On-
going development of both taxonomic and genetic analytical 
approaches to robustly detect biodiversity shifts.  

Biodiversity Shifts: ARMS 

> 850 ARMS Deployed Globally 





Video by David Liittschwager 



Bryozoan Tunicate 

Cnidarian Poriferan 

Bivalve Worm 
Foram 

Empty 
Scuzz 

Functional Groups 



Video by David Liittschwager 





FIND & GRIND     GRIND & FIND 

Video by David Liittschwager 



Diversity on ARMS

>1000  species/ARMS
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Outreach & Education 

Hands-on-ARMS 

16 



Pacific-wide OA Observing Network 

IOC 

WESTPAC 
NOAA 

NCRMP 

Pacific Islands 

SIDS 

NOAA + IOC WESTPAC + PI-SIDS 



Conclusions 

 Ocean Acidification will increasingly impact coral reefs, 
biodiversity, fisheries, coastal protection & communities in 
the Pacific Islands countries! 

 Need simple, consistent/systematic, cost-effective time 
series observations of physical, chemical, ecological, & 
biological conditions and processes to inform resource 
management decisions & adaptation strategies 

Rusty.Brainard@noaa.gov     808-725-5419 

MAHALO  

 Leverage resources & capacity to build OA monitoring 
onto existing efforts, where possible 


