


Outline
 Introduction – Where are we?  Anthropocene
 Why? - numerous legislative mandates, policies drivers, 

management goals & objectives require conservation 
of biodiversity
 Why? - Ample science shows that biodiversity increases 

ecological resilience & ecosystem function
  Need to monitor biodiversity metrics for the other 

99% of reef biodiversity to understand resilience & 
health
 How? - ARMS provide a cost-effective and robust tool 

for monitoring indices of biodiversity needed to assess 
effectiveness of management.



Losses of Biodiversity

Mass 
Extinction 

Events         
(50-96% losses 

of diversity)

• Overfishing (local)
• Land-based Sources of 

Pollution (local)
• Climate Change & Ocean 

Acidification (global)

 Extinction rates have already 
increased ~1000-fold

 Predicted to increase at least 
100-fold this century

Now in 6th 
Mass 

Extinction!



Gaps in Biodiversity Knowledge

 Scientists don’t know the majority of species in the ocean (or 
on coral reefs) 

 Scientists don’t know the functional roles most species play 
in maintaining viable ecosystems (or on coral reefs)

 The most recent estimate of the number of species on coral 
reefs globally is 830,000 (550,000-1,330,000) Fisher et al. (2015)
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What Might Mass 
Extinction Look Like?

How will coral reefs function and provide the 
ecosystem goods and services that people depend on? 



Why Conserve Biodiversity? 
Legislation & Policy Drivers

 U.N. Convention on Biological Diversity (CBD, 1992)
 U.N. Convention on International Trade in 

Endangered Species (CITES, 1973)
 U.S. Endangered Species Act (ESA, 1973)
 U.S. National Ocean Policy (NOP, 2010)
 NOAA Next Generation Strategic Plan (NGSP, 2010)
 Coral Reef Conservation Act (CRCA, 2000)
 CRCP Goals and Objectives (2011-2015)
 National Marine Sanctuaries Act



UN Convention on Biological Diversity 



UN CBD Targets (2011-2020)



U.S. Endangered Species Act



U.S. National Ocean Policy



NOAA Next Generation Strategic Plan

NOAA’s Mission:  Science, Service, and Stewardship 
To understand and predict changes in climate, weather, oceans, and coasts, 
To share that knowledge and information with others, and 
To conserve and manage coastal and marine ecosystems and resources. 

NOAA will continue to work with partners to acquire, protect, and restore habitat, 
biodiversity, and ecosystem services to support the resilience of both ecosystems and 
the built environment. 

• Assess and understand the roles of ecosystem processes and biodiversity in 
sustaining ecosystem services; 



Coral Reef Conservation Act

The purposes of this title are--
(1) to preserve, sustain, and restore the condition of coral reef ecosystems;
(2) to promote the wise management and sustainable use of coral reef 
ecosystems to benefit local communities and the Nation;
(3) to develop sound scientific information on the condition of coral reef 
ecosystems and the threats to such ecosystems;

(2) CONSERVATION- The term `conservation' means the use of methods and 
procedures necessary to preserve or sustain corals and associated species as 
diverse, viable, and self-perpetuating coral reef ecosystems, including all 
activities associated with resource management, such as assessment, 
conservation, protection, restoration, sustainable use, and management of 
habitat; mapping; habitat monitoring; assistance in the development of 
management strategies for marine protected areas and marine resources…



CRCP Goals & Objectives
• Increase coral reef resilience to climate change and ocean acidification through effective 
management strategies.
• Identify, understand, and communicate risks and vulnerability of U.S. coral reef ecosystems, 
ecosystem services, and dependent human communities to climate change and ocean 
acidification.

• Increase the abundance and average size of key coral reef fishery species to 
protect trophic structure and biodiversity and improve coral reef ecosystem 
condition.
• Support effective implementation and management of marine protected 
areas (MPAs) and ecological networks of MPAs that protect key coral reef 
ecosystem components and functions.
Reducing impacts from fishing can enhance coral reef integrity, stability and 
aesthetics by increasing the abundance and average size of targeted species, 
restoring biodiversity, and maintaining coral reef ecosystem function.

Well designed ecological networks of MPAs are needed to effectively protect 
biodiversity, habitats and ecosystem functions.



Management Goal – Conserving Biodiversity

 Papahanaumokuakea Marine National Monument

The five thematic areas in the draft Natural Resources Science Plan are:
• Research on ecological processes and connectivity
• Research on biodiversity and habitats
• Research on human impacts
• Research on ecosystem change, indicators, and monitoring
• Modeling and forecasting ecosystem change



Management Goal – Conserving Biodiversity

 St. Croix East End Marine Park Management Plan 



Management Goal – Conserving Biodiversity

 Florida Keys National Marine Sanctuary



Duffy, Ecology Letters (2003)

Hourigan, Trends in Managing the Environment (1999)

the dominant impacts of biodiversity 
change on ecosystem functioning
appear to be trophically mediated, with 
important implications for conservation.

Why Conserve Biodiversity? 
Ecosystem Health and Resilience



Peterson et al., Ecosystems (1998)

Duffy et al., PNAS (2016)

We propose that ecological resilience is 
generated by diverse, but overlapping,
function within a scale and by apparently
redundant species that operate at different 
scales, thereby reinforcing function across 
scales. The distribution of functional diversity 
within and across scales enables regeneration 
and renewal to occur following ecological 
disruption over a wide range of scales.

diversity and climate interact, with biomass of 
diverse communities less affected by rising 
and variable temperatures than species-poor 
communities. Biodiversity thus buffers global 
fish biomass from climate change, and 
conservation of marine biodiversity can 
stabilize fish production in a changing ocean.

Why Conserve Biodiversity? 
Ecosystem Health and Resilience



Rates of resource collapse increased and 
recovery potential, stability, and water quality 
decreased exponentially with declining 
biodiversity. Restoration of biodiversity 
increased productivity fourfold. We conclude 
that marine biodiversity loss is increasingly 
impairing the ocean's capacity to provide food, 
maintain water quality, and recover from 
perturbations.

Worm et al., Science (2006)

Although potentially less important in the short 
term, biodiversity, empassing variation from 
within species to across landscapes, may be 
crucial for longer-term resilience of ecosystem 
functions and the services they underpin.

Oliver et al., Trends in Ecology & Evolution (2015)

Why Conserve Biodiversity? 
Ecosystem Health and Resilience



The likelihood of regime shifts may increase when 
humans reduce resilience by such actions as 
removing response diversity, removing whole 
functional groups of species, or removing
whole trophic levels….. 
ecosystems may suddenly shift from desired to less 
desired states in their capacity to generate 
ecosystem services.

Folke et al., Annu. Rev. Ecol. Evol. Syst. (2004)

Recognition of functional groups provides a deeper
understanding of the role of biodiversity in 
ecosystem processes. Certainly, depauperate
marine assemblages are often functionally
compromised, and richer biotas are more likely to 
have greater levels of functional redundancy.

Hughes et al., Trends in Ecology & Evolution (2005)

Why Conserve Biodiversity? 
Ecosystem Health and Resilience



Monitoring Biodiversity

 The aforementioned legislative drivers clearly show 
that we have numerous mandates and policy 
drivers that require us (including NOAA) to manage 
and conserve biodiversity. 
 The aforementioned science papers highlight the  

importance of biodiversity in maintaining ecological 
resilience and ecosystem function.

We need to monitor metrics of biodiversity to  
assess the effectiveness of management actions in 
achieving management goals and objectives. 



NCRMP – Biodiversity Monitoring

In the Pacific Islands, 
NCRMP has been 
implemented thru the 
Pacific Reef Assessment 
and Monitoring Program 
since 2001. 

NOAA-PIFSC - actively developing tools to monitor coral reef biodiversity since 2005 as 
part of Census of Marine Life with Smithsonian, Univ. Florida, AIMS, UH, SDSU, MLML,,

<< 1% of reef 
biodiversity

> 99% of reef 
biodiversity



Autonomous Reef Monitoring Structures 
(ARMS)

Autonomous Reef Monitoring Structures (ARMS) are a 
systematic tool to assess and robustly monitor and detect 
changes in indices of coral reef biodiversity (the other 99%)

~1000 ARMS Deployed Globally with International Partners



Functional Groups

Sessile Biodiversity (Image Analysis)

Bryozoan Tunicate

Cnidarian Poriferan

Bivalve Worm
Foram

Empty
Scuzz



Processing 
Autonmous Reef 

Monitoring Structures 
(ARMS)

Sorting & Identifying Organisms Prepping for DNA Sequencing

Diversity on ARMS

>1000 species per ARMS









Early Products



Patterns of Biodiversity

CORALS - genera (after Veron 1994)

FISHES - species (after Roberts et al.,  2002)

COWRIES - ESUs (Meyer)



Preliminary Results from ARMS

6 Regions
21 Islands

143 ARMS Units

32571  Organisms from the equivalent 60 cubic feet
~ 237 organisms per Unit

10 Phyla

Molly Timmers, Reardon, Paulay, Donahue, Oliver, Brainard (ICRS 2016)



Preliminary Results from ARMS

Kerry Reardon, Timmers, Oliver, Godwin, Paulay (ICRS 2016)

Brachyuran Crab Diversity



Preliminary Results from ARMS

Coral 
Triangle

Hawaii

Line 
Islands/Samoa

Marianas/Wake

Emma Ransome, Meyer, Knowlton, Rohwer, Barber, Timmers, Brainard (ICRS 2016)
Nancy Knowlton et al. (ICRS Plenary 2016)
Rusty Brainard et al. (ICRS 2016)



Costs of Monitoring Biodiversity
Estimated Total 
Cost Per Year for 
NCRMP ARMS

Supplies + Lab
Work (people)

Supplies + Lab 
Work + 
Metabarcoding

Supplies + Lab 
Work + 
Metabarcoding + 
Field + 2 mm 
work

Hawaiian 
Archipelago (48 
ARMS, 4 islands)

$47,000 $64,000 $143,000

Marianas 
Archipelago & 
Wake (45/4)

$50,000 $67,000 $146,000

Am Samoa & 
Pacific Remote 
Islands (54/5)

$44,000 $62,000 $141,000

Significant leverage from NOAA – OMAO, NOAA Ocean Acidification 
Program, NMFS S&T, Smithsonian Institution, Univ of Florida, San 
Diego State, UCLA, University of Hawaii (HIMB & JIMAR)



Management Applications

 Assessing effectiveness of management actions 
toward conserving biodiversity and ecosystem 
health.
 Early warning of changes in community 

composition, phase shifts, and potential loss of 
functional diversity and resilience. 
 Fishing impacts
 Land-based pollution impacts
 Climate change and ocean acidification impacts

 Early warning of alien or invasive species



Conclusions
 Numerous legislative mandates & policies drivers & 

management goals & objectives require conservation 
of biodiversity
 Available science shows that biodiversity increases 

ecological resilience, ecosystem function & biomass 
production!
 Fish and coral monitoring are important but they only 

represent <<1% of biodiversity
 Need to commit to monitoring other biodiversity 

metrics for the other 99% of biodiversity
 ARMS provide a cost-effective and robust tool for 

monitoring indices of biodiversity needed to assess 
effectiveness of management.

rusty.brainard@noaa.gov (808) 725-5419  or   (808) 348-3760

mailto:rusty.brainard@noaa.gov
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