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Why Care About Ocean Acidification?

Coral reefs provude many, benefits for people ‘men and women, young and old,
rich and poor!
including all of the Pacific Islands countries

Coral reef ecosystems, flshemes blOleI“SIT | &‘rheecosys’rem oods
services they pr'owde are now threatened by OCEAN ACIDIFICATIONI

We need improved information about the current and fu’rur'e |mpac‘rs of ocean |
acidification to improve management decision-making and adaptation strategies. “



A fish / A coral cover

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%

® Coral-dwelling species ™ Corallivores & Herbivores

Wilson et al. 2006 Global Change Biology 12, 2220-2234



0.5 Macroalgae

]
(@)
C
@
S
= 0
C
9
S Habitat
2 -05 complexity
o
Coral cover
-1

0 1 2 3 4 5 6 7
Time after mass bleaching (years)

Slide courtesy Phil Munday (JCU)

8

10



Table 1. NCRMP general themes and core indicators recommended by the Working Group and committed to
implementation by the NOAA Coral Reef Conservation Program. * indicates Tier 2 (Important) indicators included
in the NCRMP via partnership with the NOAA Ocean Acidification Program.

Monitoring Themes Tier 1 (Critical) Indicators
Biological \
e Coral and Benthos e Coral abundance and size structure
e Coral condition (bleaching and disease incidence, mortality)
Benthi t
NOAA Coral Reef : Benth!c:ercen Fover
Conservation Program \ Re” ',‘t: €y species )
. o ® Rugosity
National Coral Reef Monitoring Plan ) 4
e Fish abundance and size structure
* Reef Fish e Fish diversity
¢ e Fish key species )

/Climate N\

e Thermal Stress e Temperature/thermal stress
e Vertical thermal structure

e Ocean Acidification e Carbonate chemistry
e Ecological Impacts* e Coral growth rate*
=A7 F e 3 e Bioerosion rate*
;\a’?\";‘ ] & s i \ e Community structure* (cryptofauna diversity) /
.ﬁ;/\a,@/c\. 1 A
. Socioeconomics
In the PaC|f|C ISIa ndS e Knowledge, attitudes, and perceptions of coral reefs and management strategies
: e Participation in coral reef activities
Region, NCRMP has been e SEEE
e Population changes and distribution
im plemented th ru the e Economic dependence on coral reefs

Pacific Reef Assessment Written by the National Coral Reef Monitoring Plan (NCRMP) Working Group:
and Monitoring Program Rusty Brainard, Chris Caldow, Mark Eakin, Steve Gittings, Dwight Gledhill, Ron Hill, Chris

e . Jeffrey, Jocelyn Karazsia, Randy Kosaki, Christy Loper, Derek Manzello, Margaret Miller,
(PaCIfIC RAM P) since Greg Piniak, Bob Schroeder, Jennifer Schull, Bernardo Vargas-Angel, and Ivor Williams.
2000/2001.

Editor: Jessica Morean
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& 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’
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" Flower
Garden

€ 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).



SAP Calcifi\cg’rion/ Recruitment
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< Simplified exper'men'rs/ 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
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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
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Coral Reefs (2009) 28:077-986
DOI 10.1007/s00338-009-0543-3
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The Diversity of Coral Reefs: What Are We Missing?

Laetitia Plaisance’**, M. Julian Caley®, Russell E. Brainard®, Nancy Knowiton'?

Reef-associated crustacean fauna: biodiversity estimates using
semi-quantitative sampling and DNA barcoding

1 Department of Iwertebrate Zoology. National Museum of Natural Mistory, Smithsonk

Scripps Instistion of Oceanography, Univensity of

of Marine Sclence, To rale, 4 Coral Reef Econyviem Diviion, Pacific

Fisheries, Honohuu, Haweil, United States of America 7

Abstract

Tropical reefs shelter one quarter to one third of all marine species but one third of the coral species]|
now at risk of extinction. Because traditional methods for assessing reef diversity are extremely time)
expertise for many groups Is lacking, and marine organisms are thought to be less vulnerak)
discussions of reef conservation focus on maintenance of ecosystem services rather than biodivg
involving the three major oceans with reef growth, we provide new biodiversity estimates based o

and DNA barcoding. We focus on crustaceans, which are the second most diverse group of marings
exceptionally high numbers of crustacean species associated with coral reefs relative to sampling effé
combined, globally distributed sample area of 6.3 m?), The high prevalence of rare species (38% ef"
the low level of spatial overlap (81% found in only one locality) and the blogeographic patterns of il
West Pacific>Central Pacific>>Caribbean) are consistent with resuits from traditional survey method
2 reliable and efficient method for assessing and monitoring biodiversity. The finding of such large
small total area suggests that coral reef diversity is seriously under-detected using traditional
implication, underestimated.

OPEN G ACCESS Freely available online PLOS sioroey

How Many Species Are There on Earth and in the Ocean?

Camilo Mora'?*, Derek P. Tittensor™**, Sina Adl", Alastair G. B. Simpson’, Boris Worm'

Current Biology

Species Richness on Coral Reefs and the Pursuit of
Convergent Global Estimates

285 Dark Matter Highlights Authors
;"\/—\‘ o We estimate that there are 830,000 (550,000-1,330,000) Rebecca Fisher, Rebecca A. O'Leary, ...,
| 70% Dk Energ "-' species on coral reefs worldwide Russell E. Brainard, M. Julian Caley
o Species richness and asymmetrical uncertainties were Correspondence

estimated using expert knowledge j.caley@aims.gov.au

¢ Uncertainties differ among taxa and should guide future

research effort In Brief

I 5 d Fisher et al., 2015, Current Biology 25, 500-505

. one, (W) costuan February 16, 2015 ©2015 Elsevier Lt Allrights reserved., ‘ eII
http://dx.doi.org/10.1016/j.cub.2014.12.022

7.2 million to go

National Geographid|
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SAP Pacific RAMP OA
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®AP  Tsland-scale Survey Design 72

Sampling for DIC, TA, T, S, Chl a,
nutrients, microbes.
Surface & Reef
Onshore-offshore
Derive pH, Q, NEC, NEP

Upstream
\ DIC/TA
sampling

X
|
Py NCRMP CLASS 2 SITE
|
- T ! u CAU ﬂ
\ : ARMS e ‘
WM - B O
1 ater sample
\ / 5 m 1 Photoquad-rats STR
- / 1 5 m : {Iﬁgcﬁ\rs&g;phs Ref Qik
= 5 ________ _5. _____ erence stake

ARMS: autonomous reef monitoring structures

BMU: bioerosion monitoring unit

CAU: calcification accretion unit

STR: subsurface temperature recorder

Additional monitoring efforts: coral coring; reef area photomosaics
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Topographic
Complexity

Water Sample

K = L o

€ Diurnal water sampling (~4 hours) DIC, TA, S _E o
oral Loring

with Langdon sampler (PUC) or RAS
< Diurnal pH with SeaFET sensor
nou'%

L\l Site-scale Sampling Design




NCRMP: Climate Station Lhstallatic
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Coral Bioerosion is Higher at Low Saturation State & High Nutrients
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Autonomous Reef Monitoring Structures (ARMS) are a sys‘rema‘ruc '

tool to assess and monitor changes in indices of biodiversity. On-
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~ Video by DaV|d Liittschwager
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Video by David Liittschwager



# species

1000

500

>1000 species/ARMS

iversity on ARMS

ARMS#1 100-500 grind
ARMS #2 100-500 grind
===pARMS #3 100-500 grind
ARMS#1 500-2 grind
ARMS #2 500-2 grind
==pARMS #3 500-2 grind
ARMS #3 scrape 10g
“==ARMS #3 scrape 10gA
===ARMS #3 scrape 10g B
ARMS #3 serape 10g C

ARMS #3 scrape 10g D
20000 30000
# reads/samples

»
g
o
@
o
rd
i
o
.
@
o
£
E]
4

You Are Here —

—"""Bali"
==""Heron'lsland'@BR"
==""Lizard'Island"@BR"
=="W"Australia"
""Line'lslands"
""Moorea'@r'Poly."

=—"FFS@awaii"

=]
S
-3

Number'of'Samples"

Hemichordata. ;
\ Sipuncula

\
Entoprocta _ |

\

Platyhelminthes _\ Mollusca

Annelida
\ .\
Echinodermata

Bryozoa

Cnidaria

Porifera

rdata

Arthropoda

Nemertea






Pacific-wide OA Observing Network
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Conclusions

& Ocean Acidification will increasingly impact coral reefs,
biodiversity, fisheries, coastal protection & communities in

’rhe PC(CIfIC Islcmds countries! b
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Need snmple con5|s’ren‘r/sys’rema’r|c cos’r effective time
series observations of physical, chemical, ecological, &

= biological conditions and processes to inform resource

gﬂwanagemen’r decusuons & adap’ra’rlon s’rm’regles

BRI e

W
YA

I
ST LA

Leverage resources & capacn‘y to buuld OA mom’ror'mg
onto existing efforts, where possible
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