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Because of its location, Palmyra experiences large decadal

changes of Temp & pH, generated by El Nino/La Nina cycles




Palmyra is perfectly located to track climate changes, such as
El Nino, which have been hypothesized to be changing in
frequency and severity due to global warming.
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Coral reefs globally face individual
and synergistic effects of:

»Habitat destruction
»QOverfishing
. »Introduced species
S >Warming
>Acidification
. »Toxins (oil spills, plastics)
S#4 »>Runoff of
X - sediments
o g - pollutants
A - nutrients




PANWR + KRNWR:
Diversity & abundance

Most diverse coral faunas:
>160 species in 40 genera

High density of top predators:
trophically intact

Relatively free of confounding
human influences

Near pristine state of coral
reef ecosystems



Why Palmyra? 21% rediior
~ omnivores Kiritimati
Top predators abound.  erbivores
Biomass pyramids for
fish become inverted  ,,o,
with increasing ‘health’ Tabuaeran

Palmyra

Kingman

= =227 Sandin et al 2008



Changes In species composition

accompany human uses of the biosphere.
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Palmyra offers a
comparative
baseline against
which the changes
In more altered
ecosystems can be
understood.



Palmyra represents unigue partnership

2000

2001

2004

2005
2006

The Nature Conservancy purchases
Palmyra Atoll from private owner

USF&WS purchases islets and all
submerged areas, designates PANWR.
TNC retains ownership of Cooper Island

Research Consortium is formed
Research station build out
TNC + PARC grant for PANWR manager

2006-08 3 field seasons (May-Nov) at full capacity



PARC current members

American Museum of Natural History
California Academy of Sciences

Scripps Institution of Oceanography

Stanford University

University of California, Santa Barbara
University of Hawalii

United States Geological Survey

Victoria University of Wellington, New Zealand

In partnership with: The Nature Conservancy and
the U.S. Fish & Wildlife Service



PARC potential new members

High level of interest:
e Hawali Pacific University
e Georgia Tech
f@i * Long Beach State
%7« San Diego State
“ « Dalhousie
.  MoOderate interest:
+ ¢ Woods Hole Oceanographic Institute
=% o University of Washington
 Coral Reef Center of Excellence
e : (Australia)




PARC organizational structure
Chair, Eleanor Sterling, AMNH

Executive committee
Comprised of all committee chairs & TNC

< Palmyra program officer (Anders Lyons)
,’fm Finance Committee
fM: Chair: Rob Dunbar, Stanford University
oo Co-Chair: Jonathan Gardner, VUW
o o Science Committee
*Fh;“‘i Chair: Healy Hamilton, CAS
e Co-Chair: Tom Suchanek, USGS
;E“*} Operations Committee
AN Chair: Stuart Sandin, SIO

" g Co-Chair: Liz Madin, UCSB



Collaborative Funding Efforts: Government

2007
»NSF Research Coordination Network
5 years, $500k
»NSF field station support program
S full proposal, good reviews, unsuccessful

ress | 2008:
»HURL preproposal, unsuccessful

B % ] In early development

- »NSF DEB: Ecosystem Studies Program
A8 Faat Jan 2009

-.Ir.  »Palmyra as a CReefs site?



Collaborative Funding Efforts: Foundations
Gordon & Betty Moore Foundation
Marisla Foundation
Packard Foundation
Collaborative Funding Efforts: Corporations
Mitsubishi

Canon
BP
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About

Palmyra Atoll is among the most isolated island systems in the
world. This tiny central Pacific atoll is a complex of small

islands and islets encircling a2 system of three lagoons and pﬂf_ j?i::{.ffﬂij:- /{T:Ei
surrounded by more than 16,000 acres of coral reef systems. i

although the islands have never supported any permanent ‘ i :u
settlements, Palmyra’s terrestrial and lagoonal habitats have -
been dramatically modified by people, especially during the

Second World War. Even so, the combination of its location,

isolation, rich biological systems, and lack of persistent human

pressures make Palmyra Atoll an exceptional and unigue location for a wide range of research
pertaining to biodiversity, conservation, natural history, ecosystem restoration, marine
ecosystem dynamics, biogeochemistry, climate dynamics, and atmospheric processes. Scientists
and institutions interested in studying the natural systems of Palmyra Atoll and its surrounding

region have united to form a partnership, the Palmyra Atoll Research Consortium (PARC).

To learn more about the interesting history of Palmyra Atoll, visit The Nature Conservancy'’s,
Living Archipelagos, or Wikipedia's pages on Palmyra Atoll.

www.palmyraresearch.org
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Supet bl de [masiga:
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Martthen

Alex T, Handler, ' Daniel 8, Gramer, ™ Willian P. Haing®
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¥, Lawige,”

Abstract: Palmyra Atoll, in the Line Islands of the equatorial Pacific, supports
e II:J 1]1:: ].er.-ﬂ rr,rn.!|r‘|1|1|_[ natmwe ‘-rl.ll'll.i‘r I"Il IITI"IJ'HH' 1\!:”.':.’5 hilrl.."rt m thL trn|:s|;'1]
Pacific Ocean. In 2003, we surveyed terrestrial arthropods to document extant
native and introduced species richness, compare these lists with historical rec-
ords, and assess potential threats to native species and ecosystem integrity. In
toal, 115 :trl]'|.1‘u|md taxa were collected, |:ri|t;.:i:|1.;_: the total number of taxa re-
corded since 1913 w 162, Few native species were collected; most taxa were ac-
I.'il.li.]l[ I.] ]J11.'|"l:hII.IL'[i|]i'I.\. .!l"iﬁl rI.L'HI.'l‘I.Iul FI‘"'HI'I |.|'II. EIJ“'.'I.ii-'II'I. I'il.ilhl.!"‘. :II'II... ‘I'Il.'l.‘il.l!'l“..l.]
main source of introductions to Palmyra. The overlap with previous historical
surveys in 1913 and 1948 was low (<40%), and new species continue to estab-
lish, with one species of whitefly reaching pest status between 2003 and 2005,
We abserved numerous dead or dying large Prsonia grandiz, and the green seale
Prlvinaria srbicols (Coccidae) was particularly abundant on trees of poor health.
Abundant introduced ams, particolarly Pheadale sregacepbala, tended this and other
hemipterans feeding on both native and introduced plants, We hypothesize that
the Pheidole-Prfoimaria Facultative mutualism is Causing the decline of Proma
grandis, Because of the unique properties of Pienie grandis forest on oceanic
atolls, its importance for nesting seabirds, and its alarming global decline, 1m-
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Microbial Ecology of Four Coral Atolls in the Northern
Line Islands

1% Steven Smriga®, Robert A. Edwards™®, Florent Angly’, Linda

® Enric Sala’, Stuart A,
L

Elizabeth A. Dinsdale’*™, Olga Pantos
Wughy‘, Mark Halay', Dana Hal:l'.
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Abstract

Microbes ane key players in both healthy and degraded coral resfy. A combination of motagendmics, microdoopy, culturing.
ard water chemastry were used to chametedze microbial communities on four coral atolls in the Norhem Line bilsnds,
central Pacific Kingman, a small uninhabited aoll which ies mosat nomthesdy in the chain, had micrabial and wster chemisiry
chamctenstic of an open ocsan ecosystem. On this atoll she microbial community was equally divided batween autotrophs
{mastly Prochiorecocos spp) and heterotraphs. in contast, Kisdmati, a large and populated (~ 5500 people) atoll, which is
most southerty in the chain, had microblal and water chembtry chanactenistic of a near-shore erdronment. On Kiritimatd,
thare wene 10 tmes moee microbial cells and views-ike particies in the water columm and these microbes wene dominated
by heterotraphs, including a large pércentage of potential pathogérs. Culturable Wbricd wene common onby on Kiritimati
The benthic community on Kirtimati had the highest prevalence of coral disease and lowest coral cover, The middle atolls
Faimyr and Tabuaean, had intermediate deraities of microbes and viruses and higher percentages of autotrophic
microbes than either Kingman or Kiritimati, The differences in microblal communities acoss atolls could reflect varathon in
1) eceaonographic ard/or hydrographis conditions or 2) human impacts associated with lard-wse and fishing. The fact that
histodcally Kingman and Kiritimati did not differ strongly in thelr fish or benthic communities iboth had bge numbers of
sharks and high coml cover] suggest an amhmpogendc component in the differences in the microbial communitkes.
Kingrman i ong of the workd's miost pristing coral neefs, and this dataset should senve a5 a bageling for future studies of conal
reel microbes, Obtaining the microbial dma sey from atolls i panicularly imporiant given the association of microbes in the
ongoing deqgradation of coral reef ecotystems workdwide
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Palmyra Atoll, a lagoon

MNews
e surrounded by coral reefs in the
middle of the Pacific Ocean, is
World

about 1,000 miles from the
closest inhabited land — Hawaii.
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5 not be possible in other places
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Music Palmyra is uninhabited for the
Arts & Culture ) ) most part — it has no indigenous
More in the Series population, with only a small
staff to support the 15 or 20
» Researchers Track Boobies for researchers who come for a
Climate Change Data week or a month at a time.
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Biodiversity composition & regional connectivity

What are the current patterns of biodiversity composition
and marine connectivity between Palmyra and the greater

IndoPacific?

Biodiversity structure and function

What are the physiological, ecological, and evolutionary
mechanisms of ecosystem resilience in healthy, intact coral reefs?




Intact coral reefs with more complete trophic
structures may recover more quickly and
completely from environmental disturbances.




Outcomes of biodiversity research on PA

|dentify the constituents of healthy reef diversity

Construct data-based models of energy flow
through the reef community

Describe ecological dynamics responsible for coral
reef resiliency

ldentify geographic and genetic connectivity



Biogeochemistry and Climate Change

e Question #1: What are the mechanisms that
elevate coral reef productivity te levels far
exceeding that of the surrounding blue water
ocean?

o Question #2: What dees Palmyia teach us aboul
the trajectony off change in thetrepics due te

glelalwarmineg and ecean: acldification?




OCEAN SCIENCE

A coherent global vision is needed to better

U n d er-Resource dlr U nd er Th reat determine the impacts of climate change on

marine systems.

Anthony J. Richardson'?and Elvira S. Poloczanska® 700 —

600 —

Palmyra &
Kingman:

400

Key places to
study the effects

Number of time series

3004

of climate
change on
marine systems

Cryosphere  Terrestrial Marine  Other (Hydrological,
biological bislogical coastal agricultural)

Marine undersampling. The number of time series from different environments included in the recent IPCC
{Intergovernmental Panel on Climate Change)} Fourth Assessment Report differ widely. Marine systems are
vastly underrepresented compared with terrestrial systems ().



Heron Pilot Study Run 2- Measured DIC Profiles
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This method can measure
carbon flux between the reef and
the seawater



Free Ocean CO, Enrichment (FOCE)

« Mesocosms will be set up in the lab on Palmyra to study the
sensitivity of organisms and materials to large changes in pH.

.‘{I-

Add acid to lower pH

res r:i.i::_-.;

A

e Monitor nutrients, DIC,
Alkalinity, pH.

* Observe organismal responses
Including health, productivity

and dissolution of CaCO, In
corals, forams, pteropods,
coccoliths, etc.



Outcomes of Biogeochemistry research on PA
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« Quantify the flow of energy, food, and nutrients from the physical
to the biological realm in a system relatively free from
confounding human influences

« ldentify components of the system that limit or enhance overall
new and/or recycled productivity

+ Development of a novel in-situ method for measuring oceanic
buffering capacity (FOCE), producing critical data on how a
natural system responds to elevated levels of CO;

« Produce empirical data that will support modeling and prediction
research on the effects of global climate and chemical changes
on coral reefs



Terrestrial and Lagoon Ecology & Restoration

Species/guild composition and function
Invasive species management
Local and regional connectivity

Biogeochemical cycles

Lagoon sediment and hydrologic dynamics =
Pisonia forest restoration & management

T & E species (seabird

Y g [ -
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PARC Mission statement

PARC undertakes collaborative research
to understand terrestrial, marine, and
climate systems of Palmyra Atoll and the
central Pacific that advances the
conservation of island and coastal
systems worldwide




http / / www?a Imyraresearch.org

——
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