Coral Reefs, Bleaching & Global
Climate Change: Status &
Management. Implications for the U.S.

Rgm‘ete_ Pamflc Islands

e , 'n.
5 . E - 1'-1..\_

T - -
e | . by Jim Maragps C@ral eef Biologist,
Remote/Pacific Isjands N;ﬂdn\al Wildlife Refuge Complex
' UsS. F1sh &\ |IQQ9‘ Seﬁag\‘l-lonolulu, Hawaii

‘-h..""'ln \.

3 . &
e L e ;“h \\\H b \.."" e
-.-‘-"*-:. . \_. = .1.}‘\}_
- . N
g N N &
oy e ‘-.,:k,'
S N
“«N\“x‘q”
“‘m- Wy
s ‘3\‘:““‘-"'3

Major collaborators and contributors: NOAA-Fisheries Honolulu Laboratory, U.S. Fish
and Wildlife Service, UC Santa Cruz, Oceanic Institute, Bishop. Museum, University of Hawaii



U.S. remote islands and atolls of the tropical

U.S. Line Islands:
Johnston Atoll NWR
Kingman Reef NWR
Palmyra Atoll NWR
Jarvis Island NWR

U.S. Phoenix Islands:

Baker Island NWR
Howland Island NWR

Northern Marshall
Islands:
Wake Atoll

American Samoa:
Rose Atoll NWR
Swains Island

Pacific (PRIAs)*
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* Seven of the nine are National Wildlife Refuges (NWR) managed by the USFWS on a “Wildlife
First” basis involving compatibility of/and permits for proposed access on & use of the refuges
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After David Stoddarnt 1992

All of the U.S. Pacific remote islands are ancient reef

iIslands and atolls belonging to a single geological province
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* Honolulu lab is expected to continue support of expeditions to the PRIA
in 2004 & beyond as part of NOAA Coral Reef Ecosystem Investigation
& the USFWS Pacific Coral Assessment & Monitoring Program

~+ U.S. Coast Guard, U.S. Fish & Wildlife Service, NOAA & Dept. of

Defense have sponsored other expeditions to the PRIAs over the past
several decades. ~"

NOAA R/ Townsend Cromwell at
Baker Island NWR, 2000




Participating scientists on each expedltl on
we/e orgamzed as part of seve’fal teams
- - . #
4 bﬂﬁhi’g team (algi;, corals and other invel‘tgbratéé) |

— - coral settlement/recruitment “‘1 3
* oceanographiciteam T »
 towed diver team
» fish team
* land team

Jarvis Island NWR, 2000
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- Fish and benthic teams accomplished
rapid é‘cgloglcal assessments (REA) and

i esta’b?ﬁ;ed Iong-term monitoring sites
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_ _ CREWS = Coral Reef
NOAA Fisheries Honolulu Lab Early

CREI: Oceanography, Coral Warning Systém
Settlement, and Recruitment

anchor

attached to
CREWS

~ buoy at

- surface
'y

| Recruitment
" | Plate Placement:

| * cardinal direction

e horizontal &
vertical surface

e replication



NOAA Fisheries Honolulu Lab Recruitment Plates:

U.S. Line & Phoenix Islands & American Samoa

e different plate arrangement
relative to CREWS buoy plates

 deployed February/ March
2002 for 2 years

» fresh plates to be installed

 association with instrumented
mooring enables knowledge of
environmental parameters
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USFWS Long-Term Monitoring:
Permanently Marked Transects

* return in subsequent years and re-
photograph along transect length & measure

« change in corals, inverts, algae & reef
communities over time

» temperature recorders also attached at some
sites
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coral bleaching, Midway 2002 photo credit; _,; 1



Photo-quadrat along a permanent

transect Swains Island, 2002:

(Thirty-four permanent monitoring sites have been
established, representing all PRIA’s except Wake)




Towed-diver survéys,are essential
for adequately assessing reefs at
the PRIA’s ‘s

 maximum of 6 to 9 dives lasting an hour each per year at each PRIA,
due to high cost of ship time & extensive travel time among the PRIA’s

 Each tow-board team takes notes and collects downward and
forward pointing video along an average of 3 km of reef/one hour dive
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Johnston Atoll
Natlonal Wlldllfe Refuge
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= "@__ rJ ]mad 'J/ "r'rr via the Guano Act '

* 1940iSH© IDoO* RS, military dredglng & filling S —

* 1950’s tereaniy 60 S - high atmospheric nuclear testing and a few low
atmospheric malfunctions

- 1970’s - Agent Orange herbicide stored along the runway and chemical

munitions stockpiled from Okinawa :

* 1976 - protection expanded 1(6) National‘ Wilellii= Refu

planned,

Johnston Atoll to the south, 1996



Johnston Atoll Natio /naiW"IdE’@‘"Refuge

239 km? of coral reef hy{ ‘;_,.;r
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‘Johnston Atoll National ledlgfe Refuge -

* Unique glant tablscoral populatlons & recovery from"‘hasswe

dredge-and-fill operatlon‘s of the 1960’5 ;
.» Dretlge spoil islands {e.g. Akau pictured) |mport"nt i‘q seab_?d nestlng
* Concerns over contamman{s & invasive specie
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« NOAA/UH Hawaii Undersea Research Laboratory (HURL)
sponsored 33 submersible dives to depths of 450 m to survey
the geology & marine life at Johnston Atoll NWR in 1983

« USFWS & DoD have supported wildlife and marine research at
Johnston Atoll NWR since the early 1980°s




USFWS sponsored mstglrigtwmy ok
under the d,grectlon of John Halas n'2
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map credit: Marjo Vierros
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Johnston Atoll - “stepping stone” for movement of reef
species between Hawaii and the Line Islands
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Kingman Reef National Wildlife Refuge

» Claimed by the U.S. in 1922

» Used as seaplane/ship anchorage
» Declared a Naval Defensive Sea -1930’s to
1940’s

» Designated National Wildlife Refuge in 2001

lagoon
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Kingman Reef National Wildlife Refuge
. Iarggbristine atoll reef (105 km?) lacking permanent land

« among the highest coral diversitil_in the central Pacific:
159 species & 46 genera reported at only 24 sites
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£ e \

- easfvard moving Equaterlal Counter Current brings larvae from the

spec[; -fich western‘Pacmc % @ A e

E

ﬁuﬁ'ﬁ"s'ual abundant 4r{-vrooﬁ‘-i‘%l%@ §'(1E0ngla)¢anemones (Heferactls)
ggnt clams (Tridaché max:mg) &t b I§;(u¢\crop
w q" B, C EA

cim pgct

.aﬁe %pog ni

F



! Kingman Reef National Wildlife Refuge

» one and possibly two un-described species of finger coral reported
from Kingman’s lagoon
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Palmyra At lIENa

h acquired by Judge Cooper in early 1900 s, late

tronalvvIlGig

- A

- r . ;
Palmyra (& Kingman) “c ered” in 18
clalmei Kingdom of Haw i in 1

U.S. annexed Palmyra following 1898 c onarchy

Fullard-Leo o

——

family
U.S. Navy dredged and filled reefs for military b :
stationed during WWII era Saas 2l
deep draft channel cut through SW  reef into We gooﬁ

defensive perimeter of causeways constructed, bslging lagoon circulation
construction of main airfield on Cooper Island & smaller airfields further
restricts water circulation in lagoon

U.S. Supreme Court returned Palmyra to Fullard-Leo family in 1959

The Nature Conservancy purchased Palmyra in 2000

Palmyra National Wildlife Refuge established in 2001

USFWS completes purchase of its part of the atoll in 2003
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Palmyra 1987



PALMYRA 1939 lagoon waters well circulated before Navy construction began ™

Pacitw Ooeaw

PALMYRA e | lagoon water residence Vcreany construction completed
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Palmyra Atoll NWR: East Lagoo

» water circulation is still veny restricted N
* north-south causeway prevents adequafe'westwafd |
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Palmyra A’toII NWR: Southeasterml;eef poals
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- sufficiently up-drift of the adverse temperature andl™ 5

sediment effects.of earlier military construction

Id"h

* support incredible varlefy of marine life at depths of <4m
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Palmyra Atoll NWR: Western reef terrace, 1987

*Acropora thickets stretched for miles out to the far western
limits of the terrace in 1987




Palmyra Atoll NWR: western reef terrace, 1998

* the terrace had completely. changed by 1998 all the live staghorn &
table Acropora were gone!
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Palmyra Atoll. NWR: SW terrace & S reef face

« reefs-in these sectors are down-drift of heated lagoon.waters
dlscharged from the dred%ed channel |
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= aefial of N-S causeway from the south, 1979



lkonos satellite images of Palmyra Atoll NWR
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An important management & research priority would be to model the lagoon

future?
Space Imaging, 2000




Palmyra Atoll NWR:
corals, reefs, and blez

genera of corals at ites,.the most of any PRIA

Iei§
* as W|th King e%e Equ__ LoNIINCOUNLEIRC

Palmyra coral larvae from theldiVersemwe

 recent history of mass coral bleachir

« anthropogenic modifications to the atoll may exacerbate
climate change effects



Jarvis Island NWR

windward
reef terrace

s é'n‘d
1 086 ac

total coral reef area + 8 km?2

Space Imaglng, 4000



Jarvis |., Howland I., and Baker I. NWRs:
common histories and reef characteristics
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e s > Jarws Island NWR

g
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/ Jarwér Isla(ad NWR Corals
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Baker Island NWR
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“f gpundant corals
g coralline algae

Total reef area= 10 km2

image credit: Space Imaging 2002
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Nearest-Neighbor interpolation of
CTD Station Temperatures, 2000
Equatorial Cruise

Strong evidence of upwelling along U.S. Pacific
Equatorial possessions (Jarvis, Howland & Baker)



) Relative Densities of Planktivores at Baker
Island : (Mean range per reef station = 8-161 fish/10m?)

Links between upwelling processes, including nutrient
enrichment, & abundance of planktivorous fish
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 Nutrients in upwelling waters fuel phytoplankton blooms Close to-the

" L

western sides of the islands . - .
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* In turn, the higher productivity subsidizes -zooplan"k"ton and planktlvorous
fish, soft corals (Sinularia) & other mverts i et s

-

green halo of the sun through upwelling waters, Baker 2001



Howland Island NWR  PSies

ol

Total reef area= 5 km?2

strong rip
currents

Space Imaging, 2002 ' reef terraces
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Howland, Baker, and Jarvis NWRs
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Tridacna maxima imbedded in a braln coral (Fawtes), Howland 2000



» easternmost island in the
of American Samoa

» designated a National Wildlife Refuge in 1973

Rose Island (7.8 ha)

» small atoll (2 km X 2 km) with a total reef area of 7 km?

* supports the largest populations of giant clams, nesting green turtles,
seabirds, and native beach forest in Samoa

aerial of Rose Atoll from west, before 1993



Rose Atoll NWR: Corals
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Initial grounding of the Taiwanese long-line fishing
- Vessel on the SW ocean reef face of Rose Atoll,
' October 1993

shallow reef flat
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Aerial photo of
Rose Atoll one
year after the
grounding
(Oct 1994)

SWreef flat still covered
= -»™with debris & cyanabacteriz
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oanteam removed more than 100 tons

“sending debris to 7
surface w/ lift bag = =
~_.cleanup.heroes celebrate .
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ROSeATo| | NWRSremaining ship debris needs to be removed

peshie. thessueeesSSIoRtNe1999-2000 cleanup, 40 tons of the heaviest
ISR remansSionrtheSYW ocean:reef slope. Results of recent monitoring

TH N

BERGSEreveal'that sty Yebrs.must be removed to facilitate removal

of IVESRIES EnEcqyery of coralline algae




2000-2 status of coral reef recovery from 1993 grounding
& 1994 mass bleaching at Rose Atoll NWR
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The 2002 marine surveys were perhaps the first for the island
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Wake Atoll (U.S.)

total reef area= 7,907 ac
total land area= 1,828 ac

-

~ geologically, Wake is the northern-
most of the Marshall Islands

* it is also one of the most isolated
atolls in the Pacific, 300 nm north
of Bokaak (Republic of Marshall Is.)



N Wake Atoll:
+ U.S. military base since WW I
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Wake Atoll: only limited reef s

- 1999 reef survey by USFWS & NMFS @ =~ g»
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ENSO: El Nino Southern Oscillation

The ENSO

of 1997-98
probably led to
mass bleaching
at most of the
equatorial NWRs,
especially Jarvis
Howland, Baker &
Palmyra National
Wildlife Refuges.
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Sea Surface Tem perature Anomaly

Higher SST + Climate Change Implications for Line Islands:

- high potential for bleaching (Jarvis 97-98)
- need to maintain maximum resilience through ensuring high
species and habitat biodiversity.

slide credit: NOAA & Meriwether Wilson
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Preliminary Conclusions:
Equatorial Islands Reer Fish Surveys

° Baseline (from 2000-01) expanded for all reefs

° Numerical density of large fish > NWHI; small fish density also
higher (especially at upwelling reefs)

° Howland & Jarvis (upwelling reefs) had the highest densities of
grouper, pygmy angels and planktivores

° Pygmy angels common at all reefs (except flames at Kingman)

° Maori wrasse common at Palmyra, but not sighted at upwelling
reefs

° Predators were relatively twice as numerous at the northern Line
Island reefs (non-upwelling)

° At Baker highest planktivore densities on W (upwelling side);
(further analysis- expect to see same at Howland & Jarvis)



Biogeographic patterns; for
ieerl fishes at these! Islands

TThe majority

ol species

have Indo-
Pacific
distributions. =

] B L]

Species with
restricted
distributions
are important
for assessing
reef
ecosystem
health.
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