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Coral marches to the poles
S s by subj
joay Reefs may simply move house when the oceans heat up.
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Coral Reef Effectively Reefs at Reefs at Reefs at Low
Region Area km? ! Lost Reefs Critical Threatened Threat level
(%) Stage (%)®>  Stage (%)* (%)>
Red Sea 17 640 4 4 10 82
The Gulfs 3800 70 15 12 3
Eastern Africa 6800 15 22 28 35
SW Indian Ocean 5270 9 24 39 29
South Asia 19 210 25 20 25 30
SE Asia 91 700 40 20 25 15
E & N Asia 5400 20 18
| 19%h3F TIZkbh, 35%75\9115%2 RIS b5 ]

Polynesian Islands 6733 3 90
Micronesian Islands 12 700 8 7 15 70
Hawaiian Islands 1180 2 4 8 86
US Caribbean 3040 21 31 19 29
North Caribbean 9800 12 13 30 45
Central America 4630 14 24 22 40
Lesser Antilles 1920 13 31 22 34
S Tropical America 5120 13 40 17 30
TOTAL 284 803 19 15 20 45

Global Coral Reef Monitoring Network “Status of Coral Reefs of the World: 2008”4&Y)
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ARTICLE

doi:10.1038/nature21707

Global warming and recurrent mass
bleaching of corals

Terry P. Hughes!, James T. Kerry!, Mariana Alvarez-Noriegal?, Jorge G. Alvarez-Romero!, Kristen D. Anderson!,

Andrew H. Baird!, Russell C. Babcock?, Maria Beger?, David R. Bellwood"?, Ray Berkelmans®, Tom C. Bridge'-®, lan R. Butler”’,
Maria Byrnes, Neal E. Cantin?, Steeve Comeau'?, Sean R. Conn()lly"?, Graeme S. Cummingl, Steven J. Dalton'!,

Guillermo Diaz-Pulido'?, C. Mark Eakin'3, Will F. Figueira'4, James P. Gilmour'®, Hugo B. Harrison!, Scott F. Heron!316:17|
Andrew S. Hoey!, Jean-Paul A. Hobbs!'®, Mia O. Hoogenboom™?, Emma V. Kennedy!?, Chao-yang Kuo!, Janice M. Lough®?,
Ryan . Lowe!®, Gang Liu'*1®, Malcolm T. McCulloch!®, Hamish A. Malcolm'!, Michael J. McWilliam!, John M. Pandolfi’,
Rachel J. Pears'®, Morgan S. Pratchett!, Verena Schoepf', Tristan Simpson?®, William I. Skirving'®'®, Brigitte Sommer”,
Gergely Torda"?, David R. Wachenfeld!?, Bette L. Willis"+? & Shaun K. Wilson?!

During 2015-2016, record temperatures triggered a pan-tropical episode of coral bleaching, the third global-scale event
since mass bleaching was first documented in the 1980s. Here we examine how and why the severity of recurrent major
bleaching events has varied at multiple scales, using aerial and underwater surveys of Australian reefs combined with
satellite-derived sea surface temperatures. The distinctive geographic footprints of recurrent bleaching on the Great
Barrier Reef in 1998, 2002 and 2016 were determined by the spatial pattern of sea temperatures in each year. Water quality
and fishing pressure had minimal effect on the unprecedented bleaching in 2016, suggesting that local protection of
reefs affords little or no resistance to extreme heat. Similarly, past exposure to bleaching in 1998 and 2002 did not lessen
the severity of bleaching in 2016. Consequently, immediate global action to curb future warming is essential to secure a
future for coral reefs.

Hughes et al. (2017) Nature
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Cllmate Cha‘nge PUBLISHED ONLINE: 16 SEPTEMBER 2012 | DOI: 10.1038/NCLIMATE1674

Limiting global warming to 2 °C is unlikely to save
most coral reefs b

K. Frieler'*, M. Meinshausen'?, A. Golly', M. Mengel', K. Lebek’, S. D. Donner?
and O. Hoegh-Guldberg*

Mass coral bleaching events have become a widespread phenomenon causing serious concerns with regard to the survival of
corals. Triggered by high ocean temperatures, bleaching events are projected to increase in frequency and intensity. Here, we
provide a comprehensive global study of coral bleaching in terms of global mean temperature change, based on an extended set
of emissions scenarios and models. We show that preserving >10% of coral reefs worldwide would require limiting warming
tomumosphere-ocean general circulation models (AOGCMs) range: 1.3-1.8 °C) relative to pre-industrial levels.
Even under optimistic assumptions regarding corals’ thermal adaptation, one-third (9-60%, 68% uncertainty range) of the
world's coral reefs are projected to be subject to long-term degradation under the most optimistic new IPCC emissions scenario,
RCP3-PD. Under RCP4.5 this fraction increases to two-thirds (30-88%, 68% uncertainty range). Possible effects of ocean
acidification reducing thermal tolerance are assessed within a sensitivity experiment.
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Frieler et al. (2012) Nature Climate Change E’Ei:i”éiéfx months a i

events (1yr™) 0.0 02 04 06 08 10



R RIR(C R ICETTI BC0,ME

mEMNRN A
' -
\ g
' :3 ) (,302
s SELSR
= A
BERMEEICKYY TR a—3ILICEE ‘ 4 CO,+ H,0=>HCO, +H*
o
< -

L W ico = Heo;

~' K

CaCO, => Ca**+ CO,*
Y & (coral)
Hoegh-Guldberg et al. (2007)

Inoue et al. (2013) &




Co,

N ] N = |¥a
/A I“Eﬁl | '“3
— IR R BR 1L ERIBFIZEIT T HREIRE
400 8.40
160°W 158°W  156°W
23°N ,
® station Aloha - 8.35

22°N .
3754 _ B

21°N - fy - 8.30

UNE StationMaunaloa: & ¥k

on Mauna ATy
35[}_ 19°M M‘W : — 825
MWW 4 s20%

3257 ' M#Mﬁ” 815
300 - Legend -8.10

=e= Mauna Loa atmospheric CO, (ppmv)

-s- Aloha seawater pCO, (uatm) -8.05

-e- Aloha seawater pH Feely et al (2009)
2?5 | | | | | | | | | | 8{]{]

1960 1970 1980 1990 2000 2010
Year

KELEFEFBFRIHIEMBZERET DILENHD



WEDKEM>DZE (C)

RRPDZERLRFRE (ppm)

200 300 400 600 800 1200
|

8 T 1T T T T TTT
|
| CEEREREORE—
(480 ppm) | YIRS
|
4 -k‘ R 0.2 pH : C Y ETIE,
Kim =] SHAEHPH:8.157.7
5 (+2°C) _{ | \ : i
] JKHA EEY T EX0THMN
. CRIEE) A / o T RS AL
I C CRS-C
2 L |
(FER7EEFHEA)
-4 |
|
|
-6 1 e R
400 300 200

BKBPDRBAFDE (umol/kg)

Hoegh-Guldberg et al. (2007) *°




€ (20704F) YT HERDEIL

<(-0.75) -0.50 —0.25 0.00 0.25 0.50 =075

C t al. (2013
KR EHERIE L EBE DY T AR OEEERD. ouce etal. (2013)

ENZEEITHETFR (A2>F1)F)

19



Ht
>
H
5
ik
%
N3
W
0

DRy ARy b

120'E 130°E 140°E 150°E
—— ——— ™,

BAROEIC R FEYER

#2925 AFEM13.5%h HI] 19% 26% 6%

iz, KiFEF. Kia. #ik.
SIEXR ST EFIEENZ R Fujikura et al. (2010) .




_ Veron (2000)

Barrier reef = Others
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No bleaching, and the effect of ocean acidification would be limited to higher latitudes
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