
7IEBINA(EESTERMANEXAMINESTHEOTHERTHREAT
FROM CARBON DIOXIDE EMISSIONS� THAT OF OCEAN
ACIDIFICATION�

(EALTHYOCEANSAREESSENTIALTOOUREXISTENCEnAND
NOTONLYHUMANSSUFFERFROMTHEDETERIORATINGSTATEOF
THE WORLD�S OCEANS� BIODIVERSITY IS ALSO CRITICALLY AT
RISK� 3EAFOOD� BOTH CAUGHT IN THE WILD AND FARMED�
FORMSTHEMAINSOURCEOFPROTEINOFSOMETHREEBILLION
PEOPLE�� WHILE IT IS A STAPLE FOR NEARLY ONE BILLION�
MAINLY IN THE DEVELOPING WORLD�� 3EAS AND OCEANS
PLAY AN IMPORTANT ROLE IN SEQUESTERING CARBON
DIOXIDE�OVER���ISTAKENUPBYOUROCEANS�WHICH
ARESTILLCONTINUINGTOABSORBABOUTAMILLIONTONNES
PER HOUR�� !S EXPRESSED ON THE 5. @/CEANS $AY
�����WEBSITE�
h/CEANS AND CLIMATE ARE INTERTWINED� WITH OCEANS
DRIVING CLIMATE AND CLIMATE CHANGE AFFECTING OCEAN
HEALTHANDCOASTALANDISLANDPEOPLES�/CEANSCYCLE
OVER ��� OF CARBON DIOXIDE IN THE ATMOSPHERE�
PRODUCE���OFTHEOXYGENWEBREATHE�STORE���
OFALLNATURALLYSEQUESTEREDCARBON�ANDABSORB���
OF THE HEAT ADDED TO THE GLOBAL SYSTEM IN THE PAST
���YEARS�v�

4HEMENACEOFCLIMATECHANGEDUETOINCREASING#/�

EMISSIONS FROM HUMAN ACTIVITIES IS� OF COURSE� WELL
KNOWN�(OWEVER� THECONSTANTEXCHANGEOF THISGAS
BETWEEN THE ATMOSPHERE AND OCEANS LEADS TO A
SECONDGLOBALPROBLEM�THATOFOCEANACIDIFICATION�)N
THISARTICLE� )WILLEXAMINETHISTHREATBYFOCUSINGON
THREE BROAD HABITATS WHERE THE IMPACTS ARE VERY
DIFFERENT� THEOPENOCEANSANDCORALREEFSEAS� ICE
COVEREDPOLARSEAS�ANDVOLCANICDEEPSEAVENTS�

4HEOPENOCEANANDCORALREEFSEAS
3OME OF THE CARBON THAT GOES INTO THE TOP OCEAN
LAYERSISTAKENUPBYPHYTOPLANKTON�THETINIESTALGAE
THAT DRIFT CLOSE TO THE SURFACE� 4HERE SUFFICIENT
SUNLIGHT PENETRATES TO ALLOW PLANTS TO MAKE SUGARS
FROM#/� BYPHOTOSYNTHESISnANDALSOPROVIDE THE
WORLDWITHSOMEMOREBREATHABLEOXYGEN�4HESETINY

PLANTLETS GET CONSUMED BY ALL KINDS OF SEA
CREATURES� ABOVE ALL THE MULTITRILLIONS OF

ROAMING ZOOPLANKTON WHO MIGRATE UP
FROMTHESEAFLOORTOFEEDATNIGHT�RETURNING

TO THEIR BOTTOM DWELLING PLACE BY DAY� !T THEIR
DEATH� THE TINYBODIESGRADUALLYSINK TO THESEAFLOOR
WITHTHE#/� SAFELYDEPOSITEDINTHEFORMOFORGANIC
CARBON WHICH CAN BE RECYCLED INTO NUTRIENTS BY
BACTERIA� TOBECONSUMEDAGAINBYOTHERCREATURES�
"UTTHEBULKOFTHISMASSIVEOCEANLIFEnESTIMATEDTO
AMOUNT TO SOME ��� OF ALL MARINE BIOMASS n IS
EATEN DURING THEIR MIGRATION BY LARGER MARINE LIFE
SUCH AS SEA BUTTERFLIES� KRILL� SHRIMPS� JELLYFISH AND

BLUEWHALES�4HESMALLEROFTHESEARE�INTURN�EATEN
BYOTHERSEACREATURES�SUCHASFISH�ANDATTHETOPOF
THE CHAIN THERE ARE SHARKS� SEA OTTERS� SEALS� SEA
BIRDS�ANDNOTTOFORGETHUMANS�

5NFORTUNATELY� MUCH OF THE #/� ABSORBED BY THE
OCEANS DOES NOT GO DOWN WITH THE ZOOPLANKTON�
INSTEADITDISSOLVESANDCOMBINESWITHSEAWATER�4HIS
MAYRISEBACKUPINTOTHEMUCHWARMERATMOSPHERE
INPLACESOFMAJORUPWELLING�AS FOR INSTANCEAT THE
#HILEAN COAST� WHERE THE NUTRIENTRICH !NTARCTIC
WATER� FROM THE (UMBOLDT #URRENT EMERGES� 4HE
REMAINING UNSEQUESTERED #/� HAS THE UNFORTUNATE
EFFECT OF CHANGING OCEAN CHEMISTRY FOR THE WORSE�
7HEREASOCEANWATER IS SLIGHTLYMOREALKALINE THAN
TAPWATER�THEDISSOLVED#/� COMBINESWITHSEAWATER
TO FORMCARBONICACIDnNOMORETHANAFAIRLYWEAK
ACID� BUT STILL SUFFICIENTLY SO TO AFFECT SHELLFORMING
ORGANISMS�4HESEINCLUDELIFEFORMSATTHEBOTTOMOF
THEFOODCHAINASWELLASMANYHIGHERUPSUCHASSEA
BUTTERFLIES� SHELLFISHANDCORALS�#ORAL REEFS SUFFER A
@DOUBLE WHAMMY� FROM CLIMATE CHANGE� WARMER
WATERLEADSTOCORALBLEACHING�� INEFFECTROBBINGTHE
CORALLINESEAWEEDSTHATSERVEASGLUETOKEEPCORALS
TOGETHER OF THEIR BRILLIANT COLOURS� WHILE THE LOSS OF
ALKALINITY ATTACKS THE FABRIC OF THE REEFS� !S THESE
SUPPORT A SCARCELY IMAGINABLE VARIETY OF LIFEn THEIR
DEMISE WOULD BE A CATASTROPHE FOR ORGANISMS
DEPENDENTONMARINEFOODWEBS�

)CECOVEREDPOLARSEAS
)NPOLARHABITATS�SUCHASUNDERTHESHELF ICEOF THE
!NTARCTIC 0ENINSULA� DIATOMS �A TYPE OF
PHYTOPLANKTON	 GROW SUSPENDED FROM THE DRIFTING
ICE�� WHICH STILL LETS A SMALL QUANTITY OF SUNLIGHT
THROUGH�/THERWISETHEFOODCHAINISROUGHLYSIMILAR
TO THE ONE DESCRIBED ABOVE� BUT WITH VERY DIFFERENT
MARINE LIFE�5NFORTUNATELY�WEAKENINGOF THEALKALINE
CHARACTEROFSEAWATERISSTRONGESTATHIGHLATITUDES��

WHILEWARMINGTHERETOOISCLIMBINGMUCHFASTERTHAN
ELSEWHERE� )N CONSEQUENCE� !RCTIC SEA LIFE IS LIKELY
ALSOTOBEATTACKEDBYPREDATORSMIGRATINGPOLEWARD�

SUCH AS KING CRABS� ALREADY OBSERVED CLIMBING THE
!NTARCTICSLOPESANDDEVOURINGMUCHOF THEBOTTOM
LEVELOFTHEFOODCHAIN��

6OLCANICDEEPSEAVENTS
6OLCANICDEEPSEAVENTSTENDTOBEHIGHLYACIDICAND
MAYBEASHOTAS���ª#�4HEYARECHARACTERISEDBY
THEABSENCEOFCALCIFYINGSHELLFISH�3TUDIESATAMUCH
SHALLOWER VOLCANIC VENT NEAR #ASTELLO !RAGONESE�
WESTOF.APLES�WHICHISCONTINUALLYSUBJECTEDTO#/�

BUBBLINGUPFROMTHEDEPTHS�GIVEAGOODIDEAOFTHE
EFFECTSOF LOWALKALINITYONOCEAN LIFE��� 7HILE THERE
MAYBEDIATOMS�PHYTOPLANKTONSPORTINGASILICASHELL
IN SURFACE WATERS CLOSE TO SHALLOW VENTS� THE SEA
WATERISTOOACIDICTOPERMITTHEFORMINGOFARAGONITE
OR CALCIUM CARBONATE SHELLS OR OF CORALS� )N FACT�
SUBJECTING TINY SHELLFISH SUCH AS SEA BUTTERFLIES TO
SEAWATER OF P( ��� �STILL MORE ALKALINE THAN TAP
WATER	CANLEADTOBUCKLINGANDDEFORMATIONOFTHEIR
HAIR THIN SHELLS��� ,OW ALKALINITY EVEN AFFECTS NON
CALCIFYING ORGANISMS� SUCH AS THE SEMEN OF
LUGWORMS� COMMON NEAR "RITISH COASTS� WHEN IN
COMBINATIONWITHCOPPERPOLLUTION���

4HEMAGNITUDEOFTHETHREAT
)F #/� EMISSIONS CONTINUE TO FOLLOW A @BUSINESSAS
USUAL�SCENARIO�MARINESCIENTISTSEXPECTTHEALKALINITY
OFTHEOCEANSTODECREASETOP(����THEFIGUREOFTHE
SEABUTTERFLYTESTABOVE�BYTHEENDOFTHECENTURY�I�E�
LESSALKALINEBY���� �THEP(SCALE IS LOGARITHMIC	�
4HE FACT THAT THE SEAWATER ISWARMING IS NOT GOOD
NEWSFOROTHEROCEANICCREATURESEITHER�-ANYPEOPLE
WILLHAVEREADABOUTCORALBLEACHING�4HISREFERSTOTHE
DYINGOFARANGEOFALGAE�WHICHLIVEINSYMBIOSISWITH
CORALS� EVEN A SLIGHT WARMING IS FATAL FOR MANY
SPECIES�!STOTHEEFFECTOFAHIGH#/� ENVIRONMENTON
REEFS� THIS IS HOW THE )NTERGOVERNMENTAL 0ANEL ON
#LIMATE #HANGE PUTS IT� h/CEAN ACIDIFICATION POSES
SUBSTANTIAL RISKS TO MARINE ECOSYSTEMS� ESPECIALLY
POLAR ECOSYSTEMS AND CORAL REEFS� ASSOCIATED WITH
IMPACTS ON THE PHYSIOLOGY� BEHAVIOR� AND POPULATION
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DYNAMICSOFINDIVIDUALSPECIESFROMPHYTOPLANKTONTO
ANIMALS� #ALCIFIED MOLLUSCS� ECHINODERMS� AND REEF
BUILDING CORALS ARE MORE SENSITIVE THAN CRUSTACEANS
�HIGH CONFIDENCE	 AND FISHES �LOW CONFIDENCE	� WITH
POTENTIALLYDETRIMENTALCONSEQUENCESFORFISHERIESAND
LIVELIHOODS�v��

0ROTECTINGTHE@WHALEPUMP�
#AN SOMETHING BE DONE TO MITIGATE THE
CONSEQUENCES OF OCEAN ACIDIFICATION� 4HERE HAVE
BEENATTEMPTS TOSOWTHEOCEANWITH IRON FILINGSOR
CRUSHED OLIVINE TO BOOST DIATOM GROWTH� "EFORE
RESORTINGTOUNPROVENTECHNOFIXES�WESHOULDPROTECT
WHAT 2OMAN AND -C#ARTHY CALL @THE WHALE PUMP��
7HALESANDOTHERCETACEANSFEEDNEARTHESEAFLOOR�
BRINGINGNUTRIENTRICHMATTER BACK TO THE SURFACE IN
THEIREXCREMENT�WHICHTENDSTOREMAININSUSPENSION
NEARTHESURFACEINTHEFORMOFAFAECALPLUME���

4HESE NUTRIENTS ARE CONSUMED BY PHYTOPLANKTON�
ALLOWING THEMTO THRIVE� )NADDITION� THEHUGEWHALE
SKELETONS�SUNK TO THEOCEAN FLOOR�STORE IMPRESSIVE
AMOUNTS OF CARBON AND NUTRIENTS� WHILE PROVIDING
SHELTER� !LTHOUGH THE DECLINE OF BALEEN AND SPERM
WHALESISWELLOVER����2OMANAND-C#ARTHYTHINK
RECOVERYISSTILLPOSSIBLEANDWOULDBEOFHUGEBENEFIT

FOR THE OCEANIC ECOSYSTEM� h$OZENS� POSSIBLY
HUNDREDS�OFSPECIESDEPENDONTHESEWHALEFALLSIN
THE DEEP SEA�v 4HE MORE WHALES ARE VALUED AND
PROTECTED� THE GREATER THE GAIN FOR BIODIVERSITY�
2OMAN AND COLLEAGUES EVEN SPEAK OF WHALES AS
hMARINEECOSYSTEMENGINEERSvINTHEIRLATESTPAPER���

)FWEWANTTOPRESERVEOCEANHEALTH�THEWORLDNEEDS
MORE WHALE SANCTUARIES IN ADDITION TO THE TWO
EXISTING ONES�� AS WELL AS A PERMANENT BAN ON
COMMERCIALWHALINGANDAFIRMCOMMITMENTTOLIMIT
GREENHOUSEGASEMISSIONS�

$R7IEBINA(EESTERMANHASDEGREESIN
INFORMATIONSCIENCE�)4ANDHUMANRIGHTSLAW

ANDHASSTUDIEDDIFFERENTASPECTSOFCLIMATE
CHANGEWHILEINRETIREMENT�
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