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Abstract

Background and Objectives: Ocean acidification, driven by the dissolution of increasing
atmospheric carbon dioxide into the ocean, has led to a decrease in pH and alterations
in seawater’s crucial carbonate chemistry. This phenomenon significantly affects marine
organisms, in particular the diverse and abundant marine invertebrates. These creatures not
only have important functions in ecosystem, but are also commercially important. Due to
their importance, the present review article compiles information aiming at providing
detailed insights into ocean acidification and physiological responses of marine invertebrates.
Content: Ocean is a crucial ecosystem that plays a vital role in the absorption and
sequestration of atmospheric carbon dioxide. When carbon dioxide from the atmosphere
is absorbed by the ocean, it undergoes a reaction with seawater, resulting in the breakdown
into hydrogen ions (H"), leading to a decrease in seawater pH value. Due to the reversible
nature of the reaction, the hydrogen ion concentration is well regulated by the buffer
capacity of the ocean, resulting in a reasonably stable pH. However, since the current levels
of anthropogenic carbon dioxide emissions are elevated, an increase in hydrogen ion
concentration in the ocean is observed, leading to the pH reduction. Such a condition leads
to a decreased abundance of carbonate ions and a reduction in the saturation of calcium
carbonate minerals. Ocean acidification has a potential also to disrupt several physiological
processes in marine invertebrates: (i) acid-base imbalance: ocean acidification can cause
acid-base imbalances within organisms, resulting in acidosis in both intra- and extracellular
fluids, potentially causing cellular dysfunction. Invertebrates strive to maintain homeostasis
either by the elimination of surplus hydrogen ions or by enhancing buffering capacity, both
of which necessitate energy expenditure; (i) aerobic metabolic depression, which results from
a lower pH in hemolymph, in turn impairing the oxygen-binding capacity of hemosglobin and
hemocyanin, as well as diminishing hemolymph circulation. In addition, regular metabolism
undergoes a transition from aerobic to anaerobic pathways, resulting in a significant decrease
in energy release and altering the catabolism from carbohydrates and fats to proteins;
(iii) energy budget constraints: marine invertebrates experiencing ocean acidification have
reduced energy budgets as a result of decreased ingestion rates or deficits in digestion and
absorption. Available evidences indicate that there are constraints on the scope for growth

or energy reserves for reproduction. In addition, the energy acquired reallocates in various
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strategies. Several molluscs such as Crepidula fornicata and Mytilus edulis reallocate their
energy toward calcification to counteract shell dissolution caused by ocean acidification.
On the other hand, Hexaplex trunculus increases its body mass as its shell thickness decreases.
Musculista senhousia allocates more energy to reproduction rather than growth; (iv) digestive
impairments: reduced pH level in the digestive system poses negative impact on the activities
of digestive enzymes and can damage the structure of such digestive organs as the digestive
gland and intestine. This suggests that the organisms may acquire a reduced amount of
energy from their feed; (v) calcification and calcareous structure dissolution: carbonate
structures, such as mollusc shells and coral skeletons, which play crucial roles in protecting
soft tissues from environmental changes and predators, providing structural support and
offering attachment substrates, are compromised. The reduction in carbonate ions, essential
for calcification, along with decreased calcium carbonate saturation, diminishes calcification
and causes dissolution of these structures. Ocean acidification clearly has detrimental impacts
on the physiology of marine invertebrates, which is likely to impact the survival of these
animals. Therefore, to mitigate these impacts, it is imperative for individuals to be aware
of their contributions to carbon dioxide emissions and to works towards reducing them to

slow the impacts on marine resources.
Keywords: Carbon Dioxide, pH, Metabolism, Acid-base Balance, Calcification
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winfi@euiiiinduluy Carcinus maenas Bso1atlugnansenuresmaaunIsssulsyam
[45] Bnvavinlindestaven Ciona robusta finsvhauvadlulveeunisfianas (35) suds
nsvhauveseuledfiiedesiumunuadfunatesiia wu Alkaline phosphatase ’Lwammmgj

Mytilus coruscus 39 Glutamate-pyruvate transaminase Tunesivad Patinopecten yessoensis
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[46-47] sawfsanUsyansamnsvieeslusiuivimiuanidsunialussuumelalundn
Suluad Dosidicus gigas wazniinnéme Doryteuthis pealeii [48] Fn9aeHaRDIEAUTDIILTIUBATY
uenandl viliviinnszaes Sepia officinalis \AaanMzTesNTAzaNLIS MRl TS Ne
orilugtlamnisaseiiluth [49) Blundriuganut Alewwesdoniianasiniiuiios 0.25
annsaviliniinndae lllex illecebrosus melst [50] iudu aviuiieflasvandsmansynusing
fnan ieaunafiiovvosssmeifinnisiasuulanuaniiovanas dninzialiiinsygnaunds
wanededslinnudidgiunissnwaunaiienluduivgean nelinisldnagnsnaeegisly
nevfjaunavefitevlinaunnduiuuidu (Fisure 2) Tma%uasﬂiﬁwﬁmaﬁmi [36, 39, 50-53] U
(1) msifiunnsidnlelasiaulessussnanitnieiiienwaznstuielusiveanonluies
looou Usildannisfinumaifisduresnsvhiureddusiusuddlossunasioulesifiistost
misuudaiaimLﬁ]ulaaauéumsﬁﬁ'wmaﬁmmL“f]uaiﬂqﬂéﬁu 1 Na'/H" exchangers, V-type H'-
ATPase, NBC; Sodium-Bicarbonate Cotransporter AaDATLUTNS MM sTuLealseon
1n919Me Auddy (2) mafsinuasiivimihitistesegnsluasvaiulesauliunniy
fhenagniing q 1wy (2.1) madudnnmsgadaluniveiunleseuainth (2.2) msaaiensa
o¥iilu (Amino acid catabolism) wag (2.3) iunsamevesiaadeuaiveiumainidon Wusdu Ul
IFnnnsfinunafuturesnmshauveddusiusuddlonsunagmavhaureseulesifiAsates
funsnasluasusiunlessudiuvien wu CL/HCO, exchangers, Carbonic anhydrase Usga9n
gnsdusenIesndiaukazlulnsiau (O:N ratio) wavanAuntuvesiaadeuleaauuas
luasuaiunlesaludenfifiugaiuesdn inzialifinssandundsiiogmeldanmenzansn pudd

uennd msnufiiundmudnd dinselifinsegndundsiiniglumaduaznneuen
waddarundunsageduananzusngnisaivsansa ansaviliafiovwesniglumaduas
meuenadnduanduunilimelussaznadunay wu fdinunafinturesfiownduan
wihnhdlusadidlodesa 4 vemesuuaagnielu 48 $2lus [39] uasFeavosneianielu 24 Falus
[40] \Judu eglsfinu mednwaugavesierlusrmeidunssuiunsidedindunu dsan
MsUssiiunuT dndthenadedindanuildanuunueddumnndi 50 % dmiunsnuauauna
fesnelianneiidaunadoulaiung (501 fefunummdsnurenismuauaunafioriifiudy
FeonadunalyindsruieedlAflusudu 4 anas wu maindewd mawTauivls uaznsduiug Wusy
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Ocean Acidification

Seawater pH ‘

H* Acid-base balance mechanism
(1) Gill & Excretion H*

e
P

Invertebrate body

2.1 Absorption from Seawater

CO, 4 HCO, 4 H'f#

CO,”§ Qcaco,§ PHY

+ (2) Buffer

(Bicarbonate)

\

2.2 Amino acid 2.3 Internal shell

catabolism dissolution

‘(/] [\ >

Figure 2 Mechanisms of acid-base balance in marine invertebrates

under ocean acidification

LWULNUaRTN (Metabolism)

UninmeluwaduesdelPinaeiinninufitenaiiing q sningluszninmsisdinves
wod TR naiamnfiAntuneluadargnonsudu wuwueddy las jisoiedivoun
wianfiannsnuuneenduuitemesnisaiwieduasgiluanaifedeuralvgainliana
YuIALEN MFondn wounuedT (Anabolism) wagUfizevesnsaaneluanavualvafidudouls
Juluanaiiidnas MiFend1 uALMUeaTa (Catabolism) Jeweuruedandulfizendeddindsany
duufitvesuaunuedtuasimatanUdosndausenn InesaluuaunuedTuansaifindusiy
aodLdun1 Ao wuuldoandiau (Aerobic metabolism) waziuulallfaentiau (Anaerobic metabolism)
fetuogfumnuiiisswevasoondiau Tnsuutldoendnulidnnundsnu (ATP) wnnduuulld
pend@lauunn Juiliidunuuidemnnfiandmivdninzialifinszgndundsdiulng Arnuan
finnssenuin maasuasesaugaiievnelularnouonivad mﬂﬂimgmmmmmm
mmsmﬂuﬂwammLaiumiu@ﬂau‘wm:uLmLmuaaﬁuwa@aa Fsmswundninziaiindyivanie
niansatuiuuwuedtuiianas innndrifuuuedtuuutlioonduuiionasisan g isn
wunueddueglusyuitugiuuazeglusedugs (Fisure 3) Wildannsanasesdmmnislioondiou
wWu luneerwdien Littorina littorea [54] wegany Ruditapes decussatus [55] viegusasg Mytilus

galloprovincialis, M. chilensis, M. coruscus [39, 56-57] NRURa Pecten maximus [58]
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wounasn Sinonovacula constricta [59] weslaTs Tegillarca granosa [42] wilnnaae Dosidicus gigas
[60] Y Petrolisthes cinctipes [61] a1LU31g Amphiura filiformis [62] s?iaﬁmmqmmﬂ (Figure 3)
(1) Msanasvasafierveadenivilininuannsalunisiveenduuvesdlilnadundesluleeiy
anas anumsaifananuenananuidululiferdmalveendiauiimelaiudsnmariongndu
ges Suilnsyuiunmsuuasifivseansan duilveendwuiaidlunsyuiuuunuedivanas
[7, 33, 63] fafiUszavEnwnsTUendwulumiin lilex illecebrosus anadléima 50% Wiamfilovves
donanasiies 0.25 wiae [50] (2) nsanasvesnisuyudsuden wiuldandnsniswiuvvesiil
(Heart rate) ludninsialifinsegndundsindnyfunngnisaingiansaansa wu luvessiien
Littorina obtusata [64] Y Hyas araneus wagl) Petrolisthes cinctipes [65-66] Fadns
nswuvesilafianas e1asininnnsiidaidnsiandnudmvsunmsdure sl dlunsudtym
anmuidendunsn Mieinanmsiinduiforlafaanuianainvesnsnns :inransuves
mswaalaldumnuidene [65] fenaraswessingminimziansaivihliisadvesdningiald
Suoonduuanasaiinaveuedniu SR msaad mduanuunueasuwuudeendiay
I¥enTy dninsadeiunadmduanuunueaduuuuldeendoudiiuiy (Fisure 3) Willd
MnnwumsvhauveaeuleifiietesiumunueddunuuliltoondinugsnineuluiAstestu
wnueddunuulteandiau [47, 67-68] uardanAaRIAUNITWUIZAUUDY Lactate wag Succinate
‘ﬁL‘fJ‘uNﬁﬁﬂﬂLllLL‘V]‘U@%%&JLLUUIﬁI%@@ﬂ%LQuQQ%u [37, 54, 69-70] eedlsfinu sedundsnuiildvo
wunvedduwuulildeosndnudvnninuunuedduuuuldoandauuin [71]
puUnfudaanssauililunszuiunisuaunuedturesdn nzalifinszandundsddedy
vanes Taun anslulswsm ot waslusiu Tnednilvajdniasldmslulansnuas lusfuduansiadou
MaNUBINTZUINS ThlEnTIdusErineandiaunarlulnsiau (ON ratios) fiAnge Tsenagsls
10 30 vatimsrglulasiau (Qusuuenlandle) Adunandaveslusiuuaunuedtutosneoniiou
fignldf dwsuiunuedtu dunsilusiuduasiviuresnssuiumsuaunuedty asvilishadn
szriseendauuaglulpsiouandiasn 57 mazlulasiau (uguueslinde) Milunananveslusiu
weunueaTufiinntu ludn nselifinssgndundsfindyfuunngmsaimsansaduiimslilusiu
HuanshedurenssuIumsuaknUeatuanntu Wildansnsdussminseendnusar lnsousnd
ﬂzj:um‘uﬂma*&mﬁﬁaﬁﬂﬁzﬂuwaaamm Mytilus galloprovincialis, Ruditapes decussatus, Spisula
solidiissima, Tegillarca granosa [39, 42, 55, 721 a1z Amphiura filiformis [62] nuun@nsiialusau
LALNUEATY AzEuannsaaelusiu T dunsnerily lnensnosilumadasgrlfifuansdisiuly
NIPUILNMTUALNUBATY Famandniildzoanunilundany (ATP) luadueiuslessu wazuenluie
[50, 72] lumisuetunlessunaznasuansathluhesnwaunaievesvaanailtusanigle
druuenlanllezgniueanainsnne Meinsfiatuvesnslilusiuduasiduuensyuiuns
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wannueddy tuldindudnuilsnagnslunissnuaunavesfivovvosdniunwin [50] uakanas
vanagnsilonainlininnisanaswenisduasisilusiv Weswndunszuiunisnfesnisnsa
pzlilunasndanuiigs [61] Fansdunseilusiunianasaunsainlugniswsyivlaidiuag

[

NN38AAIYBINTTAUIUS

uenIINtl nagmimIanszAuBILNUEATH (Metabolic suppression) unagmnisasumdany
Tfamefinisindsnuiitosas sewinsselianmundeuiilimnzaundugansund 4e38msi
uenanfenliifieliidinegsenmelianmundondilivnzauegisguusauuiansnuesdnlad
nszgndundsiiondelummihiuhasensifanuiumestadomedunndogiests sandiay
P gaumnll mnueauaLysaivese s Wudu Samunsliludniflegluanniznzianald @
nagnsiduntsannisvhaesszuunsyiausing 4 Tusuneas duntsiauresesAludu B
\Wuansiimuaunsvinnuesszuulsza (Neuromodulaton) wagnalnuesseuuystamaiunans

[50, 73-74] nirsrgusingnisaimezansatuiussesatenuiu dnindenldnagnsidseaniy

v A
Tuyneiian
Norm ndition Ocean Acidification
Metabolism ‘ Metabolism ‘ ‘
Aerobic Anaerobic Aerobic < Anaerobic
Metabolism > Metabolism Metabolism Metabolism
1 1 O avail ablllty‘ " Anaerobic enzymes 1
ATP ATP o, bmdlng capacity L ®  Metabolism products '
ATP  ATP of resplratory protelns‘ Blood (Lactate & Succinate)
ATP ATP ATP C|rcuLat|on

Acid—base balance

imbalance

Energy reserves

Figure 3 Comparison of marine invertebrate metabolism under normal conditions
and ocean acidification

USNUWaIuNillusienie (Energy budget) uazn153na35Was91U (Energy allocation)
wasuuennludsdndudmsuadiannuile dududruddgluduindouassineisi
YDITNNY WAMUNERILATUIINDMTWALNSIRETINGINUDETIUTEANT Mgy lvidn Igunw
A a a = Ly vl [ Ao Yoy [ [ [ dy
Muauss wWigiulauagauiuglas ndundnilasuuasnisinasmdsnusanslalugaunisesil

| (Ingestion) = A (Assimilation) + E (Egestion) (1
A (Assimilation) = R (Respiration) + P (Production) + U (Excretion) (2)
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Tnevhluidednildsuons () ommnsazgndeslitivuialuanaidnasuazgnaaduiiigianie

() \humdaanuismeh Vgl dusmsiigeslillfazgnivesnansrsne (£) @unnsi 1) 3
n¥sruimuafidnildsuannisgadu (A; aunsil 2) axgninassdmiunisvhaumnsaisinedu
fugmniludusng 4 1dud 1) ndseudmsunssuiumanela R) 2) wdudmsunmsivlauee
msauiug (P) 3) ndsnuilenisidnveaderioasiilufiveanainsrenie (U) (Figure 4) Fanns
ndusunMsasThlTmsuiiinvesSinamdsenildlunsruiumetiu 9 wu P = AR+U) eindny
fldlunssurumainumeadsinerduiuguludiuing 4 astuegiu 1) Uimamdamuiiifluseme
Feirusmuin ndsumdeteaailodningialifinssgndundundyiuingnisainzianse
Tnworaidunaainnisiidwifinishudosas (Figure 4) fefiveeriien Austrocochlea concamerata
fndsnulusanivanasmivgluiunisananesdnsinsiuens [75] ¥3R131NN15anasUes
UsdvEnnnistesuaznisgadu (Figure 4) AenananlUluiidenansenusionisdosamis
2) NFEUIUNTINATINGIUY UsIngmsaineiansavilidainealifinsesgndundslindsnulusniey
anas Jsdamalidnidaassndanuliaiusig 9 anas (Figure 4) WU NIAAAITRIEATINITUELA
luneewfen Littorina littorea [54, 76] wiewans Ruditapes decussatus, R. philippinarum
[53, 55] VoA Tegillarca granosa [42] mstusenluilefianasluvesiwad Chlamys nobilis
%aEJLLaJaQ{j Mytilus chilensis, M. coruscus, Perna viridis #8830 Pinctada fucata [56-57, 77]
weuwmaen Sinonovacula constricta [59] wazn1svauvesnduitiorlauaznduiiowifianas
luneerwdien L. obtusata [64] weudadn S. constricta [59] wazy Hyas araneus, Petrolisthes
cinctipes [65-66] {ugiu aonndasiuiinunmsanaswassziu ATP lunduilewhuarluuuuiiaves
NouN ALY L. littorea vouad Patinopecten yessoensis ¥88U NI Crassostrea gigas ‘1'71| EAY
Aunziansa [37, 47, 54] nsiindandiovinautiosasetadanals nseenan nsiue1ms ansadly
&0 [65] Bnanadainuin ndseudmdultlunmseiyiulnvesinme (esuwnnisivia) andas
53, 72, 78-79] wazndsnudmsuldlunisduiugianas é’qﬁwmmﬂ%"auﬁmmaqﬁa@aq waly
Ugn153 Acropora digitifera [80] #oewAss T. granosa [81] WJEJLLaJaﬂ{j M. galloprovincialis [82]
Lagneauesu C gigas [83] Usz@vianinnisUesiunisnauveseadninnii 1 Mvsawadlinesass
T. granosa ana [84] miaﬂawaﬁfﬁﬂmulsziLLazﬁﬂuauﬁaﬁmMu Pteropod; Limacina helicina antarctica
[85] wewaasl R. philippinarum, Musculista senhousia [53, 79] win Idiosepius pygmaeus
[86] FannsanasvesnrmainsniunsduiudoaszdmansenusesefuUTErnsuay s uunald
SeusngnisaingiansavinlidniindsnuirdadsiesdinsdnasmmdsmiliiuGosiiania
ﬁwﬁ’aﬁqmau FansdmassndanuariiauuandstueentUlud@aiudazaiia dwlvgnuiives
waneriadaassndsnulifunsaiaudendienaununisaansfiveaudenannnzianse
wouuLINIAN Crepidula fornicata “e8n131 Subninella undulata LLawaaLngj Mytilus edulis
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Fafinusmsmaaaudeniiugstu (87-89] widniurewiin Wy vesvuiy Hexaplex trunculus
wunavessemesinty luvasivdesliudenaasluaudonusasninuni [90] daumesnzng
Musculista senhousia aasammaaiasivlavesinenie Wevummdsnuliiunisduiug fesd
I¥annswulvauaiilngdu winuendenwasndnudmsulilunsesyiulnvessianie
HlesniUn@ [79] wazawUsie Amphiura filiformis ﬁmsvjmmwé’amulﬁﬁumﬁiamwLﬁal,'?ia
mﬂmiwuLvuuﬁgm?fmsmmﬁm'ﬁqaﬂm%ﬁuLLazﬁIﬂiqa§wqﬁuguﬁLL%aLmanﬂﬂi%ﬁ:u WALIANATY
denduanas [91] Fehegranismevausnaiidunsasouliiuiannsinassndeaui
Wasuwladlludningialaifinssgndundsiud@guingmsainziansa dsoradunagnsnisiuie
fumngmsainzanse e lviioseg sealduuiu viounstuglidsnsinsariuselulfnels
ANNENARUVDINZLANTA

Norm ndition Ocean Acidification

Ingestion S Production
- Growth {

\ similati Production

- Growth
- Reproduction

- Reproduction ‘

) Excretion
Egestion Egestion

Excretion ‘

Figure 4 Energy budget of marine invertebrates as affected by ocean acidification

N1589881115 (Digestion)

szuugesesiiunu Ay lunstosuazmIgaduansesite Jumamdsnuesine
MsilsedvBamnsgosemnsimastiufudnvilslutadedfglumaiw i@ mzalifinszgn
duvdaldsuasomsnifeanisnnemnsidudiluegadui niikiundnsseauidsmngnsd
nziansneilidninzialiussaninmuesnistesaimisfianas (Figure 5) Wiugoana (1)
nsvhauveseulsltnsemsnig o anas laun Protease, Lipase, Amylase, Trypsin waz Trehalase
Tusiongioue1us (Digestive gland) [92-93] Protease Tunszlnizo1ns [94] waz Cellulase Lipase
Trypsin Amylase ludld [68, 951 Fansieulssiviauanatoradunauianefiedlueieay
fifeniunmsgesosanas nsznisihaureseulviastuogiuaiies [96] ffiuiungia
Strongylocentrotus droebachiensis finsvinnuvedeulsianasniugliiunisanvesdiiiiey
Tunsuimnzems [94] (2) muidsmeveailewdos Soavdesams (Figure 5) 1 Tusiongnea1113
[93, 97-98] WAYNITONLAUVBIA bE [68, 95] e?famesaﬁawLﬁuwawaqmwaﬂﬂmi‘ﬁmduaﬁ’mz
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dovonsiieundunsauniu [94, 96] uenanil mmdemevedioeuarmssniauetaily
dmvidaaznslvavesingesiianas (93]

Fninfianuannsalunisgaduasenmsfigaazyilisameldfundanuegafivmme
TN sanasesinMIgaduasemsludninsialifinszgndundsiiogneliannzsingmsal
ygiann [56] F1o199mAnInmIanasessyavinmmstesens uienssniavveniede
ﬁv‘iwﬁwﬁ@ﬂ%umﬁmmﬁ [68, 95] damalidnilasunasnulumsadinuagnsiasyule naonau
nsduiudvesdnianas mIanasesmsiulussuugesoms Ssenadudnuisanvaiiviila
dninziatimsfuemsiianawasindafuusmngmsainziansa [68] Fsaenndesiuiinunisanad
Y998751M13N5037UD M3 (Clearance rate) vosdninzialiiinszgndundsiiogluaninziitmeta
\unsa [42, 53, 55-57, 72, 77]

Ocean Acidification

Digestive efficiency ‘
(2) Digestive tissue (Digestion & Absorption)

inflammation

igastive gland

Digestive enzymes ‘

PH‘ (1) Digestive enzymes activity Digestive enzymes |
Intestine

Figure 5 Impact of ocean acidification on digestive systems of marine invertebrates

% 1% : S e A . .
n1sa3elaseasnavassaneniluiiugu (Calcification)
k4 a . . [ Ao W Y 1al [ LY
nsgUIuNsaieiuyu (Calcification) Wunszuiunisidrdgsedniliinseandunds
nlduaadeuuazansuauntunisasialaseadnaudwessiinie wu Wisnvemes uazlasessiuyu
Yo1Uzn13e Wuiu Fadassadamaiuiirnudidyronisegseavesdnilifinsygndunduman
Hegnsunn wszusnanagviutilunistesiudunsiy GaliunuimdiAgdnnatsdsznis wu
] = o & a @ v o Y a [ a ~
N3A3UTE waensameiuiui udu Nstinssuiunmsaieiiududunssuiunsiunadeslessuy
(Ca™) wazaniuatualonay (CO%) sufuiadunra@enaisuaiun (CaCO)) (Figure 6) AmUni
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unaiBeslesauunararivainlosay \ulessuiinuldvluluimeasguda udlelnsaulossu
fifiugatunnusngnisaingiansa dhduadveiuslesou iliAnnsanamosiinansuaius
looouluimeia [25] FeUsinaaiveiunlessuiianas uonanazmnefionisanasosUiina
ansiasiureamIaiefiugy (asuaiuslossw) dulunanisihinlugnsanasesaniugnisdus
YDILARTYUANTUDLUR (CaCO, saturation state; Q) Tutimeia 1] (Figure 6) Ingan1uzn13du6
vouAndsuATuaiun Annldnnaunisfieluil [2)

Q CaCo, =[Ca"1[CO, T/ K'sp
K'sp = [Ca"]x [CO,]

Tnedi @ CaCo, fe AnurMsANMvD AR BLANSUBLUA
[Ca”] fip AUt uTRILAaTaulonau
[CO "] Ao AU TUYDIASUBL UM LoD BU
K’sp (Solubility Product Constant) fg mmﬁauaamaamiazma

'
[y v

anunsalduiivesaa@auAsUaluaglutmeln agvhlidninsalilinsegndundsnd

lassasnfiuyuiinsaidassaiegeluine insednsnisainunalemsuaunisuegivaniug
ArwBusveauaaifeunsvaiuslutimeia [1] avdunnuavesusngmInimziansaivilian
MsanasvesUiunsusiunlessy (1ningiulunisaine) waznisanasesaniurnsauives
weaiBeumsvaiulutimea (@ameiliiBesiuedenistedvesiiugy) Jsoraduanveiivily
iAnmsanasvesnsaisiiuyuludn inzalifinssgndundsindyfusngmsaingiansa (Figure 6)
Fusdldnenunisanasesdisnisadsiiugu (Caldfication rate) vesdnilaifinszgndundsd
agﬂuﬁmzLaﬁlﬁmﬂimgmimimaﬂm W1 Foraminiferan [99] Pteropod [100] U¢n134 [101-102]
noUNLALI-daIdn [42, 89, 102-106] LLazUU [107] vJudu 6'?5&msamawaqé’mwmaa%ﬁaﬁugu asduna
Tiimsasslassaisiiuyuldvosas definunsairaddenlétionlundu Foraminiferan nosruien
wagvesashileglutmzafianiurauduiivesunadouanfusiumanas [99, 108-110] aaun1sel
fg Hunadedermuaysaiudusveauien wasvhlin ianudswlenisegson
aiinsanaswesaniugnsdudiveuaadenasueiualuimeia uenanyiilisns
msafeiuyuanasudn Seililassaisiiuyuiitlegiinnisazane (Dissolution) lésne ns1zdnT
msaaefesfiuyuiziuegivaniugamnudufvesuraiionnsuaiualuimzaniuiu (Figure 6)
(1] Tnganugaudustiosas Snmmsaansfvesiiuyuagiiunniu fsaeandoatuseauiing
m3Lﬁ'uéﬁusuaaé’m':?1miazmmaﬂﬂsaa%ﬁaﬁugulu Foraminiferan Haynesina germanica [111]
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Pteropod Clio pyramidata, Limacina retroversa [29, 112] Ugn133 Montipora spp. [113]
woul LAY Nucella lamellose, N. concinna, Phorcus sauciatus [114-116] vies@asdn Crassostrea
virginica, Laternula elliptica, Mytilus edulis, Pinctada fucata, Yoldia eightsi [115, 117-119]
wazy Metacarcinus magister [120] ﬁagjmsﬂ,éfﬁmsLa‘ﬁﬁmsaﬂawaaamuzéuﬁmmLmaL%sJaJ
MfUBLUANUTINgMIEIMZIansn MnNanszuTeiu dninsialifinsegnduvdanilassaieiuyu
Feo1aldsunansenulusunisaigiulanaznsegsenunnindninlifinisaisiuyu

Normal condition Ocean Acidification
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€% o /\

(2) Dissolution f
Stable Q CaC03 Q Caco3{

Figure 6 Calcium carbonate formation of marine invertebrates
under normal ocean conditions and ocean acidification
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n3dnasIndsny (Energy allocation) M3geso1ms wazmsaiilassaiiswesisneduiiuyy
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Fsaonndesiulunnszuumaihnumeaisinefigniiansan Tngmanszmumaniuonanagiily
dnansenuseguamvesdn Tlunsayen anunsalAforrvenimeiafianaseadinanssmy
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