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Oggi siamo arrivati a 3§fpm, la piu alta concentrazione degli L
ultimi 800 mila annil(uthiet al. 2008 Nature, 453: 379882) Un .
tasso di incremento di G@osi rapido come quello di oggi non si

e mai verificato nel corso dei tempi geologici (Pandolfi et al.

2011,SC|enCB333: 418422) Changes in temperature, sea level and Northern Hemisphere snow cover
(from IPCC 200G ambridge University Press, Cambridge) UK
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THE OCEAN ACIDIFICATIONIERE T e S72G2%0

Il 25% della CO, antropogenica viene assorbita dagli oceani (Canadell et al. 2007,
PNAS, 104:18866-18870).
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consequences of increasing carbon
dioxide concentrations in the
atmosphere is that the oceans are
becoming more acidic. This is becaust
CQ in the air dissolves in seawater to
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OWe are changing ocean chemistry too much too

T | 50&lde&a®007 Oceanography20: 188
T pH

today, 8 : 1'> 7 . 8 at the end of this century

(Caldeira aVickett, 2005,Journal oiGeophysicaResearch 110: C09S04 )

This represents an extremely rapid rate of change, which will lead to a decrease in seawe
up to levels never reached in the past 20 millions years (Pearson and PalmeiNa@Q@e406:
695-699)

surface ocean pH

Change of Hconcentration

+ 99.5%

(Orr et al., 2005Nature437: 681686)

Turley et al., 2010yiarine Pollution Buditin, 60:
787-792
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Calcifiers may be particularly threatened by

ocean acidification
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Many marine organisms make
shells or skeletons out of
calcium carbonate. Upper row
pelagic organisms that live in
the open ocean. Lower row:
benthic animals that live in
shallow habitats (D and E) or |
deep waters (F). All of these
organisms are threatened by
ocean acidification, but the
corals andpteropodsappear to
be most at risk(Caldeira
2007,0ceanographyO:
188-195)

Acidification determines two
potential problems to
calcifying organisms:
dissolutionof calcium
carbonate , and th@on-
precipitation of new calcium
carbonate
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Calcifiers may be particularly threatened by
ocean acidification
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mare e associato il decremento della
concentrazione dello ione carbonato
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atmospheric COand the slowing

of coral calcification due to ocean
acidification. Approximately 25% of the
CQ emitted by humans in the period
2000 to 2006 was taken up by the
ocean where it combined with water to
produce carbonic acid, which releases
proton that combines with a carbonate

| ion. This decreases the concentration ¢

carbonate, making it unavailable to
marinecalcifiersid dzOK | dHodgt?
Guldberget al. 2007 Science318: 1737
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’abbassamento della concentrazione dello ione carbonato nel’acqua di mare pud
sostanzialmente impattare gli organismi calcificanti, come i coralli duri (Scleractinia),
abbassando la saturazione dellacqua di mare relativamente alla mineralogia carbonatica
dei loro scheletri (Marubini et al. 2008, Coral Reefs, 27: 491-499)

‘e [warm

Lo stato di saturazione dell’aragonite & definito come:

[Ca®"]+[CO,*]
arag K

arag

Dove K', .., € il prodotto di solubilita apparente del minerale

Valori diq 454 > 1 indicano supersaturazione

Valori diq 459 < 1 indicano sottosaturazione

Siccome [Ca 2'] é circa cento volte maggiore di[CO32] ed ~ un el emento consermMtivo
nel |l 6acqua di s uper Kampd eKazdigrczakPLod, Ballimbt Oceanogs Monaco, 13: 61-117; Marubini
etal. 2001; Mar. Ecol. Prog. Ser., 220: 153-162), q ang € largamente determinato da [CO3?] (Reynaud et al. 2003, Glob.
Change Biol., 9: 1660-1668).
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The general structure of a
polyp and underlying
skeleton. Theoralliteis a
tube enclosed by a wall,
which is intercepted by
flattened plates, the septa
radiating out from the
tube center. Thealiform
lobes are outgrowths of
the septa. Extensions of
the paliformslobes meet
in the center to form the
columella[reproduced
from Veron1986, with
permission; fronReggi,
Fermani, Levypubinsky
Goffredo, Falini, 2016in:
Goffredo,Dubinsky(eds),
TheCnidaria past, present
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Medusa and her sisters,
Springer, Chamn pres$




Sea water

Coelenteron

ECM

Schematic representation of the
histology of the coenosarc (drawn
from a picture in transmission
= electronic microscopy of the coral S.
pistillata). CL = Chloroplast. CN =
o 1 Cnidocyte. M = Mitochondria. NA =
Nucleus of animal cell. NZ = Nucleus
of zooxanthella. PY = Pyrenoid. ECM
= Extracellular Calcifying Medium

Oral ectoderm

; "‘—' Mesoglea (Tambutté et al. 2011, J. Exp. Mar.
2 1 Biol. Ecol., 408: 58i 78).
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Scheme of a growth layer formation in a coral skeleton,
summarizing the structural, chemical and biochemical data. F1, F2,
F3: upper mineralized layers in three adjacent fibres; arrows: over-
all crystallographic orientations (Cuif and Dauphin 2008Biogeoscience®: 6173)
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Physiological model for
coral calcification. Ca-
ATPase adds Caand
removes protons from
calcifying fluid, raising its
pH. CQO, diffuses in and
reacts with HO and OH
to produce C¢¥ | Much
of this ion transport may
actually take place acros
the membranes of
vacuoles yag that
transfer seawater throug|
the cells of the basal
epithelium. Seawater ma
also reach the calcifying
space by diffusion
through the porous
skeleton angbericellular
channels (PC) between
the epithelial celld-rom
Cohen &
McConnaughey2003,
Rev. Mineral. Geochem.
54,151187



GOAL OF THE PANAREA TRANSPLANT EXPERIMENT:

Verify the effects of ocean acidification on Mediterranean corals, taking into
consideration different responses between colonial and solitary, zooxanthellate and non-
zooxanthellate forms, in order to detect possible different sensitivities

Test the hypotheses that temperature influences the degree by which ocean acidification
affects coral growth parameters

THE INTERACTIVE EFFECTS OF HIGH LEVELS OF pCO, AND TEMPERATURE
HAVE BEEN LITTLE INVESTIGATED (Antony et al., 2008, Proceedings of the National
Academy of Sciences of the United States of America 105: 17442-17446)



Today | want to show data on growth Balanophyllia europaedeptopsammia pruvotiand

Astroidescalycularisalong a natural pH gradient, created by /0lcanic emissions, at differen
temperatures

ClassAnthozoa
Order:Scleractinia
Family:Dendrophylliidae

Balanophylhaeuropaea Leptopsammlqaruvotl Astroidescalycularis
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Map of the study area, showing the C€nissions site dottaro (Panaredsland) and the

surrounding islets
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The Panarea Experiment

In-situ transplants,along a naturapH gradient generated by G@olcanic emissions




Panarea COvent

Panarea Experiment!?
pH Gradient (July 2010-May 2013)

IPCC scenarios for year 21003
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Discussion erc BAGATAY

While the growth rates df. pruvotiandA. calycularis the non-zooxanthellate speciesre negatively affected by
water acidity, those oB. europaeathe zooxanthellate speciggesult unaffected.

From aquarium studies, other two scleractiniamoxanthellate species exhibited unaffected calcification rates
with increased acidity (Jury et al. 201®lpbal Change Biolody: 16321644; Metalpa et al. 201®iogeosciences

7: 289300). To the best of my knowledge, exampleaaf-zooxanthellatescleractinian corals with unaffected
calcification rates in acidic water conditions are not known.

Does a physiological connection exist between growth resistance to acidity and the symbi
with zooxanthellae? Does symbiont photosynthesis play a role?

A zooxanthellate coral (mixotrophic) has two modalities of energetic intake, compared tozpoganthellate
coral (heterotrophic): the trophic plasticitpkototrophy/heterotrophy) of zooxanthellate corals is a mechanism*
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Discussion

In-vitro crystallization experiments demonstrate that the inskeletal organic matrix (OM) &. europaeaetermines the
precipitation of CaC{n the form of aragonite even in the absence of Mg (Goffredo et al., ZIIASONE6: e22338). The

intra-skeletal organic matrix af. pruvoti does not.

These experiments suggest tiateuropaeamay perform a higher biological control over the mineralization process ,
displaying a reduced sensitivity to environmental conditions comparédfiouvot

Balanophyllizeuropaea
Precipitation in calcium solutlquoffredoet al., 2011PLO$)NE5 e22338).

Absorbance (a.u.)

aragonite

(SOM+IOM)

(ctrl)

1500 1000
Wavenumbers (cm-1)

Experiments of crystallization of calcium carbonate from a solution o CA@hM in absence of additives (Ctrl), and in presence
Soluble Organic Matrix (SOM), Insoluble Organic Matrix (IOM) or both (SOM+IOM). In the right side the FTIR (Fourier Trans
Infrared Spectroscopy) spectra of precipitated are reported. The main absorption bands of calcium carbonate are indicated.
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Boron isotopic signature (d"B), d!B-derived internal

calcification pH (pH) and pH up-regulation intensity ( aep bif)
Balanophyllia europaeacorals from the CO, seepsnear Panarea
Island, Italy. Data published in: Wall M., Prada F, Fietzke
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(a) dB values were measuredin total 20 B. europaeasamples
collectedat threedifferent sitesalonga naturalpH gradient(pHrs in

total scale site 1 = blue, site 2 = green site 3 = red). Fromtheboron
isotopic signature (b) pHys and (c) eep H= pHys T pHrg were
calculated Filled circlesand error barsrepresenindividual colony
meanst 1 sempercolony Dark grey filled circlesshowaverageper
site (x sem). Black solid line indicateslinear regressionand the
dashedinesthe 25% and75%-quantilerangeof theregression






Long term effects of acidification or
growth of B. europaeanaturally living
along the pH gradient



B. europaeabundance decreases along th€Q gradient

~ 0.20 -

“\g # B, europaea

% 0.16 4 <= V. triqueter

O

>

S 0121

© i

gJO b

S 0.08 -

-

2 0.04 - , A

48] i oo

L AN

2 0.00 - . SRR RN

Site 4 Site 3 Site 2 Site 1

pHrs7.4 pHrs17.7 pHrs7.9 pHrs8.1

Mean percentage of cover f@alanophyllia europaeandVermetus triquetealong thepCQ
gradient Goffredoet al., 2014 Nature Climate Changé; 593597).



With increasing pC® - 1. 434m

Site 2: dA=13 m Site 3: d=0 m
pCO5=413 patm pC0O;=698 patm pC0,=212 patm -~ s .
pH=8.07 pH=7.87 pH=7.74 A o
N=16 N=12 B. europaea
mean se mean se mean se statistical
significance
Net calcification rate (mg mm™yr ) 22 0.1 1.9 0.1 1.8 0.1 *

Linear extension rate (mm \'r'l] 1.17 0.05 1.04 0.05 1.03 0.05 NS
Skeletal bulk density (dy) (mg mm"g] 1.89 0.03 1.77 0.03 1.76 0.05 *
3.0 —— ] | 22— —
o
2= 75%ile ° ?E 20 -
=3 %0 o e ] £ ol
.:% g}- .-’t _________ — g 19 T —
gtf 20—~ e 2?_?‘_’_".9--' — _%.. 1_8_— =
‘_E E Q i - 8 . S 171 -
- ' -_____..—-"" E 16 L
S8 15 g - s ;
e D 45 N
o @ e | L
1 _0 L | L | | 14 ! | | i | |
7.7 7.8 7.9 8.0 8.1 7.7 7.8 7.9 8.0 8.1
PHrg PH+s

Net calcification rate

¥

Linear extension rate

—1
—

Skeletal bulk density

¥

FantazziniMengoli, PasquiniBortolotti, Brizi Mariani, DiGiosia Fermanj CapaccioniCaroselliPrada, Zaccanti, Levy,
DubinskyKaandorp Konglerd Hamme] Dauphin Cuif WeaverFabriciusWagermaierFratz| FaliniGoffredo, 2015,
NatureCommunicationsé. 7785



With increasing pCQ - ger.assm site2:d-13m

Site 1: =0 m
pCO5=413 patm pC0O;=698 patm pC0,=912 patm
pH=8.07 pH=7.87 pH=7.74
N=16 N=16 N=12
statistical
mean se mean se mean se sienificance
Skeletal porosity (Py) [%}s 300 09 353 12 36.2 1.7 **
' | | ' '
45 .‘ *kk Q —1
— 40 — . h T~ - ! =
9“:91 - . ’ b = s . A
2 g - . .
g Porosity
) S .
% 30l !- AT ——— Mean _
® Tt _‘
O 25%ile 3 E
25 ®
i | | | i | i
7.7 7.8 7.9 8.0 8.1
PHg

FantazziniMengoli PasquiniBortolotti, Brizi Mariani, DiGiosia Fermanj CapaccioniCaroselliPrada, Zaccanti, Levy,

DubinskyKaandorp Konglerd Hamme) Dauphin Cuif WeaverfabriciusWagermaierFratz| Falini Goffredo, 2015,
NatureCommunicationst: 7785
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Lough and Barnes, 20QIhurnal of Experimental Marine Biology and Ecql@d$: 225243;CarricartGanivet 2004,
Journal of Experimental Marine Biology and Ecql80%: 249260
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Biological significance of thB. europaeagrowth strategy in acidified conditions, and depleted calcification
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Balanophyllia europaed@ogenesis. E: Earlier stage oocytes. The spherical nucleus is located centrallyBaldnophyllia europae& permatogenesisivespermary
contains a single nucleolus. I: Intermediate stage oocytes. The spksragadd nucleus has started to maturation stages (I, I, lll, IV, V) in the three study sites alon
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of the oocyte. Th@oplasmis full of small yolk plates. [ N: nucleus; n: nucleoyps; yolkplates]. II: thespermaryis made up of a group of spermatocytes
involved in the meiosis process. Stage Ill: spermariesare
delineated by a wall that has arisen from the mesoglea
(arrows). Stage IV: thepermarypresents an external layer of
spermatocytes and an internal mass of spermatids. Stage V:
spermaryis made up of a mass of spermatozoa. [g:
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spermatids;szoi spermatozoa).
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Boxplots of photosynthetic efficiency ( = photosynthetic yield) obtained by PAM measurements at the three sites an
three time intervals. Significant differences (p<0.01) between time intervals are indicated by different colors (signific
higher mean value is ranked as whigray>black). Within each panel, thin branches group study sites with a
homogeneous parameter value (p>0.05). The boxes indicate the 25th and 75th percentiles and the line within the b
mark the medians. Whisker length is equal toXisterquartile range (IQR). Circles represent outliers. From: Prada F.,
Franzellitti S., Caroselli E., Cohen I., Marini M., Campanelli A., Sana L., Mancuso A., Marchini C., Puglisi A., \@assd
T., Tassi F, LaJeunesse T., Dubinsky Z., Falini G., Goffredo S. 2022: Acclimatizatioalgbbroatablism at a C@ent.
Communications Biologgubmitted.

The photosynthetic efficiency is the fraction of light energy converted into chemical ene
during photosynthesis. Photosynthesis can be described by the simplified chemical reac

light energy
6 HO + 6C§¥3 6MH120; + 6 Q

where GH;,0; is glucose (which is subsequently transformed into other sugars, starches
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Site 2 Site 3

C/N ratios irB.europaeaissue and algal symbionts from Sites 1 (control), 2 (intermediate pH) and 3 (low pH). The bc
indicate the 25th and 75th percentiles and the line within the boxes mark the medians. Whisker length is equal to 1
interquartile range (IQR). Different letters indicate statistical differences (p < 0.05) between sites. From: Pradalkiti F
S., Caroselli E., Cohen I., Marini M., Campanelli A., Sana L., Mancuso A., Marchini C., Puglisi A., Candela M. Mas
LaJeunesse T., Dubinsky Z., Falini G., Goffredo S. 2022: Acclimatization eflgatonaitualism at a CO2 vent.
Communications Biology, submitted.
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NITROGEN FIXATION

Nitrogen fixation is a chemical process by which molecular nitrogghigitonverted into ammonia (NHor related nitrogenous
compounds. Atmospheric nitrogen is molecular dinitrogen, a relatively nonreactive molecule that is metabolically usdlagsaBic
nitrogen fixation ordiazotrophyis an important microbially mediated process that converts dinitrogei ttNammonia (Nkg) using
the nitrogenase protein complexNif). Nitrogen fixation is essential to life because fixed inorganic nitrogen compounds are req
for the biosynthesis of all nitrogeoontaining organic compounds, such as amino acids and proteins, nucleoside triphospltates
nucleic acids. Nitrogen fixation is carried out naturally by bacteria microorganisms tetraeatrophs Some nitrogesixing bacteria
have symbiotic relationships.

Biological nitrogen fixation (BNF) occurs when atmospheric nitrogen is converted to ammonia by a nitrogenase enzymeallhe
reaction for BNF is:

Ny+8e+8H+16ATP+164  HsbH+16ADP+16P
The process is coupled to the hydrolysis of 16 equivalents of ATP and is accompanied bfptheaton of one equivalent of H2n

diazotrophs, nitrogenasgenerated ammonia is assimilated into glutamate through the glutamine synthetase activity. Glutamin
synthetase is an enzyme that catalyzes the formation of the amino acid glutamine, starting from glutamate, ammonia and AT

The microbiaNif genes required for nitrogen fixation are widely distributed in diverse environments.
In general, considering atom acquisition in organisms, for every 100 atoms of carbon, roughly 2 to 20 atoms of nitrogen are

assimilated. The atomic ratio of carbon (C) : nitrogen (N) : phosphorus (P) observed on average in planktonic biomagsaNgas c
described by Alfred Redfield. The Redfield Ratio, the stoichiometric relationship between C:N:P atoms, is 106:16:1
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Increase in algal densityresultinﬁ
increased C fixatioly more algal cells.
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Boron isotopic signature (d"B), d!B-derived internal

calcification pH (pH) and pH up-regulation intensity ( aep bif)
Balanophyllia europaeacorals from the CO, seepsnear Panarea
Island, Italy. Data published in: Wall M., Prada F, Fietzke
J,.CarosellE, DubinskyZ, BriziL,.FantazzinP, FranzellittiS, Mass
T.,.Montagna P, Falini G, Goffredo S 2019 Linking Internal
CarbonateChemistryRegulationand Calcificationin CoralsGrowing
at a MediterraneanCQ Vent Frontiersin Marine Science6: 699,

doi: 10.3389fmars.201900699

(a) dB values were measuredin total 20 B. europaeasamples
collectedat threedifferent sitesalonga naturalpH gradient(pHrs in

total scale site 1 = blue, site 2 = green site 3 = red). Fromtheboron
isotopic signature (b) pHys and (c) eep H= pHys T pHrg were
calculated Filled circlesand error barsrepresenindividual colony
meanst 1 sempercolony Dark grey filled circlesshowaverageper
site (x sem). Black solid line indicateslinear regressionand the
dashedinesthe 25% and75%-quantilerangeof theregression
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’abbassamento della concentrazione dello ione carbonato nel’acqua di mare pud
sostanzialmente impattare gli organismi calcificanti, come i coralli duri (Scleractinia),
abbassando la saturazione dellacqua di mare relativamente alla mineralogia carbonatica
dei loro scheletri (Marubini et al. 2008, Coral Reefs, 27: 491-499)

‘e [warm

Lo stato di saturazione dell’aragonite & definito come:

[Ca®"]+[CO,*]
arag K

arag

Dove K', .., € il prodotto di solubilita apparente del minerale

Valori diq 454 > 1 indicano supersaturazione

Valori diq 459 < 1 indicano sottosaturazione

Siccome [Ca 2'] é circa cento volte maggiore di[CO32] ed ~ un el emento consermMtivo
nel |l 6acqua di s uper Kampd eKazdigrczakPLod, Ballimbt Oceanogs Monaco, 13: 61-117; Marubini
etal. 2001; Mar. Ecol. Prog. Ser., 220: 153-162), q ang € largamente determinato da [CO3?] (Reynaud et al. 2003, Glob.
Change Biol., 9: 1660-1668).



Skeletalragonitesaturationstate (W) assessedh Balanophylliseuropaeacoralsgrowingalongthe pH;sgradient

at Panaredsland.m; wascalculatedfrom the averageinternal pH,; of the individualcoralsand the

DIG; concentration Circlesepresentvaluesfor eachindividualcoral(mean+ SEM). Coladenotesthe different
samplingsites Site 1 = blue, Site 2 = green, Siter8d- From: Wall M., Prada Fietzkel.,.Caroselk., Dubinsky Z.,
BriziL.,.Fantazzir?., Franzellitti S., Mags,.MontagnaP., Falini G., Goffredo S. 201$hking Internal Carbonate
Chemistry Regulation and Calcification in Corals Growing at a Mediterrangafei@OFrontiers in Marine Science
6: 699.doi: 10.3389/fmars.2019.00699




Modeled gross calcification rates (GCR) and comparisons with measured micro and bulk net calcification rates (NC
in Balanophylliszeuropaeacorals growing along theH,sgradient atPanaredsland.(A) GCRs were calculated following tht
IpPHRAGnodel (McCulloch et al., 2012a) (internal pH regulation and abiotic calcification): Gross calcifiéation =

0 Ab N @nd presented as relative rates (setting average control growth &B)hhicro-NCR andC)bulk-NCR were derived
from microdensity, bulk density and linear extension rates taken flantazzini et al. (2015). Circles represent values f
each individual coral. Color denotes the different locations: Site 1 = blue, Site 2 = green, Site 3 =red. Black dashed
indicates linear regression and the gray area the-@3%and of the significant regressigng0.01;N= 7 for Sites 1 and 3,
andN = 6 for Site 2)-rom: Wall M., Prada Fietzkel.,.Caroselk., Dubinsky Z., Brizi L., Fantazzini P., Franzellitti S., Ma
T.,.Montagna., Falini G., Goffredo S. 201L#hking Internal Carbonate Chemistry Regulation and Calcification in Corals
Growing at a Mediterranean CO2 Vent. Frontiers in Marine Science @ld990.3389/fmars.2019.00699



