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INTRODUCTION

The aim of my thesis is to investigate the effemtsocean acidification on two
marine invertebrates: the brittlestaksnphiura filiformisand the larval stages of
Ostrea edulisIn particular | tested the impact of short tempasure to low pH on
regeneration and respiration capabilitiesAoffiliformis and the effects of reduction
in pH values on growth, morphology and survivalasty of O. edulislarvae.

Ocean acidification (OA) is a relatively new scienén 2004 The Royal Society
launched one of the first experiment on the matfethe potentially catastrophic
consequences for marine life of the decrease ina®geH due to increasing
emissions of C® Another study published in the 2003 by the Liverenblational
Laboratory in the United States suggested thatptiogected increases in carbon
dioxide in the atmosphere could change pH valudgkenoceans, more rapidly than
any time over the last 25 million years. At begmmithe impact of rising ocean
acidity on marine life was largely unknown. Howewitrere were fears that it could
particularly affect corals and sea organisms wieindhshells made from calcium
carbonate. Increased acidity could also directfgcafthe growth and reproduction
rates of fish, as well as the plankton populatiwhgch they rely on for food it could
thus have potentially disastrous consequences &mmfood websRoyal Society
2005)

The emissions of carbon dioxide are mostly deriveth human activities; since the
start of the industrial revolution atmospheric lesiecarbon dioxide have been rising
at a far greater rate than previously experiencethé Earth’s history. The main

human activity that releases carbon dioxide inatmosphere, it is the fossil fuels



combustions. The oceans are a natural carbon sidkhey absorb approximately
half of all CQ derived by human activity (Pelejero et al. 2010 ).

Considering these emissions, and the capacity efotteans to absorb the carbon
dioxide present in the atmosphere, a decreaselafrls of pH values is predicted in
the oceans by 2100 (IPCC 2007).

The increase of carbon dioxide changes the seavehamistry and will makes
calcification more difficult for the marine organis that build their skeletons or
shell, with calcium carbonate. For this reason dakifiers are one of the primary
targets used to study the impact of the oceanfa@ton (Pelejero et al. 2010).

In literature is evident that the early developraémind reproduction stages are the
most sensitive life cycle stages to environmentainge. It is also demonstrated that
there are significant differences in the tolerane®©A between different species
(Kurihara, 2008). To evaluate the impact of OA @ailye developmental stages |
studied the effects of OA 0D. edulislarvae stages. The experiments were carried
out at the Marine Biology Station of Tjarnd (GotelpdJniversity) from April to
September 2010. In the first period | studied @wening technique of oyster larvae
and the method in order to modify and check thevplde. TheO. edulislarvae were
put in plastic bags filled with 5 L of filtered seater. | used 8 plastic bags: 4 for the
control (8,1 pH) and 4 for the treatment (7,78 phhile the seawater temperature
was about 18°C. In order to compare the differemece¢be growth and morphology
between control and treatment | measured at theostope the length and the width
of the organisms sampled and | counted the nunmfidioee who manage to survive.
The experiment was carried out for a certain peabtime, which depended on the

length of the organisms’ life. In fact it is realhard to maintairO. edulislarvae



alive. The experiment with the same experimentabtlidens but different larvae was
carried out three times.

In the other experiment considering the resultiokthby Wood et al (2008), which
show that OA increase the rate of calcification aespiration ofA .filiformis, |
tested the impact of short term exposure to low grHA. filiformis considering
temperature range they experience through the (getr 18°C). in this way it was
possible to test the hypothesis that the specersdl window will be reduced under
low pH condition as suggest by O. Pdrtner and PrefFg2008).

The experiment to verify the effect of OA on reafibn and regeneration
capabilities ofA. filiformis were carried out at the Sven Lovén Centre for Mari
Sciences — Kristineberg (Goteborg University), frbaginning of November to mid
of December 2010. This experiment was carried @ud fweeks. At the beginning, in
order to verify the effects of OA on regeneratiord aespiration of amputates.
filiformis organisms, two arms of each organisms were angeutadw suggested by
Dupont and Thorndyke (2006). After the amputatiome torganisms were
acclimatized to the new temperature for 2 week$adh the organisms were exposed
to six different temperatures: 6°C, 10°C, 12 °C;Q,416°C and 18°C and for each
temperature | tested two different pH values: ooetrol pH 8,1 and one treatment
pH 7,7. every combination was replicated 2 timgdicates with 2 pseudo-replicates
containing 50 non-regenerating. filiformis. As regard the respiration, the
percentage of oxygen were measure using a 4-OX¥Yeliand in particular |
measured the respiration of 10 organisms from dribeotwo pseudo-replicates for
each combination of temperatures and pH. The meamnts were carried out twice:
once at the beginning of the experiment and afteer&in period of time (which

depended on the experimental temperature) | mehsagain the percentage of



Oxygen remained. In this way it was possible to sneathe percentage of oxygen
breathed by the organisms and check if there wiferehces between control and
treatment and in particular if in the treatmentréhwas an increase of the respiration
rate. For the regeneration | measured the regeoeraft the same 10 organisms that
used for the respiration taking a picture of thekdand the regenerating arm,
measuring also the regeneration length of othersrgi@nisms taken from the other
pseudo-replicate. This part was done in order tdyw# there was a decrease in the
regeneration rate of the organisms exposed to lowatue. To verify if OA affects
the regeneration and the respiratiorAofiliformis is important because this ikay
species in many seafloor communities (Wood et 8B2@nd if there is an decrease

in the population of this species it may affect Wiele communities.



OCEAN ACIDIFICATION

Natural Gradient of pH values

Natural gradients in seawater pH, driven by seg&zature, exist in the oceans. The
horizontal gradients are related to physical adblical processes. In particular it is
possible to note the lowering of pH (Figure nlthe areas under the influence of
upwelling like Eastern Equatorial Pacific, the Awb Sea along the Somalia and
Oman coasts, and off the west coast of Africa, rda@teates that cold deep waters,
rich in dissolved inorganic carbon and low in pk$jmg to the surface. While for
regions not affected by upwelling, the areas wheoéogical production is highest
tend to be characterised by the highest valuesdoipthese regions, the fixation of
dissolved inorganic carbon by phytoplankton andsitbsequent transport to deeper
layers (by the so- called ‘biological pump’), rasurface water pH.

The vertical graphs (Figure n.2) showed the vammatf pH values in the water
column, and it is evident that seawater tends tdsvémwer pH with depth. This is
also a result of the downward flux of carbon fixed the euphotic zone by
phytoplankton, which is mineralized again in deelagrers. It is evident that there
are differences between the vertical graph of Ra€itean and Atlantic Ocean. The
Pacific Ocean have a significantly lower pH thaostn of the Atlantic Ocean. Deep
waters of the Pacific Ocean have had more time douraulate C®@ from
remineralization of organic matter than the Atlantiater, owing to their older age
(or longer elapsed time since their last contacth whe atmosphere as water

circulates along the deep conveyor belt from thiarmiic to the Indian and Pacific



Ocean. It also evident that the variability of pHlue ranges decrease in the three

oceans according to the depth (Pelejero et al. 2010
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Chemical Cycle of Carbon Dioxide

The ocean acidification is a phenomenon causetidyncrease of carbon dioxide in
the atmosphere. The increase of carbon dioxidéanatmosphere is mostly caused
by human activities. In particular 50% of the £@ the atmosphere derives from oll
extraction, while 30% is caused by deforestation.

There is a correlation between the increase of @E&he atmosphere and decrease in
pH value in the oceans. In fact at the air-ocederface there is a continuous
exchange of carbon dioxide.

CO, dissolves in seawater and participates in a sefeshemical equilibrium
reactions (Figure n.3) which result in increasedcemtrations of bicarbonate and
hydrogen ions (protons) and therefore leads tocaedse in seawater pH (Figure n.
4). This also leads to an increase in the solyhlitcarbonate ions, with implications
for marine organisms that need them as buildingkslan the construction of their
calcium carbonate skeletons or shells. Experimesitalies have demonstrated that
this change in seawater chemistry makes calcifinathore difficult for most of
these organisms. Sea organisms can precipitataialcarbonate in the form of
calcite (e.g. coccolithophorids, foraminifera), goaite (e.g. corals, pteropods), or
high-magnesium calcite (e.g. crustose corallinaglgThese crystal structures have
different degrees of stability and solubility. Q#dcis thermodynamically the most
stable, followed by aragonite and finally by higlagnesium calcite, which is the
least stable (most soluble in decreasing pH). €hddncy for a structure to dissolve
is strongly influenced by the saturation state adfreparticular mineral phase, which
is related to the concentration of calcium and caadbe ions in the seawater (Pelejero

et al. 2010).



Figure n.3 Chemical equilibrium reaction of G@lissolved in seawater :
CO, reacts with water giving rise to calcium carbonate
which is in acid-base balance with carbonate antboaate ions
which in turn react with calcium ions to producdatam carbonate.
(Pelejero et al.2010)
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Impact on marine invertebrates life

The reduction of calcium carbonate available in wWeder due to it is increased
solubility, can reduce the ability of the inverteter organisms with calcareous
skeletons to produce these structures.

However this is only one of the affects caused bgao acidification. In fact the
responses of marine organisms are variable andndepe the type of process
affected by acidification (dissolution and cald#ion rates, the growth rates,
development and survival etc.).

There are mane different hypotheses to explainviréations seen in biological
responses:

- Organisms that have a calcium carbonate skeletrbeiimore sensitive to
ocean acidification in comparison with organismgheit calcium carbonate
skeletons;

- Organisms that have more soluble mineral forms &EQG (aragonite) will
be more sensitive than organisms with less soluwheral forms (calcite);

- Early states (embryos and larvae) will be moreisigaghan adult stages;

- mobile organisms with high metabolic rates may ase more able to
compensate for variations in chemistry of calciuanbonate in comparison
with sessile organisms with a lower metabolic rékgseker et al. 2010);

- Autotrophs with a less efficient or absent carboneentrating-mechanisms
(CCMs) will be more responsive than organisms \aigfficient CCMs (Rost
& Riebesell 2004; Engel et al. 2005; Riebesellle2@00).

Calcification may be especially sensitive to vaoias in carbonate chemistry. The

reduction in calcification rates or increase insdlgtion rates of CaC{have been
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measured in tropical corals (Kleypas et al. 199%riini et al. 2003; Hoegh-
Guldberg et al. 2007), planktonic organisms (Riebbext al. 2000; Orr et al. 2005),
bivalves (Michaelidis et al. 2005; Gazeau et aD7)0and echinoderms (Kurihara &
Shirayama 2004; Shirayama & Thornton 2005). Thesisigity and variation in
carbonate chemistry depends on the calcifying asgas In particular the sensitivity
may be dependent on the mineral form of Ca@€ed by the organism. In fact,
different mineral forms have a different solubilayd susceptibility, these increase
from low magnesium calcite to aragonite and higlgnesium calcite (Morse et al.
2006; Ries et al. 2009).

There is the possibility that some species maylde @ change their calcification
ratios to control the variation in calcium carb@abncentration, or others are able
to control their calcification under differing pbrditions (Gutowska et al. 2008).
Moreover some calcareous organisms such as caordlalgae are in symbiosis with
autotrophic such as algae and for this reason meathis calcareous organisms are
able to compensate the ocean acidification thraotgraction between calcification
and photosynthesis. Therefore photosynthesis magbie to reduce the negative
effects caused by ocean acidification (Ries e2@09).

As regard the different stages; larvae and juverdliee typically more sensitive to
environmental condition and can suffer extremelyhhnortality. Probably because
in these stages they use a more soluble minena &5rCaCQ than when they are
adults (Pechenik 1987).

For example some echinoderms larvae (e.g. bratlesshow a high mortality during
larval stages when they are exposed to ocean igaitish. However the analysis of

the literaturesreveals that echinoderms are surprisingly robusO# and that
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important differences in sensitivity to OA are obhsel between populations and
species (Dupont et al. 2010)

Ocean acidification also can disrupt the acid-tstagus of extracellular body fluid
(blood or haemolymph), but some organisms suchsaged, cephalopods and some
crustaceans can control extracellular pH throudlvadon transport (Kroeker et al.

2010).
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EFFECTS OF OA ON RESPIRATION AND REGENERATIVE

CAPABILITIES OF Amphiurafiliformis:

Echinoderms are often playing the role of keystmwganisms in the marine
ecosystem and they are also present in almost tileanarine ecosystems. They are
usually use for toxicology experiments and wereesively used as model to study
the effect of the ocean acidification (Dupont eR@l0). Echinoderm skeletons are
made of high-magnesium calcite that is particulatigceptible to dissolution when
there is a decrease of pH values (Shirayama anchidm2005).

The phylum Echinodermata is characterized by Sselsincluding the Ophiuroidea
or brittlestars. Ophiuroidea have an exceptiongénerative capabilities.

The brittlestarA. filiformis is one of the dominant macrofaunal species on soft-
bottoms in the north-east Atlantic at depths frdsowt 15 m down to 100 m or more
(O'Connor et all 1983, Kiinitzer et al.1992). Tlsigecies is buried in the sediment
with its disk at about 4 cm depth (Figure n. 5)eC@mn 2 arms are stretched up above
the sediment for feedincA. filiformis can switch between suspension and deposit
feeding depending on current speed and availabdityfood (Buchanan 1964).
During the inactivity moment, the arm tips are kapthe sediment water interface.
When the arms are extend in the water column, ey easy prey by visual
predators commonly present in the same habitat, laganda limandaand
Nephrops norvegicusn order to reduce predatidn filiformis has developed several
adaptation (Wilkie, 1978; Bowmer and Keegan, 198&ring, 1995; Rosenberg and

Selander, 2000; Rosenberg and Lundberg, 2004).
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Nevertheless the adaptation is really common firad tnore than 849%. filiformis
individuals show evidence of regeneration followsrgputation or more than 80%

of arms showing at least one scar (Skold and Resgnth996).

Figuren. 5 A filiformis

The regeneration process is characterized by diffestages. At the beginning it is
possible to individuate an epithelium that coved protect the amputated part. After
some days the amputated part is characterizedebprgsence of a blastema, which
is constitute by undifferentiated cells. In theelategenerative phase it is possible
recognize two distinct part: a distal part, chaggzed by undifferentiated cells, and
a proximal part with segments fully formed, whieatly developed ossicles, podia
and spines. The anatomic analysis at the micros(féigare n. 6) of a regenerating
arm of A. filiformis, permit to describe the different stages that attarized the
regeneration:

- 1 day after the amputation it is evident a thpitreelium that covers the damaged
part and the distal injured ends of the main coé&aravities and canals are already
sealed off; coelomocytes (types of leukocytes ttatstitute the major immune
defence system of annelida, mollusca and arthrgpawié phagocytes (white blood

cells). It is also possible to individuate in therface of the stump autotomy the
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presence of the muscular remain (aboveral inveatetmuscles) belonging to the
segment involved in the autotomic process and Hethdy their distal skeletal
insertions.

- 3 days after the amputation, it is evident a $nhdstema, consisting of a
mesenchyme covered by an outer thick apparentlyispiatified epithelium. The
outgrowth of the main coelomic cavity appears tojgmt into the regenerative
blastema and it is associated with a sheath afdgmesenchymal matrix. Groups of
free cells could frequently be detected insidecielomic cavity. The aboral muscle
of the stump bundles involved in autotomy, acquieedemarkable disorganized
pattern, showing a number of dedifferentiating nyyes.

- 4-6 days after the amputation, the blastema Isdegeloped and in this structure is
filled by cells, presumptive undifferentiated caalacytes and the fibrous matrix is
poorly developed except in the proximal region. Taeial nerve cord grow again,
associated with the outgrowth of the previscera&l@m and the radial water canal.
At the level of the stump aggregation of coelomesyt phagocytes and
dedifferentiating myocytes are frequently deteaainiside the coelomic cavities.
Especially In the distal region the muscles shasharacteristic disarranged pattern.
- 8-12 days after amputation, the proximal portioihthe regenerating arm is
dominated by the outgrowth of : radial nerve with ganglionated structure,
previsceral coelomic cavities and the radial wataral with new podia. While in the
distal portion still present a typical undiffereatgd blastema.

- 16-24 days after the amputation, the regeneraints looking as a miniature arm.
The proximal portion show a typical hystologicalttpen characterized by the
prominent presence of the radial nerve cord, diffgated coelomic components and

differentiated epineural sinus, vertebral ossialéh associated invertebral ligaments
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and muscles, and superficial skeletal arm shi€eltie distal tip of the regenerate

retained the features of an undifferentiated blaatéBiressi et all 2010).
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Figuren. 6 Generalized scheme of Ophiuroid arm
Regeneratiorf Biresi et al. 2010)

Dupont and Thorndyke (2006) analyzed the differandbe grow capability in thA
filiformis. During their experiment they measured for eagamism the diameter of
the disk, the length of the arm lost (LL) and tlegenerated length (RL). The
regenerated length (RL) is the whole animal's aregenerated, while the
differentiated length (DL) is the proximal part Wwitompletely formed segments,
clearly developed ossicles, podia and spines.

In order to reduce the variability, between theeregrating arms of different

organisms, they cut the arms at the same distant the tip. In this way it was
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possible to have a similar regeneration and diffea&on rate. The results indicated
that the length lost (LL) is a key fact that camplein the variability for regeneration
and differentiations rate. Also the analysis evabh a positive exponential
relationship between length lost (LL) and regeneratate (RR) (Figure n.7). In fact
arms cut close to the disc regenerated fastemigthethan those cut close to the tip,

although overall function recovery of the arm aosel (Dupont and Thorndyke

2006).

3.5 _‘I.‘:Oj ]ﬁjel}.“ll—]‘k{l‘
37 R2=0.9597 0

RR (mm week 1)

LL (mm)

Figuren. 7 relationship between the length lost (LL) andringeneration rate (RR).
The range was about 0.5 — 3.5 mm.week-1
( Dupont and Thorndyke 2006).
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Figuren. 8 RL regeneration length and DL differentiation lémg
(From Dupont and Thorndyke 2006).

Impact of the ocean acidification on regeneratiapability of A. filiformis was
previously investigated by Wood et al. (2008). Thexperiment was carried out
using the ambient temperature and the individub.filiformis were maintained in
sediment cores without food and supplied with fdte seawater. Wood et al. (2008)
exposed the individuals for 40 days to varying degrof acidification ( pH 8, pH
7,7, pH 7,3 and pH 6,8), and monitored the rege¢imeraand the respiration. The
results show that ocean acidification increase thte of calcification and
metabolism, with a significant increase of the nedn (Figure n. 9). On the other
hand, the muscles mass showed a reduction in negssasing pH value, and it was
hypothesized that brittlestars use the muscles magasan energy source under
stressing conditions (Wood et al. 2008).

Considering these results and also the hypothbaisthe species’ thermal window
(which is the range of temperature within whichist possible to live for an

organisms) will be reduced under low pH conditiensaggest by O. Pdrtner and P.
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Farrell (2008). | tested the impact of short texpasure to low pH or\. filiformis.
along the temperature range they experience thrthegiear(6 to 18°C).

The thermal window is individuated between the Iowand upper critical
temperature. Every organisms have also an optimdmtemperature, which
correspond to the maximum performance for the asgaifFigure n 10). Portner and
Farrell (2008) supposed that the performance wdhieimced by the ocean
acidification. In fact in their article they hypeibized that the increase of p£Was
responsible of a reduction of the performance’sveuand then of the thermal

window’s range and the optimum of temperature.
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Figure n.9 results from Wood et al (2008) about respirationd aegeneration of Amphiura
filiformis in different pH conditions (Wood et a0@8).
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Figuren. 10. temperature effects on aguatic animals. Show the variation of the
performance’s curve of asrganism with the temperature and the decrezigéis curve
with the increase of pCO2 level( Portner and Far2€08)
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MATERIALS AND METHODS

Experimental set-up

A. filiformis is an Echinoderm which lives in the sediment. Tnganisms were
collected at 25 — 40 m depth, using a Petersen gnaio, near Kristineberg Marine
Station, Sweden. Immediately after, the organisragevéampled form the sediment
cores by gentle rising to avoid breaking arms aadsferred to the experiment set-up
in order to acclimate the organisms to the righhgerature. The period of
acclimation for the temperature was of 2 weeksinduwhich the temperature was
changed of 1 degree a day. pH value was manipulatdte treatment using
computerised control system called AquaMedic, th&rument regulated the pH
value by the addition of pure Gdirectly into the water to obtain a reduction dd®
pH units. The organisms were maintained in plasinks without sediment and with
acontinuous seawater flow, which allowed a contirsusupply of food.

The experiment was carried out for a period of 4ekge The organisms were
exposed to six different temperatures: 6°C, 10Z;Q, 14°C, 16°C and 18°C and
for each temperature two different pH values: ometrol pH 8,1 and one treatment
pH 7,7, every combination was replicated 2 timgdicates with 2 pseudo-replicates
containing 50 non-regeneratig filiformis each replicates. The amputation of the
organisms has been induced on individuals that sdono evidence of recent
regeneration. The organisms were anaesthetized assolution of artificial water
and 3,5 % w/w MgGl The arms were amputated using a scalpel bladessa@o

natural inter-vertebral autotomy plane. The armsewgit a constant distances from
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the tip to reduce the variability of the regenematihow suggested by Dupont and

Thorndyke (2006) in their article.

Effect of OA on respiration of Amphiura filiformis

| measured the respiration of 10 amputated organiérthose random) for each
combination of temperature and pH and for a peoifdfdur weeks.

The instrument used to measure the percentage oQeDx breathed by the
organisms, it was the 4-OXY-Micro. The machine wasnected to 4 probes, which
measured the percentage of oxygen and to a compueéch showed the values
measured with the instrument. Before starting treasaurements the probes were
calibrated as suggested the manufactory manuabé@Pse4-OXY Micro, Germany).

| filtered 2 L of seawater with a filter of 0,4Bn and we bubbled oxygen into this
water for 24 hours in order to saturate the watién e oxygen. The bottle with the
2 | of water was placed in a bath to obtain thatrigmperature. Subsequently in the
bath | put two bottles of 500 ml that | filled withe saturated filtered seawater. In
one we bubbled oxygen and pure @ order to obtain the right pH treatment that
was cheeked through a pH meter. While in the coriiattle we bubbled only
oxygen. | used 14 vials for the control measuresianid 14 for the treatment, we
filled the vials with the control and treatmentuwated FSW, respectively and in
each vials | put one individual &. filiformis, accepted in the first 4 vials of control
where there was only saturated FSW and in the 4astals of treatment. The
instrument permitted to measure the percentageygem for 4 vials at time, for this
reason in total we have done 7 battery of measitte4wials each. Once | finished

the first battery of measurement, it was necestsawait for a certain period of time
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(respiration time) before starting with the secomesurement. During this period of
time the organisms consumed some oxygen breathing.percentage of oxygen

consumed depends on the temperature. The respiratie degrees with decreasing
temperature; in fact the organisms exposed to émperature as 6°C breath slower

than the organisms exposed at 18°C. The respiratienfor each temperature was:

for 14°C and 16°C: 2 hours;

for 10°C and 12 °C: 4 hours;

for 6°C: 6 hours;

for 18°C: 1 hour and 30 minutes.

After this period of time it was possible to starth the second measurements,
which permitted to individuate if there were difeces between treatment and
control. After the second measurements | weighed diganisms putting they a
solution of artificial water and 3,5 % w/w MgChat the same temperature of the
experiment, in order to reduce the stress for tlgardsm. | also measured at the
microscope for each organisms the length of themeting arm and the diameter
of the disc. The collected data of respiration amight have permitted to calculate
the respiration rate, which was measured usingAN®VA (simple ANOVA 1

replicate used for each combination of temperatang) was expressed jmol O,

ind ™t h?.

Effect of OA on regeneration ofAmphiura filiformis

For a period of 4 weeks, after that the amputateEgenerate length and the disk

diameter, were measured by taking a pictures of rédgenerating arms of 10

organisms in each pseudo-replicates for each catbmof temperature and pH. |
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took some pictures of the organisms using a graduaicular in binocular
microscope (0,1 mm accuracy), and later | calcullageregeneration length of the
organisms. The regeneration length (RR, in mm vwekas calculated as the slope
of the significant simple linear regeneration betwéhe regenerated length (RL in
mm) and time in weeks how indicated in the artimleDupont and and Thorndyke
(2006).While the difference in the regeneratior tagtween pH for each temperature

was tested using ANCOVA and using time as the c@alike.
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RESULTS

Regeneration

The regeneration length for each combination ofpemrature and pH have been
calculated in order to evidence the possible difiees between the control and the
treatment. In order to calculate the regeneratiate for each combination of
temperature and pH the regression coefficient bertwegeneration length and time
was calculated. In the Figure n.11 for the tempeeal4°C were plotted in order to
calculate the regeneration rate, the data lengikeated in 4 weeks in both control
and treatment and the linear regression with tepaetive straight line equation were
calculate. Table n 1 show for each combination ehgderature and pH the
coefficients a and b of the straight line equatisize = a *time + b), the coefficient
of determination (B and the test F. The coefficient of determina{{Bf) indicated
how well the regression line approximates the deah points, in particularly in the
experiment the values of’Rhdicate that there is a good approximations efdhta
plot because the’R/alues are near to the value 1, except for thérabpH of the
temperature 6°C. Table n 2 shows the regeneratitanfor each temperature and in
particular it is evident that there are not a digant differences in the regeneration
rate between control and low pH for each tempeea{px0,005), except for the
regeneration rate value of temperature 6°C, whiels significantly slower at low
pH. Figure n. 12 shows the curves of regeneratada for control and treatment

calculated for all the temperatures tested anditjr@ficant value (p < 0,005).
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Regenerate lenth (mm)

y=2.2189%-2.0109
R?=10.88

y=2.0363x-1.668
RI=10.8845

2

3

Time (week)

Figuren.11. for the temperature 14°C linear regression @& th
control and the treatment for a experimental peradd weeks

a+ standard b+ standard

pH | Temp. error error F p R

7,7 6 0,069+0,005 - 0,076+0,014 184,50 <0,001 0,574
8,1 6 0,075+0,008 -0,068+0,022 81,11 <0,001 0,835
7,7 10 0,922+0,03 -1,00+0,06 968,95 <0,001 0,861
8,1 10 0,819+0,03 -0,829+0,082 723,64 <0,001 0,828
7,7 12 1,348+0,049 -1,350+0,121] 765,50 <0,001 0,850
8,1 12 1,403+0,06 -1,36+0,150 549,783 <0,001 0,805
7,7 14 2,036+0,065 -1,668+0,161 965,37 <0,001 0,884
8,1 14 2,219+0,07 -2,012+0,172 1005,08 <0,001 0,880
7,7 16 2,501+0,092 -1,698+0,211 743,51  <0,001 0,858
8,1 16 2,494+0,126 -1,62+0,304 391,19 <0,001 0,y48
7,7 18 2,072+0,121 -0,97+0,28 294,31  <0,0p1 0,710
8,1 18 2,281+0,106 -1,160+0,240 462,49 <0,001 0,795

Table 1. linear regression: show for each combination of temperature and ph:
the coefficients of the straight line equation, tefficient of determination (R2)

and the test F.
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Ancova Time pH
Temp. F p F p F P
6 101,17 <0,001 200,59 <0,001 4,03 0,0455
10 830,11 <0,001 1656,91 <0,001 2,95 0,0867
12 6,36,12 | <0,001 1269,42 <0,001 2,18 0,1409
14 972,11 <0,001 1943,68 <0,001 0,44 0,5099
16 494,73 <0,001 985,1 <0,001 0,18 0,6731
18 365,65 <0,001 726,46 <0,001 2,17 0,1423
Table2. ANCOVA analysis of co-variance show the p-
values and the F values
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Figuren. 12. Regeneration Rate: show the regeneration rate
of control and treatment, for all of the temperasir
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Respiration

Table n. 3 shows the results for respiration rateutated using the sample ANOVA.
In particular is evident that the respiration ratas significantly reduced under low
pH condition for the temperatures:10°C, 14°C andCl6While no significant
differences were observed for the other temperstutigure n. 13 shows the curves

of respiration, both controls and treatments.

Temp. significant F p
6 ns 1,99 0,1629
10 * 5,91 0,0175
12 ns 1,82 0,1821
14 * 9,57 0,0028
16 * 4,06 0,0481
18 ns 1,66 0,1838

Table 3. analysis of variance. significant differences (p<0,001) in the
respiration of the organisms between control amétment

respiration
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[&)] A T

500 3 + =] + ——38,1
« 400 T + T .77
> 300 S
b= [
€ 200 -

100

0 ;

0 5 10 15 20
TC

Figuren. 13. respiration show for all of the temperatures, the curves
for the control and treatment of mM of Oxygen x dpr.
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IMPACT OF OCEAN ACIDIFICATION ON Ostrea edulis LARVAE STAGES:

As regard the impact of the ocean acidificatiorboralves larvae many studies have
been carried out to verify whether or not oceanification has effects on larvae
development (morphology) and larvae settlementc@enge of survival). Larvae
development of several calcifiers is affected bgvations of seawater pGO
(Kurihara 2008). The experiment of Kuihara (2008) has beemashstrated that
larvae of Pacific oysteiCrassostrea gigasand Mytilus galloprovincialis were
strongly affected by high pCGQconditions in his experiment. oyster eggs reared
under 1000 patm pCQpH 7,8), showed malformations such as convexdsng
characteristic that is usually used to identify @iomal development of veliger larvae.
While when oysters eggs were reared under 2000 p&®2 (pH 7,4) more than
70% of the larvae were completely non-shelled, my @artially shelled, and only
4% of CQ treated embryos developed into normal ‘D-shapetiger larvae by 48 h
after fertilization, whereas in the controls abthé 70% of embryos developed into
the normal veliger stage. In comparison with laredeoysters the larvae of the
mussel,M. galloprovincialiswere completely shelled in these treatments, agho
the size was about 20% smaller than that of lafiae the control and also showed
morphological abnormalities such as convex hingaetrusion of mantle and
malformed shells. These results suggest that hgfd, @ffected larva skeletons and
the shape of the shells.

As regard the effect on larval settlement of julesjiMercenaria mercenarighe
results of Kurihara (2008) showed that the shealsdlution rates and mortality were

highly influenced by CaC&undersaturated conditions. It is also clear thataffects
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of the ocean acidification are different betweenwdhand adult stages; for example
in oyster larvae, calcification in the treatmenthn2000 patm pCO(pH 7,4) is 50%
less in comparison with the calcification of oysttults in the same pH. This
probably is due to the difference between the shladults and shells of larvae. In
fact adults’ shells are composed of calcite, wiil¢he larval shells the major form
of CaCQ s Aragonite. Aragonite is more soluble in compamisvith calcite and for
this reason larval stages are more affected byahn@tion in pH values (Kurihara
2008).

In the experiments of Talmage and Gobler (2009) dfiect of OA on scallops
Argopecten irradiansand Eastern oysterSrassostrea virginicahas been studies.
A.irradians larvae were extremely sensitive to higher CO2 eabations £152 Pa
CO)only 3% =1 % and 2 % = 0.5 % dk.irrafians larvae survived to
metamorphosis at 62-Pa and 170-Pa GQevels, while 52 % survived in the
ambient treatmentB9 Pa CQ). Whit regard to the effects of high Gvels on
development rates &. irradianslarvae: after 16 days only the 54 % and 76 % of
scallop larvae had metamorphosed to the juvendgesiat 170 and 62 Pa O
whereas under control conditions36 Pa CQ) the percentage of survivors was 100
%. At day 19, the lengths &¥. irradianslarvae grown under high CO2 were half the
size of individuals grown under ambient CO2 coidisi.

C. virginicalarvae responded differently to the increase of @®Qhe seawater; here
the rate of oyster larvae metamorphosis was saamfly delayed by exposure to
high values of C@ In fact after two weeks, one third of the oyséevae exposed to
current CQ levels had fully metamorphosed, while only 6 % %2and 3 % £ 1 %
had done so at 66 and 152 Pa CQespectively. After 3 weeks metamorphosis in

current condition of C®levels, had taken place in 89%, while~a66 and 152 Pa
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CO, the percentage of larvae to metamorphosis 88%6 + 12 % and 58 % + 12 %
respectively. The effect of high GQevels (64 and 150 Pa) on lengths Gn
virginica larvae, was that their length was significantlyafier than those grown at
ambient CQ. However, there were no differences in survivgrdhetween exposure
to 35 and 66 Pa CQ61 % + 16%), while the larvae exposed to the ragtevel of
CO, (=152 Pa CQ) showed a significant reduction in survival petege at 35 % +
13 % (Talmage and Gobler 2009).

Considering the negative effect of OA on larvagesaand the economic importance
of O. edulis| tested if a reduction in pH values of 0,4 uraffects the growth,
morphology and the survival @. edulis larvae.

The European flat oysteQstrea edulisis a native specim Europe, but nowadays it
is possible to find it in various other parts o tiiobe. Initially present in Norway, it
has migrated to Morocco, North-East Atlantic ane thklediterranean. Natural
populations are also observed in eastern North Amefrom Maine to Rhode
Island, following intentional introductions in tH®40s and 1950s. The specie was
also introduced in Canada for aquaculture purpoBey&ars ago and some
populations naturalised in Nova Scotia, New Bruekveind British Columbia. These
stocks were imported from naturalised populationsMaine whose ancestors
originated in the Netherlands(Figure n.14).

O. edulisis a mollusc typical of the intertidal zone andsitcharacterized by two
valves: the lower (left) valve is convex and upggght) valve is flat. It lives on firm
ground in shallow coastal waters down to a deptkOafn.

O. edulisis a Protandrous hermaphrodite, and in fact dutivegspawning season
changes sex twice:

- at the beginning of the reproductive season #reymale;

30



- then there is a transition from male to female;

- then again transition from female to male.

Fertilization is in the mantle cavity and the numbé eggs produced can reach a
million and a half. After 8-10 days of incubatiamthe mantle cavity the larvae are
released and they have a diameter of aroundub®0The dispersive pelagic phase
last approximately 2-4 weeks (depending on the &ratpre) after this period the

larvae become adults (Lapegue et al. 2006).

The pelagic phase is characterized by differemfestdFigure n.15):

- first stage of development immediately after thease from the adult is to
veliger or D-shell or the straight hinge stage (147+5.0 x 1264if1®): larvae
remain at this stage for about 5 days during whingy are translucent and
move via the strong current produced by the citiatelum;

- - second stage is to veliconchaearly Umbo (210+8.99 x 185+12.1{im):
after 5 days the larvae undergo a morphologicahgbas the boss becomes
slightly oval and the shell itself takes on an oshhpe. The ability of the
larva to move is reduced compared to the veligeragest
- third stage i$Jmbo: in this phase is easily distinguishable the “Ufifthos
is a thickening of the shell; 239+30.32 x 208+29,26) and the ability to
move is further reduced. This stage is usuallylred@bout on the fourteenth
day after release from the adult.

The last stage is tpediveliger. (average 254+33.37 x 233£33.88n) and this
metamorphosis takes place around the seventeegtlDdaing this phase the foot
and the eye spots become visible.

The larvae tend to stay deeper in the water colanthmove along the substrate with

the help of the foot (Sefa Acarli and Aynur Lok 200
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Figure n.14 Distribution of Ostrae edulis (Lapegue et al. 2D06

approximately 2 weeks

fertlllzed egg straight-hinge veliger late veliger pedlvellger

¢—~0 -9

Oyster Life Cycle

spat attach to
old oyster shells
or other structures
1 -3 years
-
adult males
and females

Figuren. 15 Life cycle of O. edulis (http://gavinohara.blogspom/)
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MATERIALS AND METHODS

In the first part of the experiment, in order tdab the pH values in the treatment |
used an air/C@mixing system. With this system it was possiblenig air (380 ppm
of CQO,) from the atmosphere and Carbon dioxide usingttebof 590 ppm CQ In
this wayit was possible to introduce a mixture of carbon dlexand air with 970
ppm of CQ in the filtered deep seawater and to obtain theevaf pH predicted for
the end of the Zicentury. With the air/COmixing system it was also possible to
reproduce the natural fluctuation of the carbonxidie in the seawater. The
fluctuation of the carbon dioxide in the seawatep&hds on photosynthesis during
the day and respiration during the night (Figurksh. After 2 months of work (from
April until the end of May) the results given byshmachine were always the same;
in fact there were never any difference in pH valbetween the bottle connected

with air/CO2 system and the bottle with just aiig(ffe n17).

Svallhagen 26-27 April 2010
8,6
8,5 1 p
84 - _r!’ﬁ /r‘“/ A
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2010-04-26 2010-04-26 2010-04-26 2010-04-26 2010-04-27 2010-04-27 2010-04-27 2010-04-27 2010-04-28
00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00

Figuren. 16 natural fluctuation of the carbon dioxide in seagra(Hanna thesis)
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Figure n.17 plot of the pH values in a bottle with air/co2 gystand in a bottle with only
air.

Since the gas mixing system failed, in the secdrake of the experiment the system
was changed and pure €9Aqua-Medic systems were used to obtain treatmint p
values. Moreover plastic bags with about 5 L défiéd deep seawater were used. Of
those bags: 4 bags were for the treatment and w@maeected with Aqua-Medic
systems and 4 for the contrat 8,1 pH) connected only with air to assure the
circulation inside the bags. The Aqua-Medic systeas connected with a bottle of
pure Carbon dioxide and air from the atmosphere,pH value in the bags was
checked using a pH meter (one for each treatmegs$)badVhen the pH values
changed, the valve delivering pure £®as opened by the Aqua-Medic system to
stabilize the pH treatment value. This value wash#shed connecting for one day a
sample of filtered deep seawater with a bottleasbon dioxide (970 ppm of CO2).
In this way the pH value for the treatment was 7J#8&0. edulislarvae used for the
first experiments were taken from Anders’s adulsteys culture at Tjarno field
station, whereas for the second and third expetisrianvae from the oyster hatchery

(Koster Island) were used. In each bag there wieogitar5 000 of larvae but in the
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3" experiment they were only about 40 000 larvae lseadhe production of larvae
in hatchery was reduced.

The water in each bag was changed evErga/, and 3 samples of water were taken
from each bag to count the survivors and to prephdes in order to measure the
length and width of 75 organisms.

Figure n 18 show the means of the length measuoed1®0 organisms. In
particularly in the graph are plotted the meanstfier first 5 measurements, for the
first 10, 15 and so on, for a total of 100 orgarssrim this way it was possible
determined how many larvae we needed to measugettan accurate mean for the
length and width. The graph show that there isabilitation of the curve at the
value 75'. For this reason in our experiments we measuredetihgth and width of

75 organisms.

length
186
» 184
Q
5 19017
‘£ 178
176 I I I I I I I I I I I I I I I I I I
éfo NEEFCEIR R AN
FLLLELLLLEE

Figuren.18 mean of 100 organisms
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Effects of OA on the percentage of survivors

Every third day | changed the water in the bags landk three sample of a certain
volume of seawater with a pipette for each contaotl treatment. | putted the
seawater with the oysters larvae in three smalfli Rg$h and | counted at the
stereoscope, the number of the organisms that alere. Later | anesthetized the
organisms putting some drops of Mg@&blution in the seawater and | counted the
total number. | have done the same procedure toBthxperiment and | calculated

for each experiment the percentage of survivors.

Effects of OA on the growth and morphology

From the same sample takes to count the numbeigahsms alive | took a sample
with the pipette and | prepared a slide for eaahtrob and treatment. | analyzed at
the microscope the morphology of oysters larvae laméasured the length and the
width for 75 organisms excepted for the first expent, where | took the
measurements only for 20 organisms.

During the analysis at the microscope | also tduk piicture for each slide of each
experiment.

To verify if there were differences in the percgataf survivors between control and
treatment | analyzed the data using the repeategsaring ANOVA. As regard the
analysis of the survivors data the experimentalgtlesas not balances, in fact in the
first experiment for the factor Time the level drevhile in the experiments n.2 and
n.3 the Time has 3 level because the organismsfdstdr than in the experiment

n.l.
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The experimental design for the survivor data enékperiment n.1 was:

Factor 1: treatment 2 levels is orthogonal andxisdf;

Factor 2: is replicates 4 levels is nested witheat and is random;

Factor 3: is time 4 levels is orthogonal and iglian.

While for the experiment 2 and 3 was:

Factor 1: treatment 2 levels is orthogonal andisdf;

Factor 2: is replicates 4 levels is nested witheat and is random;

Factor 3: is time 3 levels is orthogonal and isdan

As regard the analysis of the data about the meamnts of the length. The
experimental design was:

Factor 1: treatment 2 levels is orthogonal andxisdf,

Factor 2: is replicates 4 levels is nested witheat and is random;

Factor 3: is time 3 levels is orthogonal and isdan

In the repeating measuring ANOVA are important tfest of Within Subjects
effects and Tests of Between-Subjects Effects; Iwithin-subjects design, each
variable is tested under each condition. The atére to a within-subjects design is
a between-subjects design. In this case, eachblaris tested under one condition
only.

For the analysis of the effect of OA on organisgrewth | used the ANCOVA.
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RESULTS

Percentage of survivors

The Table n. 4, 5 and 6 show the means values &ahdard Deviation) of the

survival in the control and treatments during tkpegimental period. Data and error
from each experiment have been plotted in sepgrafghs. Similar trends have been
observed in both control and treatment of each xeat, as show in the curves in
Figure n. 18, 19 and 20. In particular in the grapb referring to the experiment run
on the 7 July 2010 differences in the curves betweentrol and treatment are
evident. The t-test made on these data showslibed ts not a significant difference

between control and treatment (Table n 7).

Treatment Date Mean Surv | SD Surv
control 11/06/2010 100
Control 14/06/2010 |97,2111754 |0,958878
Control 17/06/2010 | 96,931767 |0,121417
Control 20/06/2010 |32,8687861 |9,303957
Control 23/06/2010 |4,77871565 |0,963322
Treat 11/06/2010 100
Treat 14/06/2010 |90,2384996 |1,820209
Treat 17/06/2010 |96,8476425|0,511429
Treat 20/06/2010 |26,4530245 | 5,985484
Treat 23/06/2010 |0,55671056 | 6,472971

Table n.4 experiment n.1mean of survivors and standard dievia

for the control and treatment
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Treatment Date mean surv SD surv
Control | 07/01/2010 100
Control | 07/04/2010 96,20218052 |1,022411278
Control | 07/07/2010 61,03939949 |5,159934265
Control | 07/10/2010 17,89330494 |1,022411278
Treat 07/01/2010 100
Treat 07/04/2010 95,25137727|1,022411278
Treat 07/07/2010 76,47256334 | 6,931189563
Treat 07/10/2010 19,74811248 | 2,900007229

Tablen.5 experiment n. 2mean of survivors and standardatien

for the control and treatment

Treatment date mean surv SD surv
Control 16/08/2010 100
Control 19/08/2010 | 97,05938037 | 1,058620097
Control 22/08/2010 | 56,10480399 | 6,867863633
Control 25/08/2010 | 11,35150324 | 3,912368945
Treat 16/08/2010 100
Treat 19/08/2010 | 96,18888362 | 1,601164424
Treat 22/08/2010 | 59,03627248 | 7,477946359
Treat 25/08/2010 | 10,17990525 | 2,018652225

Table n.6 experiment n.3 mean of survivors and standardadievi

for the control and treatment
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Figuren. 18 means of survivors for the experiment nl
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Figuren.19 means of survivors for the experiment n2
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ex. n3 mean surv
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Figuren. 20 means of survivors for the experiment n3

t test comparing survivals of treatments vs control s (n=4)

P value (2-tailed, unpaired) = 0,426351

Tablen.7 t-test

In order to individuate differences in the survigdlO.edulisbetween controls and
treatments, repeated measuring ANOVA was used talyse the survival
Independent measurement from the same replicate eodlected at each time.
Tables n.8 shows the results of the test of Wijects effects and in particular
the Type Il Sum of Squares, which is used whendiggn is unbalanced. In fact in
the first experiment survivors were counted 4 tinvelsile in the others two
experiments larvae died faster and measurement degre only 3 times. Sphericity
was tested using the "Greenhouse-Geisser” teserijitly requires that the variances

for each set of difference scores are equal. Tanasghe occurrence of sphericity
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the results of Greenhouse-Geisser test would betiypgP > 0,05). In the
experiments, values of Greenhouse-Geisser test afeoet 0,05 except for the
interaction between time* treat*exp. In the talilésipossible to note that the factor
time is significant and also interaction betweemeg*exp were significant (g
0,001).

The results of the test in the effects betweenestibjre showed in table This table
displays the labels of all the values for all thedls of the between-subjects factors.

The test shows that p differences between expetsraga significant

Test of Within-subjects Effects
Type Il Sum of mean
df F Sig
Squares square
measurements_times
10,82 2 5,445 395,264 | 000
Greenhouse-Geisser
measurements_times*treg
0,067 2 0,034 2,454 100
Greenhouse-Geisser
measurements_times*ex|
0,788 4 0,197 14,391 | 000
Greenhouse-Geisser
measurements_times*
treat*exp 0,023 4 0,006 0,42 0,793
Greenhouse-Geisser
Error (measurements_timeg
0,493 36 0,014
Greenhouse-Geisser

Table n.8 repeating measuring ANOVA survivors data, Testithi/Subject Effects
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Tests of Between-Subjects Effects

Type Il Sum of
Source Squares Df Mean Square F Sig.
Intercept 66.530 1 66.530 2776.477 .000
treat .006 1 .006 .252 .622
exp .941 2 471 19.644 .000
treat * exp .058 2 .029 1.207 322
Error 431 18 .024

Table n.9 repeating measuring ANOVA survivors data, TestativBen-Subject Effects

Growth and morphology

In order to test morphological differences of taevhe ofO.edulisbetween controls
and treatments, for each experiment larval lengthevplotted against larval width
and the linear regression was calculated. In pdaticfor the experiment n.1 the
length and the width for only 20 larvae were meeduand the Figure n 21 show that
this sample size was not enough to analyse thatioeship between the width and
the length with the linear regression. Moreover ttadue of the coefficient of
determination (B is low, showing that there is not a good apprations of the
data plot. The others two graphs (Figure n. 22 a8 show that the linear
regressions between control and the treatmentlarest overlapping. This can be
interpreted as an absence of alteration betweegthesnd width since the larvae
grow in length and width at the same time. Alsodhalysis at the microscope of all

the larvae sampled, both in controls and treatmsiitkes, did not show any

43



deformation in any of experiments, both in contradsl the treatments (Figure n.24
and Figure n. 25).

To test differences in the growth between contnal ieatment, all the data about the
length measurements collected during the threergwpats. In particular in figure n.
26, 27 and 28 data on length were plotted to caledlthe growth rate in terms of
linear relationship between length and time respelgt for the experiment 1, 2 and
3. In the figure n. 27 and 28it is evident that lihear regression between length and
time of the larvae, measured in the control andhm treatment sites, are almost
overlapping.

While in Figure n. 29 the data of the length measwnts during the three
experiments were plotted in order to individuate ¢feneral trends of the data, with
the linear regression calculated for all the ddtaese data were analysed using
ANCOVA. The analysis of co-variance is showed iml€an.10, which is a summary
of the p values for the "treatment” effects. Théuored evidences the significant
effects. There are no differences in the experimesbme significant differences in

experiment 2 and 3 (most of the time showing adgjtowth rate).
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Figuren. 21lexperiment n.1 length against width (data collectethe day 20-06-10)
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Figuren. 24 picture of the slide for the control Exp. n.1
(day4-07-10)

Figuren. 25 picture of the slide for the treat.Exp.nl
(day4-07-10)
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Figuren. 26 linear relationship between length and time resipety for all of
the length data of the experiment 1.
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Figuren. 29 trends of all the data for the three experiments.
experiment
1 2 3
REPLICATE 1 0,341 0,7966 0,0001
2 0,1173 0,449 0,9712
3 0,1729 0,0279 0,0041
4 0,8623 0,0005 0,0001
ALL REPLICATES 0,497 0,0306 0,00001

Table n.10 summary of the p values for the "treatment" effect
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CONCLUSIONS

Effects of OA on regeneration and respiration in Anphiura filiformis

The results of the laboratory experiments that hmseen carried out to investigate the
potential threats deriving to marine fauna deriviogn lower pH values of marine
waters shows that an exposure to decreased pH/$7371 in the control) for four
weeks does not have a significant impact on thernegtion rate oA. filiformis
across a range of temperatures, with the excejtian slightly lower regeneration
rate decrease at the lowest temperature (6°C). fHsiglt is contrasting with the
result published by Wood et al (2008). In fact lneit experiment they found an
increase of the regeneration rate in regenera&irfgiformsexposed to a low pH (7,7
vs 8,0 in the control) for 40 days.

The respiration rate of the individuals exposedldeer pH is lower than the
respiration rate of the individuals in control wafer 3 of the 6 temperatures that
have been tested (10,14 and 16 degrees Celsiu® whisignificant differences
were observed for other temperatures (6,12 andefeds Celsius). This is also
contrasting with the results of Wood et al (2008atthave shown a significant
increase of the respiration rate when individuaésexposed to similar pH changes.
The results of the experiments of this thesis @piration rate and regeneration rate
are in contrast with the results obtained by Woaooal €2008).

The differences results maybe are related to eiffees in the experimental
conditions. In my experimenst the organisms werppked with a continuous
seawater flow, which also allowed a continuous suppfood, while Wood et al did
not feedA. filiformis organisms during the experiment, which may havesed

addition starvation stress #a filiformis. In fact during regeneration more energy is
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request to regenerate all the segments aAd filiformis have less energy available
they could try to conserve the few energy stored fom this reason reduce the
regeneration. As regard the temperature Wood at(28D8) used only one
temperature to test the effect of Ocean Acidifmatiwhile in the present study
different temperatures have been used. Moreoveedace the variability, between
the regenerating arms of different organisms, is $tudy the arms were cut at the
same distance from the tip, while Wood at al (20fl8)not standardized the cut and
we know from the experiment by Dupont and Thornd{@06) that this may cause
a high variability of the regeneration and couldgmte problems during the analysis
of the results.

The laboratory experiments show also that oceatifaeition may cause a decrease
of the respiration rate for the temperatures 1@/d 16 degrees Celsius. Reduction
of the respiration rate may be is caused by a phenon called metabolic
depression. In fact the organisms exposed to asstleconditions may save energies
by reducing their activities and in our cage filiformis chose to reduce the
respiration in order to have enough energy to wsetlie regeneration. At the
temperature of 6°C the metabolism is reduced, ot the data show a lower
respiration and regeneration reduced in compamgtnthe values of respiration and
regeneration in the higher temperature. Probabilyhie reason it is more difficult to
individuate a difference between control and treattrA. filiformis plays the role of
key species in many seafloor communities (Wood |e2088), for example this
species is responsible for up to 80% of all bicatidn in the sediment (Vopel et al
2003) and if there is a decrease in the numbethefspecimens present in the
sediment this could cause important changes in bibitbom bui-geo-chemical

process. Considering the worst scenario prediaethe 2100 about the reduction of
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the pH values of 0,4 units. It is possible hypoireshat some species can modulate
their biological processes in response to the oeeadification, and this is exactly
what is emerging from this study for the regeneratn A. filiformis. The significant
effect of the ocean acidification on the respimatimdicated that the metabolisms of
A.philiformiscould be affected by the variation of pH valued anggest to continue
the researches in this field in order to estabtigticality of the variation in the
metabolism and if it can involve in a reduction tbe population in the future

scenarios.

Effects of OA onOstrea edulis stages larvae

The analysis of the survival data shows that OAmtitd affect the survivor capacity
of O. edulislarvae, but there is a significant effect of theet. In fact the number of
the larvae that died in both controls and in tleatiments was increasing in time.
Furthermore it is also significant the interactioetween time and experiment and
there is a decrease of larvae that survive in liheet experiments, compared to the
time factor.

As regard the morphology of the larvae all thecgpens that have been analysed at
the microscope did not show differences in the molggy between control and
treatment. The larval development at low pH is relramd follows the development
of veliger larvae describe by Thomas R. Waller 98The linear regression
between length and width of the larvae shows thextet are not changes or alteration
caused by sea water acidification.

These result about the effect of OA Onedulislarvae stages are in contrast with the
results of Kurihara (2008) about the effects of ©Ow Mytilus. galloprovincialis,

Mercenaria mercenariandCrassostrea gigakurihara (2008) found that the larvae
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shell dissolution rates and the percentage of gorsiwas highly influenced by the
concentration of CaC{Kurihara 2008). Response Of edulisare also in contrast
with the results of. irradiansobtained by Talmage and Gobler (2Q09)

The analysis of the larval lengths measured duteg3 experiment shows that there
are some differences in the length growth betwesmtral and treatment in the in the
experiment 1, some significant differences in expent 2 and 3 and that most of the
time growth is faster it is impossible to knowlietgrowth rate is higher at low pH,
or if the smaller larvae have a higher mortalitytivat treatment (in which case
alteration of the growth rate would be an experitakeartefact). In fact in general,
the growth rate that have been found in the expmriraeems to be very small for the
species. This is may be due to the bad qualitheflarvae, for the experiments n. 2
and experiment n. 3 the larvae were provided byhtitehery, but unfortunately in
the hatchery adult oysters, (probably stressed)ndidrelease or released larvae
which appeared to be of poor quality, and the szldalarvae were also few in
number, in fact in the third experiment only 40086/ae have been used for each

bags, while for the others two the number of lanwas 75000.

In conclusion OA is a relative new science ang ibelieved to be a major threat for
near-future marine ecosystems, and that the massitse organisms will be

calcifying organisms and the free-living larval g#a produced by most benthic
marine species. In order to verify the real effe¢t®A on marine ecosystem in these
last years the scientific community has increagerthimber of studies about these
field and the experiments were mainly focused enetfiects of OA on a broad range
of marine species, processes and systems. Manyesk tare investigating the

sensitive early life-history stages that severajomaeviews have highlighted as
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being potentially most susceptible to ocean acidifon. Nonetheless there remain
few investigations of the effects of ocean acidifion on the very earliest, and
critical, process of fertilization, and still fewtrat have investigated levels of ocean
acidification relevant for the coming century. Withy experiments | tried to
improve the knowledge about the effect of OA. Inrtipalar considering the
sensibility of the early stages on OA and the fepegiments about the effect of OA
on O. edulislarvae, | focalised my studies on the effect oéduced pH value on this
species. Unfortunately | had some experimentallprob that evidence the necessity
to repeat these experiments, in order to clarigy eéffects of OA and to reduce the
influence of other factors as the bad quality ef ldrvae.

Considering that Echinoderms are one of the keyineagroups most likely to be
impacted by predicted climate change events andlah component of the marine
environment with representatives in virtually evegosystem, where they are often
keystone ecosystem engineers, in my thesis | adlgtiesl the effect of the OA on
respiration and regeneration of the Echinod@crfiliformis. The results evidence the
necessity to continue the experiment for a longopeof time in order to evidence
also the chronic effect derivate by a long exposito the factor of disturb and also
show that it is very important to reduce the valigbstandardize the cut of the arm
considering the diameter of the disk.

The different results of the studies and the défiféresponse to an increase of carbon
dioxide between life stages, between species amullgions emphasized the
necessity to increase the experimental effortstudysthe effect of OA on marine
organisms, in order to accurately asses the eaabgnpact of atmospheric carbon

dioxide on the population connectivity and struetur
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