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1. Introduction

1. INTRODUCTION

1.1 Introduction to the Mediterranean

The Mediterranean is a unique geographic body. flest important
characteristic of the Mediterranean Sea is thetfattmany processes in the sea
are similar to those observed in the world ocean,itb the sea they are more
pronounced and manifest themselves on much snsgldral scales. Thus, the
Mediterranean can be considered as an experiméasin with splendid
possibilities for studying hydrophysical and climcaprocesses and events; a
specific characteristic of the basin is its comgéd morphology. From the
climatological point of view, the Mediterranean Sgan the transitional zone,
where the influence both of midlatitude climate &ragbical climate is important
and it is completely pronounced, forming specifltaacteristics of climate
variability in the region. The Mediterranean Se#lugnce on the climate of
Europe and other nearby regions is also great {Aesrand Arkhipkin, 2008).

The term Mediterranean derives from the latin wokdediterraneu$
that means “between lands”; this elongated, matgemi-enclosed sea is hence
situated between Europe, Asia and Africa, and,ushil the Black Sea, covers
2.542 x 16 Km?, with an average depth close to 1.500 m. The Bie#, the
Eastern Mediterranean, and the Western Mediterraf@an a string of basins
which finally open in to the Atlantic. The WesteMediterranean covers
860,000 K. It is effectively limited by the sills of Sicily Tunis (close to 400
m depth) and of Gibraltar — Morocco (extending dawr820 m). The maximal
depth of the Western Mediterranean is 3700 m. Hhaity is close to 38.5 in
the deep water and a little less closer in theaserflayers. The deep water
temperature is near 13°C and is relatively constahile the temperature of the
superficial layer varies between approximately 1&iQvinter and about 26°C
in summer. The water is well oxygenated through@tiargalef, 1985). The
Mediterranean tidal amplitudes are small by worlckan standards. This,
together with the existence of narrow continenttal\ges, results in very little
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tidal amplification along its coasts. Consequenthe Mediterranean is often
considered a tideless sea. The Mediterraneanriies iarea where evaporation
exceeds both direct rainfall and the water carpigdvers.

Water of relatively high salinity is formed by ewaptive concentration
and, being denser, sinks to the bottom and casamess the Gibraltar sill to
the Atlantic, at a level where the Atlantic wateraharacterized by a lower
density. The Mediterranean water pouring into thiamtic sinks to the level
where it finds equal density and is carried norttisa along the Portuguese
coast where it interferes with the upwelling of plegater along the western
coast of the Iberian Peninsula. The loss of deegitéleanean water is over—
compensated by the Atlantic water that enters whth superficial current of
Gibraltar. The excess of evaporation in the Medhirgean basin not only draws
from the Atlantic the necessary water to compengatbut also generates a
much more important horizontal exchange. The Mediteean loses deep water,
relatively rich with mineralized or recycled nutits, and receives surface
Atlantic water, in which most nutrients have beesedi before entering
Gibraltar.

The Mediterranean shows no appreciable upwellitigofathem are
dispersed and sporadic, the extension of theicleimg effect is not large, being
limited to nearshore areas, and in the conditiohemmsome nutrient-rich water
is present at appropriate levels. In a broad séopelling” is the phenomenon
by which a significant mass of nutrient-rich andatieely cold water (from
below the level of the seasonal thermocline, onedent depth) rises in mass,
by advection, to the surface (Flos, 1985). In gaheertical mixing can,
however, influence adjacent areas by a mechanisichvidr more similar to that
of a lake than to that in large oceans. In otheysathe formation of cold and
dense water in the Mediterranean is similar to tcaurring in oceans at high
latitude (Margalef, 1985).
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1.1.1 Western Mediterranean circulation

The western basin comprises the Alboran Sea, tleaBa Sea or Algero
— Provencal basin and the Tyrrhenian Sea. The Atb&ea is the westernmost
part of the Mediterranean and beside being bordbsethe Spanish and the
Morocco coasts, it is moreover limited by the $tohiGibraltar which links the
Atlantic Ocean to the Western Mediterranean. Tlea @overs 54,000 Km? and
its maximum depth is around 1500 m. The Algero evBncal Basin comprises
the Gulf of Valencia, the Alboran and the Liguri&ea. The area is about
240,000 Km? with a maximum depth around 2800 m. THoeth-western
Mediterranean is one of the most productive zofi¢seoMediterranean Sea due
to a number of environmental features which inctudewide shelf, a strong
vertical mixing in winter, occasional coastal uphmg and important river
runoff. The Tyrrhenian basin is the deepest parthef western Mediterranean
with its 3800 m of maximum depth; its area is baeohtdy the Italian Peninsula

and the islands of Sardinia , Corsica and Sicily.

Surface water The first major circulation feature to which tiAaN
(Atlantic water mass) is exposed is a large ankryc gyre occupying the
Alboran Sea. This has been well described by Al{a®60) and Lanoix (1974)
among others. Hopkins (1978) estimated that abd# 6@f the AW is
recirculated within the Alboran gyre. The escappation moves eastward
toward Cape Aiguille where the Algerian coastlipppears to deflect the AW
stream northeastwards. Further to this deflecteoibranch of the AW stream
continuing north-eastward towards the Balearicnidéa and the other part
continuing eastward along the North African codstis marks the first in a
sequence of cyclonic breakaway throughout the eeiiediterranean from the

otherwise eastward zonal route of the AW (Fig.X112).
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Fig. 1.1.1(1) Surface circulation in the Mediteean.

The next major turning occurs in the vicinity ofE7just before the
Sardinian Channel. The portion moving north aldmgouth-western Sardinian
coast splits again and recirculated cyclonicallthia Southern Balearic Sea. The
other portion continues northward, joined by the A#Vthe Balearic islands,
then flows past the northern coast of Corsica witecgclonically circuits the
shores of the Ligurian Sea, and finally returnstiie south-west along the
French and Spanish coasts.

The portion of AW that continues through the Samdinchannel suffers
another bifurcation with the larger portion exititigough the Sicily Strait to the
EMED (Eastern Mediterranean) and the smaller portido the Tyrrhenian.
Béthoux (1980) estimated this as a two thirds amel third split, respectively.
The Tyrrhenian portion favours a cyclonic circuitloe sea. The general surface
circulation has, in fact, much greater detail.sltwell known that the summer
surface flow is more complex owing to more diveesel smaller-scale wind
regimes. The increased complexity in summer isnoftenifested in smaller
gyre-like flow cell; for example, the Tyrrhenian ynaave several cyclonic
surface features in contrast to one basin-sideawiclone.

Intermediate water: The WMED (Western Mediterranean) has two
types of intermediate water; the LIW (Levantineeimediate Water) which is
imported from the EMED via the Strait of Sicily amdhich occupies the 200
to 700 m depth range (Fig. 1.1.1b); and the WMIWeférn Mediterranean

Intermediate Water) which is formed locally in viay quantities and water
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types throughout the WMED as a result of local launy extraction during the
cooling season. The WMIW is not as dense as the afid/resides between the
surface water and the LIW at depth of approximatflyto 200 m. The LIW
appears to move around the western tip of Sicily the Tyrrhenian Sea and to
move westward south of Sardinia where some of pieaps to move north on
into the Ligurian Sea and some of it to continuestweard toward the Alboran
Sea. Near Gibraltar, both the bathymetry and dyosifi@ivour a more northerly
exit for the LIW.

Deep water formation: The site or sites of dense water formation can be
located anywhere within the basin; in the WMED (Eid.1b), the site is located
at the opposite end from the sill providing thedest possible route for the DW.
The favoured site is that location where both nretegical and oceanographic
conditions are optimal, and for the WMED this ie thiguro — Provencial Basin
and more specifically off the Gulf of Lions.

In wintertime the area is affected by the fast capbf the surface layer
due to the Mistral wind so that these waters stk the deep layers enabling

the turnover of the deep water in the western basin

GULF OF LIONS
DEEP WATERS

ADRIATIC
DEEFR WATERS

MTINE INTERMEDLATE
) FORMATION

ATLAMTIC WATER
STHEAM
(AN}

LIV —

Fig. 1.1.1(2) Scheme of the surface AW (Atlantic té&/aMass) circulation into the
Mediterranean, the outflow of LIW (Levantine Intexdiate Water) and the deep water
formation (DW).
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1.1.2 The Mediterranean, an oligotrophic ecosystem

Nutrients are minor elements in the chemistry of geawater but,
nevertheless, indispensable for the formation ofjapic materials in
photosynthesis (Cruzado, 1985). Among these, variftlrms of nitrogen
(nitrate, nitrite, ammonia), phosphorus (as ortlugpiate) and silicon (as
orthosilicate). Redfielettal., (1963) established the principle that the elemen
involved in the production of organic matter in tbeeans (C:O:N:P:Si) are
taken up and regenerated by organisms in similapgtions to their actual
concentrations in sea — water. However, the prapwtgiven for the world
ocean do not hold exactly for the Mediterranean Sea

The Mediterranean, is one of the largest nutriapieted area in the
world (Thomsen, 1931; McGill, 1961); it is geneyaltharacterized by the
presence of oligotrophic conditions, which are mprenounced in the eastern
sector (Crispket al, 2001). The gradient of nutrient-depletion frorasivto east
is particularly pronounced for phosphorus (Kretral, 1991). The basin seems
to be peculiar in having phosphorus as the mosititigh factor for primary
production (Thingstad and Rassoulzadegan, 1995).

The average concentration of phosphorus in deeptéteghean water is
only 0.2 uM (6 mg i), in surface layers much less, down to indeteetatnh
the contrary, in the major oceans the average ppluoap concentration in deep
water is around 2.4 uM (Cruzado, 1985).

This semi-enclosed sea has relevant exchangesbtilg Gibraltar Strait
and is splitted in two basins by the Sicily Straitshallow sill that substantially
decouples its eastern and western parts (Ceispl, 2001). On the interannual,
or longer scale, there is a large variability botlthe dynamics (Rotheat al,
1996) and in the biochemical budgets (Bétheual, 1992). The Mediterranean
response is relatively fast compared to the oceaah this suggests that
physical/ecological interactions at basin scaleehavprofound influence in

determining the evolution of the ecosystem (Credl, 2001).
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The exchanges at Gibraltar Strait compensate itjetlsl deficient water
and heat budgets, which drive the thermohaline cefitrolling the upper
circulation in Mediterranean (Gilman and Garret®94). Thus, the surface
layers are affected by the modification and reitistion of the AW (Atlantic
water mass) inflow into the western and the eadtasins, while the deeper
layers are connected through an opposite flux ef dbtflowing LIW. This
mechanism, known as the inverse estuarine ciromasi thought to be reason of
the nutrient depleted Mediterranean (Redfieddal, 1963). In fact, the amount
of nutrients flowing in the surface layer from tA#antic Ocean is smaller then
the one flowing out in the bottom layer. This lassilynamically compensated
by anthropic and natural sources. Analogous reaaanalso used to explain the
permanence of the westerly increasing trophic gradiwhich is present both in
upper and in deeper layers (Crigpial, 2001).

The role played by the biotic component, throughgb-called biological
pump, should also be taken into account. The dsiried by planktonic biota is
subject to sinking phenomena, potentially able Iterahe mass distribution
along the basin. Indeed, yearly simulations (Cesal, 1999) showed that by
increasing the downward flow of matter related tokisg velocity, the
magnitude of the trophic gradient increased as.well

The inverse estuarine circulation and the unbathmoesr inputs, with
minor total inputs in the eastern basin both farogien and for phosphorus, are
partly able to explain the nutrient-depleted cohteinthe deeper layers of the
Mediterranean Sea with respect to the ocean. leagpthat the downward
fluxes of organic matter play a major role in sirstey and stabilizing the
oligotrophy as found in the observations of Crisfal, 2001.

Indeed the trophic gradients between the Westerh the Eastern
Mediterranean arise as a consequence of the umeatdrthe loads discharged
in the basins, with greater inputs into the westéwrt, in any case, they are
maintained in the long run by the biological punm@®ther biological and
geochemical processes such as atmospheric inptitegen fixation and
microbial food web should also affect the geneliglotrophy of the basin and
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can be introduced in this framework to give a fingpresentation and a more
precise evolution (Crispat al, 2001).

1.1.3 Life and productivity of the Western Mediterranean

The oligotrophy reflects on the low productivity thfis marginal semi-
enclosed sea, which can be compared to the lowuptivity of the Sargasso
Sea and other central oceanic gyres (Sournia, 19H)wever, the
Mediterranean, and especially the western basiiay iBom uniformly poor. As
in the higher plants, the production of organic enat by algae is not only
dependent on water, light, and Carbon dioxide, disb on the availability of
elements such as nitrogen and phosphorus, whig¢heiraquatic environment
appears basically as nitrates and phosphates dBsetal., 1985). The
photosynthetic activity of the phytoplankton deptethe water of these nutrients
in the superficial illuminated (euphotic) layershel maintenance of a high
primary production thus requires the return to sheface of the nutrients that
slowly become stored in the deeper and dark water$. This return may be
produced by rise to the surface of deep-water rsagspwellings) or by
turbulent mixing of the water column. In both castt®e movement of water
require an expenditure of energy to do the workbrimad terms, the energy is
supplied by the interaction between the atmospaedethe sea (wind, currents,
etc.).

The processes that control the supply of nutriemthe euphotic layer in
the Western Mediterranean such as the winter migfrige water column or the
exchange with the Atlantic operate at a global eseatile others, like coastal
upwelling and the effects of river discharge, dexach more local character.

The Mediterranean has been compared with a mieiaicean or a very
large negative estuary. Both are relevant to thaerstanding of its large scale
production patterns. As in large oceans, wintemfatron of deep water occurs
in some parts of the basin. In the Western Meditexan this occurs in the Gulf

of Lions, characterized all year round by the pmeseof a large cyclonic gyre.
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The spread of dense water favours the rise tosheatllevels of layers
which contain relatively high nutrient concentratigEstradaetal., 1985).
Beyond the region of the Gulf of Lions, winter nrigiis less intense but leads
also to the enrichment of the surface layers. Ttezagion of stratified (spring-
summer) and mixing periods (autumn-winter) imposestrong seasonality on
primary production in most of the Mediterranean.s@tme regions of the coast
coastal upwelling may bring up deep water whickelatively rich in nutrients.
Wind-driven upwelling occurs in the littoral of ti&ulf of Lions under strong
NW (Mistral) winds. During summer, doming of intezthate waters may
increase the availability of nutrients in the upfsrers; domes and fronts are
known in the Ligurian Sea (Jacquetal., 1976) and in other western
Mediterranean areas (Calettl., 1972; Margaleétal., 1966; Minas and Blanc,
1970; Estrada, 1985).

In south-western Mediterranean, relatively highmany production
values have been attributed to the “Atlantic cufrewhich brings Atlantic
waters into the Mediterranean. The concentratiomwifient in the Atlantic
inflow is low but higher than that of the surfaceediterranean water and may
be responsible for the relative fertility of sonegjions. However, other effects
of Atlantic waters must be taken into account. Uling in the Alboran Sea off
the Spanish coast is associated with an anticyclgyrie, caused by the flow of
Atlantic water through the Strait of Gibraltar (Eastaetal., 1985).

A significant factor in coastal fertilization alortbe northern shores of
the west Mediterranean basin is the dischargewvefrsj they contribute large
amount of phosphates, nitrates and other nutridts.influence of the Rhone
on the hydrographic and biological regimes of nealring and distant areas
has been noted by several authors (Coste and Mif&3; Jacquestal., 1976).
In Spain, the delta of the Ebro is one of the npostluctive zones of the littoral.
At some times of the year, temporary run-off dusttrms may have powerful
effects on the primary production of limited cohsteeas. According to the
estimates of Béthoux in 1981, terrestrial inputpbbésphorus account for one
third of the potential new production in the Tymien Sea and in the northern

part of the Ligurian basin. The remaining two tharg contributed mainly by
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vertical transfer through mixing or upwelling frooeep to shallow water
layers. The terrestrial-nutrient input is much derain the southern part of the
Mediterranean basin, due to the much lower rairtfedr the coastal countries.
Freshwater inflow also have fertilizing effects wini enhance primary

production.

1.2 The marine plankton

The word “plankton” comes (Thurman, 1997) from tGeeek word
“Plazd which means “wonderer” or “drifters” and it wasst coined by the
German marine biologist Victor Hensen in 1887 wéference to the large class
of tiny organisms that fluctuate passively in thatev, moved by the currents in
any natural body of water. Some of these are abladve, mainly vertically,
but they are unable to contrast currents and stingdgodynamism.

Since the beginning of the 80s the traditional sifation of organisms
in zooplankton, phytoplankton and bacterioplankb@as been changed with an
ordination based on dimensions (Siebugthal., 1978). In each dimensional
class, organisms with different trophic modalitg adentified. The knowledge
about higher dimensional classes is quite updaatdonly with the advances in
epifluorescence microscope technique (Holdtiaal., 1977; Waterburet al.,
1979; Porter and Feig, 1980) the massive presehd¢keosmaller organisms
dealing to nanoplancton, picoplankton and femtdgiam has been revealed.
According to this classification plankton is disoed in:

= femtoplankton: organisms in the size range 0.02-0.2 um, reptedeoy
viruses even if Nystronet al. in 1990 highlighted the presence of
sporadic ultramicrobacterial cells smaller than|Dn2.

= picoplankton: prokaryotic organisms in the size range 0.2-2 um,
essentially represented by heterotrophic and abic bacteria.

» nanoplankton: eukaryotic organisms in the size range 2-20 um,

represented by autotrophic mixotrophic and hetepttic flagellates;

10
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among these, small dinoflagellates as well as nhates,
coccolithophorids, and small diatoms (Shapiro anda®d, 1986).

= microplankton: organisms in the size range 20-200 pm represdmyed
aloricate ciliates and loricate ciliates (tintinsjdamong the others, small
radiolarianas, heterotrophic and autotrophic damgpellates, euglenoids,
diatoms, foraminiferans, acantharians but it alsfers to small rotifers,
meroplanktonic organisms such as the larvae oipens, molluscs and
juvenile phase of copepods (nauplii).

» mesoplankton: Metazoans in the size range 2-20 mm, represebyed
small crustaceans; among these, copepods and elatsc Protozoans of
bigger size such as diatoms, radiolarians, fordemamns are present.

» macroplankton: organisms in the size range 2-20 cm which include
crustaceous and chaetognaths.

= megaplankton: organisms in the size range 20-200 cm represemyed

cnidarians and colonies of tunicates.

Planktonic organisms are traditionally distinguighe zooplankton and
phytoplankton. The first indicates the heterotragpimetabolism and the latter
the autotrophic one. Heterotrophs by definition @k to use only carbon from
organic sources for biosynthesis. It is made u lbgrge variety of organisms
that can spend all their life in the pelagic regholoplankton) or alternatively
as drifters only part of the life (meroplankton) thre contrary, autotrophs are
self-sustaining and able to obtain nutrition fromorganic compounds.
Phytoplankton is made up by microscopic organisha tnhabit the upper
sunlit layer (euphotic zone) of almost all oceand hody of freshwater. They
are agents for primary production, the uptake afrganic carbon from the
environment into living organisms, a process thatans the aquatic food web.
It is well-known that phytoplankton contributes abbalf of the global primary
production, the other half being due to the teri@splants. By sustaining the

aguatic food web and controlling the biogeochemigales through primary

11
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production, phytoplankton exerts a dominant inflteenn the earth. Mixotrophs
require investment in both photosynthetic and logtephic cellular apparatus,

and the benefits must outweigh the costs involved.

1.2.1 Planktonic trophic webs and carbon fluxes

Carbon fluxes in the ocean and in the coastal ameestly depend on the
efficiency of primary production and the biogeocleah processes within the
photic zone, as well as on the structure of thagelfood webs. The structural
partitioning into different size classes of plamktoorganisms is of fundamental
importance in driving organic carbon fluxes alomgggic food webs.

Until the beginning of the 80s it was believed tbaergy flow along the
trophic webs was regulated by the relationship betwmicrophytoplanktonic
primary producers and their predators, mainly regméeed by the
mesozooplankton (i.e. copepods). Photosynthesizemdss was believed to
flow along the so calledClassic pelagic food webto higher trophic levels. In
this scheme, microphytoplanktonic organisms weeedhly responsible for the
primary production and the loss of organic mategresenting the substrate for
bacterial degradation was not considered at allaf®z1998) (Fig. 1.2(1)).

Thus, bacteria didn’t play a pivotal role.

Classic pelagic food web

Predators

Herbivorous

micrdphytoplankton

Inorganic nutrients Small grazers

Fig. 1.2.1(1) The Classic pelagic food web.

12
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Since then, our knowledge of the biochemical preegsn the ocean has
steadily increased, leading to a new perceptioth@imarine food webs and the
discover of the existing enormous numbers of sgiaél organisms in the range
from 0.02 to 2 um, including viral like particleadaauto-heterotrophic bacteria
(Pomeroy, 1974; Azanet al.,, 1983; Rassoulzadegan, 1993; Legendre and
Rassoulzadegan, 1995; Fonda Umani, 2000). The npiflu@escence
microscope technique proposed by Daley and Hobibiee975 increased the
interest in studying marine bacteria. The new mehagy allowed us to discern
between autotrophic microorganisms, on the basikeohatural fluorescence of
their photosynthetic pigments (Waterbwueyal., 1979), and the heterotrophic
ones, detectable by means of the new staining igobs.

The capacity of individuating and counting micrdlgalls also allowed
us to quantitatively estimate heterotrophic ans@aphic prokaryotes, ranging
between 1610° cells L* and 16-1¢° cells L respectively, from eutrophic to
ultraoligotrophic environments. Thus, it was extedyndifficult to believe that
such abundant organisms did not play a key rotaerregulation of energy flow
through the biotic compartment. Bacteria startededaken into account as the
basis of the pelagic trophic web (Pomeroy, 19740k&yotes are in fact the
only organisms able to utilize dissolved organidtera DOM) and transform it
into available biomass for grazers (Azatal., 1983). Bacteria did not only
utilize DOM but are able to degradate the partigularganic matter (POM) as
well.

Azam et al., in 1983 introduced the concept omitrobial loop”
referring to the trophic interactions between pjaeano- and microplankton
starting from a quantitative assumption: the highasrcentage of organic
carbon in the sea is in dissolved phase. The oafinOC (Dissolved Organic
Carbon) could be various; it can derive from mitgahessudation (Williams,
1990), loss of cellular matter during grazing pssas (sloppy feeding) (Eppley
et al., 1981), natural cell lyses or due to viral infest(Fuhrman and Suttle,
1993; Fuhrman and Noble, 1995), detritivors degradaof zooplankton faecal
pellets (Honio and Roman, 1978), excretion processad so on.
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1. Introduction

Modern studies have established that bacteria atctar a major
fraction of the oceanic biomass and particulatb@ampool. Bacteria act directly
on the dissolved organic matter (DOM) producingniass. The biomass is
grazed by heterotrophic nanoplancton which is ssgigely grazed by
microzooplankton. All these organisms restore tmwirenment inorganic
carbon (CQ) through respiration and release DOM (Dissolvedanic Matter)
as well, enclosing in this way the loop. Nanoplanktcan feed on both
heterotrophic and autotrophic bacteria but also somall eukaryotic cells,
whereas microzooplankton can utilize as a sourceewérgy both the
heterotrophic and autotrophic nano- and picoplamktactions.

The energy channelled through bacteria can enterclaissic grazing
web, when protozoans are ingested by upper levedwuers (e.g. copepods),
constituting the so calledristivourous food weli (Fig. 1.2.%2)). Generally
the three food pathways coexist within the so daltestivourous food web
(Fonda Umani, 2000). The prevalence of one troplb over the other one is

of great implication in the time of turn over of €@n a worldwide scale.

(mesozooplankton) fishes & larval
herbivorous carnivorous stages

phytoplankton (primary Producers)

uopjue|doozosou

nanoplankton
(HNAN)

sinking phytoplankton

. sinking fecal pellets
and marine snow Bacteria

Fig. 1.2.1(2) The marine mistivourous food web.
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1. Introduction

In the world oceans two kinds of “G@®umps” were highlighted (Volk
and Hoffert, 1985): the “Solubility Pump” whichlisked to the solubility of the
carbon dioxide in the transitional layer betweerarc and atmosphere and
whose activity is joined to the deep-water formatamd the “Biological Pump”
controlled by the marine food web which can invollie sedimentation of the
organisms equipped with calcareous shells and thé-tissue pump
(Fig.1.2.13)).
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Deep ocean
Deep consumers

-

Bacteria

Sea floor

Fig. 1.2.1(3) The oceanic carbon cycle. The biaabpump (left box), controlled by the marine
food web, and the solubility pump (right box), whhiés driven by chemical and physical
processes. Note how only a small proportion ofpthetosynthetically fixed organic carbon that
sinks out of the upper mixed layer is sequestemecthe deep ocean. The majority is

remineralised and released as ,Cliack into the atmosphere. This figure was takemfr
Chisholm (2000).

Legendre and Le Fevre in 1992 proposed a classificaf the pools of
biogenic carbon in the ocean on the basis of tiueirover times (i.e. the time
elapsed between the photosynthetic uptake of caahdnts return as GQo the
atmosphere) and defined three main compartmentst-sved organic carbon
(turnover <10 years), long-lived organic carbon (turnover betwd@* 10
years) and sequestered biogenic carbon (turnové?>years). Short-lived
organic carbon consists of organisms with shoriduer times as well as labile
dissolved organic compound, and it mainly trangiteugh the “microbial food

web”; it is properly represented by small phytogpdam, heterotrophic bacteria
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1. Introduction

and protozoans. Long-lived organic carbon comprisesewable marine
resources and transits through the “Classic foot”w@zam, 1998); it is
represented by fish, marine mammals and also hetptoc bacteria involved in
the breakdown of organic matter derived from lahggerotrophs. The latter
stressed the fact that the turnover time of biagearbon is not the same as the
doubling time of organisms which mediate the tuerpve.g. heterotrophic
bacteria decomposing a whale carcass may havdadodivdoubling times< 1 d
but they are part of a carbon pool whose turnowee tis tens of years.
Sequestered biogenic carbon may appear in diffenayts, among them, as
organic remains buried in sediments (including gdetrm), inorganic deposits
of biogenic origin (e.g. calcareous ooze, coralfsieeontinental limestone),
refractory dissolved organic matter and dissolvé€d @ deep waters resulting
from thein situ oxidation (respiration) of organic compounds (Ledye, 1996).

The world climate change may be amplified or migga by the
guantitative of sequestered carbon and/or fosdiliPeimary production may be
respired within the euphotic layer, or can be cledled by vertical export of
sinking materials and/or through the biomass ajdaconsumers. The size of
photosynthetic producers, i.e. large (> 2-5 um) small (<2-5 pm)
phytoplankton, and the nature of dissolved orgaarbon that can be labile or
refractory can strongly influence the belongingoadgenic carbon to the short-
live, long-lived or sequestered pools.

Planktonic communities can shift from the prevaéein¢ the microbial
loop to the dominance of the classic food web @hert-medium periods of
time. Classic food web may occur in shallow turbtilenvironments, with
strong hydrodynamism where nutrient availabilitypidsed or episodic such as
coastal areas or upwelling zones and where largemboof diatoms occur
(Kiorbe, 1996).

Large size phytoplankton, whether actively fed lyopankton with
consequent excretion of relatively heavy faecalepgl or sank by means of
aggregation processes when inadequate feedingtpadsiypresent, cause a rapid
removal of the fixed carbon from the photic layen the contrary, microbial

food web is typical of low energy environments, véhthe inflow of nutrients

16



1. Introduction

are scarce and the system is mostly based on neg@meprocesses (Kiorbe
1996). As a consequence, the final fate of photib@gised carbon can strongly
change over time within the environment as functdrplanktonic food web

structures.
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2. Microzooplankton

2. MICROZOOPLANKTON

Microzooplankton, is a group of heterotrophic andxaotrophic
planktonic organisms in the size range 10 or 2@ddding on the classification
used) to 20Qum, which include many protists such as loricatstiftnids) and
naked ciliates, heterotrophic and mixotrophic dagéllates, foraminiferans,
radiolarians, acantharians, heliozoans, as wellsmsall metazoans such as
copepod nauplii, some copepodites and some meldplan larvae. For
practical reasons and in order to define the foneti role of the organisms in
guestion more accurately, Kivi (1996) proposed tBeam microprotozoans
instead of microzooplankton for micro-sized unigkl planktonic phagotrophs.
According to their food preferences they can bessifeed as herbivorous,
detritivorous, omnivorous or carnivorous.

The abundance and role of microprotozoans in thakpbnic food web
were long underestimated, mainly for the inadequakethods applied in
collecting and preserving samples. Despite the ubia importance of this
fraction, nowadays there is still not a commonlgegmted sampling technique
(net vs bottle); neither a common consensus ondheme to observe nor on the
best fixative (and relative concentration) to uSadi and Stoecker, 1989; Sherr
and Sherr, 1993; Leakeat al, 1994; Stoeckeet al, 1994; Gifford and Caron,
2000; Zinabu and Bott, 2000; Karayareti al, 2004; Modigh and Castaldo,
2005). When nets are used in sampling, only a sinzaition of micro- or nano-
sized cells tend to be captured. Small speciesclhwhctually are the most
abundant, pass through the nets, and naked spaesften ruptured (e.qg.
Johannes 1965; Smetacek 1981). The fixatives astvay fragile cells such as
naked ciliates or dinoflagellates (Putt and Stoedle89; Stoeckeet al., 1994).
Due to these shortcomings in sampling techniques|dss frail components of
microprotozoan communities, the tintinnids, haverbmore intensively studied
than, aloricate ciliate species (e.g. Jgrgenseid;1@@foid and Campbell 1929;
Verity 1985, 1987; Heinbokel 1978 a,b; Heinboked &eers 1979).
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2. Microzooplankton

Microprotozoan communities are regulated by envirental resources
such as prey abundance and size (Heinbokel ands B®519; Fenchel 1980b;
Verity 1985; Jonsson 1986; Rassoulzadegfaal., 1988; Hansen 1991; Hansen
et al, 1994), and grazing pressure from higher trojels, mainly exerted by
crustacean zooplankton (Stoecker and Egloff 198 ker and Capuzzo 1990;
Gifford 1991; Kiviet al, 1996).

Although heterotrophic dinoflagellates and nakditeis dominate both
in terms of abundance and biomass the microzoogarfkaction, tintinnids are
a species rich group, found in nearly all marind astuarine systems (Dolan
al., 2009) that sometimes represent up to 50% ofanomplankton abundance
and biomass and are ideal organisms for studiesetoimg changes in the
structure or composition of microzooplankton comities (Thompsoret al,
1999). For these reasons, tintinnids are objepteatty investigations.

Loricate ciliates are characterized by the possassi a species-specific
shell (lorica), shaped like a bowl or vase or t@ibelan et al., 2005) on which
their taxonomy is based. They form an order of ttikate subclass
Choreotricha, and represent a monophyletic graupgreement with traditional
ciliate taxonomy, and more recent molecular datanemong competing ciliate
classification (Petz and Foissner 1992, Al al, 2005). They are easily
identified on the basis of the lorica shape intoiclwhthe ciliate cell can
withdraw, and for this reason there is a rich #itare on their biogeography
(Pierce and Turner 1993, Thompson and Alder 20@Baret al, 2005, 2007),
as well as their ecology (Dolan 2000).

Marine planktonic ciliates are considered to bepsuosion feeders
(Fenchel, 1980), using ciliary membranelles to reensuspended particles of
food from water. The size of the particles remoapgears to be a function of
the spacing of the membranelles, which varies wjikcies (Fenchel, 1980).
Stoecker (1988) suggested that many marine plaiktoiliates are not
indiscriminate suspension feeders, but rather sedeagrazers which can
discriminate prey type based on a variety of meigmas including
chemosensory ones. On the other hand, tintinnidseatimated to be able to
ingest particles 41-45% of the lorica oral diam¢8pittler, 1973). Whereas the
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2. Microzooplankton

concentration of suitable prey is no doubt the nfaktor affecting feeding
efficiency in suspension-feeding ciliates, the madefeeding of planktonic
ciliates has been found to vary from species taispeand to be subject to
environmental dynamics.

Dinoflagellates are an heterogeneous group of miotozoans, with
more than 2000 living species described. Approxatya®0 % of these species
are marine; moreover, 50 % of free-living specaskIchloroplasts and rely on
the ingestion of particulate food (Gaines and Eibtér 1987). There are also
species that can combine phototrophy and hetefogrophese species usually
have permanent chloroplasts and are primarily @yoiihetic, but there are also
“colourless” species that use chloroplasts robheanftheir algal prey for
photosynthesis (Stoecker, 1999). A dinoflagellaik mormally has two flagella,
which enable active movement of the organism. TWenming speed of a
phagotrophic dinoflagellate is commonly greater nththat of its prey.
Phagotrophic dinoflagellates incorporate three edéfit types of feeding
mechanism: direct engulfment, pallium feeding wihpseudopodium that
envelopes the prey outside the predator cell, abd feeding, sucking out the
prey contents with a feeding tube (Hansen and ©alH@P9). Direct engulfment
occurs mainly among naked species and pallium fgedmong heterotrophic
thecate species. Tube feeding has been descrilveldotb heterotrophic and
mixotrophic thecate and athecate species. The pegpoptimum predator to
prey size ratio for heterotrophic dinoflagellatesabout 3:1 (range 7:1 to 1:0.4)
(Hanseret al, 1994).

Mixotrophy is prevalent in planktonic unicellularganisms, such as
chrysophytes, prymnesiophytes, dinoflagellates aiidtes, and among the
sarcodines (Stoecker 1998 and references therd@ing term mixotroph
commonly refers primarily to phototrophic algae alle of phagotrophy or
osmotrophy, and to phagotrophic protozoa able tqdynthesize. Mixotrophy
may be used to renew cellular reserves of carb@tronutrients, amino acids
(Stoecker and Gustafson 2003) and trace elemealsasuiron or phospholipids
(Raven 1997; Stoecker 1998). The role of mixotrophgifferent environments

is difficult to quantify, since there is probablgantinuum between strictly
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autotrophic and heterotrophic organisms. Mixotrojhyresumably regulated
by environmental factors, such as the availabdityight, nutrients and prey, all
of which have an influence on cell physiology. Thonéxotrophy is regulated in
different ways in different species. Chloroplastslamement in planktonic
ciliates is confined mainly to the oligotrichs, tlee family Strombidiidaein
particular (Jonsson 1987; Stoeckest al, 1987; Laval-Peuto and
Rassoulzadegan 1988; Lindholm and Mdrk 1989; Streakd Silver, 1990).
Whereas in some taxa mixotrophy seems to be as$sdciwith
oligotrophic environments, mixotrophic protists miag abundant in eutrophic

and mesotrophic environments as well (Stoecker8)199

2.1 The trophic role of microzooplancton in marinesystems

The importance of microzooplankton in energy flomwough pelagic
marine ecosystems became increasingly recognizedtbe last two decades.
Traditionally, microzooplankton has been relegaiedhe ranks of secondary
contributors when describing the dynamics of mamoeesystems, especially
those of productive waters (Calbet, 2008). Furtloeenthe complete relevance
is not yet reflected in many conceptual and prediciood web models (Barber
and Hiscock, 2006; Rothsteiat al, 2006). However, increasing evidence
indicates that this group is one of the most imgnatrtalong with phytoplankton
and bacteria, in marine geochemical cycles of heacclements (Sherr and
Sherr, 2002; Calbet and Landry, 2004).

From a trophic point of view, microzooplankton may fundamental role
as principal carrier of energy from primary prodiscgCalbet and Landry, 2004)
to upper trophic levels (Gifford, 1991; Calbet a8diz, 2005) as it is the
foremost predator of nanoplankton (2 —28) and picoplankton (0.2 —2m)
in the “Microbial loop”, as well as consumer of miphytoplankton and prey of
mesozooplankton in the “Classic food web”. The wiial loop is the dominant
component in strongly stratified, oligotrophic emviments (Baretta-Bekkeat
al., 1997; Andersen and Ducklow 2001) such as the tdednean, in which

regenerated ammonium is the only available fornmofganic nitrogen and
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where recycling dominates (Kigrboe 1993). Thusyligotrophic systems, only
a small part of the organic matter produced bytaopbs take the “fast lane” to
upper trophic levels, grazed directly by large meétas (copepods) (Calbet,
2008); most of the primary production circulatesotigh different trophic

levels, including microzooplankton, and it is evelly respired within the

microbial loop (Azam et al, 1983; Sherret al, 1986). Therefore,

microzooplankton is an important link between therobial loop and the

higher trophic levels within the classic food web.

A recent review of the grazing activity of micropdankton assessed by
the dilution technique (Landry and Hassett, 19@®paled microzooplankton as
the main predator of phytoplankton in tropical asubtropical oligotrophic
waters. On average, their consumption is 75% diquaate primary production
and about half of the phytoplankton biomass per(@ajbet and Landry, 2004).
Most of the remaining production is grazed by mespiankton (0.2-20 mm)
(Calbet, 2001), resulting in little or no exporbguction, as expected for this
sort of recycling-based systems (Wassmann, 1998he Trole of
microzooplankton as grazers is also evident inrotjyges of ecosystems. For
instance, in temperate climates, the daily grazouyvity of microzooplankton
accounts for ca. 60% of the primary production aatf of the phytoplankton
biomass per day (Calbet, 2008). Regarding the tcopharacteristics of the
system, it is interesting that even in very prodigctaireas, such as estuaries and
upwellings, the grazing impact of microzooplanktsrhigh, an average of 60%
of primary production being consumed per day (Qadioel Landry, 2004). This
value contrasts with the small overall impact ofsomooplankton (on average,
10% of the primary production consumed daily; Cgl#9001). The modest
average contribution of mesozooplankton to totamwnity grazing in
upwelling and very productive systems, even if aflsle (Dagg and Turner,
1982; Dubischar and Bathman, 1997; Barquetral, 1998; Gonzalezt al,
2000), diverges from the traditional view of theseosystems, which are
presented as the archetype of a classical herhisofood web (diatoms-
copepods-fish). Many mesozooplankters, even if abléeed on these algae,

don’t do it efficiently (Berggreent al, 1988); the reasons of this, may be linked
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to the long turnover (weeks or months) of copepadd large metazoans
compared to the short (days) developmental timeshef microzooplankton

feeders. Due to this disadvantage, in many insgnoesozooplankton cannot
cope with the strong fluctuations in food supply$Ging, 1975).

Nowadays there is a general consensus that migoterddon is
important in mesozooplankton diet, providing areesial food supply (Kleppel,
1993; Roman and Gauzens, 1997; Calbet and Lan8i®@; Romaret al, 2000;
Rollwagen Bollens and Penry, 2003; Calbet and S2085; Irigoienet al,
2005; Liu et al, 2005). When available, microzooplankton and esfigc
ciliates are selectively eaten by mesozooplanktowiagnyana and
Rassoulzadegan, 1989; Stoecker and Capuzzo, 198ty \& Paffenhofer,
1996; Romaret al, 2000; Rollwagen Bollens and Penry, 2003; Calbet %aiz,
2005; Liu et al, 2005) but the reported contribution of microziaoton to
mesozooplankton carbon ration is very variable §€abnd Saiz, 2005; Fonda
Umani et al, 2005). Furthermore, mesozooplankton, as wellhaging an
important role as grazers in the pelagic food weth @epresenting the primary
food source for fish, is also responsible for pdawg a sink of organic carbon
through sinking faecal pellets (Le Borgne and Rod@97; Royet al, 2000)
and dial vertical migration (Moralest al, 1993; Morales 1999). It also
maintains phytoplankton growth by providing recytleutrients to otherwise
nutrient-depleted oligotrophic waters (Banse 199a;et al, 2004).

It seems conceptually proper to identify small dégtes as the main
grazers of low-production ecosystems, where prakarycells and pico-sized
autotrophs are the dominant primary producers (@athpt al, 1994; Worden
et al, 2004; Sheret al, 2005; Notet al, 2007). This is corroborated by the
relative biomass distribution patterns of nanofleges and large
microzooplankton in every oligotrophic area.

The growing body of results is revealing the impode of
microzooplankton within the marine food web. Ciigiare not the only relevant
fraction; other groups, often ignored and poorimpked, can play a crucial role
in the food web. Among them, heterotrophic and rmpghic small flagellates

and dinoflagellates seem to be very importantjtastlikely that, radiolarians,
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foraminiferans, meroplanktonic larvae, copepod haugtc., also play
significant roles. We must go one further and &rypen the microzooplankton
“black box”; only in this way, the dynamics of tlieod webs will be latter

understood.

2.1.1 Microzooplankton distribution in Western Mediterranean

In Western Mediterranean (as all over the worla) finst researches on
microzooplankton were strictly taxonomic (Entz, 490909, Laackmann, 1913,
Jorgensen, 1924, Rampi, 1948, 1950); only from &8s researches were
devoted on distribution patterns and ecology, amwdas not until early 90s that
heterotrophic dinoflagellates were considered. &iticen, several research
projects and oceanographic cruises focused on muomankton were carried
out; most of them are addressed to the most abufrdation: the ciliates.

First data on distribution date back to the lats,80hen cruises were
performed in the Tyrrhenian Sea, around the Elltends (Fonda Umani and
Monti, 1993). Among Ciliates, aloricate generaSaombidiumandLacrimaria
accounted on average for less than 13% of tota@is@ms due to the loss of the
smaller size fraction over the nets during the isgdiltration; on the contrary,
micrometazoans, in some cruises account for moen tB0% of total
microzooplankton while tintinnids clearly dominatéee community. A total of
167 species were identified, and 30 of these weperted for the first time in
the Mediterranean Sea. Overall tintinnids with atghted lorica were more
abundant in the coastal area, while hyaline orlesylg prevailed off shore. In
spring and summer there was a sharp costal-ofesfradient.

In Southern Tyrrhenian, (Gulf of Naples) first data microzooplankton
date back to 1984-1985 (Scotto di Cadbal, 1985); here, three peaks of
abundance were reported (two in spring and oneufanan) corresponding to
phytoplankton blooms, dominated by one or few sggecA high variability in
tintinnids’ abundance and fast changes in specdamposition of the

community were observed as well. Researches orsfgroesumed in 1997 at
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the same fixed stations of the previous study aedstll going on (Modigh,
2001; Modigh and Castaldo, 2002). In 2002, Modigt &€astaldo published the
results on ciliates abundance and composition éfyears study at the same
fixed station. Over the four years 55 species mfrthids were reported, among
them only 15 were signalled as “common”, 8 outled tatter corresponded to
the species found all year round in the Northermrllgnian Sea, and only 7
species accounted for 81% of total tintinnid nursbeé3pecies of the genus
Tintinnopsis showed maximum occurrence in early spriglicostomella
subulata in late spring,Metacylis annuliferaand Eutintinnus tubulosusn
summer Salpingella decurtatan late summer an8. curtafrom late summer to
autumn. Around Aeolian islands two cruises wereiedrout in July 1994-1995.
In July 1994 tintinnids’ community was relativelychi. The most abundant
species werdcanthostomella conicoide8mphorella quadrilineatavar. minor,
Craterella armilla Dadayella ganimedesEutintinnus tubulosysSalpingella
decurtataand the genugndella (Fonda Umanet al., 1995).

In the same area the year later, (1995) 10 statiare sampled and 25
tintinnids’ species were identified (Fonda Umand &ataletto, 1996). Only 11
of them Q@A. quadrilineata var. minor, Craterella armilla C. torulatg D.
ganimedesEpiplocylis acuminataEutintinnus apertust. fraknoj E. tubulosus
Tintinnopsis compressa. tregouboffi Xystonella longicaudawere reported in
the previous study. Abundance was very low anddiimainant species wds.
apertus In two sampling stations, dilution experiments noerning
microzooplankton grazing on microphytoplankton weserformed (Fonda
Umani and Zanon, 2000). In the same area in Nover2®@2 and May 2003
sampling was performed at 6 sites (Fonda Umani.einaprep.). With respect
to previous studies 16 new species for this are® weentified, therefore total
species in the Aeolian area account for 79. Timtigmmepresented more than
50% of total microzooplankton abundance (heterdtiopdinoflagellates
included) and were dominated By quadrilineatavar. minor, D. ganymedes
Steenstrupiella steenstrupii Acantostomella conicoidesand the genus
Salpingella In a Southern Tyrrhenian coastal site (Gulf oflavzo) a 15
months’ study on tintinnids was conducted from Nta2003 to May 2004
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(Sitranet al, 2009). During the summer period (end of Julymanospecific
Tintinnopsis beroidedloom at the surface was registered. To summahize
overview of published and unpublished data on magoplankton, and

particularly on tintinnids, in the Tyrrhenian wengaoint out that:

= D. ganimedesvas considered part of the “core” species in nardistern
Mediterranean by Dolaet al (2009): this species was found in the Western,
Central and Eastern Mediterranean (Daaml, 1999) and was considered a
common species for the Mediterranean Sea (Delat, 2000). The same is
true forS. steenstrup@ndS. nivalis(Dolanet al, 2000).

= 59 species out of 167 encountered in the northgmh&nian Sea were
exclusive for this area: among these oflgdonellopsis tubercolatand
Ormosella bresslauivere found in all cruises.

= 6 species were exclusively reported in the Gulf Ndples, namely
Proplectella columbiana, P. ostenfeldi, P. urn&tenosemella pacifica
Tintinnopsis sinuataUndella declivis Rhabdonella elegansas recorded
only in the north of Sicily.

= Qverall there is a continuous decreasing trendintinhids’ richness
moving form the Northern Tyrrhenian to the soutlard®action particularly
affects Clymacocylis, Codonella, Codonellopsis, CyttaragilDictyocista,
Ormosella, Parundella, Rhabdonella, Tintinnopsis,ysténella and
Xystonellopsis genera, that, besidesTintinnopsis Codonella and
Codonellopsisare all hyaline genera. As a general rule hyadipecies are
more abundant and diversified in off shore aredlserathan in the more

coastal sites.

In recent years, among the numerous researchesean ciliates along
the ltalian, French Spanish coastal sites as vgelhaNest Mediterranean off
shore waters, the one of Dolat al (2002) (within the PROSOPE project;
September 1999) referred to 11 stations locatedgado cruise track from the
Morocco atlantic coasts to the Eastern Mediterrarsmad back to the French

Mediterranean coasts. This research stated thalivbesity of tintinnids
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increased from the Atlantic upwelling area into tivestern basin of the
Mediterranean, and declines slightly towards theteza basin. The major
mechanism influencing tintinnids diversity is lilgedue to the size-composition
of the phytoplankton; furthermore, the diversity aintinnids in the
Mediterranean basin is correlated to the depthethlorophyll maximum layer
(DCM) (Dolan, 2000), which is gradually locateddaeper waters from west to
east. During this study, the upwelling assemblagas dominated by open
water forms but included tintinnids generally fouimdcoastal waters such as
Tintinnopsis species. The dominant species w&alpingella decurtataand
Metacylis mereschkowskiiwhich together formed over 50% of tintinnid
community. From the upwelling site into the Westévlediterranean, the
dominant species remain&alpingella However, smaller species of the genus
were common. Dolaat al, (1999) analyzed samples taken through the eigphot
layer from 18 stations between the Ligurian Sea Hrel Levantine basin.
Contrary to the latter studies of Dolab al. (2002), the species diversity of
tintinnids ciliates appeared higher in the cenénadl eastern more oligotrophic
basins compared to the west. Moreover, correspgntbnthe west to east
increases in diversity were increases in commuaitgrages of lorica oral
diameter and overall length (Dolan, 2000). Lorigantketer is related to the
maximum size of food particle that a tintinnid camgest (Spittler, 1973;
Heinbokel, 1978). Overall community averages oficlordiameter change
seasonally and are thought to reflect changes ensthe spectrum of food
particles (Middlebroolet al., Verity, 1987; Gilroret al,, 1991).

The results assessed for the tintinnid ciliate groway not exactly fit for
other minor components of this group; for instarelan, (2000) stated that
species abundances of foraminifera, in contradt wmtinnids, do not appear to
increase from west to east but rather are maxim#he central basin, both in
late summer with stratified water columns and imtes, when water columns
are well mixed (Pujol and Vergnaud Grazzini, 19%¥)nce it appears that, even
among planktonic protists, processes or factotaenting diversity likely differ
between groups.
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With reference to the abundances, Doktnal, (1999) suggest that
ciliates concentrations varied irregularly compatedhe longitudinal decline
west to east, in chlorophyll concentration; the éowhlorophyll values of the
Levantine basin for instance, corresponded withelatively high stock of
ciliates; contrarily Pittaet al, (2001) registered an integrated ciliate bionsass
abundance generally increased by a factor of twhenvestern basin compared

to the Eastern Mediterranean.

2.2 Aim of the research

Preliminary remarks:
* Biological and physical processes in the oceanrobithe air-sea
carbon dioxide (Cf balance and are key factors in the planetary

climate system.

e The ability of the world oceans in regulating themaspherical carbon
dioxide (CQ) is due to the highest percentage of dissolve@drocg
carbon (DOM) in the sea and the contemporary dgtiaf the
“Solubility Pump” (which is linked to the solubditof the carbon
dioxide in the transitional layer between ocean atmdosphere) and
the “Biological Pump” (controlled by the marine tbwebs).

* The prevalence of one trophic web over the othdcr@bial loop vs.
Classical food web) one is of great implicationtle time of turn

over of CQ on a worldwide scale.

 The world climate change may be amplified or mitghby the

guantitative of sequestered carbon and/or fossdllize
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The main purposes of the V.E.C.T.O.R. project (Vulerability of the coasts
and of the Italian marine ecosystems to the climatehange and their role in

the Mediterranean carbon cycles) are:

* To deepen our knowledge of the impact exerted kgb&l Climate
Changes on the Mediterranean marine environment.

* To focus our attention on sedimentary, physical biogjeochemical
processes throughout the water masses.

* To investigate the active roles played by the Maditnean basin in
the Global Carbon cycle.

* To assess whether the basin mainly act as a “Soarca “Sink” of
CO0..

Scientific topics:

» Data acquisition from multi-parametric probe

* Chemical analysis and experiments on N-fixation

e Microbial ecology

* Analysis of DOC (Dissolved organic matter)

* Bio-optics

e Primary production

* Phytoplankton and virus

» Distribution, microzooplankton and heteronanoplankt(HNAN)
production and grazing (surface layer and the lzthzone),
Mesozooplankton grazing

* Mesozooplankton

» Atmospheric carbon dioxide (GD
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Scientific organizations involved

CoNISMa — Ancona; CNR-ISMAR — Trieste; CNR-IAMC —dskina; CNR-
IBF — Pisa; SNZ — Napoli; CoNISMa — Trieste; CoNI&M Messina; CNR-
ISMAR — Bologna; ENEA — Brasiamone.

Aim of the PhD thesis:

1. Quantify the carbon fluxes through microbial comityidetermining
microzooplankton grazing impact on heterotrophid autotrophic
picoplankton, nanoplankton and microphytoplanktgerforming
grazing experiments by means of the dilution method

2. ldentify both predator and prey communities acagydio main
groups, genus and species (when possible).

3. Determine any prey selectivity exerted by the wtephic
communities.

4. Analyse how the so called “black box” works withime microbial
loop: synergistic and antagonistic effects of thazong impact of
both microzooplankton and nanoflagellates on aopdtic and
heterotrophic picoplankton.

5. Quantify the specific growth rates (secondary pobidn) of the
predators represented by microzooplankton.

6. Evaluate mesozooplankton grazing impact on micrigitic
community.

7. Define the spatial distribution of microzooplankton

8. Compare the composition and the abundance of naopdankton
assessed with three different sampling and consenveechniques.

2.3 Assessment of the grazing activity

Although pelagic protists are now recognized as ortgnt, the
assessment of their grazing rates and trophicaatens continue to be
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problematic. Of the various approaches that havenhbesed to determine
protistan grazing impact in natural community, ehal specific advantages as
well as specific weakness and ambiguities whiclelpde application under all
conditions. The available methods for assessingimggarates of planktonic

protists can be placed into three main categotiasdry, 1994):

« Inference from natural populations: pigment buddetquency of
dividing cells (FDC), vacuole contents, digestiveyme assay

e Tracer techniques: radioisotope labelling, mini-cekcapture,
Fluorescently labelled prey

Community manipulations: size fractionation, ditutj metabolic

inhibitors

Inferential approaches use quantifiable charadtiesisof field
collected samples, such as pigment breakdown ptedwstage of cell
division, vacuole contents, or digestive enzymsesha basis for an index of
feeding rate. This approaches require no containedbation, hence, no
disruption of the natural assemblages.

Tracer technigues use either radioisotopes or ékgmnt stains to
label the target prey populations. These techniquaesonly a small external
component to the system, and they require shoubitons, generally less
than the vacuole turnover time. Consequently, timeplve, in principle,
relatively minor disruptions of the natural assesagiels.

Community manipulations include size fractionat@ndilution of the
natural assemblage inhibitors to suppress the growgrazing of component
populations. As the term “manipulation” impliese#ie techniques involve
substantial disruptions of one or more componenpufaions and
incubations are sufficiently long to measure sigaifit changes in population
abundances.

Among the number of approaches that have beentasaéasure the
grazing impact of both micro- and nano-predatorsaomide range of prey,
most used the dilution method (Landry et Hass8821 reviewed by Dolan
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et al, 2000). In addition to the classical approachnadnitoring chla
concentration following dilution, several researshe&stimated taxon- or
pigment-specific mortality rates using pigment geel by HPLC (Strom and
Welschmeyer 1991; McManus and Ederington-Cantr@fi2] Verity et al.,
1993; Waterhouse and welschmeyer, 1995; Latdsal, 1997; Schltter
1998) and flow cytometry (Landry et al., 1995; Rerckann and Veldhuis,
1997, Kuipers and Witte, 1999, Stelfox-Widdicongtel., 2000).

In my PhD thesis | applied the dilution techniqued aconducted
microscopical counts of microzooplankton, phytogtan (Mc Manus, 1995;
Verity et al, 1996; Nejstgaardt al, 1997; Fonda Umani and Zanon, 2000),
enumeration of nanoplankton, and both autotrophmcl deterotrophic
picoplankton by epifluorescence microscopy (Campdoadl Carpenter 1986;
Verity et al, 1993; Ayukai 1996, James and Hall 1998, Fondaatinand
Beran, 2003; Fonda Umaei al, 2005).
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3. MATERIALS AND METHODS

3.1 Study area

25m
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Ocean Data View

Fig.3.1 Study area and sampling stations: VA (Attaooast of Morocco), V4 (Alboran Sea),
V3 (Balearic Sea), V1 (Ligurian Sea), V2 (Southrfgnian).

The study presented in my PhD thesis was conddobed 28 May
to 11 June 2007 during the Il Leg. of thErdnsmediterranean cruise{TMC-
07; Line 8 CARPEL — Activity 8.5 TASK)in the frame of the V.E.C.T.O.R.
project (VulnErability of Coasts and marine itali@tosystems to Climate
change and their rOle in the mediterranean caRbgeles), under the
supervision of Co.N.I.S.M.a.

The oceanographic cruise carried out on boardefNHO URANIA-
CNR, is referred to 5 selected stations locatethgala cruise track from the
Moroccan Atlantic coast to the Western Mediterraméallowing a longitudinal
trophic gradient (west-east); the study area iscatdd in fig. 3.1 The surface
layer of the water column is the focus of my reskarin which all the
experiments were performed. In table 3.1 are reportlates, locations,

geographic positions and depths of the samplenbssat
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DATE STATION LONGITUDE LATITUDE DEPHT
29/05/07 VA Atlantic Ocean 08919.899'W |3500.027' N 6.0m
01/06/07 V4 Alboran Sea 00%9.850'W |3630.137'N 51m
03/06/07 V3 Balearic Sea 0604.372' E | 39°18.839' N 53m
05/06/07 V1 Ligurian Sea 0800.002' E |4329.992'N 48m
08/06/07 | V2 Tyrrhenian Sea 12%59.953'E [3929.992' N 4,4 m

Tab. 3.1. Dates, locations, longitudes, latitudes @depths of the sampled stations.

3.2 Environmental variables

Hydrological parameters such asemperature(°C) andSalinity (psu)
were deduced by means of a multi-parametric pr&@®£911 provided by
sensors of temperature, conductibility, oxygenoifascence, transmittance, pH,
and altimeter coupled to a sampler SBE carousalppgd by a 24 Niskin bottle
rosette, each furnished with 12 L Niskin bottleiefi-out by silicon elastic
ribbon and red silicon O rings.

Sensors of temperature and conductibility were iptesly calibrated.
Continuous verifications were performed on boardonder to control the
appropriate functioning of the basic sensors (nyaitémperature and
conductivity) by means of

laboratory analysis andgital reversing

thermometers.

Biogeochemical parameterssuch asdissolved oxygen(AOU Wink.),
inorganic nutrients (NOs;, NO,, SIiO,, PQ), as well asdissolved organic
phosphorug TDP) andnitrogen(TDN) were useful for both the characterization
of the water column and the investigation on biaabprocesses relative to the
euphotic layer. Biogeochemical analysis was cautyby previous sampling of
the water mass performed by means of a CTD- Nibhitles rosette; whereas
the data set, derived by experimentations.

Dissolved oxygemvas analysed on board, through the Winkler method,;
the comparison among dissolved organic oxygenfdantathe samples with the
ones obtained from the CTD probe, enable the reatibn of continuous

profiles assessed by the probéssolved inorganic nutrient&uch as nitrate,
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nitrite, reactive phosphorus and silicon) were dachpnd stored at -20 C° until
processed at C.N.R.-I.S.M.A.R. laboratories in Jtee the analogous sampling
procedure was followed fatissolved organic phosphor$DP) andnitrogen
(TDN).

Primary production was measuredn situ along the water mass,
employing radioisotopes and in order to estimagertie of carbon production
exerted by the phytoplankton community. Seawat@0 (BL) was collected and
samples were settled in glass bottles inoculatetd ¥C and incubatedh situ
conditions for 4 hours. Bottles were lowered in skawater fasten to a graduate
rope (equipped with surface buoys) and filteredadiag to different sizes onto
Whatmann GF/F (diameter 25mm) and polycarbonaterdilthen, stored at -20
C° until processed. Following analysis were carread at the “A. Dohrn”
Zoological Station, (SZN).

Chlorophyll a was sampled with the analogous procedure perfoffored
primary production and 5 L were collected in ordercalculate the ratios
Production/Biomass. Samples were then filtered(neplicates) onto Fiberglas
(GF/F) and polycarbonate filters according to ddfe sizes then, immediately

stored in liquid nitrogen.

3.3 Dilution method: theoretical considerations

Among the different approaches employed in detanygirthe grazing
impacts of microzooplankton on a variety of prey dilution method is the
most broadly used in plankton ecology. The metliost, established by Landry
and Hassett (1982) and modify by Lanetyal, (1995) is nhowadays considered
as a standard protocol (Dolan et al., 2000) thdikeinthe other available
approaches, is extremely easy to be performed)vasaninimal handling and
physical disruption of the organisms and in the miege enables the separation
between consumers and prey since they belong tanlegous size classes.
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By means of this protocol, we are able to deternfiath, the specific
growth and grazing rates of the predators repredelny microzooplankton, as
well as the specific growth and mortality rates tbeé prey consisting of
heterotrophic and autotrophic bacteria, nanoplanitnd microphytoplankton
(fonda Umani and Beran, 2003). Dilution grazing exments, apply to a large
variety of marine and estuarine systems ranging festuaries and coastal areas
to open ocean waters (Betal, 2005; Berninger and Wickham, 2005; Colks
al., 2005; Fileman and Leakey, 2005; Gareeal, 2005; Jochenet al, 2005;
Leising et al, 2005; Strzepelet al, 2005; Troussellieet al, 2005; Fonda
Umaniet al, 2005; Yokokawa and Nagata, 2005).

The dilution approach relies on the reduction afcemter rates between
prey and their grazers (Gallegos, 1989). Naturs¢mmblages are amended with
varying proportions of filtered seawater (partiete=e water) creating a dilution
series, and grazing rate is estimated as the isen@apparent prey growth rate
with dilution factor. Specifically, microzooplankiarazing rate is estimated as
the slope of a regression of apparent prey growthe various dilutions against
dilution factor. Growth rate of the prey is estiethtas apparent growth rate
extrapolated to 100 % dilution (growth in the almsef grazers) (Gallegos,
1989; Dolaret al, 2000; Dolan and McKeon, 2005). The proceedirgtétical

development involves three restrictive assumptions:

1. The growth of individual prey is not directly affed by the presence or
absence of other prey. The implication of this agstion is that a
reduction in the density of cells in natural seawatill not, in and of
itself, directly cause a change in the growth afteemaining cells. To
satisfy this assumption, dissolved nutrients mestains non-limiting, or
equally limiting, to growth at all dilutions durinthe experimental

incubations; the growth of individual prey is expatial.

2. The clearance rate of individual consumer is assutnebe constant at
all dilutions, therefore microzooplankton communitippes not vary

during incubation (Evans and Paranjape, 1992).
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3. The probability of a prey being consumed is a difeaction of the rate
of encounter of consumers with prey cells. Thisliegpthat consumers
are not food-satiated at natural prey densitiestiaatthe number of prey

ingested by given consumer is linearly relatedr&y plensity.

The grazing rates of microzooplankton as well assiecific growth rate
of the prey are calculated from regression of agpagrowth against dilution
factor (Landry et Hassett, 1982; Landry, 1993). ii¢feain the density of a prey
C, over a period of time t can be represented gp@tely by the following
exponential equation, based on Landry and Hassetoqonl (1982) (Landry,
1993):

C=G e (ko)

or

(11M)In(C/ Co) = k-g
Where:
Co = the concentration of the prey (or total biomaasihe beginning of the
experiment
C; = the concentration of the prey (or total biomadshe end of the incubation
(time t)
k = the instantaneous coefficient of populationvgio
g = the instantaneous coefficient of grazing maytal

t = the incubation time

From the first postulate, the instantaneous cdaefiic of population
growth k is not influenced by the dilution series, it rensiconstant during
incubation; the instantaneous coefficient of grgzmortality g in accordance
with the third postulate is proportional to the somers and prey density. Since
k is constant and g is proportional to the dilutgaries, the equation with two
unknownk andg may be graphically solved from regression of appagrowth

against dilution factor:
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A/

Dilutions

Tab.3.3. Linear regression model .

Growth rate of pico-, nano- and microphytoplanktorgnd
microzooplankton grazing rate can be calculate fidodel | regressions of
apparent growth against dilution factor, based amdry and Hassett (1982)
(Landry, 1993) (Fig. 3.3).

The apparent growth rate coefficient (1/t)ld(Co) is on the ordinate
axis, while the dilution rates are on abscissa.a¢ie Y-axis intercept, where g
= 0 is the prey growth rate (k), while the negasi@pe of this relationship is the
grazing coefficient (g).

When parameters such as the concentration of #egirthe beginning
of the experiment (€, the instantaneous coefficient of population giok)
the grazing coefficient (g) are provided, then, are able to calculate the
production (P) and the ingestion rate (I) as wslif@irther parameters (Ruiz et
al., 1998). The real production (Pr), the potenpiaduction (Pp), the potential
production removed by grazing (PP%), and the infiraduction removed by
grazing (SP%) are useful data for a more accuiatie @halysis.

The ingestion rate is defined as the biomass ({dC). removed by
grazing over a fixed period of incubation (t) ammlume. In order to calculate
the ingestion rate, and the production (P), theaye biomass of the prey {C
should be previously determined.
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Production (P) is calculated as:
P=k*G,

Ingestion (I) is calculated as:
l=9*Cn

where:

m = the average concentration of the prey duringribebation as according to
Frost (1972) (Strom and Strom, 1996).

Cn=Pe®_Rm/k-g

The real production (Pr) is the biomass ([IiTIproduced by the prey in the

presence of the consumers, during experimentation:
Pr=Gel9d'_g

The potential production (Pp) is the biomass (jfCthat might be produced in

the absence of consumers:

Pp=Ge -G

The potential production removed by grazing (PPépyesents the incidence of

grazing on the potential production:
PP% = [(Pp-Pr)/Pp]*100
Finally, the initial production removed by grazi(®P%):

SP% =[(Pp-Pr)/Pr+g]*100
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3.4 Sampling procedures

Among the numerous experimentations performed duite 11 Leg of
the “Transmediterranean cruise'the ones included in the present study are
referred to:

* Microzooplankton grazing experiments (applicatioh the dilution
method)

* Microzooplancton secondary production

* Microzooplankton distribution

* Mesozooplankton grazing experiments.

The experiments mentioned were carry out on bodrdhe N/O
URANIA-CNR, at 5 selected stations from the Atlantbast of Morocco to the
Western Mediterranean, following a longitudinalpinec gradient and focussing
on the upper layer (surface water). Proceduresegngpment have been adapted
to the system under study, the scope and scalbeoprtoblems encountered
during the oceanographic cruise. Sampling was égdchy means of a SBE
sampler carousel equipped by a 24 Niskin bottlestte, each furnished with 12
L Niskin bottles fitted-out by silicon elastic ribb and red silicon O rings
(Fig.3.41-3)). An amount of ca. 100 L was collected from thefeste, at each

selected station.

Fig. 3.4(1) CTD-Niskin bottles rosette.
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Fig. 3.4(2-3) Sampling on the deck of N/O UraniafCN

3.4.1 Dilution experiments

In order to eliminate any possible mesozooplanktorgrazer,
immediately after collection, natural assemblag&80(L ca.) were gently
poured through a nylon sieve with a 200 um mesé sito 5 polypropylene
carbuoys (20 L capacity) whereas, an amount fra@mstime natural assemblage
was filtered onto 0.22 pm pore size millipore fitgdiameter of 142 mm) by
means of a peristaltic pump (Fig. 34-2). This filtration step eliminated all
but some very small bacteria, mostly vibrios. 76al. was the necessary amount

of surface water employed in dilution experiments.

Fig. 3.4.1(1-2) Filtration step (a) and dilutiorpeximents (b).

Protozoans are particularly susceptible to destmdty vigorous filling
and mixing procedures; thus, special care was wbddo control the effects of
manipulations. The gentlest approach to proceethdodilution series was to

pour measured volumes of water from the carbudgspalycarbonate
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incubation bottles and successively, dilute thetthe ones filtered onto 0.22
pum, according to four dilution levels (100% wholater, 80%, 50%, 20%) and
performing 3 replicates each dilution level. Thepemxment involved 4

parameters: microzoo-, microphyto-, nano- and gadgon (fig. 3.4.13-4)).

>

(¥ S

Fig. 3.4.1(3-4) Dilution series. (3 replicates*4utibn levels)*4 parameters at@nd
Coa

In dilution experiments 24 bottles (12 polycarbenatcubation bottles
and 12 plastic bottles; 2 L each capacity) conogrnmicroplankton were
employed and added to these, another set of 24edotor nano- and
picoplankton (250 mL and 50 mL each capacity) werepared. The initial
samples (g were filled with the same procedure mentioned ifaxubation
bottles, and immediately conserved in 2% buffereanfildehyde, stored in a
cold room (5°C) maintained in the dark. For picofkan fraction only, the
preservative was pre-filtered onto 0.2 um by mesdnscrodis® Syringe Filter,
in order to eliminate any possible impurity.

As nutrient limitation during summer was anticightein the
Mediterranean basin, and autotrophic fractions@da constrained in growing
during incubation, nutrients were added equallgdch incubation bottle in an
amount sufficient to support one or two doublingploytoplankton biomass in
the most concentrated samples. The nutrient additas: 5 pM NaN@and 1
UM KH2PO, respectively.

Since experimental bottles should be incubated munctEnditions
approaching, as closely as possible, those in théiemt environmental,
incubations were carried out on the main deck, flowwing seawater incubator
maintainingin situ conditions of temperature and light. All dilutibottles were
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constantly monitored during incubation time (fig.3¢5)); after 24 hours, (I
samples were poured into plastic bottles and ceedeas the initial ones.
Nanoplanktonic organisms ¢@nd G4 samples) were preserved in 1% buffered
glutaraldheyde contrarily to the other protozoassice glutaraldheyde is
commonly used as preservative for nanoplanktonr(@me Sherr, 1993).

Fig. 3.4.1(5) Incubatiom situ conditions.

3.4.2 Microzooplankton growth: secondary production

Contemporary to the dilution experiments, microdangton growth
(secondary production) was also investigated. S#sxgn production is the
biomass produced by microzooplankton consumersvpieime unit and time
(ug C L'd™).

On board, 6 L ca. of pre-filtered water (onto 20@)uwere necessary to
perform the experiment. The whole water (100%) firag gently poured into 3
further polycarbonate incubation bottles (2 L eaapacity) with the equal
addition of nutrients; then, samples were immedjaitgcubated at thén situ
conditions for at least 48 hours. At the end ofitteaibation time, samples were
poured into plastic bottles as the initial onesg)(@reserved in 2% buffered
formaldehyde and stored in a cold room maintainettié dark (5°C).
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3.4.3 Microzooplankton distribution

For quali-quantitatives analysis of the consumemmunity,
distribution experiments were performed along these track, at each selected
station. 5 L of surface water were collected, byanseof the CTD-Niskin bottles
rosette and without sustaining any filtration pihaes. In the meantime, 300 mL
of whole water were poured into glass bottles axedfin 2% Lugol’s solution;
whereas the remaining amount was immediately éittesnto 10 um pore size
sieve by inverse filtration. The concentrated samplere gently poured into
250 mL plastic bottles, preserved in 2% bufferatn@ldehyde and stored in the
dark as the previous ones, in a cold room (5°Cin@es preserved in Lugol’s
solution were collected in all but in the Baleagiation (V3).

Lugol’s solution and formalin are the most commoua$ed fixatives for
ciliate assemblages. In the present study, a doybkservation was
accomplished with the purpose of a comparison bamtwine two fixatives.
Advantages and disadvantages among fixatives am@ls® procedures were

also considered.

3.4.4 Mesozooplankton grazing experiments

There are several methods to estimate mesozooplargtazing rates
(gut pigment,*“C labelled algae, plant pigment analysis by HighfdPmance
Liquid Chromatography (HPLC), or dual labelling heaque), but the most
reliable method is the analysis of particle removal bottle incubations
(Bamstedet al, 2000). However, this method may still present s@roblems,
besides the obvious bottle effect, because of fereEmces with
microzooplankton feeding activity on the same piiégjstgaardet al, 2001a).
To overcome this problem it is necessary to simelbaisly estimate the
microzooplankton grazing rates in separate diluggperiments (Nejstgaaset
al., 1997, 2001a).

Grazing of mesozooplankton is calculated accordinthe equations of
Frost (1972), corrected for reduced microzooplankjazing due to predation
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by mesozooplanktork), according to the formula given by Nejstgaatd al
(1997, 2001a):

Ocorr,p = Ghoc,p+ Kp
where @orp IS the corrected grazing coefficient of mesozowokten

consumer (d) for prey p and @c,piS the uncorrected grazing coefficient of the
same consumer for prey p, is the correction for the loss of microzooplankton
grazing on prey p in the bottle with mesozooplanktgis calculated according
to the equation:

C-C*
kp = g mic, p( c j
with
C= (G- Co) In (G/Co)*
and

C* = (C* - Cg) In (C*/Co)™

Omic,p IS the microzooplankton grazing coefficient foepip (dY), obtained from
the simultaneous dilution experiment. C is the agercarbon concentration of
all microzooplankton in the control without nutrienand C* the carbon
concentration in the bottle with mesozooplankton ilevhCy, is the
microzooplankton concentration at the start of tbeperiment, € the
concentration at the end in the control, antli€ the concentration at the end
with mesozooplankton. For a detailed discussion teeeoriginal publication
(Nejstgaard et. al., 2001a).

During the Transmediterranean cruise both dilution and
mesozooplankton grazing experiments were run sanatiusly, with the
exception of three occasions: the Atlantic oceaf)(\the Alboran station (V4)
and in Balearic one (V3) where, the massive preseafigelatinous cnidarians

all over the nets, did not permit the collectiomuodsozooplankton community.
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Thus, the two easternmost locations of the wedbasin represented by the
Ligurian station (V1) and the south Tyrrhenian %) were the only two

stations being sampled.

Fig. 3.4.4(1-2) Zooplankton sampling (a); collentiaf zooplankton at the laboratory on
board (b).

Mesozooplankton was collected by means of obliquest with a 0.25
m? sampling area and a 200 pm mesh plankton WP2 Figt 8.4.41)).
Immediately after capture, mesozooplankton wastetlluinto a 5 L glass
incubator and finally transferred at the laboratonyboard, where a number of
dominant species were selected by a previous @wraf individuals at the
stereomicroscope (Fig. 3.42%.To make captures easier, dry ice was put under
Petri incubators (a procedure adopted to reducegteat motility of this
fraction).

To assess the grazing rate of mesozooplankton @moptankton, 3
further polycarbonate bottles (2 L each capacityyloole water 100% (filtered
onto 200 pum, only) were simultaneously performedheaut any nutrient
addition. In each bottle, a number of selected isgewere equally inoculated
into incubation bottles. Incubations were carried @an board at the simulaie
situ conditions for 24h. The 100% bottles from the tido series also served as
initial (Cp) and control (Gs) samples, for the ones containing mesozooplankton.
After 24h, samples were poured into plastic bottfeeserved in 2% buffered

formaldehyde and stored in a cold room (5°C) maiethin the dark.
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3.5 Quali-quantitative samples analysis

The quali-quantitative analysis was carried outtle University of
Trieste, in the laboratories of the Department dfie LScience, under the
supervision of the Prof. Serena Fonda Umani. DunitygPhD thesis, a number

of 750 samples were analysed.

3.5.1 Picoplankton

Picoplankton samples were preserved in pre-filtdogthaldehyde (0.2
um by means ofAcrodis® Syringe Filter) at 2% final concentration, and
filtered onto black 0.2 um polycarbonate membralters (NTG) laid over pre-
wetted 0.45 um nitrocellulose backing filters (Nitre) by means of a filtration

apparatus and producing a depression between@2atm. (Fig. 3.5(1)).

Fig. 3.5.1(1) Filtration apparatus.

The analysis was carried out following a modifioatiof the Porter and
Feig (1980) method. Heterotrophic cells were sthifog at least 15 minutes in
the dark with 4'6 — diamidino — 2 — phenylindoleAPI, Sigma) at 1pg mt
final concentration, while the autotrophic shares\iiiered separately. For both
heterotrophic and autotrophic picoplankton, sanvaleimes were adjusted per
dilution: 10 mL for 20%, 6 mL for 50%, 4 mL for 80%nd 3 mL for 100%
whole water for the heterotrophic fraction; 20 ndr 20 and 50% dilutions, 15

mL for 80% and 10 mL for 100% whole water for atphic cells respectively.
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3. Materials and methods

Heterotrophic bacteria were filtered in 9 replicatehereas 3 replicates
were filtered for the autotrophic ones. Filters evéinally maintained at -20°C
until processed.

Picoplankton enumeration was conducted with a 160xmmersion
objective using an Olympus BX60 F5 epifluorescenueroscope equipped
with a 100 W high — pressure mercury burner (HPO\W@2) (Fig. 3.512-4)).

Fig. 3.5.1(2-4) Heterotrophic (b) autotrophic (oueneration at the epifluorescence microscope

(d).

The abundance of autotrophic bacteria was detedninging blue
excitation (450 to 490 nm) and counting at leas® Xells, whereas the
heterotrophic ones, under a UV filter set (365 ranyl counting at least 200
cells.

Cell numbers of hetero- and autotrophic picoplankiere converted to
carbon biomass using a factor of 20 fgC &e{Ducklow and Carson 1992) and

200 fgC cell*(Caronet al, 1991) respectively.
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3.5.2 Nanoplankton

Nanoplankton was preserved in 1% glutaraldheyde @nodessed as
described by Verityet al. (1993). Sample volume was 100 mL for 20 and 50%
dilutions, 80 mL for 80%, and 60 mL for 100% whalater. Samples were
filtered onto black 0.8 um polycarbonate filtersT®) positioned on 1.2 um
nitrocellulose backing filters (Millipore). Cells exe stained with 4’6 —
diamidino — 2 — phenylindole (DAPI, Sigma) at 1pd hfinal concentration,
and stored at -20°C before being processed.

Nanoplanktonic cells (3 replicates) were counted dy100x oll
immersion objective using an Olympus BX60 F5 epifescence microscope
equipped with a 100 W high — pressure mercury bufRHO 100 W/2).
Autotrophic nanoflagellates were indistinct frome theterotrophic component,
mainly due to the loss in Chl.fluorescence, thus, the fraction was only
separated in 3 dimensional sizes: < 3 um, 3-5 B @m. The dimensional
size between 10 — 20 pum which normally belongettiéananoplankton fraction,
was on the contrary analysed at the inverted noops since this technique
(applied for microplankton counting) still allowscarrect distinction of tiny
organisms whose dimensions are < 20 pum.

The abundance of nanoplankton was conducted unddy dilter set
(365 nm) and counting at least 100 cells. Carbamesu for each size was

calculated using a conversion factor of 183 fg C3(@aronet. al.1995)

3.5.3 Microplankton

Microphyto — and microzooplankton samples were gmesd in
formaldehyde (2% final concentration) and storea ieold room maintained in
the dark (5°C) until processed. Volume of sedimionacylinder used for this
purpose, according to Uthermdhl (1958), was 100 @itiginal samples (2 L)
after being still for at least 48 h (in order tdoal the pre-sedimentation of

cells), were successively concentrated to 200 mlawed previous
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3. Materials and methods

homogenization, 100 mL was settled by sedimentdboral least 72 hours (3
hour * height (cm.) of the sedimentation cylind@fig. 3.5.31-2)).

L 4
|

Fig.3.5.3(1-2) Sedimentation cylinder (a); sediratioh chamber(b)
Utherméhl method (1958).

Sample analysis was performed in 3 replicates Qg,) and conducted at
the inverted microscope Leitz Diavert using a 3Bjective (Fig.3.5.®)). Half
sedimentation chamber was observed for the autotrdpaction whereas, the

whole chamber was analyzed for the heterotrophéc on

Fig. 3.5.3(3) Reversed microscope Leitz Diavert.

For counts to be considered significant, at le@8étdhytoplanktonic cells
L™ per sample of each observed group were countedigitig abundances
were not included in the elaboration. Tintinnidsrevedentified on the basis of
the lorica morphology and the species descriptibmend in Kofoid and
Campbell (1929, 1939) and Marshall (1969); wheredaricate ciliates,
foraminiferans, radiolarians, acantarians in acaoce to the descriptions of
Neudruck Asheet. al (1929). The identification of the metazoans |lanamnd

copepod nauplii was executed on the basis of Tiagfdand Rose (1957).
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Diatoms were identified in accordance to Rampi Bethhard (1978),
Hasle and Syvertsen (1997) as well as SteidingdrTamgen (1997) for the
dinoflagellates. Other flagellates were recognipedthe basis of Throndsen,
(1997) whereas the coccolithophorids in accordaoceleimdal (1997). The
term nanociliates was used in this study to desailiates < 20 um (Pitta et.al.,
2001). Microplankton individuals were convertedointell L* and carbon
biomass was assessed by previous determinatiomowblbomes by means of
standard geometrical formulae, and measuring tleeisg linear dimensions
which were compared to standard geometrical shépaler, 1979), thus, the
consequent biovolumes were finally converted irbgarcontent using specific

conversion factors available in literature (Tals.3).

) Conversion factors
Microplankton 5 Reference
pg C pm
Aloricate ciliates 0,14 Putt and Stoecker, 1989
Nanociliates,
Dinoflagellates < 20 pum,
) ] 0,183 Caroret al, 1995a
Coccolithophorids,
Foraminiferans < 50 um
Loricate ciliate: tintinnids 444,5+(bv*0,053) Veriand Langdon 1984
Naked dinoflagellates 0,13 Lessard, unpublished dat
Armoured dinoflagellates 0,14 Lessard, 1991
Foraminiferans > 50 um 0,089 Michaetsal., 1995
Acantharians 0,0026 Michaeds al, 1995
Meroplanktonic larvae,
. 0,08 Beers and Stewart, 1970
Copepod nauplii
Radiolarians 0,14 Michaeét al, 1995
Diatoms 0,288*bv*0,811 Menden Deur and Lessard0200

Tab.3.5.3 Biomass casian factors for microplankton.
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3. Materials and methods

3.5.4 Microzooplankton distribution

All samples from the distribution analysis (bothe tpre-concentrated
ones preserved in 2% buffered formaldehyde andethmmnserved in 2%
Lugol’'s) were homogenized before being settleduphosedimentation. Volume
of sedimentation cylinder used for this purposepating to Utherméhl (1958),
ranged from 50 mL to 100 mL, depending on the ceficentration. Samples
were settled by sedimentation from 36 to 72 hodegending on the height of
the sedimentary cylinder.

Sample analysis was conducted at the inverted sgope Leitz Diavert
using a 32x objective (Fig.3.53) and counts were executed on the whole
chamber. Microplankton individuals were finally e@nted into cell [*.

Tintinnids were identified on the basis of the darmorphology using the
species descriptions of Campbell (1942), Jorgeng€ER4), Kofoid and
Campbell (1929,1939) and Marshall (1969), wheredaricate ciliates,
following Neudruck Asheet. al (1964) and recognized on the basis of the cell
dimensions and shapes, the structure and dimens$itire cilia and the typical
feature of the cytostome area. Foraminiferans,tyieally recognized by the
feature of the shell and as the other groups, asaiadiolarians, and acantarians
were identified in accordance to the descriptiohdNeudruck Asheret. al
(1964). The identification of the metazoans lanee copepod nauplii was

executed on the basis of Trégouboff and Rose (1957)

3.5.5 Microzooplankton growth: secondary production

In order to assess microzooplankton growth (seagng@oduction),
composition and carbon biomass (¥ lat the beginning (§ and at the end
(C4g) Of the experiment were compared; 3 replicate<Cgf samples (100%
whole water) were processed as the initial one3, Gllowing the Uthermdohl
(1958) method; by sedimentation of 100 mL for aste72 hours and conducing
sample analysis at the inverted microscope Leigv@&i using a 32x objective
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3. Materials and methods

(Fig.3.5.3c) whereas counts were extended to thelevtthamber. Cells
numbers, were converted in celf nd finally into carbon biomass by means of

specific conversion factors available in literat(ifab. 3.5.3).

3.5.6 Mesozooplankton grazing experiments

In order to measure the grazing activity exertedr®sozooplankton on
microplankton fraction, the abundance as well ashilbmass of the prey at the
beginning and at the end of the experiment wasuatedl. Thus, the 100%
bottles from the dilution series served as inif@) and control (G;) samples,
for the 100% bottles (£) containing mesozooplankton.

An amount of 100 mL from the pre-concentrate sag(Bereplicas) were
used for microscopic analysis using sedimentattanmbers (Utherméhl, 1958)
and an inverted microscope. Half sedimentation denwas analyzed for
microphytoplankton whereas the entire chamber wasemwed for the
microphytoplankton fraction.

All replicas containing the dominant copepods4 Cwere filtered onto
200 pum by inverse filtration then, mesozooplanktwas counted at the
stereomicroscope Olympus SZH 10 in order to vetifg abundance of the
consumers selected at the beginning of the expatin@ells numbers, were
converted in cell ! and finally into carbon biomass by means of specif

conversion factors available in literature.
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4. RESULTS

4.1 Environmental data

Water quality variables for all stations are sumse in Tab. 4.1.
Surface temperature ranged from 18.29 °C in V3d&at Sea) to 20.49 °C in
V2 (South Tyrrhenian) respectively. Salinity incsed from the Atlantic ocean
to the western Mediterranean with max. values ol 8&psu) reported in V3.
The low temperature and the high salinity of théage water mass encountered
in V3 can mainly be attributed to a wind event whinixed the water column
bringing dense and cool water to the surface. TGfal a was over all the
sampled grid very low, and ranges from 0.07 to 82L"; maximum values
are reported in V1 (Ligurian Sea) which also actedrfor the highest primary
production of the western basin (2.19 pugéht). As typical at this season of
the year, surface waters, were exhausted in ntérienrom the Atlantic Ocean to
the Western Mediterranean, the apparent oxygeizattdn (AOU) indicates a

massive predominance of respiration rather thatgslyathesis.

Surface stations VA V4 V3 V1 V2
Temperature C 19,17 19,15 18,29 19,46 20,49
Salinity (psu) 36,51 37,09 38,18 37,01 37,68
Tot. Chl a(ug L™) 0,07 0,11 0,08 0,22 0,1
PP (ugCL™ h™) 0,65 0,23 0,49 2,19 0,77
AOU Wink. uM-0O, -7,61 -8,21 -6,02 -12,13 -4,44
NO3; uM-N 0,04 0,29 0,13 0,09 0,35
NO, uM-N 0 0,01 0 0 0,04
SiO, uM-Si 0,48 0,46 0,77 1,92 1
PO, uM-P 0,02 0,18 0,03 0,02 0,1
TDP uM-P 0,26 0,2 0,12 0,16 0,12
TDN puM-N 6,38 8,02 9,76 7,2 7,35

Tab. 4.1 Ambient environmental conditions at thgibeing of the experiments. Temperature
and salinity, biogeochemical parameters, primamydpction and chlorophyla were kindly
issued by DISMAR (University of Ancona), CNR-I.S.NRA(Trieste) and U.O. Saggiomo,
Zoological Station A. Dohrn (Napoli)
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4.2 Dilution experiments

In order to quantify carbon fluxes through pelagiarine ecosystem,
microzooplankton grazing impact on autotrophic areterotrophic
picoplankton, nanoplankton and microphytoplankto® iselected stations (VA,
V4, V3, V1, V2) was analysed by means of the diatmethod (Landry and
Hassett, 1982; modified by Landey al, 1995) at the beginning Cand at the

end of the experiments ££J.

4.2.1 Picoplankton

Microzooplankton grazing on autotrophic prokaryotes

beginning of incubation (G): An overall analysis of the initial samples
(Co) shows that each experiment (VA, V4, V3, V1, V2)aswcorrectly
performed; increasing dilutions correspond to afeo#ive dilution of the
organisms (Fig. 4.2(1-5)).

St. VA y =0.6279x - 0.1126
Autotrophic picoplankton r’=0.722

0.9
0.8
0.7
0,6 <
0,5

*

0,3 s
0,2 1
0,1 3

0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(1) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.85.
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St. v4 y =0.7568x - 0.1
Autotrophic picoplankton 2 =0.7108
1,0
]
0,8 -
*
<
1 0,6
@)
Q 04 .
*
*
0,2 * *
3
0,0 ‘ ‘ ‘ ‘ ‘
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(2) Abundances (ngC'Lat the beginning of the experiment(@resent a significant
correlation withp<0.001; r = 0.84.

St. V3

Rt y = 0.43x - 0.0505
Autotrophic picoplankton

r?=0.8107

0,5
0,45 -
0,4

0,35
0,3

0,25 b4
0,2

015 - /
0,1 $

0,05
(0] T T T T T
0% 20% 40% 60% 80% 100%

*

pgcL™t

Dilution

Fig. 4.2.1(3) Abundances (ngC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.90.

Stvi1i y =0.62x + 0.0028
Autotrophic picoplankton r?>=0.8815

0,8
0,7
0,6
0,5

*0

(X ]

pgcL?
o
D
Il

0,3 1
0,2 s
0,1
(o] T T T T .
0% 20% 40% 60% 80% 100%

Dilution

Fig. 4.2.1(4) Abundances (ngC'Lat the beginning of the experiment)(@resent a significant
correlation withp<0.001; r = 0.93.
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St. Vv2 y = 0.8429x - 0.0329
Autotrophic picoplankton r’=0.9125
1,2
1 .
>
o 0,8 A -
-
QO 06
2 0,4 >
*
0,2 /
0 ‘ ‘ : : :
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(5) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.95.

End of incubations (G4): The apparent growth rate was calculated for
each dilution level (Fig. 4.2d-10). In the Atlantic station (Fig. 4.24)), there
is a significant correlation between the appareoivth rate and the dilution
factor (r = 0.82p<0.01).

St. VA y =-1,0354x +0,1835
Autotrophic picoplankton r’=0,6659
0,40
0,20 A1 .
0,00 - .
@ -0,20 A -
O, -0,40 A . 2
H -0,60
o080 e ——
-1,00 *
-1,20 -
-1,40 T T T T T
0% 20% 40% 60%0 80% 100%0
Dilution

Fig. 4.2.1(6) The apparent growth rate presenigrafieant correlation withp<0.01; r = 0.82.

The instantaneous coefficient of autotrophic poperagrowth k= 0.18,
and the instantaneous coefficient of grazing induceortality g = -1.03

determine a potential ingestion rate | = 0.48 ugait, a potential production
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removed by grazing PP% = 436.4% and a potentiabvamof the standing
stock by grazing SP% = 77.4%.

The plot of apparent growth rate against dilutiantérs in the Alboran
Sea is reported in Fig. 4.27)(in which is evident that there is not a sigrafit

relation between the apparent growth rate anditbeah factor.

St. v4
Autotrophic picoplankton
1,20
1,00 .
0,80  J
~ *
§ 0,60
3 0.40 - b4
y <>
g 0,20 - * s
g o :
0,00
-0,20
-0,40 b : ‘ : :
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(7) The plot does not display a significeorrelation.

In the Balearic Sea (Fig. 4.28)), there is an almost significant
correlation between the apparent growth rate aaddtlution factor (r = 0.52).
The potential instantaneous coefficient of autdtioppopulation growth k=
0.65, and the instantaneous coefficient of granmugtality g = -0.83 determine
a potential ingestion rate | = 0.32 pgC ¢}, a potential production removed by
grazing PP% = 110.4% and a potential removal osthading stock by grazing
SP% = 72.72%.
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St V3 0,833x + 0,649
- - = - +
Autotrophic picoplankton y 5 x* 0,
r°=0,2756
1,20
1,00 2
0,80 .
8 0,60
*
S 020 .
Q 20 7
E 000 - 2 .
-0,20 - . .
-0,40 .
-0,60 -
-0,80 : ; ; : :
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(8) The apparent growth rate presentraonst significant correlation; r = 0.52.

The apparent growth rate in the Ligurian Sea isnteg in Fig. 4.2.1);

there is not a significant correlation between apparent growth rate and the

dilution factor.

St. V1
Autotrophic picoplankton
1,00
L 4
0,80 - -
* *
~ 0,60 .
Q 0,40 - .
% 0,20
*
0,00 -
-0,20 *
-0,40 ‘ ‘ ‘ :
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(9) The plot does not display a significeorrelation.

In south Tyrrhenian, (Fig. 4.21b)), there is a quasi significant
correlation between the apparent growth rate aeddilution factor (r = 0.55).
The potential instantaneous coefficient of autdtioppopulation growth k=
0.18, and instantaneous coefficient of grazing alitytg = -0.43 determine a
potential ingestion rate | = 0.31 ugC d*, a potential production removed by
grazing PP % = 193.8% and a potential removal @ktnding stock by grazing
SP% = 35.2%.
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St. V2
Autotrophic picoplankton

y =-0,4325x + 0,1769
r?=0,304

0,4
0,3 -

0,2

0,1

-0,1 -

-0,2 -

Ln(C/C)

-0,3

&

04

-0,5

-0,6

-0,7 T

0% 20%

40% 60%
Dilution

80% 100%

Fig. 4.2.1(10) The apparent growth rate preseqisaai significant correlation r= 0.55.

Results obtained from dilution experiments are regabin Tab. 4.2.@).

k = the instantaneous coefficient of autotrophic popoagrowth, g= the

instantaneous coefficient of grazing mortalityp € the concentration of

autotrophic bacteria (or total biomass) at the magig of the experiment (ugC

L), Cn = the average concentration of the prey duringbagion time (uCL),

ingestion rate (ugC 't d%), Pr = the real production (uCLd™) in the

presence of the consumers during experimentatid®o B the potential

production removed by grazing and SP% = the ingtiahding stock removed by

grazing both expressed in percentages.

Stk 9 ug%i_ 2 ugCCmL 2 ugCII_ Tdt pg CIID_r’ld T g CPLp’ld 1 PP%  SP%

VA 0,18 -1,03 0,62 0,46 0,48 -0,53 0,11 436,4% 77,42%
v3 0,65 -0,83 0,44 0,38 0,32 -0,08 0,29 110,4% 72,7%
v2 0,18 -0,43 0,88 0,73 0,31 -0,22 0,16 193,8% 35,2%

Tab.4.2.1(1) Microzooplankton grazing on autotrepghiokaryotes. In V3 and V2 values are at

the limit of significance.
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4. Results
Microzooplankton grazing on heterotrophic prokaryotes

beginning of incubation Cop): An overall analysis of the initial samples
(Co) shows that each experiment (VA, V4, V3, V1, V2)aswcorrectly
performed; increasing dilutions correspond to afeative dilution of the

organisms (Fig. 4.2(11-15)).

St. VA
- y =11.871x - 0.9687
Heterotrophic picoplankton 2
r°=0.9306
16
14 S
12
1 10 3
(@) 8 A1 /!/
9 6 /i/ *
4 — $
2 .
0 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(11) Abundances (ugChLat the beginning of the experiment (Qpresent a

significant correlation witlp = <0.001; r = 0.96 .

.St' y4 y =12.013x - 1.3812
Heterotrophic picoplankton 2= 0.9312
14
12 '
o 107 /
-4 8 -
(é 6 /‘
4 $
5 | /
o] ‘ ‘ ‘ ‘ ‘
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(12) Abundances (ugC")Lat the beginning of the experimento(present a
significant correlation witlp<0.001; r = 0.96.
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St. V3
o y =12.187x - 2.0697
Heterotrophic picoplankton >
r°=0.9395
14
12 -
10 |
<
0 ° /
4 /!
2 ’
0 ; : : : :
0% 20% 40% 60% 80% 100%
dilution

Fig. 4.2.1(13) Abundances (ugCLat the beginning of the experiment (Qoresent a

significant correlation witlp<0.001; r = 0.96.

St. V1 y =12.28x - 0.2997
Heterotrophic picoplankton 2= 0.8993
16
14 $
12 /3
—
', 10 /{
? . :
© __—¥
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0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(14) Abundances (ugChLat the beginning of the experiment (Qpresent a

significant correlation witlp<0.001; r = 0.94.

Heterotro h?(’:t' \i/czo lankton y =10.488x - 1.7987
p picop r’=0.9012
12
L 4
10 $—
< 8 —
-
Q 6 §
g2 .
[
2
.
o} ; ‘ ‘ ‘ ‘
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(15) Abundances (ugChLat the beginning of the experiment(Qoresent a

significant correlation witp<0.001; r = 0.94.
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End of incubations (G,): the apparent growth rate was calculated for

each dilution level (Fig. 4.2(16-20). In the Atlantic station (Fig. 4.216)),

there is a significant correlation between the appagrowth rate and the
dilution factor (r = 0.81p<0.01). The instantaneous coefficient of heterdirop
population growth k= -0.12, and the instantaneous coefficient of gm@gzi
mortality g = -0.44 determine an ingestion rate4.£6 ugC [* d*, a potential

production removed by grazing PP% = 297.1% andreovel of the standing
stock by grazing SP% = 35.5%. The presence of ativegvalue for the
instantaneous coefficient of heterotrophic popalatgrowth (k) indicates that
even in the more diluted samples, the growth da¢®ocur; the reason of this,
may be attributed to a probably natural mortalityval infection that affect

picoplankton cells beside grazing mortality.

St. VA

o y =-0,4365x - 0,1158
Heterotrophic picoplankton

r’=0,6618

Ln(C/Co)
o
(65 o
"
L.

-1 T T T T T
0% 20% 40% 60% 80% 100%

Dilution

Fig. 4.2.1(16) The apparent growth rate presestgraficant correlationp<0.01 r = 0.81. Each

point represents the mean (xSTD) of the 3 replgcieeach replica.

In the Alboran station (Fig. 4.21F)), there is a significant correlation
between the apparent growth rate and the dilutamnof (r = 0.85;p<0.001).
The instantaneous coefficient of heterotrophic pagan growth k= 2.06, and
the instantaneous coefficient of grazing mortalgy= -2.37 determine an
ingestion rate | = 27.14 pgC'ld?, a potential production removed by grazing
PP% = 112.6% and a removal of the standing stoag&sing SP% = 232%.
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Heterot h?‘t- Y4 lankt y =-2.3719x + 2.0631

eterotrophic picoplankton 2207184
3,00
2,50 - .

~ 2,00 - 3

Q 150

2 100

c

- 050 - 3
0,00 - z
-0,50 : ‘ : : :

0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(17) The Apparent growth rate presenssgaificant correlationp<0.001 r = 0.85.
Each point represents the mean (£STD) of the 3aaels for each replica.

In the Balearic station (Fig. 4.218)), there is a significant correlation
between the apparent growth rate and the dilutamof (r = 0.89;p<0.001).
The instantaneous coefficient of heterotrophic paimn growth k= 0.05, and
the instantaneous coefficient of grazing mortalfy= -0.36 determine an
ingestion rate | = 3.52 ugC'Ld?, a potential production removed by grazing

PP% = 651.8% and a removal of the standing stoak#&zing SP% = 32.4%.

St. V3
Heterotrophic picoplankton y =-0.3566x + 0.0527
r’=0.7996
0,20
0,10
Q 010 i \#\
o
-0,30 E =
-0,40 g
-0,50 ‘ ‘ ‘ ‘ ‘
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(18) The apparent growth rate presengggaificant correlationp<0.001 r = 0.89.
Each point represents the mean (£STD) of the 3aaels for each replica.
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The apparent growth rate in the Ligurian Sea isnteg in Fig. 4.2.09),
there is not a significant correlation between apparent growth rate and the

dilution factor.

St. V1
Heterotrophic picoplankton

0,00
-0,10
-0,20
-0,30
-0,40
-0,50
-0,60
-0,70
-0,80 T T T T T
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i ]

tigo-1eH

Ln(C+/Co)

Dilution

Fig. 4.2.1(19) The plot does not display a sigaificcorrelation. Each point represents the mean

(xSTD) of the 3 replicates for each replica.

In South Tyrrhenian (Fig. 4.22b), there is a significant correlation
between the apparent growth rate and the dilutamtof (r = 0.96;p<0.001).
The instantaneous coefficient of heterotrophic piaokton growth k= 2.45,
and the instantaneous coefficient of grazing mitytaj = -2.61 determine an
ingestion rate | = 24.56 pgC'ld?, a potential production removed by grazing
PP% = 101.9% and a removal of the standing stoak&zing SP% = 249%.

St. V2 y =-2.6073x + 2.4547
Heterotrophic picoplankton r*=0.9159
2,50
2,00
~ E
5 1,50 - §
¢ 1,00
S 050 1
0,00 L —3
-0,50 ‘ ‘ ‘ | ;
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(20) The apparent growth rate presengggaificant correlationp<0.001 r = 0.96.
Each point represents the mean (£STD) of the 3aaels for each replica.
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Results obtained from dilution experiments are reggbin Tab. 4.2.®2)
k= the instantaneous coefficient of heterotrophic pejon growth, g= the
instantaneous coefficient of grazing mortalityp € the concentration of
heterotrophic bacteria (or total biomass) at thgirbeng of the experiment
(LgC LY, Cn = the average concentration of the prey duringibation time
(LCL™Y), | = ingestion rate (ugCtd?), Pr = the real production (uCLd™) in
the presence of the consumers during experimeniaB®b6 = the potential
production removed by grazing and SP% = the ingiahding stock removed by

grazing both expressed in percentages.

Stk 9 ug((::OL . pg%mL t ngII_ Tdt g ClT_r'ld T g CPLp'ld 1 PP%  SP%
VA -0,12 -0,44 11,70 9,46 4,16 -3,74 1,40 297,1% 35,5%
V4 2,06 -2,37 11,70 11,45 27,14 -3,63 27,14 112,6% 232,0%
V3 0,05 -0,36 10,85 9,79 3,52 -3,36 0,54 651,8% 32,4%
V2 245 -261 9,84 9,41 24,56 -1,57 24,11 101,9% 249%

Tab.4.2.1(2) Microzooplankton grazing on heteratiogprokaryotes.
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4. Results

The instantaneous coefficient of population growkh (x-axis) is
correlated to the instantaneous coefficient of iggamortality g (y-axis) (Fig.
4.2.121)). The absolute values of both coefficients k ariddicate the grazing
control exerted on picoplankton growth, when k smggcrozooplankton has an
efficient control on prokaryotic prey; converselynen k > g, picoplankton
growth overcomes grazing pressure. Results conérrftop down control”
exerted by microzooplankton on both auto- and bé&tgphic bacteria Fig.
4.2.121).

Western Mediterranean top down control on auto-
heterotrophic prokaryotes

35

3
25 /

2 Wl Heterotrophic p.

9 1,5 ® Autotrophic p.

1@ ®
05 ?

0 - ‘ ‘ ‘ ‘ |

o] 05 1 15 2 25 3 35
k

Fig. 4.2.1(20) Microzooplankton efficient top dowantrol (k < g). Blue boxes are referred to

heterotrophic picoplankton whereas pink pints dhtotrophic fraction.

In order to understand the energy fluxes throughagie marine
ecosystem more accurately, it is of fundamental oifgmce to assess
microzooplankton and nanoplankton (HNF) grazingspuee on picoplankton
fraction. Thus, a series of independent experimemie performed, in which
microzooplankton grazers were eliminated to astesanpact of the only HNF.

Data processing, highlights different models ascaed in Fig. 4.2.@21).
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Microzooplankton and HNF grazing
on heterotrophic prokaryotes in West Mediterranean

35

30

25 ] _

W'(_)| 20 - | @ Picoplankton
g 15 ] | mIHNF
10 !
O | microzoo
O T T ,_l T T
Va V4 V3 V1 V2

Fig. 4.2.1(21) Simultaneously grazing pressure afrozooplankton and nanoplankton (HNF)

on picoplankton prey.

In the Atlantic Ocean (VA), | assessed a microzankion
ingestion (I) = 4.124 pg Cid*, and a HNF ingestion (I) = 30.52 pg Cd*;
the experiment indicates that picoplankton grazmgtality is mostly exerted
by HNF; on the contrary in Alboran (V4) microzoopkion is the relevant
predator (I = 27.155 pg C'd?), whereas HNF plays a minor role (I = 14.32 pg
C LY. In the Balearic (V3) and Ligurian (V1) Seas,rthare two opposite
situations; in V3 only microzooplankton feed ongptankton, (I = 0.06 ug C'L
'd™) whereas in V1 picoplankton is only grazed by HNE 21.50 pg C ['d™).

A similar situation displayed in the Alboran statios showed in southern
Tyrrhenian, where HNF ingestion was 5 06 pg &t and microzooplankton

ingestion 24,54 pg Ctd™* respectively.
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4. Results

4.2.2 Nanoplankton

The analysis evaluate nanoflagellates in three wsmo@al sizes (<3 um,
3 -5 um, > 5 — um) without any distinction betweauatotrophic and
heterotrophic components. Heterotrophic percentegmtal abundances (24%)
is deduced in Fig. 4.23%-37) from a data set referred to north western

Mediterranean (Blanes Bay) (Jurgens and Massaf8)20

Microzooplankton grazing on nanoplankton fraction.

beginning of incubation (G): An overall analysis of the initial samples
(Co) shows that each experiment (VA, V4, V3, V1, V2)aswcorrectly
performed; increasing dilutions correspond to afeo#ive dilution of the
organisms (Fig. 4.2(2-5)).

St'l V'?‘( y = 4,9356x - 0,9753
Nanoplankton ?=08178
6
*
5
*
-
| 4 .
o 3 (]
22 .
*
1 . .
0 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(1) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.90.
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St. V4 y =5,8524x - 1,4524
Nanoplankton r*=0,7121
8,0
7.0 =
6.0 -
< 50
- 40 —
@)
2 3,0 -
2,0 :
1,0 . o
0,0
-1,0 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(2) Abundances (ugC'Lat the beginning of the experiment)@resent a significant

correlation withp<0.001; r = 0.84.

Sti V:l%( y =4,965x - 0,961
Nanoplankton r?=0,7393
6
L 2
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- 4 ’
—
O 3
(@]
=) | *
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0 ‘ ‘ ‘ ‘ ‘
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Fig. 4.2.2(3) Abundances (ugC'Lat the beginning of the experiment)@resent a significant

correlation withp<0.001; r = 0.85.

St.V1 y = 9,5062x - 2,4598
Nanoplankton 12 =0,7596
12
10
— 8 ] b4
d 5
o 4 >
= ]
27 3
0 *
_2 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(4) Abundances (ugC'Lat the beginning of the experiment)@resent a significant

correlation withp<0.001; r = 0.87.
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St V2 y =1,8243x - 0,0671
: r?=0,712
Nanoplankton
2,5
27 13
o
1 15 pe
% /
2 1
£ 4
0,5 3
*
0 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(5) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.01; r = 0.84.

End of incubations (Gy): the apparent growth rate was calculated for
each dilution level (Fig. 4.2@20)) and for three dimensional sizes (<3 um, 3-5
pum, > 5 um). In the Atlantic station, there is gn#ficant correlation between
the apparent growth rate and the dilution factdy dar size 3 — 5 um (Fig.
4.2.27)) (r = 0.83;p<0.01), whereas any significant correlation is @igpd for
nanoflagellates < 3 um and > 5 um (Fig. 428). The instantaneous
coefficient of nanoplankton growth % 0.19, and the instantaneous coefficient
of grazing mortalityg = -1,04 determine an ingestion rate | = 0.79 L@, a
potential production removed by grazing PP% = 3588 a removal of the

standing stock by grazing SP% = 73.1%.

St. VA
Nanoplankton <3 pm

1
*
0,5 *
S o4 *
<
O -05 L2
T . . s
-~ 1 *
15 ¢
'2 T T T T T
0% 20% 40% 60% 80% 100%

Dilution

Fig. 4.2.6(6) The plot does not display a significeorrelation.
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St. VA
Nanoplankton y =-1,039x + 0,1952
3-5 pm r* = 0,6954
0,2
O *
S 0.2 ,
Q 04 ’ .
O 06 1
c
-0,8
- -l \;
1,2 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(7) The apparent growth rate presenigraficant correlation; r = 0.831<0.01.

St. VA
Nanoplankton
>5 pum
0 £
*
*
< -0,5 - Py
¢ :
o 1
c
-1 .15 -
_2 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(8) The plot does not display a significeorrelation.

In the Alboran station, there is a significant etation between the
apparent growth rate and the dilution factor ordy manoflagellates > 5 um
(Fig. 4.2.111)) (r = 0.77;p<0.01). No correlation are found for cells < 3 pna a
3-5 um (fig. 4.2.00-10)). The instantaneous coefficient of nanoplanktomdgin
k = 1,25, and the instantaneous coefficient of gazimortality g = -2.18
determine an ingestion rate | = 6.13 pg&d?, a potential production removed
by grazing PP% = 114.8% and a removal of the stansiiock by grazing SP%
= 143.5%.
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St. V4
Nanoplankton
<3 um
0,5
—~ 0 * * :
= .
Q 05 .
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5 1,5 M
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0% 20% 40% 60% 80% 100%
Dilution
Fig. 4.2.2(9) The plot does not display a significeorrelation.
St. V4
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Fig. 4.2.2(10) The plot does not display a sigaificcorrelation.

St. V4
Nanoplankton
>5 um

y =-2,1845x + 1,2509
r’ =0,5898

Ln(C/Co)
o
»
*»
»

'2 T T T
0% 20% 40% 60%
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80% 100%

Fig. 4.2.2(11) The apparent growth rate presesigraficant correlation; r = 0.7'$<0.01.
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In the Balearic station (Fig. 4.212-14), there is not a significant

correlation between the apparent growth rate aeddtlution factor for any of

the three dimensional sizes (<3 um, 3-5 um, > 5.um)

Ln(C/Co)

St. V3
Nanoplankton
<3 um
0,2
0 .
* *
0,2 1 ¢ . . ;
i .
-0,4 s
-0,6 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(12) The plot does not display a sigafficcorrelation.

Ln(Cv/Co)

St. V3
Nanoplankton
3-5 pm
1
4
0 . *
*
-1 * *
*
-2 *
'3 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.(13) The plot does not display a significeorrelation.
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St. V3
Nanoplankton
>5pum
0,5 o . o
- *
5 0,5 S .
T *
-
1,5 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(14) The plot does not display a sigafficcorrelation.

In the Ligurian station (Fig. 4.215-17) there is a significant correlation
between the apparent growth rate and the dilutamtof for all dimensional
sizes. Nanoflagellates < 3 pm displays r = 0.89 @@ 001; the instantaneous
coefficient of nanoplankton growth % 0.57, and the instantaneous coefficient
of grazing mortalityg = -1.10 determine an ingestion rate | = 0.78 Lgal™, a
potential production removed by grazing PP% = 1%4ahd a removal of the
standing stock by grazing SP% = 83% (Fig. 413)p

| i vi 3 y =-1,1087x +0,5706

Nano <

plankton Hm r*=0,7957
06
04 =

~~ 0,2 :\ * .

g 0 \

T 02 . s

- 04
06 s
08 : : : : ‘

0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(15) The apparent growth rate presestgraficant correlation; r = 0.89:<0.001.
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Nanoplankton 3-5 um displays r = 0.72 gn&0.01; the instantaneous
coefficient of nanoplankton growth=1.53 and the instantaneous coefficient of
grazing mortalityg = -1.95 determine an ingestion rate | = 3.43 wgcd?, a
potential production removed by grazing PP% = 86% a removal of the
standing stock by grazing SP% = 131.4% (Fig. 418)R

St. V1 y =-1,951x +1,5306
Nanoplankton 3-5 pm r?=0,5155
15
< -
Q 0,5 .
o O
S -05
1 4
*
-1,5 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(16) The apparent growth rate presestgraficant correlation; r = 0.72<0.01.

Nanoplankton >5 um (r = 0.85<0.01); the instantaneous coefficient
growth k= 3.19 and the instantaneous coefficient of gramogtalityg = -5.08
determine an ingestion rate | = 13.67 pugC d*, a potential production
removed by grazing PP% = 83.2% and a removal ofsthading stock by

grazing SP% = 265.4% (Fig. 4.2.2).

St. V1
Nanoplankton y =-5,0829x + 3,194
>5 1m 1’ =0,6644

Ln(C+/Co)
AN OND
1
/

0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.2(17) The apparent growth rate presestgraficant correlation; r = 0.85<0.01.
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In South Tyrrhenian (Fig. 4.21B-20) there is not a significant
correlation between the apparent growth rate amdditution factor for all

dimensional sizes.

St. V2
Nanoplankton
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Fig. 4.2.2(18) The plot does not display a sigaificcorrelation.
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Fig. 4.2.2(19) The plot does not display a sigafficcorrelation.
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St. V2
Nanoplankton
>5pum
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15 <
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Fig. 4.2.2(20) The plot does not display a sigatficcorrelation.

Results obtained from dilution experiments are regabin Tab. 4.2.X=
the instantaneous coefficient of nanoplankton ghovgt = the instantaneous
coefficient of grazing mortality, £= the concentration of nanoplankton (or total
biomass) at the beginning of the experiment (ugé, IC, = the average
concentration of the prey during incubation tim€It), | = ingestion rate (ugC
L™ db), Pr = the real production (uCLd?) in the presence of the consumers
during experimentation, PP = the potential production removed by grazing
and SP% = the initial standing stock removed byigg both expressed in

percentage.

Co Cn | Pr

Pp
ugCL'l ugCL'l ugCL—ld—l ugCL'ld'l ugCL—ld—l PP% SP%

St.  sizes k g

VA 3-5um 0,19 -1,04 1,08 0,76 0,79 -0,91 0,22 359,0% 73.1%
V4 >5pm 1,25 -2,18 4,27 2,18 6,13 -3,97 5,34 114.8% 143.5%
Vi <3pm 0,557 -1,10 0,94 0,71 0,78 -0,50 0,54 144,4% 83,0%
3-5pum 1,53 -1,95 2,61 1,76 3,43 -1,10 3,99 86,0% 131,4%
>5um 3,19 -5,08 5,15 2,69 13,67 -9,73 16,43 83,2% 265,4%

Tab. 4.2.2 Microzooplankton grazingnamoplankton fractions.
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4. Results

The instantaneous coefficient of population growkh (x-axis) is
correlated to the instantaneous coefficient of iggamortality g (y-axis) (Fig.
4.2.221)). The absolute values of both coefficients k ariddicate the grazing
control exerted on nanoplankton growth, when k sgrozooplankton has an
efficient control on nanoplankton prey; converselyen k > g, nanoplankton
growth overcomes grazing pressure. Results conérrftop down control”

performed by microzooplankton on nanoflagellateg.(#.2.221)).

Western Mediterranean
Top down control on Nanoplankton

Fig. 4.2.2(21) Microzooplankton efficient top dowantrol (k < g).
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4.2.3 Microphytoplankton

From microphytoplankton analysis a floristic ligtrmicroorganisms has
been arranged (Tab.4.4§. 6 taxonomic groups were identified:
Bacillariophyceae (diatoms), Dinophyceae (dinoflEges), Primnesiophyceae
(coccolithophorids), Euglenophyceae (euglenoids)ctydichophyceae and
Incertae sedis (Fig. 4.21312)).

Among diatoms, 20 genera were identified for a whamount of 14
species:Asterolampraspp., Asteromphaluspp., Chaetoceros messanensid
peruvianus Coscinodiscusspp., Cyclotella spp. Dactyliosolen fragilissimys
Guinardia striata Haslea wawrikaglLeptocylindrus danicyd.. mediterraneus
Licmophora gracilis Lioloma spp.,Lithodesmiunspp.,Naviculaspp.,Nitzschia
longissima Pleurosigmaspp.,Proboscia alata Pseudo-nitzschia delicatissima
P. galaxiag Rhizosolenia spp., Thalassionema spp., Thalassiosira
mediterraneaT. rotula
Among dinoflagellates, 26 genera were identified dowhole amount of 47
species: Alexandrium spp., Blepharocystaspp., Ceratium candelabrumcC.
concilians C. declinatum C. furca C. fusus C. horridum C. inflatum C.
limulus, C. longipes C. macroceros C. massiliense C. paradoxides C.
pentagonum C. pulchellum C trichoceros C. tripos Ceratocorys. horrida
Chorythodinium tesselatun€ochlodinium polikrikoidesDinophysis caudata
D. rotundata Diploneis spp., Diplopsalis spp., Gonyodoma polyericum
Gonyaulax fragilis G. hyaling G. polygramma Gyrodinium impudicum
Karenia spp., Katodinium rotundatumLingulodinium polyedrumMesoporos
perforatus Ornithocercus magnificys Oxyphysis oxytoxoidesOxytoxum
caudatum O. variabile, O. viride O. scolopax Phalacroma circumstumpP.
mitra, P. rotundatum Podolampas palmipesProrocentrum balticum P.
compressumP. gracile P. micans P. minimum P. triestinum Protoceratium
spp.,Pyrocystis lanulaPyrophacusspp.,Scrippsiella trochoidea

Among coccolithophorids, 11 genera were identif@da whole amount

of 11 speciesCalciosolenia murrayiDiscosphaera tubifelEmiliania huxleyj

80



4. Results

Hallopappus adriaticus Helicosphaera carteri Phonthosphaera siracusana
Rhabdosphaera clavigeScyphosphaera apsteintbyracosphaera histrigas.
pulchra Umbilicosphaera sibogae

Among euglenoids, 3 genera were identifidiglena spp., Eutreptia
spp. andEutreptiella spp.; whereas among the incertae sedis, 1 spa@ss
identified: Lectocryptos marina

Among Dictyochophyceae 1 genus and 2 species weeatiiied:
Dychtyocha fibulaD. speculum

PHYCOPHYTA

BACILLARIOPHYCEAE

Asterolampraspp.

Asteromphaluspp.

Chaetoceros messanenf&stracane 1875)
Chaetoceros peruvianyBrightwell 1856)
Coscinodiscuspp. (Ehrenberg 1839 emend. Hasle & Sims 1986)
Cyclotellaspp. (Kutzing 1833)

Dactyliosolen fragilissimugBergon) (Hasle 1996)
Guinardia striata(Stolterfoth 1879)

Haslea wawrikag¢Hustedt) (Simonsen 1974)
Leptocylindrus danicu€Cleve)

Leptocylindrus mediterranePeragallo) (Hasle 1975)
Licmophora graciligEhrenberg) (Grunow)
Liolomaspp.

Lithodesmiunspp.

Naviculaspp. (Bory de St.-Vincent 1822)

Nitzschia longissim@Brébisson 1849) (Ralfs 1861)
Pleurosigmaspp. (W. Smith 1852)

Proboscia alatgBrightwell) (Sundstrom)
Pseudo-nitzschia delicatissinf@leve) (Heiden 1928)
P. galaxiag(Lundholm & Moestrup 2002)
Rhizosoleniaspp.

Thalassionemapp.

Thalassiosira mediterrane@lasle 1990)

Thalassiosira rotulgMeunier 1910)
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PRIMNESIOPHYTA

PRIMNESIOPHYCEAE

COCCOLITHOPHORALES

Calciosolenia murray(Gran 1912)

Discosphaera tubifefMurray & Blackman) (Ostenfeld 1900)
Emiliania huxleyi(lLohman) (Hay & Mohler 1967)
Hallopappus adriaticugSchiller 1914)

Helicosphaera carter{Wallich) (Kamptner 1954)
Phonthosphaera siracusarfeohmann 1902)
Rhabdosphaera clavigéMurray & Blackman 1898)
Scyphosphaera apsteirfiiohmann 1912)

Syracosphaera districBKamptner 1941)

Syracosphaera pulchrd.ohman 1902)

Umbilicosphaera siboga@Veber-van Bosse) (Gaarder 1970)

EUGLENOPHYTA
EUGLENOPHYCEAE
Euglenaspp.
Eutreptiaspp.
Eutreptiellaspp

HETEROKONTOPHYTA

DICTYOCHOPHYCEAE
Dychtyocha fibuldEhrenberg 1839)
Dychtyocha speculuifEhrenberg 1839)

INCERTAE SEDIS
Leucocryptos maringBraaud) (Butcher 1967)

PROTOZOA
SARCOMASTIGOPHORA
MASTIGOPHORA
DINOFLAGELLIDA

Alexandriumspp.

Blepharocystapp.
Ceratium candelabrurtEhrenberg) (Stein 1883)

Ceratium conciliangJérgensen 1920)

4. Results
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Ceratium declinatuniKarsten) (Jérgensen 1911)
Ceratium furca(Ehrenberg) (Claparéde et Lachmann 1859)
Ceratium fusugEhrenberg) (Dujardin 1841)
Ceratium horridum(Cleve) (Gran 1902)

Ceratium inflatum(Kofoid) (Jgrgensen 1911)
Ceratium limulugGourret 1883)

Ceratium longipegBailey) (Gran 1902)

Ceratium macroceroéEhrenberg) (Vanhoffen 1897)
Ceratium massiliens@Gourret) (Jgrgensen 1911)
Ceratium paradoxidegCleve 1900)

Ceratium pentagonuifGourret 1883)

Ceratium pulchellun§Schréder 1906)

Ceratium trichocerogEhrenberg) (Kofoid 1908)
Ceratium tripogO.F. Muller) (Nitzsch 1817)
Ceratocorys horridgStein 1883)

Chorythodinium tesselatuthoeblich Jr. & Loeblich Il 1966)
Cochlodinium polikrikoide¢Margalef 1961)
Dinophysis caudatéSaville-Kent 1881)

Dinophysis rotundatéClaparéde & Lachmann 1859)
Diploneisspp.

Gonyodoma polyericuifiPouchet) (Jgrgensen 1899)
Gonyaulax fragilis(Schutt) (Kofoid 1911)

Gonyaulax hyalingdOstenfeld & Schmidt 1901)
Gonyaulax polygramn{&tein 1883)

Gyrodinium impudicuniFraga et al. 1995)
Kareniaspp. (G. Hansen & Moestrup 2000)
Katodinium rotundatunjLohmann) (Loeblich 111 1965)
Lingulodinium polyedruniStein) (Dodge 1989)
Mesoporos perforatugsran) (Lillick 1937)
Ornithocercus magnificuStein 1883)

Oxyphysis oxytoxoidg&ofoid 1926)

Oxytoxum caudaturgschiller 1937)
Oxytoxumvariabile (Schiller 1937)

Oxytoxum viridgSchiller)

Oxytoxum scolopafStein 1883)

Phalacroma circumsturtKarsten 1907)

Phalacroma mitrg(Schitt 1895)

Phalacroma rotundatur(Claparéde & Lachmann) (Kofoid & Michener 1911)

4. Results
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Podolampas palmipg$tein 1883)

Prorocentrum balticunfLohmann) (Loeblich 111 1970)
Prorocentrum compressu(Bailey) (Abé ex Dodge, 1975)
Prorocentrum graciléSchuitt 1895)

Prorocentrum micangEherenberg)

Prorocentrum minimurnfPavillard) (Schiller 1933)
Prorocentrum triestinungSchiller 1918)
Protoceratiumspp.

Pyrocystis lunulgSchiitt 1896)

Pyrophacusspp.

Scrippsiella trochoidegStein) (Loeblich 11l 1976)

Tab. 4.4.3(1) Floristic list.
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Fig. 4.2.3(1-2 Asterolampraspp. (1);Naviculaspp. (2).

Fig. 4.2.3(3-4)Ceratium declinatuni3); Ceratium furca(4).

Fig. 4.2.3(5-6)Dinophysisspp. (5);Ceratium fusug6).
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Fig. 4.2.3(7-8Prorocentrum micang7); Nitzschiaspp. (8).

Fig. 4.2.3(9-10Euglenaspp. (9);Discosphaera tubifefl10).

Fig. 4.2.3 (11,12pyracosphaera pulchrél1); Dychtyocha speculuifi2).
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Microzooplankton grazing on microphytoplankton.

Microzooplankton grazing on microphytoplanktonic ogps was
evaluated on at least 100 cells' l(counts referred to half sedimentation
chamber). On the basis of this valuation method,ctmunts to be considered
significant 6 taxonomic groups were considered: toes, armoured
dinoflagellates < 20 um and > 20 um, coccolithomloand other flagellates <

20 pm and > 20 pum.

beginning of incubation (G): An overall analysis of the initial samples
(Co) shows that each experiment (VA, V4, V3, V1, V2)aswcorrectly
performed; increasing dilutions correspond to afeo#ive dilution of the
organisms (Fig. 4.2(85)).

St. VA
Phytoplankton y =1,449x - 0,3503
r*=0,7366
2
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o
-4 1 /
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0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.4(1) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.86.
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St. V4 y =0,4622x - 0,0227
Phytoplankton 1’ =0,8554
0,7
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0,0 : ; ; | ‘
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.4(2) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.92.

St. V3

=0,547x - 0,0549
Phytoplankton y X

?=0,7772

0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.4(3) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.88.

St. V1 =0,9224x + 0,1362
Phytoplankton y= " x*o
r’=0,7522
14 <
1,2 3
o 1,0 1 *
— 08 - . ¢ *
Q i .
2 0,6
3 04 -
0,2
0,0 ; ; ; ; ;
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.4(4) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.87.
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St. V2 y =0,3558x +0,1918
Phytoplankton r’=0,6825

0,7

0,6 -
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Fig. 4.2.4(5) Abundances (ugC'Lat the beginning of the experiment)@resent a significant
correlation withp<0.001; r = 0.83.

End of incubations (G,): the apparent growth rate was calculated for
each dilution level (Fig. 4.2(@28)) and for significant phytoplanktonic groups.
In the Atlantic station (VA), there is a signifidagorrelation between the
apparent growth rate and the dilution factor fanqete diatoms (Fig. 4.263) (r
= 0.84;p<0.001), centric diatoms (Fig. 4.278(r = 0.78;p<0.01), armoured
dinoflagellates < 20 um (Fig. 4.28) (r = 0.67;p<0.05), coccolithophorids (fig.
4.2.30)) (r = 0.92;p<0.001) and other flagellates > 20 um (Fig. 412)3 (r =
0.66; p<0.05), whereas any significant correlation is #iged for the armoured
dinoflagellates > 20 um (fig. 4.213)) and for other flagellates < 20 pm (Fig.
4.2.312)).

For pennate diatoms, the instantaneous coeffiaépbpulation growth
k = 1.09, and the instantaneous coefficient of gazimortality g = -2.23
determine an ingestion rate | = 0.09 ug€d?, a potential production removed
by grazing PP% = 118.4% and a removal of the stansiiock by grazing SP%
= 128.6% (fig. 4.2.3)).
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St. VA
. y =-2,2326x + 1,0908
Pennate diatoms 5
r“=0,7016
1,00 . .
~ 050 .
O 0,00 * .
< \
¢ -0,50
T 1,00 T
S ,
-1,50
*
-2,00
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(6) Apparent growth rate presents a it correlation; r = 0.843<0.001.

For centric diatoms, the instantaneous coefficegrgopulation growth k
= 1.03, and the instantaneous coefficient of gzmortality g = -3.05
determine an ingestion rate | = 0.06 ug€d?, a potential production removed
by grazing PP% = 200% and a removal of the stanstiock by grazing SP% =

200% (Fig. 4.2.@)).

St. VA

Centric diatoms y =-3,0544x + 11,0287

r>=0,6158

Ln(C+/Co)
)
.
/
oo

0% 20% 40% 60% 80% 100%

Dilution

Fig. 4.2.1(7) The apparent growth rate presenigraficant correlation; r = 0.781<0.01.

For armoured dinoflagellates < 20 um, the instadas coefficient of
population growth k= 0.51, and the instantaneous coefficient of gazin
mortality g = -1.72 determine an ingestion rate | = 0.15 LG, a potential
production removed by grazing PP% = 187.5% andraval of the standing

stock by grazing SP% = 100% (Fig. 4@)B8
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St. VA y =-1,7203x + 0,5136
Armoured dinoflagellates r2 = 0,446
<20 pm
0,5
~ 0+ ’\ s
Qj _0’5 * \
@) -1
:IE -15 be
-2 4 .
-2,5 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(8) The apparent growth rates presenigraficant correlation; r = 0.6 p<0.05.

For coccolithophorids, the instantaneous coefficadrpopulation growth

k = 0.53 and the instantaneous coefficient of grazmmgrtality g = -2.69

determine an ingestion rate | = 0.19 pg&d?, a potential production removed
by grazing PP% = 271% and a removal of the stanstiock by grazing SP% =
146.1% (Fig. 4.2.3)).

Ln(C+/Co)

0,0

-0,5
-1,0
-1,5
-2,0
-2,5
-3,0

St. VA
coccolithophorids

y = -2,6892x + 0,5279
r?=0,8435

*
. *
*

*

—~—

\3

0%

20% 40% 60%

Dilution

80% 100%

Fig. 4.2.1(9) The apparent growth rates presenigraficant correlation; r = 0.92<0.001.
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For other flagellates > 20 um, the instantaneoesficaent of population
growth k= 0.10 and the instantaneous coefficient of gramogtalityg = -2.27
determine an ingestion rate | = 0.11 pg&d?, a potential production removed
by grazing PP% = 126.2% and a removal of the stansiiock by grazing SP%
=122.2% (Fig. 4.230)).

St. VA
Other flagellates > 20 um y= '2368‘” +0,9978
r?=0,4319
15
*
1
—~ 05 — 3
S o :
S .05
O )
* *
£ 1
-15 IS
_2 :
-2,5 T T T T T
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(10) The apparent growth rate presestgraficant correlation; r = 0.66<0.05.

St. VA
Armoured dinoflagellates > 20 um

0,5
= 05 . g
Q 10
[ * *
3 15 4 b
'2,0 T T T T T
0% 20% 40% 60% 80% 100%

Dilution

Fig. 4.2.3(11) The plot does not display a sigatficcorrelation.
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St. VA
Other flagellates <20 um
15
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8‘ 1 - .
= * .
O 057 * . $
= - . .
| 0
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0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.3(12) The plot does not display a sigaificcorrelation.

In the Alboran station (V4), there is a significaatrrelation between the
apparent growth rate and the dilution factor onlgr fthe armoured
dinoflagellates < 20 um (Fig. 4.213)) (r = 0.89; p<0.001) whereas any
significant correlation is displayed for the armedirdinoflagellates > 20 um
(Fig. 4.2.314)), for the other flagellates < 20 um and coccoptimarids (Fig.
4.2.315-16); other phytoplanktonic groups are not significant

For the armoured dinoflagellates < 20 um, the mat@eous coefficient
of population growth k= 1.26 and the instantaneous coefficient of grazing
mortality g = -1.32 determine an ingestion rate | = 0.026 LG, a potential
production removed by grazing PP% = 104% and a vaimof the standing
stock by grazing SP% = 130% both expressed in ptage (Fig. 4.2.33)).
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St. V4 =-1,3222x + 1,2612
Armoured dinoflagellates y=e ’
<20 um r’=0,7854
15
*
g : :
3 05 v :
=4
- 0 —
05 :
0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(13) Instantaneous coefficient of pogatagrowth present a significant correlation; r

= 0.89;p<0.001.
St. V4
Armoured dinoflagellates
> 20 um
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- 02 : :
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Fig. 4.2.3(14) The plot does not display a sigafficcorrelation.
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Fig. 4.2.3(15) The plot does not display a sigaificcorrelation.

94



4. Results

St. V4
Flagellates < 20 um
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ra *
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Fig. 4.2.3(16) The plot does not display a sigatficcorrelation.

In the Balearic station (V3), there is a significanrrelation between the
apparent growth rate and the dilution factor onlgr fthe armoured
dinoflagellates < 20 um and > 20 um (Fig. 42)B(r = 0.66;p<0.001) and for
coccolithophorids (Fig. 4.2(8)) (r = 0.85;p<0.001), whereas any significant
correlation is displayed for the armoured dinofledes < 20 pm (fig. 4.2(39))
and for the other flagellates < 20 um (Fig. 42, other phytoplanktonic
groups are not significant. For the armoured dagdllates > 20 um, the
instantaneous coefficient of population growtk 10.85 and the instantaneous
coefficient of grazing mortalitg = -0.94 determine an ingestion rate | = 0.38
ngC L' d*, a potential production removed by grazing PP%6-1% and a
removal of the standing stock by grazing SP% =®1(Fig. 4.2.817)).

St. V3
Armoured dinoflagellates y =-0.939x + 0.8545

>20 pm r’ =0.4308
- 1 3
O 05 — d
= o
o 07 .
= 05 $
— -l T T T T T

0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(17) The apparent growth rate presestgraficant correlation; r = 0.6¢<0.001.
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For coccolithophorids, the instantaneous coefficarpopulation growth
k = 0.85 and the instantaneous coefficient of grazimgrtality g = -1.76
determine an ingestion rate | = 0.035 pugC d*, a potential production
removed by grazing PP% = 125% and a removal ofstaeding stock by
grazing SP% = 175% (Fig. 4.218)).

St V3
Coccolithophorids y=-1.7565x + 1.3979
r’=0.7327
15
~ E *
S 1 ° hd
0,5 -
<) .
C 07 * :
-1 05 . .
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0% 20% 40% 60% 80% 100%
Dilution

Fig. 4.2.1(18) Instantaneous coefficient of popalaigrowth present a significant correlation; r
= 0.85;p<0.001.
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Fig. 4.2.3(19) The plot does not display a sigaificcorrelation.
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St. V3
Other flagellates
<20 um
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Fig. 4.2.3(20) The plot does not display a sigatficcorrelation.

In the Ligurian station (V1), there is a signifitaorrelation between the
apparent growth rate and the dilution factor oolydiatoms (Fig. 4.2(31)) (r =
0,68; p<0.05), whereas any significant correlation is iged for the armoured
dinoflagellates < and > 20 um (Fig. 4.2823) for coccolithophorids (Fig.
4.2.324)) and the other flagellates < 20 pm (Fig. 42, other
phytoplanktonic groups are not significant. Fortailas, the instantaneous
coefficient of population growth k 0.33 and the instantaneous coefficient of
grazing mortalityg = -0.43 determine an ingestion rate | = 0.052 LJQ*, a
potential production removed by grazing PP% = 1%0&hd a removal of the
standing stock by grazing SP% = 40% (Fig. 42)8

St. V1 y = -0,4289x + 0,3315
Diatoms r? = 0,4606

0,5
04
0,3
0,2 * .
0,1 .
0,0
.
-0,1
-0,2
.
-0,3 T T T T T
0% 20% 40% 60% 80% 100%

Ln(C+/Co)

hd

*

Dilution

Fig. 4.2.1(21) Instantaneous coefficient of pogatagrowth present a significant correlation; r
= 0.68p<0.05. One replica for 50% and one for 20 % werepnacessed in the analysis for their

unreliability.
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St. V1
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Fig. 4.2.3(22) The plot does not display a sigafficcorrelation. One replica for 50% and one

for 20 % were not processed in the analysis far tireliability.
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Fig. 4.2.3(23) The plot does not display a sigafficcorrelation. One replica for 50% and one

for 20 % were not processed in the analysis far threliability.
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Fig. 4.2.3(24) The plot does not display a sigaificcorrelation. One replica for 50% and one

for 20 % were not processed in the analysis far thereliability.
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Fig. 4.2.3(25) The plot does not display a sigaificcorrelation. One replica for 50% and one

for 20 % were not processed in the analysis far thereliability.

In South Tyrrhenian (V2), there is a significantretation between the
apparent growth rate and the dilution factor oolydiatoms (Fig. 4.2(36)) (r =
0.79;p<0.05), whereas any significant correlation is iged for the armoured
dinoflagellates < 20 um and > 20 um (Fig. 427&8) for coccolithophorids
(Fig. 4.2.329) and the other flagellates < 20 um (Fig. 4&; other
phytoplanktonic groups are not significant. Fortailas, the instantaneous
coefficient of population growth k 0.72 and the instantaneous coefficient of
grazing mortality g = -1.04 determine an ingestiate | = 0.062 ugC td* a
potential production removed by grazing PP% = 1228d a removal of the
standing stock by grazing SP% = 88.6% (Fig. 428)B

St.v2 y=-1.0392x +0.7248
Diatoms r’=0.6317

0,8
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0,2 3
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Fig. 4.2.1(26) The apparent growth rate presewsigrificant correlation; r = 0.7$<0.05. One
replica for 80-50 and 20 % were not processedearatialysis for their unreliability.
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Fig. 4.2.3(27) The plot does not display a sigaificcorrelation. One replica for 80-50 and 20 %

were not processed in the analysis for their uaipdlty.
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Fig. 4.2.3(28) The plot does not display a sigaificcorrelation. One replica for 80-50 and 20 %

were not processed in the analysis for their uaipdlty.

St. V2
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Fig. 4.2.3(29) The plot does not display a sigaificcorrelation. One replica for 80-50 and 20 %

were not processed in the analysis for their uaipdlty.
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St. V2
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Fig. 4.2.3(30) The plot does not display a sigaificcorrelation. One replica for 80-50 and 20 %

were not processed in the analysis for their uaipdlty.

The results obtained from the dilution experimears reported in Tab.
4.2.32) k= the instantaneous coefficient of autotrophic bagtgrowth, g= the
instantaneous coefficient of grazing mortalityp € the concentration of
nanoplankton (or total biomass) at the beginninghef experiment (ugC¥),
Cm = the average concentration of the prey duringiticabation (LCL), | =
ingestion rate (ugCtd?), Pr = the real production (uCld™) in the presence
of the consumers during experimentation,%’R the potential production
removed by grazing and SP% = the initial productieemoved by grazing both

expressed in percentages.
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Groups k Co Cr C  mC e PP%  SPY
p 9 pgCL™* pgCL™ Itl'?d'l L“.(ild-l Lu-(lld-l ° °
VA
Pennate diatoms 1,09 -2,23 0,07 0,04 0,09 -0,08 0,08 112,5% 128,6%
Centric diatoms 1,03 -3,056 0,03 0,02 0,06 -0,06 0,03 200,0% 200,0%
Armoured dinoflagellates < 20 pm 051 -1,72 0,15 0,09 0,15 -0,182 0,08 187,5% 100,0%
Coccolithophorids 0,53 -2,69 0,13 0,07 0,19 -0,28 0,07 271,4% 146,1%
other flagellates > 20 um 1,00 -2,27 0,09 0,05 0,11 -0,11 0,09 126,6% 122,2%
V4
Armoured dinoflagellates < 20 um 1,26 -1,32 0,02 0,02 0,03 -0,001 0,02 150,0% 150,0%
V3
Armoured dinoflagellates > 20 pm 0,85 -0,94 0,46 0,40 0,38 -0,04 0,39 97,1% 82,6%
Coccolithophorids 1,40 -1,76 0,02 0,02 0,04 -0,01 0,03 142,9% 200,0%
V1
Diatoms 033 -043 0,13 0,12 0,05 -0,01 004 1250% 38,5%
V2
Diatoms 0,72 -1,04 0,07 0,06 0,06 -0,02 005 124,0% 88,6%

Tab. 4.2.3(2) Microzooplankton grazing on Micropdpiankton.

The instantaneous coefficient of population growkh (x-axis) is
correlated to the instantaneous coefficient of igiaanortality g (y-axis) (fig.
4.2.361)). The absolute values of both coefficients k gnddicate the grazing
control exerted on microphytoplankton growth, wiker g, microzooplankton
has an efficiently control on microphytoplanktoreyrconversely when k > g,
microphytoplankton growth overcomes grazing pressBesults confirm a “top
down control” performed by microzooplankton on roinytoplankton fraction
Fig. 4.2.331).

Western Mediterranean Top down
control on microphytoplankton

3,5

Fig. 4.2.3(31) Microzooplankton efficient top dowontrol.
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Phytoplanktonic abundance (cells')Land biomass (ugC 1) were
evaluated in 3 replicates at the beginning of tkygeements (). Abundance
(Fig. 4.2.332)) in VA is about 4 x 1®cells L* which suddenly decreases when
entering into Western Mediterranean (1 X &6lls L) with the exception of V1
(2.1 x 1@ cells 'Y, the unique sampling station located nearby thestand
thus, influenced by the inshore outflow. Fig. 4@@38displays the same trend,;
the maximum biomass is recorded in the Atlantidi@ta(~ 1.5 pg C L)

whereas in the Western Mediterranean the maximuoeva obtained for V1 (1
g C LY.

Microphytoplankton abundance C ¢

3500
3000
CelsL™ 2500 T
2000 - T
1500 + T
1000

[ |
500 [ 1 [
VA V4 V3 \Val V2
Stations

H

Fig. 4.2.3(32) Microzooplankton abundance (celfy.L

Microphytoplankton biomass C ¢
2
15 I
2 1
pgC L™ 17 I
0,5 T I — L
o
VA \VZ! V3 Vi V2
Stations

Fig. 4.2.3(33) Microzooplankton biomass (ug€).L
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Fig. 4.2.334-35) take into account@abundance and biomass of each

microphytoplanktonic group. Dinoflagellates < 20 (¥ x 16 cells L) and

coccolithophorids (~1.2 x £@ells L) in the Atlantic station (VA), diatoms in
the Ligurian sea (V1) (~8.0 x 1@ells L'Y) and in south Tyrrhenian Sea (V2)

(4.0 x 16 cells L) dominate numerically whereas, constant valuesererded

in the other cases (< 4.0 x*i&lls L'). Small size organisms seem to prevail all

over the West Mediterranean, except for V1 and V2.

Cells I

Microphytoplankton
abundances C ¢

| Diatoms

0O Armoured dinoflagellates < 20 pm

0O Armoured dinoflagellates > 20 pm
Coccol ds

] i ori
O Hagellatesindet. < 20 pm
m Hagell indet. > 20 um

2000

|

VA

1500
1000 -
500 T T T
0 T
V4 V3

V1 V2

Fig. 4.2.3(34) Abundance of the phytoplanktonicup®at the beginning of the experiments.

Dinoflagellates > 20 pum dominate microphytoplanktbiomass from the

Atlantic Ocean to Southern Tyrrhenian (Fig. 4(25§.

ugC L™

Microphytoplankton

@ Diatoms

O Armoured dinoflagellates < 20 pm
O Armoured dinoflagellates > 20 pm
B Coccolithophorids

biomass C 0 O Flagellates indet. < 20 um
B Flagellates indet. > 20 um
1,40
1,20 I
1,00 ~
0,80 1 {‘
0,60 1
0,40 == % -+
0,20
0,00 h ==
VA V4 V3 V1 V2

Fig. 4.2.3(35) Biomass of the phytoplanktonic greapthe beginning of the experiments.
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Microzooplankton efficiency as carbon transfer tigioout the
trophic web is displayed in Fig. 4.238-37) where ingestions are expressed as
percentage of standing stock ofCremoval on total autotrophic fractions
(Fig.4.2.336)) and on total heterotrophic prey respectively (Big.337)). In V3
and V2 microzooplankton removal percentages are4%9.and 38.9%
respectively, which do not exceed the total aupstio standing stock (ngCl)
(Fig 4.2.336)); ingestions are sustained by the given biomassgesreas in VA,
V4 and V1 consumer removal are 127%, 143.5% and203espectively, that
widely exceed the total autotrophic standing stotkshis cases, ingestions are
not sustained by the given biomasses and thus,ontioplankton exerts an

efficient top down control on its prey.

Microzooplankton total removal on autotrophic prey
8,00 250,0%
7,00
3,9% + 200,0%
6,00 ,
5,00 - 1
" 143.5% 150,0%
O 4,00 - ﬁﬂl%/\
(@]
= 3,00 + 100,0%
SN79,4%
2,00
—+ 0,
000 | ] | I
VA V4 V3 Vil V2

Fig. 4.2.3(36) Microzooplankton total removal (%)n oautotrophic pico-, nano-,
microphytoplanktonNanoplanktorautotrophic percentages are deduced from a datafseted
to north Western Mediterranean (Blanes Bay) byelisgand Massana, 2008.
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Microzooplankton total removal on heterotrophic pre y

14,00 300,0%

12,00 249,6%- 250,0%

224,9% /
10,00 /\ /%4,3% -+ 200,0%

8,00 —

r 150,0%

ugCc L™

6,00 I

-+ 100,0%
4,00

=€ 0,
2,00 /3 2 \4,4% — S0.0%

0,00 T T T | | T 0,0%
VA \Z V3 \%8 V2

Fig. 4.2.3(37) Microzooplankton total removal (%)n oheterotrophic pico-,
nanoplankton. Nanoplankton heterotrophic percestage deduced from a data set referred to

north Western Mediterranean (Blanes Bay) by JurgadsMassana, 2008.

In VA and V3 microzooplankton removal percentages 36.4% and
32.4% respectively which do not exceed the toté&tdo¢rophic standing stock
(gC LY (Fig 4.2.337)); ingestions are sustained by the given biomasses
whereas in V4, V1 and V2 consumer removal are 224204.3 and 249.6%
respectively that exceed the total heterotrophémdihg stock. In this case,
ingestions are not sustained by the given biomamseéthus, microzooplankton

exerts an efficient top down control on its prey.
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4.3 Microzooplankton analysis

From microzooplankton analysis a faunistic listnoicroorganisms has
been arranged (Tab.41). Aloricate ciliates, tintinnids, dinoflagellates,
foraminiferans, radiolarians, acantarians, as waellsmall metazoans such as
copepod nauplii, some copepodites and some meldplan larvae were
identified (Fig. 4.81-31)).

Among aloricate ciliates, 6 genera were identifieda whole amount of
8 species:Leegaardiella spp., Lhomanniella spp., Strombidium acutumsS.
capitatum S. conicumS. epidemuimS. neptuni S. sulcatum Strombilidium
spp.,Tontonia gracillimaLaboea strobila

Among tintinnids, 24 genera and 51 species werentifted:
Acanthostomella conicoide#\. latas A. minutissimaA. obtusa Amphorella
amphora A. laakmanni A. quadrilineata A. quadrilineata minarAmplectella
occidentalis Canthariella brevis C. pyramidata C. truncata Climacocylis
leiospiralis, Codonella brevicollis Coxliella laciniosa Craterella armilla C.
torulata, Dadayiella acutiformisD. ganymededDictyocysta elegan®. mitra,
D. polygonata Epiorella curtg Epiplocylis undella Eutintinnus apertusk.
fraknoii, E. lusus-undaeE. macilentus E. medius E. tubulosus, Favella
azorica F. campanula Metacylis mereschkowskii Proplectella sp.,
Protorhabdonella curtaRhabdonella amg@mR. spiralis Salpingella acuminata
S. curta S. decurtataS. laminata S. rotundataS. subconicaSteenstrupiella
gracilis, S. steenstrupiiStenosemella nivali§. beroideaT. lindenj T. minuta
T. nana Undella ostenfeldiXystonella longicaudata

Among dinoflagellates, 6 genera and 12 species wdentified:
Gymnodiniumspp.,Gyrodinium fusiformeG. impudicumNoctiluca scintillans
Ornithocercus magnificyslrorodinium robustumProtoperidinium brevipesP.
crassipesP. diabolusP. divergensP. oceanicumP. steinj P. subinerme

Among foraminiferans only 1 genus was identifi€dobigerinaspp.
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PROTOZOA
CILIOPHORA
SPIROTRICHIA

OLIGOTRICHIDA

Strombidium acuturfLeegaard, 1915) (Kahl, 1932)
Strombidium capitaturfLeegaard, 1915) (Kahl, 1932)
Strombidium conicurtLohmann, 1908) (Wulff, 1919)
Strombidium epidemufi.ynn Montagnes & Small, 1955)
Strombidium neptur(Montagnes & taylor, 1904)
Strombidium sulcaturfClaparede & Lachmann, 1859)
Strombilidiumspp.

Tontonia gracillima(Fauré-fremiet, 1924)

Laboea strobilgdLhomann, 1908)

Leegaardiellaspp.

Lhomanniellaspp.

Oligotrichida indet.

PERITRICHIDA

Peritrichida indet.

HOLOTRICHIDA

Holotrichida indet.

TINTINNIDA

Acanthostomella conicoidéKofoid & Campbell, 1939)
Acanthostomella latéKofoid & Campbell, 1939)
Acanthostomella minutissin{&ofoid & Campbell, 1929)
Acanthostomella obtug@ofoid & Campbell, 1929)
Amphorella amphoréBalech, 1959)

Amphorella laakmannigrgensen, 1924)

Amphorella quadrilineatgJgrgensen, 1924)
Amphorella quadrilineata minofdgrgensen, 1924)
Amplectella occidentaliKofoid & Campbell, 1929)
Canthariella brevigKofoid & Campbell, 1929)
Canthariella pyramidatgKofoid & Campbell, 1929)
Canthariella truncataKofoid & Campbell, 1929)
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Climacocylis leiospiraligKofoid & Campbell, 1929)
Codonella brevicolligKofoid & Campbell, 1929)
Coxliella laciniosa(Brandt, 1906)

Craterella armilla(Kofoid & Campbell, 1929)
Craterella torulata(Kofoid & Campbell, 1929)
Dadayiella acutiformigKofoid & Campbell, 1929)
Dadayiella ganymedég¥ofoid & Campbell, 1929)
Dictyocysta elegan&ofoid & Campbell, 1929)
Dictyocysta mitra(Haeckel) (Kofoid & Campbell, 1929)
Dictyocysta polygonatéKofoid & Campbell, 1929)
Epiorella curta(Kofoid & Campbell, 1929)

Epiplocylis undelladKofoid & Campbell, 1929)
Eutintinnus apertugKofoid & Campbell, 1929)
Eutintinnus fraknoi(Daday, 1887)

Eutintinnus lusus-unda@&Entz, 1885)

Eutintinnus macilentu§Jgrgensen, 1924)
Eutintinnus mediuniKofoid & Campbell, 1929)
Eutintinnus tubulosu@stenfeld, 1899)

Favella azoicaCleve,1900)

Favella campanulgSchmidt) (Kofoid & Campbell, 1929)
Metacylis mereschkowsKiKofoid & Campbell, 1929)
Proplectellaspp.

Protorhabdonella curtdCleve) (Jgrgensen, 1924)
Rhabdonella amofCleve) (Brandt)

Rhabdonella spiraligFol) (Brandt)

Salpingella acuminatéClaparéde & Lachmann, 1859)
Salpingella curta(Kofoid & Campbell, 1929)
Salpingella decurtatg§Kofoid & Campbell, 1929)
Salpingella laminatdKofoid & Campbell, 1939)
Salpingella rotundatgKofoid & Campbell, 1939)
Salpingella subsonicgKofoid & Campbell, 1939)
Steenstrupiella graciligkofoid & Campbell, 1939)
Steenstrupiella steenstrugClaparéde & Lachmann, 1858)
Stenosemella nivaligveunier, 1910)

Tintinnopsis beroideéStein, 1864)

Tintinnopsis linden{Daday, 1887)

Tintinnopsis minutg§Wailes, 1925)

Tintinnopsis nangLohmann, 1908)

Undella ostenfeld{Kofoid & Campbell, 1939)

4. Results
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Xystonella longicaudatéBrandt 1907)

SARCOMASTIGOPHORA
MASTIGOPHORA

DINOFLAGELLIDA

Gymnodiniunspp. (Stein, 1878)

Gyrodinium fusiforméKofoid & Swezy, 1921)
Gyrodinium impudicunfFragaet.al, 1995)

Noctiluca scintillangKofoid & Swezy, 1921)
Ornithocercus magnificugStein, 1883)

Protoperidinium brevipegPaulsen, 1908) (Balech, 1974)
Protoperidinium crassipegofoid) (Balech, 1974)
Protoperidinium diabolugCleve) (Balech, 1974)
Protoperidinium divergenéhrenberg) (Balech 1974)
Protoperidinium oceanicurfVan Hoéffen) (Balech, 1974)
Protoperidinium stein{Jgrgensen) (Balech, 1974)
Protoperidinium subinerm@ausen) (Loeblich IIl, 1970)
Torodinium robustunfKofoid & Swezy, 1921)

FORAMINIFERIDA
Foraminiferida indet.

Globigerinaspp.

RADIOLARIA

Radiolaria indet.

ACANTHARIA

Acantharia indet.

METAZOA

Medtazoa ova

Metazoi larvae

ARTHROPODA
CRUSTACEA

4. Results

110



4. Results

COPEPODA

Copepoda nauplii

Tab. 4.3(1) Faunistic list.

Fig. 4.3(3-8) Tintinnids. From the lefCraterella torulatg3), Steenstrupiella steenstrupi#),
Favella azorica5), Rhabdonella spirali§6), Dadayella ganymed&g), Eutintinnus tubulosué3).
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Fig. 4.3(9-11). Dinoflagellates. From the to@ymnodiniumspp. (9-10),Protoperidinium
divergeng11).

Fig. 4.3(12-13) Other protozoans. From the left.diBkria indet. (12),Globigerina spp.
(Foraminifera) (13).
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Microzooplankton abundance (Fig. 48) (ind. L") and biomass (ugC
L) (Fig. 4.315) were evaluated in 3 replicates at the beginnirffg o
experimentation (§}. Figures display a well established decreasimghtic
gradient from the westernmost station (VA) into #estern Mediterranean;

with the exception of V1, a peculiar station far proximity to the shoreline.

Microzooplankton Abundance C

VA V4 V3 V1 V2

Fig. 4.3.(14) Microzooplankton concentration (ihd).

Microzooplankton biomass C

1,2

0,8 -
pgC L™t 0,6 T

0,4 - i

0,2 -

VA V23 V3 AVAR V2

Fig. 4.3.(15) Microzooplankton biomass (ug®)L
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Fig. 4.316-17) take into accourdbundance and biomass of 5 identified
microzooplanktonic groups: aloricate ciliates, itintds, dinoflagellates, other
protozoans (foraminiferans, radiolarians, acandma), Micrometazoans
(meroplanktonic larvae, copepod nauplii).

Aloricate ciliates and heterotrophic dinoflagelkatprevail in Western
Mediterranean whereas tintinnids are the dominasuigin the Atlantic station
followed by heterotrophic dinoflagellates (Fig. 463).

O Aloricate ciliates
Nndance B Tintinnids
Nicrozooplankton abu B Tntinnids ic dinoflagellstes
0O Other protozoans

Q) B Micrometazoans
160

—

L Tt 1

VA AVZ ) V1 V2

Fig. 4.3(16) Microzooplankton abundance (celf§.L

All biomasses do not exceed QUBC L*, except Tintinnids in V1 and
micrometazoans (~ 0.4 pgC); despite the scarce concentration of the least,

their presence is relevant in term of biomass fvaest to east. (Fig.48r)).

i O Aloricate Cliliates
Microzooplankton ; I;antﬂer:gtdrzphic Dinoflagellates
biomass C o B Midometazomns.
0,6
0,5
0,4 -
F"d 03-
2 02| T T [
01 T il
: ancd
-0,1 +
VA va V3 V1 V2

Fig. 4.3(17) Microzooplankton biomass (ug¢)L
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4.3.1 Secondary production

Microzooplankton composition and biomass (pgC") Lwas
estimated in three replicates at 100% (whole watethe beginning and at the
end of the experiments {CCyg). The increasing biomass within 48 hours,

indicates the consumers’ hypothetical growth.

In the Atlantic station (V1) (Fig. 4.38)), most of the predators
were not sustained by the given biomasses; theeacmcondary production is
only detected for aloricate ciliate and for theenetrophic dinoflagellates which
account for 72% (0.04 pgC*'d ™) and 31% (0.01 pgCtd ™) of the growth
increment respectively. On the contrary, in Albof&4), most of the grazers
grow within 48 hours except micrometazoans; higmarements rates are
displayed for heterotrophic dinoflagellates (2064ay for the other protozoans
(422%), whereas aloricate and loricate ciliatesoant for lower increment
rates: 14% and 17% respectively (Fig. 48}. In this case, microzooplankton

found its prey and was able to perform a secongiargtuction.

Microzooplankton Biomass mCO mC48
St. VA
0,60
0,50
0,40
|
O 0,30
0,20 - -
- 7ﬁ l:
oo e eomm
Aloricate Aliates Tintinnids Heterotrophic Other Micrometazoans
Dinoflagellates Protozoans

Fig. 4.3.1(18) Microzooplankton biomass ata®d Ge.
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Ml(:rozooplagtkt\(;‘n‘r biomass OCO mc48
0,35 .
03
0,25
U o2
O
9 0,15 +—]
0,1 1+
il : i
. rmm | D
Aloricate Qliates Tintinnids Heterotrophic Other Micrometazoans
Dinoflagellates Protozoans

Fig. 4.3.1(19) Microzooplankton biomass ata®d Gs.

Fig. 4.3.120), shows narrow growth rates for 3 of the given graz
aloricate ciliates (20%), heterotrophic dinoflageds (47%) and
micrometazoans (10%); thus, secondary productiam®st undetectable in the

Baleatrics.

Microzooplankton biomass
St V3

OCO mcC48

0,4

0,35
03

FI|_| 0,25
% 02
0,15 | — _ T
01
0051 = 1 LT T -

Aloricate Aliates Tintinnids Heterotrophic Other Micrometazoans
Dinoflagellates Protozoans

Fig. 4.3.1(20) Microzooplankton biomass ata®d Ge.

In the Ligurian Sea (Fig. 4.32)) the highest growth rate is registered
for aloricate ciliate (717%) followed by micrometans (212%), whereas the
other groups, although having found their prey andvived during 48 hours,

remain almost unvaried.
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Microzooplankton biomass Oco mc4as
St. V1
1,20
1,00
0,80 T
U
Lé 0,60
0,40
. < |
000 A [ e —
Aloricate Gliates Tintinnids Heterotrophic Other Micrometazoans
Dinoflagellates Protozoans

Fig. 4.3.1(21) Microzooplankton biomass ata®d Gg.

All grazers, in South Tyrrhenian (Fig. 4.@2) found their prey during
incubation time and thus, relevant growth rates displayed especially for
aloricate ciliates and tintinnids with 188.3% ar@b#4% of growth increment

respectively.

Microzooplankton biomass OCoO mcC48
St. V2
0,45
04
0,35
03
<1 025
% 02
0,15

01
0,05 +

| S

Aloricate Tintinnids Heterotrophic Other Micrometazoans
Ciliates Dinoflagellates Protozoans

-0,05

Fig. 4.3.1(22) Microzooplankton biomass ata®d Ge.

Despite the narrow secondary production found aérahe sampling
stations, aloricate ciliate account for the highestondary production in
Western Mediterranean, 0.6 ugCin V1 and 0.2 ugC t respectively in V2.
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4.3.2 Distribution

In order to compare microzooplankton distributid®@% whole water,
Co) assessed with three different sampling methodedognd treated with
different kind of preservatives, a statistical gsa was performed by means of
the test of variance ANOVA. The aims of the statadtanalysis were first of all
to determine whether the 3 replicates (2 L, fixe®% buffered formaldehyde)
from each dilution experiment were statisticallffetient from each other or not;
the second goal was to compare the average valtie @ replicates with both
samples collected in 5 L and fixed in 2% bufferedrfaldehyde and the 300 mL
samples fixed in Lugol’s solution at 2%.

The one way test ANOVA, stated that there were matissical
differences between the 3 replicates (2 L, fixe@% buffered formaldehyde)

from each dilution experiment; results are presgmtelrab. 4.3.20).

one way ANOVA
analysis of variance F P
VA 0,42 0,66
V4 0,54 0,59
V3 0,05 0,82
V1 0,81 0,45
V2 0,77 0,47

Tab. 4.3.2(1). One way test ANOVA. Comparative gsial on 3 replicates collected in 2 L and
fixed in 2% buffered formaldehyde; for the Baleastation only 2 replicates were considered
significant for the following statistical analysis.values are the ratio of the groups’ mean square
over the error mean square. If this value is clusd.0 you can conclude that there are no
significant differences between the groups. If thadue is large, you can conclude that one or
more of the samples was drown from a different jatmn. P values determine if there is a
statistically significant difference between theowp. If this value is below a certain level

(usually 0.05), the conclusion is that there isfieence between the groups.
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In Fig. 4.3.21-2), total microzooplankton surface distribution apeses
composition were evaluated on the basis of 5 L $@snpollection and the
preservation in 2% buffered formaldehyde. Total rorooplankton abundance
varies from maximum 70.5 ind. Lin Alboran (V4), to nearly 50 ind. Lin
South Tyrrhenian (V2) following a general incregsoligotrophy trend (west —

east).

Total microzooplankton surface distribution

100
% -
2! [
70 A [
o |
CellsL™ 50
40 |
3() -
20 -
10
0 T T
VA V4 V3 V1 V2
Stations

Fig. 4.3.2(1) Total microzooplankton surface disition referred to 5 L collected and preserved

in 2% buffered formaldehyde.

Aloricate ciliates abundance is generally lower paned to the one of
tintinnids as described in Fig. 4.8@Pwith the exception of the Alboran Sea
(V4). Tintinnids present a maximum in the Atlanstation (VA) and in the
Balearics (V3) with 29.5 ind. L Other taxonomic groups are of minor
importance; dinoflagellates distribution never edel0 ind. [* recorded in
Alboran (V4). The presence of other protozoansraimiometazoans are almost

undetectable, apart of V1 where micrometazoansegd5 ind. L.
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@ Aloricate ciliates
@ Tintinnids
Microzooplankton surface distribution B B s
B Mcronetazoans
45
2 —
35
w -
-1 25 T
Cells L 04
15 -
10
5 -
O -
VA V4 V3 Vi V2
Stations

Fig. 4.3.2(2) Microzooplankton surface compositieferred to 5 L collected and preserved in
2% buffered formaldehyde.

The analogous analysis was conducted on the b&880omL samples
collection and the preservation in 2% Lugol's solnt Microzooplankton

distribution is generally higher as regards theviongs analysis Fig. 4.3(24).

Total microzooplankton surface distribution (Lugol 2%0)
400
Sw -
o L
250 1 l l
Cells L™ 200+ !
lm -
100 |
w -
o}
VA 3 \Vi Vil V2
Stations

Fig. 4.3.2(3) Total microzooplankton surface disition referred to 300 mL collected and

preserved in 2% Lugol’s solution.

By means of this preservative as described in Ei§.324), relevant
ciliates concentration are found €ifid. L"); anyhow abundances overcome the
analysis conducted in 2% buffered formaldehydentifleation of aloricate
ciliates was mostly evaluated to genus and spele@esl when possible.
Tintinnid concentrations are very scarce and badhserved; the identification
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was complicated and thus, most of the time theyarsalvas conducted to only
genus level.

Dinoflagellates reveal valuable concentrations; esainthem, as the case
of Gyrodinium fusiformend Gymnodiniunspp. are well represented along the
cruise trackNoctiluca scintillangdisplays a peak value in V4. Other protozoans

and micrometazoans presence is always narrow Wiese .

O Aloricate ciliates
Microzooplankton surface distribution (Lugol 296) 8 Dnafistites
S Veader
180 —
160
140 -
120 +
1 100 1
Cells L 80 1
60
40 1
20 -
oA
VA \Z! V3 Vi V2
Stations

Fig. 4.3.2(4) Microzooplankton surface compositieferred to 300 mL collected and preserved

in 2% Lugol’s solution.

Tintinnids diversity, referred to 5 L sampled anxke@l in 2% buffered
formaldehyde, was calculated by means of the dpesmftware, Stadiv, and the
application of the Shannon index. The general treinthe Fig. 4.3.%), is not
regular; microzooplankton diversity remains almostvaried from the Atlantic
ocean to the Alboran Sea; then, it increased tosvdrd Balearics, then again
decreased towards the Ligurian Sea and finallye@m®ed again in South
Tyrrenian. V3 and V2 are the most diverse sampkt@tions in Western

Mediterranean.

121



4. Results

Tintinnids surface diversity

3,500

3,000

2,500 -

Shannon 2000
index 1,500

1,000 +
0,500 -
0,000
VA \V 3 Vi 2
Stations

Fig.4.3.2(5) Tintinnids surface diversity calcuthtey means of the Shannon index (software

Stadiv); elaboration kindly issued by Dott.ssa Gabiep. of Life Science; University of Trieste.

From the Atlantic ocean to the Western Mediterran8aa, 59 species
and 25 genera of tintinnids were recordedicanthostomella obtusaA.
minutissima Amphorella amphora Amplectella occidentaljs Canthariella
brevis C. truncata Climacocylis leiospiralis Codonella brevicollisC. galea
C. nationalis Codonellopsis contracta C. robusta Craterella armillg
Ceaterella torulataC. urceolata Dadayella curta D. ganymedeDictyocysta
elegansD. fenestrataD. mitra, D. polygonataE. lata Eutintinnus apertusk.
elegans E. fraknoii E. lusus-undaeE. perminutusE. tenuis E. tubulosus
Favella azoricaF. compositaF. ehrenbergi F. fistulicaudata Helicostomella
subulata Metacylis jorgenseni M. mereschkowskiOsmasella bresslayri
Proplectella ovataP. pentagonataP. curtg P. simplexR. ciliensis R. conica
R. exilis R. hebe R. spiralis Rhabdonellopsis intermediaR. minima
Salpingella decurtata Steenstrupiella entziS. gracilis S. intumescensS.
steenstrupii Stenosemella nivali$.olivg T. karajacensisT. nana T. parvulg
Xystonella longicaudataX. treforti; whereas for aloricate ciliates, 2 species and
2 genera were recorded:homaniella oviformisand Strombidium neptuni
Among dinoflagellates, 9 species and 4 genera wetected:Gymnodinium
spp., Gyrodinium fusiforme G. impudicum Noctiluca scintillans
Protoperidinium crassipe$. diabolus P. divergensP. oceanicumP.steinj P.
subinerme Among other protozoans, only 2 genera of Radearwere found:

Chollengerornspp.Coelodendridaspp.
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Despite the considerable microzooplankton abundaotesamples
recorded in 2% Lugol’s solution, only 9 species 8mgknera of loricate ciliates
were observedAmphorella amphoraCodonellaspp.,Codonellopsis contracta
C. turgescens Dictyocysta spp., Eutintinnus lusus-undaeProtorhabdonella
curta, Stenosemella nivalis Steenstrupiella steenstrupii Tintinnopsis
infundibulum T. karajacensiswhereas aloricate ciliates account for 7 species
and generaDidinium spp.,Laboea strobila Leegaardiella sql Lhomanniella
oviformis Strombidium conicumS. stylifer S. neptunii Tontonia gracillima
Among dinoflagellates, 7 species and 4 genera wegistered:Gymnodinium
spp.,Gyrodinium fusiformeG. impudicumG. LachrymaNoctiluca scintillans
Protoperidinium crassipes?. diabolus P. divergensP. steini 2 genera and 2
species of Radiolars were foundCoelodendrum ramosissimunand

Entocannula irsuta

The one way test ANOVA for the comparative analysishe variance
referred to different sampling methodologies anesprvation fixatives stated
that all the samples were statistically differerdanf each other; results are
presented in Tab. 4.32.

one way ANOVA
analysis of variance F P
VA 2,01 0,14
V4 2,35 0,10
V3 6.79 0.01
\i 1,35 0,26
V2 4,41 0,01

Tab. 4.3.2(2). One way test ANOVA. Comparative gsial between 2 L samples fixed in 2%
buffered formaldehyde, 5 L samples fixed in 2% brdgfl formaldehyde and 300 mL samples
preserved in Lugol’s solution, for V3 only 2 repites were considered significant for following
statistical analysis. F values are the ratio ofgfmips’ mean square over the error mean square.
If this value is close to 1.0 you can conclude thate are no significant differences between the
groups. If this value is large, you can conclud® tine or more of the samples was drown from
a different population. P values determine if thisra statistically significant difference between
the group. If this value is below a certain levesyally 0.05), the conclusion is that there is a

difference between the groups.
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4.4 Mesozooplankton grazing experiments

Mesozooplankton grazing on microphyto- and micrqeaokton were
calculated comparing three 100% (whole water) ceglifrom the beginning
(Co) and the end of the experiments,{Gvith and without the selected
mesozooplankton species). The 100% bottles frondifliéon series served as
initial (Cp) and control (@) samples, for the 100% bottles g containing
mesozooplankton.

The decreased abundance (cells) Lof bottles (G, containing
mesozooplankton compared to the contral;©nes, might indicate a positive
consumers’ hypothetical grazing activity on its\préhe contrary, suggests a
lack in grazing activity. Any grazing activity onatboms and dinoflagellates <
20 um, prey is exerted byentropagespp. in the Ligurian Sea (Fig. 414));
C,4 samples (with on average 6 individuals per bottlejeased their abundance
compared to the £ samples without mesozooplankton.

St. V1
Mesozooplankton grazing on diatoms
2000 ]_
- 1500
! l
£ 1000 = T
500
0 ‘
(6{0] C24 C24 + Centropages
spp.

Fig. 4.4(1) Any grazing activity was recorded oatdms in the Ligurian Sea.
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1200
1000
800
600
400
200

CelsL™

St. V1
Mesozooplankton grazing on dinoflagellates < 20 pm
Jl_ |
.
T
Cco Cc24

C24 +
Centropages spp.

Fig. 4.4(2) Any grazing activity was recorded onaflagellates < 20 pm in the
Ligurian Sea.

No grazing activity is noted from the plot on pHagellates < 20 um;

abundance at the end of incubation time with anthaut Centropagesspp.
remains invariant (Fig. 4(®).

2000
1500
1000

500

Cells L-1

mesozooplankton grazing on phytoflagellates < 20pm

St. Vi

| T T
1 ac
CO c24 C24 +
Centropages
spp.

Fig. 4.4(3) Any grazing activity was recorded onytaplagellates < 20 pm in the

Ligurian Sea.

125



4. Results

Grazing activity exerted b@gentropagespp. is on the contrary recorded
for dinoflagellates > 20 pum and coccolithophoridshe Ligurian Sea (V1) (Fig.

4.4(4-5)).

St. V1
Mesozooplankton grazing on dinoflagellates > 20 pm
500
400 -
_ . T
2 300 I | T
©
3 200
100
0
(0] C24 C24 +

Centropages spp.

Fig. 4.4(4) Grazing activity was recorded on diag#llates >20 um in the Ligurian Sea.

St. V1
Mesozooplankton grazing on coccolithophorids

600
500 =
400
300 ~
200 ~

1001 5 I

Co Cc24 C24 +
Centropages spp.

CellsL™
HH

Fig. 4.4(5) Grazing activity was recorded on coithophorids in the Ligurian Sea.
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Any grazing activity is exerted b§orycaeusspp. on all prey in Southern
Tyrrhenian (Fig. 4.%-10); C,, samples (with on average 20 individuals per
bottle) increased their abundance compared to the samples without

mesozooplankton.

St. V2
Mesozooplankton grazing activity on diatoms

1000
o 800 T
- L
2 600 T
8 400 - L
-
200
(0]
Cco Cc24 Cc24 +
Corycaeus
spp.

Fig. 4.4(6) Any grazing activity was recorded oatdims in Southern Tyrrhenian.

St. V2
Mesozooplankton grazing activity on
dinoflagellates <20 pm

2000 —
« 1500 T
-
g 1000 -

500 - N
(0]
Cco c24 c24 +
Corycaeus
spp.

Fig. 4.4(7) Any grazing activity was recorded omaflagellates < 20 pum in Southern

Tyrrhenian.
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St. V2
Mesozooplankton grazing activity
on dinoflagellates > 20 pm

500
., 400 T
2 300 l
g 200 - I
100 -
0
co c24 c24 +

Corycaeus spp.

Fig. 4.4(8) Any grazing activity was recorded omaflagellates > 20 um in Southern

Tyrrhenian.
St. V2
Mesozooplankton grazing activity
on coccolithophorids

400 T T
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Cco Cc24 c24 +
Corycaeus spp.

Fig. 4.4(8) Any grazing activity was recorded orc@alithophorids in Southern Tyrrhenian.
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Fig. 4.4(9) Any grazing activity was recorded oyfofflagellates < 20 um in Southern

Tyrrhenian.
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In the meantime, mesozooplankton grazing was asdessn

microzooplankton fraction in V1 and V2; plots indies an exhaustive grazing

exerted byCentropagesspp. on aloricate ciliates, tintinnids, dinofldgtgs,

other protozoans and micrometazoans in the Ligusiea (V1) (Fig. 4.40-14);

C,4 samples (with on average 6 individuals per bottlejeased their abundance

compared to the £ samples without mesozooplankton.
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Mesozooplankton grazing activity
on aloricate ciliates
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Fig. 4.4(10) Grazing activity was recorded on a@aie ciliates in the Ligurian Sea;(Gamples

obtained from Gz data processing).
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Fig. 4.4(11) Grazing activity was recorded on tintds in the Ligurian Sea. §& samples

obtained from Gz data processing).
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St.Vv1
Mesozooplankton grazing activity on
dinoflagellates
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Fig. 4.4(12) Grazing activity was recorded on diagéllates in the Ligurian Sea. fCamples

obtained from Gz data processing)
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10 —
8
—
I_l 6 -
= 4 - -
8 2 T
0 = i_I_'—
-2
Co C24 Cc24 +
Centropages
spp.

Fig. 4.4(13) Grazing activity was recorded on othetozoans in the Ligurian Sea.,gGamples

obtained from Gz data processing).

St. V1
Mesozooplankton grazing activity on
micrometazoans
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Fig. 4.4(14) Grazing activity was recorded on otheatozoans in the Ligurian Sea.,(Gamples

obtained from Gz data processing).
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Any grazing activity is exerted in V2 b§orycaeusspp. on aloricate
ciliates (Fig. 4.415)); abundance at the end of incubation time with aittout

Corycaeusspp. remains invariant.

St. V2
Microzooplankton grazing activity
on aloricate ciliates
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Centropages
spp.

Fig. 4.4(15) Any grazing activity was recorded dorigate ciliates in Southern Tyrrhenian.,{C

samples obtained fromy§&data processing).

Loricate ciliates, dinoflagellates, other protozeamd micrometazoans,
on the contrary are efficiently grazed Byprycaeusspp in the same sampling
station (Fig. 4.4.6-19).
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Fig. 4.4(16) Grazing activity was recorded on tintds in Southern Tyrrhenian. {samples

obtained from Gz data processing).
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St. V2
Mesozooplankton grazing activity on
dinoflagellates
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Fig. 4.4(17) Grazing activity was recorded on diagéllates in Southern Tyrrhenian. ,(C

samples obtained fromy§£data processing).
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Mesozooplankton grazing activity on other
protozoans
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Fig. 4.4(18) Grazing activity was recorded on otpeotozoans in Southern Tyrrhenian.,{C

samples obtained fromy§£data processing).
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Fig. 4.4(19) Grazing activity was recorded on migetazoans in Southern Tyrrhenian.,4C

samples obtained fromy§£data processing).
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5. DISCUSSION

The water masses along the Il Leg. of thearfsmediterranean cruise
performed in the western basin of the Mediterrarteaa from 28 May to 11 June
2007 are characterized by the typical summer oligpity and P-limitation.
Besides these well known conditions reported erditure for the Mediterranean
basin during the same periods (Kretmal, 1991; Thingstad and Rassoulzadegan,
1999; Dolaret al, 1999; Crispet al, 2001; Tanaka and Rassoulzadegan, 2002),
the marked oligotrophy found in my study, was as@sponse to the anomalous
winter conditions occurred in the previous montk#ere higher average
temperatures, scarce mixing of the water columny ferecipitations and
terrestrial inputs were recorded all over the ha$ime exhaustion of nutrients
from the surface layer, the strong stratificatidhe scanty concentration of
primary production and Ch& during sampling, implied a decrement in the
autotrophic component within the trophic web sitice role of resources (i.e.,
nutrients) has long been considered as more imgottian that of predation or
grazers (Andersemt.al, 2008) for the presence of phytoplankton. Plamkbd
unproductive regions are usually characterized leyy vhigh heterotrophic
biomasses resulting in inverted biomass pyramidss@tet al, 1997), a shift
toward a heterotrophic system is also displayettiénapparent oxygen utilization
(AOU) recorded during the cruise, indicating a masspredominance of
respiration over photosynthesis.

In the present study, unlike the classical appreadmdopted by several
researchers, of monitoring Calconcentrations following dilution or estimating
taxon- or pigment-specific mortality rates usingrpent analysis by HPLC (e.g.
Strom and Welschmeyer, 1991; McManus and EderinQamtrell, 1992; Verity
et al, 1993; Waterhouse and Welschmeyer, 1995; Lateisaal, 1995;
Reckermann and Veldhuis, 1997; Kuipers and Wite99] Stelfox-Widdicombe
et al, 200), | conducted microscopical counts on aknsgooplankton possible
autotrophic and heterotrophic prey: pico-, nanad aricrophytoplankton; for a
whole amount of 750 observed samples. In additothis, | also conducted a
deepen study on the predators community focussingiorozooplankton quali-

133



5. Discussion

guantitative analysis and on their secondary prooilic as well as on
mesozooplankton grazing.

By means of this more complete analysis | was dblaiscern the
differences among the ingestion rates and to gwmestive explanations on the

different feeding selections.

5.1 Picoplankton

The biomasses and abundances of heterotrophicryaika in the present
study are on average ~ 11 ugC and 5 x 18 cells L'; a slight decreasing
tendency is recorded from the westernmost Atlastation (VA) with 11.70 pgC
L™ and 5.85 x 1®cells L* to the easternmost southern Tyrrhenian statior) (V2
with 9.84 pgC [* and 4.92 x 1dcells LY. Abundances of the same magnitude
are reported in literature for the North Westerndilrranean (Ferrier-Pages and
Rassoulzadegan, 1991; Ferrier-Pagés and Rassogdaad#994, Tanaka and
Rassoulzadegan, 2002). Grazing mortality on hetgpbic prokaryotes is
reported all over the West Mediterranean (statMAsV4, V3; V2) except in the
Ligurian station (V1) which is the only one partemunear shore site sampled
during theTransmed.It benefits from terrestrial nutrient inputs anghang the
sampling stations, it recorded the highest valdegrionary production; thus, in
V1 predators turn their feeding selection towardrenenergetic nano-sized prey
and phytoplankton fractions.

Ingestion rates are in some cases very high, athéoAlboran Sea (V4)
with 27.14 pugC [ d* and in Southern Tyrrhenian (V2) with 24.56 puge d*;
microzooplankton removal (SP%) on these standiogkst(LgC [}) reveals that
for both V4 and V2 the initial biomasses do not @ the high ingestions
exerted by their predators; the percentages redaade 232% for the Ligurian
Sea and 249% respectively for the Southern Tyrereni

The negative value of the instantaneous coeffictériopulation growth
(k) in the Atlantic Ocean may be attributed to matumortality or to virus-

mediated lyses. Several studies suggested thatiwglues of virus-induced
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prokaryote mortality (VIPM) may be linked to theopable absence, or the
extremely low density of grazers that compete witlases for prokaryotic cells
(Corinaldesiet al, 2007); beside that, there is a general consetigisin the
Mediterranean basin, “viral shunt” increases frohe tmesopelagic to the
bathypelagic layers and from west to east. Anotbessible reason for the
negative value of the instantaneous coefficierpagdulation growth (k) could be
due to autolysis, owing to ultraviolet (UV) rad@ti damage that can be a source
of mortality in some habits (Pernthaler, 2005).

In only one occasion, at the Balearic station (\da}ta present a non-linear
regression line for the whole water (100%) sampAesituation of food saturation
is almost detectable but standard deviations 08@% obtained from the dilution
plot of apparent growth rates cover the values ¥d00f hypothetical food-
saturation that, otherwise should be processed thghnon-linear dilution plot
(NLDP) proposed by Moigis (2006). In “L-shaped’on-linear dilution plots,
data deviate from the linear relationship, havingteep slope near the x-origin
and no slope further from the origin. According3allegos (1989), NLDP occurs
when microzooplankton feed at their maximum footlisded ingestion rates (I
max).

Autotrophic fraction, all over the sampling stasonlisplays narrow
biomasses and abundances respect to the heteiotfigition; they are always <
1 pgC ! and around 5 x fecells L. Abundances are corroborated by several
authors in literature for the Western Mediterraneéferrier-Pagés and
Rassoulzadegan, 1994; Magazzu and Decembrini, 1@38ying activity takes
place only in 3 out of 5 stations: in the Atlarbcean (VA), in the Balearics (V3)
and in Southern Tyrrhenian (V2) with ingestion sa@ways < 1 pugC L
Microzooplankton removal (SP%) on these standingkst (LgC [Y) reveals that
the initial standing stocks always support the marnngestions.

The contribution of the autotrophic fraction < 2 ponthe total primary
production is more important in oligotrophic offesk waters, compared to
phytoplankton > 2 um; (Magazzu and Decembrini, }9Be extremely small
dimensions of these organisms favour their nelmalyancy and therefore offer

the possibility of providing nutrients through malgar diffusion (a mechanism
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able to replace consumed nutrients within the waiierosphere surrounding the
cell) or through the microbial food-web processesatibed by Goldman (1984).
Furthermore, the higher cellular density and thgnaented cellular surface
probably permit a more efficient supply of nutrentompared to the larger
fraction.

Prokaryotic components (both heterotrophic and teypbic) always
displays instantaneous coefficients of grazing aliyt (g) exceed those of
population growth (k) thus, the protozoan grazewestea “top down control” on
their prey. Bacteria are more tightly controlled fptistan predation in highly
oligotrophic systems and of consequence the tomdmwatrol of the prokaryotic
assemblages in nutrient-poor habitats implies et growth of protistan
predators themselves is limited by the low avaligbof prey, that is, bottom-up
controlled (Pernthaler, 2005).

The double estimation of the grazing activity egdron prokaryotes by
microzooplankton (MZP) on one hand and by heterofiagellates (HNF) on the
other hand, both performed with separate dilutigmeements (Landry et Hassett,
1982), provided a better understanding of the dyosrof the system and the
establishment of the complexity of the foodweb. Bpening of the “black box”
help us to identify the major grazers in the présgigotrophic ecosystem; from
data elaboration, different models were noticed:

1) In the Atlantic Ocean, MZP grazing on HNF slighteduced the
loss of the prokaryote biomass (Fig®&)L

2) In the Alboran Sea, MZP exerts a direct feedingpicoplankton
prey (Fig. 5.12)).

3) In the Balearics, MZP feed directly on prokagstvhereas it does
not control HNF; HNF alone, does not select thisyp(Fig.
5.1(3)).

4) In the Ligurian Sea, the potential grazing perfed by HNF on
heterotrophic prokaryotic prey is inhibited by teenultaneous
grazing impact of MZP on HNF (Fig. %4)).

5) In Southern Tyrrhenian, MZP does not control HNidmass; thus,
HNF and MZP grazing on prokaryotes are summed.
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VA (Atlantic ocean)

0.79pg C Lid 1
@ Microzooplankton

I 30.52 pg C Lid 1 I 4.16 pg C Lid *

Heterotrophic picoplankton
11.70 pgC Lt

Heterotrophic picoplancton
11.70 pg C L2

HNF ingestions on prokaryotes > MZP ingestions on the same fraction

Fig. 5.1(1) Grazing pressure of both MZP and HNFpookaryotes in VA.

V4 (Alboran Sea)

6.13 ug C L-1d 1

@ Microzooplankton

I 14.32 pg C L'1d 1 I 27.14 pg C Lid 1

Heterotrophic Heterotrophic picoplankton
picoplankton 11.70 pgC Lt
11.70 pg C L1

MZP ingestions on prokaryotes > HNF ingestions on the same fraction ‘

Fig. 5.1(2) Grazing pressure of both MZP and HNFporkaryotes in V4.

V3 (Balearic Sea)

@ No grazing Microzooplankton

No grazing I 3.495 pg C Lid *

Heterotrophic Heterotrophic picoplankton
picoplankton 10.854 pgC Lt
10.854 pg C Lt

Only MZP feed on prokaryote prey

Fig. 5.1(3) Grazing pressure of both MZP and HNRporkaryotes in V3.
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V1 (Ligurian Sea)

17.88 ug CL -1 d-1
HNF Microzooplankton

21.50 pg C Lid 1 No grazing

picoplankton

13,15 pngcCL?

Heterotrophic
13,15 pg C L-1

Heterotrophic picoplancton ‘

Only HNF feed on prokaryote prey

Fig. 5.1(4) Grazing pressure of baiP and HNF on prokaryotes in V1.

V2 (South Tyrrhenian)

@ No grazing Microzooplankton

I 5S5pgCLid? I24,56 Mg C Lid 1

Heterotrophic Heterotrophic picoplankton
picoplankton 9,84pgcC Lt
9,84 pngcC Lt

MZP ingestions on prokaryotes > HNF ingestions on the same fraction

Fig. 5.1(5) Grazing pressure of bdgihP and HNF on prokaryotes in V2.

5.2 Nanoplankton

The biomasses and abundances recorded during tHeedl of the
Transmediterranean cruiseeferred to nanoplankton are on average 5 pgcC L
and 6.3 x 10 cells LY values of the same order of magnitude are found i
literature for the same areas (Tanaka and Rassimgaa, 2002; Ferrier-Pages
and Rassoulzadegan, 1991, Ferrier-Pages and Rzmdeghan 1994). Grazing
activity on nano-sized cells is displayed in 3 o@t5 stations: in the Atlantic
ocean (VA), in the Albordn Sea (V4) and in the nelore station (V1)
represented by the Ligurian Sea.
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Microzooplankton undertake a selection feeding eskld most of the
times, to determinate size classes within nanoptemKkhe selection is exerted to
cells around 3-5 pum in the Atlantic station (VA)dathe observed narrow
ingestions are 0.79 pgC*'LOn the contrary, higher ingestion rates 6.13 |LHC
are found out in the Alboran Sea (V4), since thefgrence is here exerted for the
more energetic nano-size class > 5 um. The highgsestion rates are displayed
in the Ligurian Sea (V1) where microzooplanktondieg is realized on all size
classes (17.88 pgCl. Microzooplankton removal (SP%) on the nanoplankt
standing stocks (ugC) reveals that for the size classes > 5 pm in bdttand
V1 and for the intermediate 3-5 pum size class satein V1, the initial biomasses
do not support the high ingestions exerted by theadators. When grazing is
recorded, instantaneous coefficients of grazingtatioyr (g) exceed those of
population growth (k) thus, the protozoan grazewertea “top down control” on
their prey as already corroborated by other author®ligotrophic systems
(Pernthaler, 2005).

The diversity of microzooplankton food selectivisyreflected in the size
and quality of the predators community. Since pil@dacommunity in Western
Mediterranean was mostly constituted by aloricatel $oricate ciliates, and
dinoflagellates from medium to smaller sizes, itherefore reasonable to detect
major ingestion rates on prokaryotes respect tontmeoplankton fractions. In
previous studies, ciliates smaller than 30 pum @23 of picoplankton and 28%
of nanoplankton biomasses; the proportions arersedefor ciliates between 30
and 50 um (Rassoulzadegah al, 1988). In V3 and V2 microzooplankton
preferably select heterotrophic and autotrophictdyaé instead of nano-sized
cells as predators sizes do not exceed 30 pmelmetiaining sampling stations
and especially in the Ligurian Sea (V1), dinofldgiels and aloricate ciliates of
medium and larger sizes suchRrstoperidinium steinend Strombidiumspp. in
the range of 30-50 um are preferably found and, tthes highest ingestions are
justified.
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5.3 Microphytoplankton

For phytoplankton, the role of resources (i.e.rieats) has long been
considered as more important than that of predairograzers (Anderseet al,
2008). Considering the total ranges found throughloe present study, of both
chlorophylla and primary production, and the situation of nutridepletion in
the surface layers, is not surprising that micrapphankton corresponds to a
typical summer situation, with the general domireatsmall-sized species.

The marked oligotrophy which occurs during summerresponds to a
general shift from a phytoplankton population doatéd by diatoms and
nanoflagellates towards an increasing importangaaphytoplankton (Martgt
al., 2002; Vidusset al., 2000).

In the frame of the Il leg. microphytoplankton fiiaa, recorded very
narrow presences throughout the Western Meditearaaed presents an evident
decreasing trend from the westernmost Atlanticigtatvhen entering into the
basin of both abundance and biomass, with the exdgption of the Ligurian Sea
(V1) which is peculiar as it is influenced by theshore outflow. The average
microphytoplankton concentrations are around 2 %cklls L*, with maximum
values in the Atlantic station (VA) (4.05 x *16ells ). Biomasses also reflect
the extreme scarcity of the fraction; values aveags < 1.5 ugC Tt and lowered
from west to east, apart from the Ligurian Sea (Whijch is mostly dominated by
diatoms as the nearby Tyrrhenian station (V2). Bgithe study period, diatoms
in NW Mediterranean, shifted from centric to pernfairms, as already reported
by Anderseret al, (2008) and Lasterna al, (2008). Dinoflagellates dominate
the microphytoplankton biomass all over the samgdions as usually occur
during the stratified periods in the NW MediterrandGémez, 2003; Gomez, and
Gorsky, 2003), since their preference is for lowbtlence conditions and for
warm temperature; on the contrary, low nutrientacemtrations in the surface
layers and stratification limit the developmentd&toms and silicoflagellates.
During summer particular stratified conditions, aflagellates are the species
with the best fitness thank to their ability to pogt nutrient-depleted
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waters. TheCeratiumspp is the more diverse genus among dinoflagellatels wit
16 species encountered.

In the Atlantic station (VA), dinoflagellates < 2Qum and
coccolithophorids are the most abundant organisnmeccordance to the general
trend of small-size prey and grazers encounterdaeipresent study. For instance
microzooplanktonic grazers in VA were dominated Mytinnids and
dinoflagellates of small sizes such &3raterella torulata and Stenosemella
nivalis among loricate ciliates; wheredsy Gymnodiniumspp.< 20 um among
dinoflagellates. In VA, most of the microphytoplamik assemblage is subjected
to grazing apart from the armoured dinoflagellate20 um (despite their
considerable biomass; ~ 1 pgC)land the other phytoflagellates < 20 pm. The
most probable reason of the missed grazing on aedalinoflagellates > 20 um
could be attributed to the small size of their graz whereas, that of the other
phytoflagellates < 20 um to the almost undetectaimenass of the prey. In the
Atlantic site, phytoflagellates > 20 um (represdnteostly by Euglenoids), were
significantly present whereas in the rest of the NWeéditerranean their
abundances were not considered.

In the Alboran Sea (V4) and in the Balearics (M@gzing mortality is
observed only for the armoured dinoflagellates qua® that is, for the dominant
group during summer oligotrophy (V4); whereas, lfoth coccolithophorids and
armoured dinoflagellates > 20 um in V3. This latpstup, displayed the highest
ingestion (0.38 pgC L d*) rates among all taxa, even though ingestions on
microphytoplankton are everywhere negligible. le thlboran Sea, and in the
Balearics the size of the prey is closely relatedtite grazers size. In V4,
microzooplankton is dominated by nanociliates &tmbidiumspp. < 30 um
whereas byGymnodiniumspp. around 10-20 um among dinoflagellates whereas
in the Balearics (V3), for instance, tintinnids anestly represented by medium
size organisms such &seenstrupiella steenstru@ndEutintinnus tubulosyghe
smallest armoured dinoflagellates beside their epable abundance were
probably not selected for their mean biomass.

In the Ligurian Sea (V1) and in Southern Tyrrheniamce the given
abundance of diatoms results appreciable in respebe other organisms,
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ingestions are addressed only to this taxa. Hereromooplankton, is mostly
composed by large dinoflagellates suchRx&toperidiniumspp. in V1; whereas
by Strombidium spp. around 30-50 pm besidgyrodinium fusiformeand
Protoperidiniumsteiniin V2.

Microzooplankton removal (SP%) on microphytoplamkgtanding stocks
(LgC LY reveals that the scarce biomasses do not supmicrbzooplankton
ingestions most of the times; few exception arentbuor the armoured
dinoflagellates > 20 um in the Balearics (82,6%l &or diatoms both in the
Ligurian sea (38,5%) and in Southern TyrrhenianG%g.

By the given presence of the microphytoplanktorcticen in Western
Mediterranean, more scarce than previously foundthgr authors in literature,
the coefficient of population growth (k) is alwalsver than the coefficient of
grazing mortality (g) thus, micro-sized predataxsréed their “top down control”
on the prey. Data indicates a great variabilitgha composition and abundance
of both prey and predators population; anyway,datis that the grazing impact
of microzooplankton is of great importance withne trophic web.

When autotrophic and heterotrophic size-class anemnsed,
microzooplankton removal (SP%) on total autotropéia heterotrophic prey
(pico-nano- and microphytoplankton) exhibits in @& of 5 stations an efficient
control on the autotrophic standing stock (VA, vddaVl), whereas in V3
(79,4%) and V2 (38,9%), grazers are sustained &y dlven autotrophic
biomasses. On the other hand, in 3 out of 5 sttigh'4, V1 and V2),
microzooplankton controls efficiently in terms efmoval of the present standing
stock (SP%) the given heterotrophic biomass; inatwer cases, such as for V3
(32,4%) and VA (36,4%), the heterotrophic standitugk sustains their grazers.
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5.4 Microzooplankton

Since the Mediterranean basin exhibits a noticegiadient of increasing
oligotrophy from west to east, in terms of nutri@incentration (Krom et al.,
1991), primary productivity (Turley et al., 2000)daautotrophic biomass (Dolan
et al., 1999) it is undoubted that microzooplanksbould have been affected by
this general situation.

In the present study, microzooplankton concentnatigind. L) and
biomasses (ugC1) followed a decreasing longitudinal gradient witkaximum
values recorded in the Atlantic station (2.08 X télls LY 0.8 pgC ) and
lowest values recorded in the easternmost soutth@yian station (7.6 x 10
cells L; 0.2 pgC [). The Ligurian Sea as previously argued was aefsian
across the Western Mediterranean transect withgts abundance and biomass.

Within the microbial food web, ciliates commonlyresent about half the
stock of microzooplankton with heterotrophic dirgféllates making up the rest
(e.g., Lessard and Murrell, 1996). Despite the ceativersity found among
aloricate ciliates (8 species), compared to thesawfetintinnids (51 species),
naked ciliate were the most abundant predators gnumimltes as already
corroborated by other authors (Pigal, 2001; Péreet al, 2000; Modigh and
Castaldo, 2002; Dolan, 2000; Dolan al, 1999; Dolaret al, 2002). Tintinnid
ciliates, that may ingest a large variety of piand nano-sized prey, ranging in
size from about 2 um to particles about half thenditer of the lorica oral
openings (e.g., Spittler, 1973; Heinbokel, 1978; s$alzadegan 1978;
Rassoulzadegan and Etienne, 1981, Capriulo, 1882rge variety of systems,
represent only a small fraction (< 10% of indivilutmumbers) of the ciliate
community (e.g., Dolan and Marrasé, 1995; Giffatdal, 1995; Caron and
Dennett, 1999). Thus, tintinnids play a relativetinor role in processes such as
carbon flux or nutrient regeneration and their \aiiis such as grazing or
excretion are probably much less important quanvély than those of the naked
ciliates such aStrombidiunspp.,Strombilidiumspp. etc.

In my research, tintinnids were numerically lespamant in respect to the

aloricate ciliates but due to their larger sizectbgr with micrometazoans,
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comprised an important part of the total biomaszked ciliates displayed a clear
decreasing trend from the Alboran Sea (1.1%if0. L") to Southern Tyrrhenian
(2.7 1 x 10 ind. L") whereas constant negligible concentrations dfniids
were found all over the western basin (~1.5 X ib@. L'). The control station
(VA) on the contrary, exhibited maximum concentas in tintinnids (8.7 x 10
ind. L") and very scarce abundances in aloricate cili@®&sx 16 ind. LY.

Dolan et al, (2002) found a decline in aloricate ciliate cemntations of
about 3 x 18ind. L™ in the western basin to about 5.0 X ir@. L* in the eastern
part of the Mediterranean Sea whereas tintinnidseeotrations, declined from
about 1.0 x 19ind. L™ to around 2.0 x 1and. L™.

In the frame of the Il Leg. of th@ransmediterranean cruisenaked
ciliates were in Western Mediterranean much lessndbnt than the ciliates
found in the easternmost basin by Dokinal, during the PROSOPE cruise
performed in summer 1999 whereas tintinnids disayilar concentrations
found in the Eastern Mediterranean.

Heterotrophic dinoflagellates, to the contrary tfri@ate ciliates, did not
show a longitudinal decreasing trend from the Attarsite into Western
Mediterranean; its appreciable concentrations wdisplayed in the Atlantic
ocean as well as within the Mediterranean basia;ntlost representative among
dinoflagellates wer&ymnodiniumspp. around 10-20 pngyrodinium fusiforme
< 40 um as well a®rotoperidiniumspp. at the Ligurian site and in Southern
Tyrrhenian.

Among oligotrich ciliates that undoubted act a paaole in the trophic
food web, species of medium and smaller sizes \werponderant all over the
examinated area such &gombidiumspp. < 30 and around 30-50 pm as well as
nanociliates < 20 um; thus, since most of the edbei ciliates were in the present
research smaller than 30 um, it is likely that theiajor role was that of
“microbial grazers”. This is corroborated by Pitaal, (2001), when stated that a
high proportion (88%) of aloricate ciliates < 30 jwas found to contain small
prey items < 3 um and only 8% of small aloricat@atgs ingested large prey > 3
um whereas 4% contained small and large prey samedtusly. The contribution

of nano-sized oligotrichs to ciliate biomass appddo be somewhat lower in the
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nearshore Ligurian site, where dinoflagellates sasthProtoperidinium spp.,
aloricate ciliates such aStrombidiumof medium size (30-50 um) as well as
tintinnids of larger size ateenstrupiella steenstrupwere detected.

As hypothesized by Dolaret al, (1999), corresponding to the
longitudinal decreasing trophy, there would be idesl in the biomass of ciliates,
increases in the relative biomasses of certairhtooypes of ciliates (mixotrophic
ciliates) and increases in the species diversitytiofinnids. The research
introduced by Dolaret al, (1999) and performed in the frame of the MINOS
cruise, unexpectedly found no longitudinal gradienciliates. Confirming the
expectations, abundances of mixotrophic oligotrisiese generally the highest in
the more oligotrophic sites and the species disedSitintinnid ciliates appeared
higher in the central and eastern basin compar#tetdVestern Mediterranean.

In the frame of the Il Leg. of th@ransmeecruise the west-east
reduction in ciliates assemblages from the far miita station to Southern
Tyrrhenian was detected; whereas, the mixotropitites that are forms better
able to survive poor food periods, even though garesll over the sampling
stations and mostly composed by the two spelboegonia gracillimaandLaboea
strobila, were always of minor importance within ciliate sasblages.
Concerning the less abundant loricate ciliates,sp@cies of tintinnids were
detected in the Atlantic siteCodonella brevicollis, Craterella torulata,
Dadayella acutiformis, D. ganymedes, Epiorella ayrEutintinnus apertus, E.
fraknoii, E. tubulosus, Steenstrupiella steensifugbtenosemella nivalis,
Tintinnopsis minuta, T. nand@he assemblage included tintinnids generally found
in coastal waters such as the genlistinnopsis spp. whereas, the most
representative forms were of smaller size suchCaaterella torulata and
Stenosemella nivalisThe Alboran Sea, was the site displaying the mino
diversity of the western basin, with only 5 speciksanthostomella conicoides,
Eutintinnus tubulosus, Stenosemella nivalis, Stegmiglla steenstrupii,
Tintinnopsis minutawith the dominance of the higher sized tintinwgtintinnus
tubulosus In the Balearics, again higher diversity occurmeih 11 species
recorded: Eutintinnus macilentus, Eutintinnus tubulosus, Eperaus,

Protorhabdonella curta, Craterella torulata, Steempiella gracilis, S.
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steenstrupii, Rhabdonella spiralis, Salpingella udata, Undella ostenfeldi,
Dyctyocista eleganswith the predominance of larger size species sueh a
Steenstrupiella steenstrupéind Eutintinnus tubulosusin the Ligurian Sea, a
similar diversity was found (12 specie®utintinnus macilentus, E. fraknoii, E.
tubulosus, E. apertus, Dadayella ganymedes, cridgerterulata, Salpingella
acuminata, Steenstrupiella steenstrupii, Rhabdanedipiralis, Salpingella
laminata, Dyctyocista polygonata, D. elegansamong these species
Steenstrupiella steenstrupivas of relevant importance. In the easternmost
southern Tyrrhenian station, 10 specie were detediatintinnus tubulosus,
Dadayella ganymedes, Craterella torulata, ampheretjuadrilineata minor,
Canthariella pyramidata, Rhabdonella spiralis, stsgupiella steenstrupii,
Dyctyocista mitra, Tintinnopsis lindeni, Salpingelldecurtata. The more
abundant species were the tintinnthariella pyramidataand Eutintinnus
tubulosus It is corroborated by other authors (Modigh araki@ldo, 2002) that
Eutintinnus tubulosysshowed the maximum occurrence during the summer
period in Southern Tyrrhenian. Although the mechianis still unclear, over a
large spatial scales diversity appears inverseéated to production (e.g., Huston,
1994). Tintinnid diversity may be restrict becaa$¢he occupation of niches by
oligotrich ciliates, which, like tintinnids, feeargely on nanoplankton-size prey
(Kivi and Setala, 1995; Rassoulzadegan et al., 1988

From the MESOSCALE 93 cruise performed in the Gatebea during
June 1993 and from the MINOS cross-Mediterraneamstct which occurred in
May-June 1996 both, argued by Dolan (2000), thet-@ast concentration of
tintinnids (averaged: 2.5 x 10nd. L") showed little variability whereas the
diversity, increased. Recent data still argued blabet al, (2002) are available
from the PROSOPE cruise performed from the Moroagamelling system to the
extreme oligotrophic Eastern Mediterranean (Sepe&zriB99). The results of this
study showed that tintinnids diversity, both taxemo and morphological,
increased from the Atlantic upwelling station intiee western basin of the
Mediterranean, and declined slightly towards thest&fa Mediterranean,
paralleling shifts in the chlorophyll size-diveysiéstimate. Tintinnids diversity

more closely reflected resource diversity. Normdiigh diversity is associated
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with stable water column structure of marked chamand physical gradients,
providing a structured environment but with low umpof nutrients for
phytoplankton production (Angel, 1993).

In the frame of the VECTOR project, tintinnids, @&viously observed
by Dolan (2000) did not show variability in termé abundance all around the
Western Mediterranean; concentrations were alwaysO<x 10 ind. L™ apart
from the Atlantic Ocean. To the contrary of theyiwes researches, the diversity
of tintinnids did not show a clear west-east inaeatwithin the western basin.

All mentioned researches, utilized 500 ml of whulater preserved in
Lugol's solution at 2% final concentration and  @®bers conducted
microscopical analysis of the ciliate assemblagesreds for chlorophyll and
other pigment determinations, the HPLC method aaildd in Vidussiet al,
(1996) was employed. In the present study as alreaehtioned, | applied the
dilution method introduced by Landrgt Hassett, 1982 to triplicates of 2 L
samples each dilution set fixed in formaldehyde ({8l concentration) and |
conducted microscopical analysis of all autotromnd heterotrophic fractions.
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5.4.1 Secondary production

Despite the narrow values of secondary productiotaioed from the
analysis of data that are always < 0.63 pgtdL, the growth of the predators
community shows a general positive trend withirulvettion time (48 hours). All
over the sampling stations the growth is recoraedrfost of the predators such
as aloricate ciliates, tintinnids, heterotrophicafiagellates, other protozoans
and micrometazoans.

In the Atlantic station (VA), microzooplankton irgg®ns were mostly
addressed to “microbial-sized” cells such as prg#i@s < 2 um and only a
minor part was exerted on nanoplankton of mediure €B-5 pum) and on
microphytoplankton. Among micro-autotrophs dinoé#gtes > 20 um and other
flagellates < 20 um were excluded by microzooplankfeeding; the former,
since microzooplankton was mostly composed of nmmadand smaller size
organisms; the latter for their negligible abundenand biomasses. Thus, the
scanty ingestions obtained from the microbial asdages, could support grazers
of smaller size such astrombidiumspp. < 30 um that was the most
representative genus among ciliates. This genwsplajied the more relevant
secondary production noticed at this site, whetegerotrophic dinoflagellates
that along with ciliate assemblages displayed agnawth, showed a secondary
production of minor amplitude. Microzooplankton Bugs micrometazoans and
tintinnids were penalized for the inappropriate esiaf their prey. Other
protozoans had a negligible biomass both at thenbeg and at the end of
incubation time.

Into the Western Mediterranean more precisely at Atboran station
(V4), all grazers, apart from micrometazoans, pbbp#hanks to the encounter
with suitable prey, were able to generate a mordeev secondary production.
The fact was displayed for instance for the hetepttic dinoflagellates that were
mostly represented by the gerfagmnodiniumspp. < 20 um and by the species
Gyrodinium fusiformearound 40 pm (0.1 pgC'Ld?), and for the aloricate
ciliates represented by both nanociliates &trdmbidiumspp. < 30 um. Since the

predators community was generally formed of sma@haisms, ingestions were
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almost exclusively addressed to the “microbial camity” and notwithstanding
the negligible values, for a minor part also to thmcro-sized armoured
dinoflagellates < 20 pm.

In the Balearics (V3), once more, the narrow ingest derived from an
exclusive feeding on prokaryotes; in a minor paxnf the ingestion of
dinoflagellates > 20 um and small coccolithopharidbleterotrophic
microprotozoans mostly represented by medium andllsoells, displayed
appreciable growths, except tintinnids mostly reprgéed bythe species
Steenstrupiella steenstrupaind Eutintinnus tubulosusind the other protozoans
that everywhere in West Mediterranean displayeceteudable biomasses.

The Ligurian Sea (V1), displayed a total absenceingfestions on
prokaryotes. Ingestions therefore derived fromrtioge energetic nano-size prey
around 3-5 pum and > 5 um and from the diatoms poeseAll micro-predators
apart from the heterotrophic dinoflagellates perfed relevant growths as the
community was composed by larger size organismsnitve appropriate to these
kind of prey. The evident secondary production graned in this sampling site,
was found for the aloricate ciliates mostly comgbbg medium (30-50 um) and
small size Strombidium spp. (< 30pm) (0.6 pgC L d%); followed by
micrometazoans and tintinnids opportunely represenby the species
Steenstrupiella steenstrupii.

The Southern Tyrrhenian station (V2), similar tee tBalearic station
(V3), displayed a feeding activity exerted mostiyprokaryotes; ingestions were
at this site conspicuous as those found in AlborBime minor part of the
ingestions derived from diatoms whereas no ingestwas detected on
nanoplankton probably for their scarce abundancel dnomass. All
microzooplankton was subjected to growth duringubation time especially
aloricate ciliates (0.2 pgC™Ld?) and tintinnids (0.1 pgCt d%). In this site
there was an appreciable secondary productionddswed from the growth of
the other protozoans and the micrometazoans. iresators were represented
by both small and medium size, the entire asserablaig micro-grazer for
instance the more abundant nanociliagspmbidiumspp. < 30 um, the tintinnid

Canthariella pyramidataGlobigerinaspp.< 50 pm among the other flagellates
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and Eutintinnus tubulosusvere benefited when found the prey of appropriate

size.
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5.4.2 Microzooplankton composition and abundance:amparison

among three different sampling methodologies andxatives.

By means of the comparison among the three diffeampling
methodologies and the use of different fixatives the composition and

abundance of microzooplankton in Western Meditezaanl can assert that:

1. Among the three replicates (2 L fixed in bufferednialdehyde at
2% final concentration) derived from the dilutiomperiments
there were no statistical differences; F valuesaiokd from a
statistical analysis performed by means of the tésvariance
ANOVA were always < 1.

2. The three different samples treated with distingthnodologies
and fixatives (5 L and 2 L both fixed in buffereatrhaldehyde at
2% final concentration and 300 mL fixed in 2% Lugdaolution)
were statistically different one another. F valoésained from a
statistical analysis performed by means of the tésvariance
ANOVA are always > 1.

3. The most considerable abundance of microzooplanktene
detected in samples (300 mL) conserved in 2% Lsgadlution
whereas samples collected in 5 L and fixed in 2%febed
formaldehyde were undoubtedly underestimated. Tamptes
analysed in Lugol's solution may seems overestithat@ing to
the poor volume applied in the analysis. The tmegdicates from
the dilution experiments collected in 2 L and preed in 2%
formaldehyde among all, seems to represent béteeptedators

community (Fig. 5.4.2).
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4. Samples collected in Lugol’s solution (300 mL),pd#s/ the most
appreciable abundance of naked ciliates but cordesny

damaged the tintinnid fraction.

5. The better description in terms of richness of irimts
assemblage was obtained with the 5 L samples pexben
buffered formaldehyde at 2% final concentrationhwB® species
and 25 genera recorded in the western basin, fetfoly the 2 L
samples that account for 51 species and 24 gehbea300 mL
collected in Lugol's solution did not display an pagciable

richness with its 9 species and 8 genera detected.

6. Diversity in tintinnid assemblages from both expesnts assessed
by means of 5 L and 2 L of whole water preserved2®t
formaldehyde did not show a west-east increasinthinvithe

western basin.

o5L

& Lugol Microzooplankton abundance
O 3replicates averaged estimated with 3 different methodologies
300
250
-1
CellL™ 155 |
100 -
a) —
o —
VA \VZ! V3 \V! V2

Fig. 5.4.2 Comparison among three different samgplimethodologies ad preservatives on the

predators abundance in Western Mediterranean.

In the present study, 2% Lugol's solution and 2%mi@dehyde were
adopted and compared since these fixatives armtis¢ common in field studies
of ciliate assemblages (Gifford and Caron, 2000}l@none hand, Lugol’'s
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solution minimizes cell loss but to the other, @susonsiderable cell shrinkage
and distortion, and samples are sometimes lost tudehe formation of
precipitates in the samples (Stoeckeral, 1996; Modigh and Castaldo, 2005).
Formaldehyde causes minor shrinkage and distortellowing ciliate
morphotypes to be determined at least to the lefvgénus. Notwithstanding this,
the use of formaldehyde results in loss cells, flegs than 20% (Stoecket al.,
1989; Pitta and Giannakourou, 2000) to more thab TDeakeyet al, 1994).
Recommended concentrations are generally 1-5% vmlaine (Sherr and Sherr,
1993). Lugol’'s solution, in the concentration frdb to 2% is often used in
studies on ciliates (e.g. Vagaéal, 1997; Kuipers and Witte, 1999; Archetral.,
2001; Bulitet al, 2003; Setéla and Kivi, 2003; Johansstral, 2004). High
Lugol’ solutions (10%) are suggested to preventehbeell loss rather than the 2%
Lugol's solution (Stoecker et al., 1994a), but ttreductance to use higher
concentration can be due to the dark brown colowathples that cause
difficulties in optical microscope analysis; to avalark colouration of detritus,
formaldehyde was found more convenient in coastaliss (Fonda Umani and
Beran, 2003). In a recent study conducted by Kamaiyat al, (2004), aloricate
ciliated abundances were higher in Lugol's solutiyma factor of 2 in respect to
the formalin treatment whereas loricate ciliatesl dot show any difference
between the two treatments.

Thus, despite the recognized importance of thatesi fraction within the
trophic web, nowadays there is not a commonly aecemethod to sample (net
vs bottle), nor a common consensus on the volumebterve and the best
fixative (and relative concentration) to use (€goi and Socker, 1989; Sherr and
Sherr, 1993; Leakegt al, 1994; Stoeckeet al, 1994; Gifford and Caron, 2000;
Zinabu and Bott, 2000; Karayanei al, 2004; Modigh and Castaldo, 2005); the
choice of one method instead of another shoultbfthe pre-established aims of
the research. Anyway, it seems opportune to conthetanalysis on ciliates
assemblages applying more than one preservativieosheind collecting this frail
fraction preferably in different volumes.

As already mentioned, in the present study eachhedetogy had

advantages and drawbacks. Notwithstanding thdassldue to the application of
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2% buffered formaldehyde, the three replicatesectdid in 2 L represented the
best compromise in terms of sampled volumes anduated for the major

diversity among ciliates. Samples collected in o the contrary performed
appreciable richness due to its higher samplednvetubut, in the meantime, the
assemblages appeared underestimated if comparedhsi? L samples. The 300
mL volume analysed in 2% Lugol’s solution, if oretbne hand performed the
less cell loss, and preserved better the smakltesi damaging the tintinnids
ciliates, on the other, samples seemed to be duesdsd for their narrow

sampled volumes.
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5.5 Mesozooplankton grazing

Beside the assessment of the grazing activity eddsy mesozooplankton
on microphyto- and microzooplankton prey, the airthe present study was also
to investigate whether the microzooplankton assag&lwas mainly a food
source or a competitor for mesozooplankton in lloghLigurian Sea (V1) and in
Southern Tyrrhenian (V2). During the Il Leg of tA@ansmed-cruisdurther
investigations on mesozooplankton grazing were sdmae difficult due to the
presence of considerable gelatinous plankton irstiiace layers that obstructed
the collection of mesozooplankton from the net¥4y V4 and V3.

At the Ligurian station (V1), which is the most gduztive among the
studied sites (due to its proximity to the shomjnthe representative
mesozooplankton predator was the cope@edtropagesspp. This calanoid, is
one of the most common, abundant and best studigepods in neritic waters of
the Mediterranean (Mazzoccht al, 2007). The relatively modest capacity of
this genus to adapt to fluctuations in food avdllgb may explain the
geographical distribution oCentropagesspp., being restricted to near-shore
waters (Calbeet al, 2007).

Since this genus is omnivorous it may feeds ondewgpectrum of prey,
from small algae (3-4 um) to yolk-sac fish larv&2(3.6 mm length). It is
reported by Calbetet al, (2007) that the genu€entropages uses both
suspensivorous and ambush feeding strategies, diegem the characteristics of
the prey. In general, it exhibits selection forgemotile prey, such as ciliates
(both aloricates and loricates) or dinoflagellatiely. observations confirm the
general feeding behaviour of this genus; in thersteae Ligurian Sea
Centropagesspp. exerted its grazing activity on a wide variet prey, mostly
represented by the motile aloricate and loricdiates and the dinoflagellates as
well as on micrometazoans and on the other protegoaotwithstanding their
scarce abundances.

The Ciliate assemblages usually fall in the ranigeptimal prey sizes for
copepods (Frost, 1972; Berggreehal, 1988), whereas many phytoplankton

cells are to small (picoplankton) or to large (elain-forming diatoms). From a
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conceptual point of view, it is expected that mioplankton are mostly
important to copepod diet in oligotrophic systemvbgere autotrophic production
is low and confined to small cells, rarely consunigdcopepods (Nival and
Nival, 1976; Berggreeat al, 1988; Danet al, 1995; Calbet and Landry, 1999).

Data obtained from the Ligurian site corroboratdus tassumption;
microphytoplankton was a selected category butspéayninor role in the carbon
fluxes respect to microzooplankton. At the V1 statiautotrophic dinoflagellates
> 20 pm and coccolithophorids were the only twoataselected among
phytoplankton.

Calbet and Saiz, (2005), assert that the preferexeded on ciliate rather
than on phytoplankton can be attributed to the énigiutritional value of ciliate in
respect to phytoplankton; another possible reasmandcbe their motility that
generate a strong hydrodynamic signal. Owing te, tihie prey are easily detected
by their predators. The tintinnids ciliates, arebjeated to grazing as well;
Ayukay, (1987) hypothesized that large tintinnide enore suitable prey rather
than the smaller species. This is the case of tharian station, where larger
tintinnids such as the speciggeenstrupiella steenstrupiias commonly detected.
Heterotrophic dinoflagellates may also contribuigniicantly to copepod diet
(Calbet and Saiz 2005) as occurred at the presemplsig site. Dinoflagellates
may represent an important link from primary pragigcto higher trophic levels
in certain ecosystems (Sherr and Sherr, 2002; Jetoalg 2004).

Microzooplankton was in V1, a food source rathemtla competitor for
mesozooplankton. It is likely that microzoo- andsemooplankton opt for a
bipapartition of the resources. On the one hand;ramooplankton selected
diatoms, on the other hand, mesozooplankton feediag addressed to the
armoured dinoflagellates > 20 um and to coccolitiujuls.

In Southern Tyrrhenian, the cyclopoi@orycaeusspp was the most
representative among mesozooplankton community. déeus is primarily
carnivorous. This feeding behaviour is common inringa (Marshall, 1973;
Turner, 1984) and freshwater (Zaret, 1980) comnemitMost studies of
predation by marine copepods have examined thenigexf calanoids but the

feeding habits of marine cyclopoids remain sparselgstigated, despite the high
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abundance of cyclopoids in some marine systemsmfley & Roff, 1983;
Turner & Dagg, 1983

From the analysis of data we can assert that inth®ou Tyrrhenian,
microzooplankton was present in the diet of mesplaotkton even if the
contribution to mesozooplankton carbon intake ig/\vearce since the biomass
of the prey was narrow.

Any grazing activity was performed on phytoplanktom accordance to
the assertions published by Marshall, (1973) aneh@mi (1984).

In oligotrophic areas such as the Mediterraneanrevimost primary
producers are not available for direct copepod stiges, the link between
microzooplankton and copepods, assume a noticéaiplertance in the energy
transfer from primary producers to sustain the pation of higher trophic levels

(such as fish).
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6. CONCLUSIONS

The typical summer oligotrophy and P-limitation ttltharacterizes the
Mediterranean basin is even more highlighted durthg 1l Leg. of the
Transmediterranean cruis@8 May-11 June 2007), in response to the peculiar
hydrological parameters recorded before summemheénigemperatures, scarce
mixing of the water column as well as few precitiaias and reduced terrestrial
inputs. This signs, foreshadowed the exhaustionutfients from the surface
layers, and both the scanty concentration of pynpanduction and Chlorophyll
a during sampling. These trophic conditions, areadévant importance in the
structuring of the food web.

As expected, microzooplankton results impoverishedinly resource-
limited, following a decreasing longitudinal gradglifrom the Atlantic station
(2.08 x 16 ind. L'; 0.8 pgC %) to Southern Tyrrhenian ( 7.6 x1idd. L' 0.2
ngC LY. Most of the predators are characterized by foomedium (30-50
pm) and small size (<30 pum) such as aloricatetedianainly of the genus
Strombidiumspp and by nanoflagellates (< 20 um), followed by diagéllates
such as the genwymnodiniunspp and the specieSyrodinium fusiformgthat
justify the narrow biomass of the community duritite summer period.
Tintinnid ciliates, with their suddenly decline both abundance and biomass,
from the Atlantic site into the Western Mediterrane show a constant low
concentration within the western basin that nexeeeds 2.0 x 10ind. L* but,
in the meantime they account for a significant p&ithe biomass along with the
micrometazoans within microzooplankton assemblage.

Despite the narrow biomass of the community, micogankton growth
is performed for most of the taxa involved; it medhat in most of the sites
micro-grazers, find their suitable prey. The se@wpdoroduction however is
scarce, it never exceed 0.63 pg€ d* which is the highest value recorded for
aloricate ciliates in the Ligurian Sea. More ov#ris site, shows peculiar
features within the West Mediterranean, mostly tlmehe proximity of the
shoreline that benefits this site of land inputsntcary to the other offshore

sampled sites.

158



6. Conclusions

Microzooplankton grazing is highly selective, deg®non the
composition of the prey as well as on the structifrthe predators community.
When it occurs, microzooplankton always exertspadown control on its prey
(g>k) as already displayed in typical non produetisystems such as the
Mediterranean in the frame of this study.

During summer, autotrophic fraction is extremelgrse compared to the
heterotrophic assemblage; it is always < 1.5 pgE€due to the nutrients
depletion of the surface layers. Smaller size callshese conditions, benefit of
their higher cellular surface and density to previa better nutrient uptake
compared to the larger fractions.

Microphytoplankton is present with on average 20%ifd. L™ and it is
mostly characterized by small phytoflagellates tedminate as well as by
armoured dinoflagellates < 20 um and coccolithojlspithis fractions provide
low carbon contents to the micro-grazers; ingestiare always < 0.38 ugCL
d*, which is the highest value recorded for the amadulinoflagellates > 20 pm
in the Balearics. Autotrophic prokaryotes that amtofor ~ 5 x 16 ind. L*
display similar undetectable low ingestions witthie western basin.

Among the different dimensional sizes, the higlvasbon content is due
to heterotrophic prokaryotes with on average 11.4CpL* whereas
nanoplankton carbon amount is halved 5.3 pgCthese, are the most grazed
categories within the microbial loop. On heterohigpbacteria which accounts
for ~ 5 x 16 cells L* microzooplankton displays sometimes very high stiga
rates as it occurs in the Alboran and in the Tymidue sites with 27.14 and 24.56
ngC L* d* respectively. High ingestions are also detectedttie nano-sized
prey in the Ligurian Sea with 17.88 pugC &, since all nano-sized classes are
here subjected to grazing (<3 um, 3-5 um, >5 un®side the rest, total
nanoplankton is present with on average 6,3%cklls L. Thus, heterotrophic
prokaryotes and nanoplankton constituted the mairban resources for
microzooplankton during the oligotrophic period whniis manifest during
summer.

The results of the present study demonstrate thest of the carbon

fluxes in Western Mediterranean passes throughomoaplankton, which is
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able to control the smaller-sized producers andweorrs.

The double estimation of the grazing activity exdron prokaryotes by

microzooplankton (MZP) on the one hand and by betenoflagellates (HNF)

on the other hand (performed with separate dilugsperiments) provide a

better understanding of the dynamics of the systerder study and the

establishment of the complexity of the food webe Tpening of the black box,

allowed me to identify several potential grazingdeis:

» In the Atlantic ocean, MZP ingestion on prokaryatesower in respect

to the one of HNF; in this way, MZP only reduce® tloss of the

prokaryotes biomass by means of the contemporaayirgy activity

exerted on HNF.

In the Alboran Sea, in the Balearics as well aSauthern Tyrrhenian,
MZP exerts a direct uptake of bacteria, since MZIigestion on

prokaryotes is higher compared to the one of HNfhéfirst case; in the
second case, MZP does not feed on HNF that inmtsdoes not feed on
heterotrophic prey. More over, in the Tyrrheniaa,34ZP does not feed
on HNF; thus, both predations are summed.

In the Ligurian Sea, only HNF feed on prokaryotiémsys, the potential
grazing performed by HNF on heterotrophic picoptankis inhibited by

the simultaneous grazing impact of MZP on HNF fract

Further remarks are argued on the comparison artenthree different

sampling methodologies and fixatives applied tororooplankton assemblages

during the Il Leg. of th&ransmed From this analysis, first of all, | can assert

that no statistical differences are found withie Bhreplicates derived from the

dilution experiment, whereas statistical differeace displayed among the three

different samples treated with distinct methodaésgand fixatives. The better

representation in terms of species richness arair@at by means of higher

sampling volumes, the 5 L conserved in 2% buffeh@dhaldehyde; whereas,

the 300 mL preserved in 2% Lugol's solution showhler abundances and

provides a better distinction of the naked cilidiesin the meantime, it causes a

loss of tintinnid ciliates. These concentrations, @robably overestimated by the
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small volume applied to the analysis (300 mL) whsraigher volumes (5 L)
appear underestimated compared to the 3 repliqa@tds from the dilution
experiments which, after all guarantee a betteressmtation of the predators
community. Thus, in my research, each methodology its advantages and
drawbacks to be keep in mind. In fact, nowadaygpiteeshe recognized pivotal
role assumed by microzooplankton within the trophibs, there is not yet a
commonly accepted method to sample (net vs bottta)a common consensus
on the volume to observe and the best fixative (ehative concentration) to
use. On my experience, it seems opportune to cortlecanalysis applying
more than one method and collecting this frail ticat preferably in different
volumes, when possible.

The final goal of the present study was to asdessdrbon fluxes to the
upper trophic levels; this is showed in Fig.1-5r Bee sites VA, V4 and V3, |
was unable to assess mesozooplankton grazingthieagelatinous plankton that
was present in these stations, obtruded the nealsramdered difficult the
collection of mesozooplankton organisms. In theyamo sites V1 and V2
where mesozooplankton grazing on microphyto- andramboplankton was
assessed, the transfer of the biomasses < 200 ward® the upper trophic
levels (copepods) is very scarce: 0.76 pgtin V1 and 0.06 pgC td* in
V2 respectively. In the Ligurian Sea, the omnivar@alanoidCentropagespp.
grazes on both microphyto- and microzooplankton.sd#eoplankton and
microzooplankton opt for the portioning of the nesmes available. In V1, for
instance microzooplankton feeds on diatoms whemeesozooplankton feed on
dinoflagellates > 20 um as well as on the cocaogfittorids. In Southern
Tyrrhenian, the carnivorous cyclopoi@orycaeusspp. feed exclusively on
microzooplankton with the only exclusion of alotieeciliates. No export of
autotrophic assemblages is detected in the Liguaa whereas a minimum
export of 2.84 pgC td’! is verified in Southern Tyrrhenian. In such
oligotrophic conditions, micro-grazers consume plently heterotrophic
bacteria and in a minor part heteronanoflagellategch in turn, fuelled the
upper trophic levels through predation of mesozakion on
microzooplankton. The relative dominance of heteggtic biomass
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corresponds to the expectations of lower carboromxgspecially in systems
such as the Mediterranean in which, primary pradacis dominated by small

autotrophs during summer.

VA Atlantic Sea
Autotrophs
Bacteria
1,69
0,62 pgCL 1 pzooplankton
-1d4-1
PNF Total | pgCL"d™
3,48 upgCL L 5'56,1
Hphytopl. hoCL
1,46 pgCL 1
0,84 pugCL1
Heterotrophs
Bacteria 4’35
11,7ugCL-1 | Total HgCL *d™
12,79
HNF pgCL 1
1,09 ugCL-1

Fig. 6.1. Budgets of the carbon flux in the Atlargtation obtained from dilution experiments on

autotrophic and heterotrophic assemblage (HNF 28% F6% of the nanoplankton biomass).

V4 Alboréan Sea
Autotrophs
Bacteria
DR pzooplankton
-19-1
PNE Total 3,86 pgCL1d
4,34 pgCL 5,66l
uphytopl. pgCL-
0,5 pgCL L
0,16 pgCL "1
Heterotrophs
Bacteria
-19-1
11,7 ugCL-1 | Total 28,61 pgCL-1d
13,07
HNF pgCL L
1,37 pgCL-1

Fig. 6.2 Budgets of the carbon flux in the Albosiation obtained from dilution experiments on

autotrophic and heterotrophic assemblage (HNF 28% F6% of the nanoplankton biomass).
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V3 Balearic Sea

Autotrophs
Bacteria
044 pgCL ™ uzooplankton
-19-1
PNE Total 0,73 pgCLd
3,8 ugCL 1 4,8{1
uphytopl. HgCL
0,57 pgCL 1
0,33 ugCL*
Heterotrophs
Bacteria 4
10,85 WgCL-1| Total 3,52 pgCLd"
12,05
HNF pgCL-L
1,2 ugCL-1

Fig. 6.3 Budgets of the carbon flux in the Baleatgtion obtained from dilution experiments on

autotrophic and heterotrophic assemblage (HNF 28% F6% of the nanoplankton biomass).

V1 Ligurian Sea
Autotrophs
Bacteria Microzooplankton
-1d9-1
0,7 gCL™ ot 13,64 ygCLd 0,76 ugCL1d-1
PNF ot .
837 0,22 pgCL-
6,61pgCL , e
hytopl HoCL ™
Hphytopl. ) Mesozooplankton
1,06 “?CL 0,18 ugCL1d-
[ I
Heterotrophs No Export
Bacteria
13,15 pgCL-1 Total 4,29 pgCLd+* —
15,24 D D ﬁ
HNF HOCL*
2,09 pgCL-1

Fig. 6.4 Budgets of the carbon flux in the Liguritation obtained from dilution and grazing
experiments on autotrophic and heterotrophic askgal{HNF 24% PHF 76% of the

nanoplankton biomass).
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V2 Tyrrhenian Sea
Autotrophs
Bacteria Microzooplankton
0,88 ugCL 1 0,37 pgCL-d 0,06 pugCL-d!
ONE Total '
a2 [ >| O24ugcL?
1,87 pgCL ' e
hytopl HoCL ™
Hphytopl. Mesozooplankton
0,52 pgCL 1
Heterotrophs @
Bacteria Total 24,56 ugCL-1d"t
' (—
9,84 ugCL-1 10,43 Export 2,84 pgCL -1d-t
-1
HNF HgCL
0,59 pgCL-1

Fig. 6.5 Budgets of the carbon flux in the Tyrrtsanstation obtained from dilution and grazing
experiments on autotrophic and heterotrophic askegral{HNF 24% PHF 76% of the

nanoplankton biomass).

Thus, the Mediterranean basin, that in summer aysploligotrophic
conditions such those found during the Il Leg. bé Transmediterranean
cruise seems to be characterized by a microbial donuintated web, made up
by considerable small heterotrophs and small nampbwatotrophs, displays a
scenario of little energy transfer to the higheptric levels. The analysis shows
the notable strength of the copepod-microzooplankttk, of this oligotrophic
area, evidencing the major importance of this trophnk, traditionally
overlooked in plankton studies.

Although the “microbial loop” coexists with the “orbbial food web”
forming the so called “Mistivourous food web” thejority of the heterotrophic
biomasses focus on the non recently photosyntieesizatter and the energy
derived from DOC (Dissolved Organic Carbon), likelpre refractory, mostly
fuels throughout the smaller dimensional sizes, (D©Obacteria — nanoplankton
— microzooplankton and recycled again into DOC ttrisig the microbial
loop) characterized by intense metabolisms and fastover time. As a

consequence, the system under study, records hartigterotrophic biomass
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of smaller size in respect to the primary produckrghese circumstances, the
organic matter derived both from the dissolved pigaubstrates and in a minor
part from autotrophic uptake, is intensely respirethe upper layers by micro-
heterotrophs and returned to the atmosphere mare ithcould be fixed. The

intense respiration of the whole system, causess production compared to
respiration needs. Consequently in summer conditiove can consider the
western Mediterranean pelagic system basically rbtgphic and based on
DOC regenerations within the microbial loop.

Results obtained from these analysis, will brirgjgmificant contribute to
the studies on the carbon fluxes within the Medateean pelagic ecosystem that
along with the investigation on the active roleayeld by the Mediterranean
basin in the Global Carbon cycle, are among theal fiaims of the

Transmediterranean cruisa the frame of the V.E.C.T.O.R. project.
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Autotrophic picoplankton Replicates STD
VA CoCells L™* 1 2 3 +
100% 2,27E+06 | 2,86E+06 | 2,86E+06 | 3,38E+05
80% 1,38E+06 | 1,37E+06 | 1,44E+06 | 3,73E+04
50% 7,30E+05 7,19E+05 7,19E+05 6,11E+03
20% 3,60E+05 4,97E+05 2,86E+05 1,07E+05
Autotrophic picoplankton Replicates STD
VA Cy Cells L™ 1 2 3 £
100% 2,05E+06 | 1,52E+06 | 9,10E+05 | 5,72E+05
80% 6,77E+05 7,47TE+05 5,50E+05 1,00E+05
50% 6,45E+05 3,07E+05 4, 76E+05 1,69E+05
20% 4,44E+05 | 2,96E+05 | 3,91E+05 | 7,50E+04

Abundance (Cells t) of autotrophic prokaryotes in the Atlantic ocg®@\) at C, and G,.

Autotrophic picoplankton Replicates STD
V4 CoCells L™ 1 2 3 £
100% 4,29E+06 | 3,62E+06 | 4,42E+06 | 4,32E+05
80% 1,99E+06 1,30E+06 1,55E+06 3,50E+05
50% 1,04E+06 9,84E+05 1,04E+06 3,05E+04
20% 1,06E+06 | 6,24E+05 | 4,76E+05 | 3,02E+05
Autotrophic picoplankton Replicates STD
V4 Cyy Cells L™ 1 2 3 £
100% 4,55E+06 4,74E+06 5,10E+06 2,79E+05
80% 3,71E+06 3,57E+06 3,26E+06 2,31E+05
50% 1,57E+06 | 2,60E+06 | 1,46E+06 | 6,31E+05
20% 9,31E+05 | 5,18E+05 | 9,31E+05 | 2,38E+05

Abundance (Cells t) of autotrophic prokaryotes in the Alboran Sea)(s#%G and G..

Autotrophic picoplankton Replicates STD
V3 CoCells L™ 1 2 3 £
100% 2,33E+06 1,90E+06 2,33E+06 2,44E+05
80% 1,14E+06 1,24E+06 1,14E+06 5,70E+04
50% 8,67E+05 4,76E+05 5,71E+05 2,04E+05
20% 4,76E+05 | 4,44E+05 | 2,24E+04
Autotrophic picoplankton Replicates STD
V3 Cy Cells L™ 1 2 3 +
100% 2,09E+06 1,37E+06 1,23E+06 4,64E+05
80% 9,45E+05 1,24E+06 1,28E+06 1,84E+05
50% 1,70E+06 | 1,32E+06 | 1,00E+06 | 3,50E+05
20% 5,71E+05 | 3,91E+05 | 3,60E+05 | 1,14E+05

Abundance (Cells ) of autotrophic prokaryotes in the Balearic Sed)(st G and G,.




Autotrophic picoplankton Replicates STD
V1 CoCells L™ 1 2 3 +
100% 3,79E+06 3,26E+06 3,41E+06 2,73E+05
80% 2,14E+06 | 1,92E+06 | 2,20E+06 | 1,49E+05
50% 1,61E+06 | 1,32E+06 | 1,25E+06 | 1,90E+05
20% 9,52E+05 | 8,78E+05 | 6,98E+05 | 1,31E+05
Autotrophic picoplankton Replicates STD
V1 Cy Cells L™ 1 2 3 +
100% 4,67E+06 | 4,51E+06 | 3,79E+06 | 4,72E+05
80% 4,26E+06 | 4,60E+06 | 3,10E+06 | 7,84E+05
50% 3,61E+06 | 2,79E+06 | 3,51E+06 | 4,15E+05
20% 1,47E+06 9,20E+05 7,09E+05 3,93E+05

Abundance (Cells t) of autotrophic prokaryotes in the Ligurian Sed 4t G and G,.

Autotrophic picoplankton Replicates STD
V2 CoCells L™ 1 2 3 +
100% 4,80E+06 | 4,46E+06 | 3,87E+06 | 4,71E+05
80% 3,37E+06 | 2,55E+06 | 2,69E+06 | 4,37E+05
50% 2,02E+06 | 1,60E+06 | 1,59E+06 | 2,47E+05
20% 8,88E+05 | 9,10E+05 | 8,78E+05 | 1,62E+04
Autotrophic picoplankton Replicates STD
V2 Cyy Cells L™ 1 2 3 £
100% 3,561E+06 | 2,92E+06 | 2,43E+06 | 5,40E+05
80% 3,58E+06 | 2,89E+06 | 3,16E+06 | 3,48E+05
50% 2,44E+06 | 1,87E+06 | 2,03E+06 | 2,95E+05
20% 1,18E+06 | 7,93E+05 | 7,30E+05 | 2,46E+05

Abundance (Cells t) of autotrophic prokaryotes in Southern Tyrrher(d8) at G and G,.




Heterotrophic

picoplankton Replicates STD
VA CoCells L™ 1 2 3 £
100% 5,92E+08 | 5,92E+08 | 5,14E+08 4,51E+07
100% 5,92E+08 | 5,89E+08 | 5,72E+08 1,06E+07
100% 6,75E+08 | 5,47E+08 | 5,92E+08 6,52E+07
80% 4,02E+08 | 3,43E+08 | 2,85E+08 5,86E+07
80% 4,14E+08 | 3,96E+08 | 3,71E+08 2,21E+07
80% 4,21E+08 | 4,38E+08 | 3,81E+08 2,90E+07
50% 3,08E+08 | 2,65E+08 | 2,36E+08 3,65E+07
50% 2,54E+08 | 2,05E+08 | 1,97E+08 3,09E+07
50% 1,38E+08 | 1,48E+08 | 1,33E+08 2,83E+07
20% 1,03E+08 | 5,95E+07 | 7,37E+07 6,04E+06
20% 1,05E+08 | 9,63E+07 | 1,02E+08 4,30E+06
20% 9,46E+07 | 8,12E+07 | 8,88E+07 6,72E+06

Heterotrophic

picoplankton Replicates STD
VA Cy, Cells L™ 1 2 3 +
100% 3,94E+08 3,13E+08 4,27E+08 5,88E+07
100% 3,99E+08 | 3,18E+08 | 3,82E+08 4,27E+07
100% 3,66E+08 | 3,38E+08 | 3,13E+08 2,65E+07
80% 2,66E+08 | 2,32E+08 | 2,39E+08 1,78E+07
80% 2,91E+08 2,05E+08 1,84E+08 5,66E+07
80% 2,45E+08 2,26E+08 1,80E+08 3,34E+07
50% 1,91E+08 | 1,52E+08 | 1,66E+08 1,98E+07
50% 1,84E+08 | 1,54E+08 | 1,40E+08 2,28E+07
50% 1,38E+08 | 1,48E+08 | 1,33E+08 7,77E+06
20% 1,03E+08 5,95E+07 7,37E+07 2,22E+07
20% 6,95E+07 6,78E+07 4,86E+07 1,16E+07
20% 9,04E+07 | 7,95E+07 | 8,79E+07 5,70E+06

Abundance (Cells t) of heterotrophic prokaryotes in the Atlantic ocg¢®A) at G and G.



Heterotrophic

picoplankton Replicates STD
V4 Cq Cells L™ 1 2 3 £
100% 6,08E+08 | 6,20E+08 | 5,33E+08 4,71E+07
100% 5,64E+08 | 6,00E+08 | 6,00E+08 2,09E+07
100% 6,14E+08 | 5,69E+08 | 5,58E+08 2,95E+07
80% 3,91E+08 | 3,94E+08 | 3,22E+08 4,05E+07
80% 3,47E+08 | 3,52E+08 | 3,39E+08 6,40E+06
80% 3,31E+08 | 3,29E+08 | 3,45E+08 9,12E+06
50% 2,33E+08 | 2,05E+08 | 2,23E+08 1,42E+07
50% 2,50E+08 | 1,93E+08 | 1,95E+08 3,23E+07
50% 2,20E+08 | 1,90E+08 | 1,91E+08 1,73E+07
20% 9,83E+07 | 7,92E+07 | 7,28E+07 1,33E+07
20% 1,03E+08 | 7,55E+07 | 6,55E+07 1,93E+07
20% 8,56E+07 | 6,28E+07 | 6,83E+07 1,19E+07

Heterotrophic

picoplankton Replicates STD
V4 Cp Cells L™ 1 2 3 +
100% 5,49E+08 5,46E+08 5,04E+08 2,54E+07
100% 6,58E+08 | 5,79E+08 | 6,28E+08 3,98E+07
100% 5,562E+08 | 5,37E+08 | 4,82E+08 3,67E+07
80% 5,03E+08 | 5,30E+08 | 3,82E+08 7,87E+07
80% 4,25E+08 4,00E+08 4,39E+08 1,96E+07
80% 3,78E+08 3,71E+08 3,07E+08 3,89E+07
50% 3,16E+08 | 2,41E+08 | 2,55E+08 3,96E+07
50% 2,93E+08 | 2,96E+08 | 2,23E+08 4,12E+07
50% 2,38E+08 | 2,35E+08 | 2,40E+08 2,32E+06
20% 8,93E+08 8,23E+08 7,98E+08 4,92E+07
20% 4,35E+08 3,63E+08 4,72E+08 5,54E+07
20% 5,560E+08 | 5,81E+08 | 6,39E+08 4,54E+07

Abundance (Cells t) of heterotrophic prokaryotes in the Alboran S¢d)(at G and G..



Heterotrophic

picoplankton Replicates STD
V3 C Cells L™ 1 2 3 £

100% 5,25E+08 | 6,08E+08 | 5,44E+08 4,38E+07
100% 5,61E+08 | 5,30E+08 | 4,97E+08 3,21E+07
100% 5,14E+08 | 5,53E+08 | 5,53E+08 2,26E+07
80% 3,87E+08 | 3,50E+08 | 3,31E+08 2,88E+07
80% 3,50E+08 | 3,22E+08 | 3,47E+08 1,51E+07
80% 3,64E+08 | 3,60E+08 | 3,98E+08 2,38E+07
50% 1,76E+08 | 1,67E+08 | 1,69E+08 4,49E+06
50% 1,86E+08 | 1,45E+08 | 1,70E+08 2,04E+07
50% 1,40E+08 | 1,47E+08 | 1,41E+08 3,69E+06
20%

20% 6,70E+07 | 7,87E+07 | 6,95E+07 6,17E+06
20% 6,95E+07 | 6,53E+07 | 5,61E+07 6,85E+06

Heterotrophic

picoplankton Replicates STD
V3 Cp Cells L™ 1 2 3 +
100% 4,44E+08 4,16E+08 4,02E+08 2,13E+07
100% 5,560E+08 | 4,24E+08 | 3,99E+08 8,07E+07
100% 4,41E+08 | 4,21E+08 | 4,30E+08 9,80E+06
80% 2,89E+08 | 2,30E+08 | 2,57E+08 2,93E+07
80% 2,70E+08 2,78E+08 2,41E+08 1,98E+07
80% 2,51E+08 2,53E+08 2,72E+08 1,15E+07
50% 1,41E+08 | 1,54E+08 | 1,37E+08 8,72E+06
50% 1,44E+08 | 1,76E+08 | 1,42E+08 1,89E+07
50% 1,67E+08 | 1,37E+08 | 1,48E+08 1,55E+07
20% 6,53E+07 5,78E+07 5,78E+07 4,35E+06
20% 6,28E+07 6,61E+07 6,61E+07 1,93E+06
20% 7,54E+07 | 6,36E+07 | 5,61E+07 9,70E+06

Abundance (Cells t) of heterotrophic prokaryotes in the Balearic 8£2) at G and G..



Heterotrophic

picoplankton Replicates STD
V1 G, Cells L™ 1 2 3 £

100% 7,01E+08 | 6,22E+08 | 6,28E+08 4,36E+07
100% 6,45E+08 | 5,86E+08 | 6,50E+08 3,566E+07
100% 6,87E+08 | 7,06E+08 | 6,92E+08 1,01E+07
80% 4,33E+08 | 4,08E+08 | 4,04E+08 1,59E+07
80% 4,48E+08 | 4,61E+08 | 3,98E+08 3,32E+07
80% 4,17E+08 | 3,71E+08 | 3,56E+08 3,17E+07
50% 2,46E+08 | 2,64E+08 | 2,57E+08 9,15E+06
50% 2,60E+08 | 2,82E+08 | 2,44E+08 1,89E+07
50% 2,92E+08 | 2,96E+08 | 2,69E+08 1,43E+07
20% 1,70E+08 | 1,64E+08 | 1,47E+08 1,17E+07
20%

20% 1,52E+08 | 1,44E+08 | 1,55E+08 5,58E+06

Heterotrophic

picoplankton Replicates STD
V1 Cp Cells L™ 1 2 3 +
100% 4,66E+08 4,44E+08 4,83E+08 1,96E+07
100% 4,91E+08 | 4,83E+08 | 3,82E+08 6,06E+07
100% 4,83E+08 | 4,52E+08 | 4,35E+08 2,41E+07
80% 3,35E+08 | 3,41E+08 | 3,37E+08 3,20E+06
80% 3,96E+08 3,50E+08 3,47E+08 2,72E+07
80% 3,66E+08 3,68E+08 3,43E+08 1,39E+07
50% 2,12E+08 | 2,14E+08 | 2,20E+08 4,49E+06
50% 1,94E+08 | 2,08E+08 | 2,16E+08 1,13E+07
50% 1,94E+08 | 2,04E+08 | 1,97E+08 5,03E+06
20% 9,71E+07 8,71E+07 8,21E+07 7,67E+06
20% 8,96E+07 9,63E+07 1,06E+08 8,43E+06
20% 9,71E+07 | 9,38E+07 | 9,38E+07 1,93E+06

Abundance (Cells £) of heterotrophic prokaryotes in the Ligurian $¢4) at G and G..



Heterotrophic

picoplankton Replicates STD
V2 C, Cells L 1 2 3 £
100% 4,83E+08 | 5,30E+08 | 4,91E+08 2,563E+07
100% 4,74E+08 | 5,02E+08 | 4,86E+08 1,40E+07
100% 5,36E+08 | 4,88E+08 | 4,38E+08 4,89E+07
80% 3,08E+08 | 2,99E+08 | 2,91E+08 8,37E+06
80% 2,76E+08 | 2,68E+08 | 2,74E+08 4,36E+06
80% 2,62E+08 | 2,32E+08 | 2,45E+08 1,47E+07
50% 1,28E+08 | 1,27E+08 | 1,28E+08 8,06E+05
50% 1,48E+08 | 1,40E+08 | 1,24E+08 1,20E+07
50% 1,28E+08 | 1,34E+08 | 1,30E+08 2,91E+06
20% 5,95E+07 | 511E+07 | 4,77E+07 6,04E+06
20% 5,19E+07 | 5,53E+07 | 5,78E+07 2,94E+06
20% 5,36E+07 | 5,44E+07 | 5,78E+07 2,22E+06

Heterotrophic

picoplankton Replicates STD
V2 Cp Cells L™ 1 2 3 +
100% 4,72E+08 4,38E+08 4,49E+08 1,71E+Q7
100% 4,63E+08 | 5,00E+08 | 4,10E+08 4,49E+07
100% 4,44E+08 | 4,30E+08 | 4,35E+08 7,02E+06
80% 2,83E+08 | 3,08E+08 | 2,76E+08 1,66E+07
80% 3,20E+08 2,99E+08 3,04E+08 1,11E+07
80% 3,29E+08 3,18E+08 3,29E+08 6,04E+06
50% 5,41E+08 | 6,03E+08 | 6,31E+08 4,57E+07
50% 5,39E+08 | 6,70E+08 | 7,23E+08 9,48E+07
50% 5,05E+08 | 5,11E+08 | 6,14E+08 6,13E+07
20% 3,27E+08 3,29E+08 3,94E+08 3,79E+07
20% 3,41E+08 3,32E+08 3,66E+08 1,74E+Q7
20% 2,82E+08 | 2,82E+08 | 2,60E+08 1,29E+07

Abundance (Cells t) of heterotrophic prokaryotes in Southern Tyrria@n(V2) at G and G,.



Autotrophic picoplankton Replicates STD
VA CopgC L™ 1 2 3 +

100% 0,45 0,57 0,83 0,19

80% 0,28 0,27 0,29 0,01

50% 0,15 0,14 0,14 0,00

20% 0,07 0,10 0,06 0,02

Autotrophic picoplankton Replicates STD
VA Caa pgC L™ 1 2 3 +

100% 0,41 0,30 0,18 0,11

80% 0,14 0,15 0,11 0,02

50% 0,13 0,06 0,10 0,03

20% 0,09 0,06 0,08 0,02

Biomass (ugCL) of autotrophic prokaryotes in the Atlantic océs) at C, and G,.

Autotrophic picoplankton Replicates STD
V4 CopgC L*? 1 2 3 +

100% 0,86 0,72 0,88 0,09

80% 0,40 0,26 0,31 0,07

50% 0,21 0,20 0,21 0,01

20% 0,21 0,12 0,10 0,06

Autotrophic picoplankton Replicates STD
V4 CpapgC L 1 2 3 +

100% 0,91 0,95 1,02 0,06

80% 0,74 0,71 0,65 0,05

50% 0,31 0,52 0,29 0,13

20% 0,19 0,10 0,19 0,05

Biomass (ngCL) of autotrophic prokaryotes in the Alboran (V4)Gatand G,.

Autotrophic picoplankton Replicates STD
V4 CopgC L™ 1 2 3 +

100% 0,47 0,38 0,47 0,05

80% 0,23 0,25 0,23 0,01

50% 0,17 0,10 0,11 0,04

20% 0,10 0,09 0,00

Autotrophic picoplankton Replicates STD
V4 Coa pgC L™ 1 2 3 +

100% 0,42 0,27 0,25 0,09

80% 0,19 0,25 0,26 0,04

50% 0,34 0,26 0,20 0,07

20% 0,11 0,08 0,07 0,02

Biomass (ugCL) of autotrophic prokaryotes in the Balearic Sed)(st G and G..




Autotrophic picoplankton Replicates STD
V3 CopgC L™ 1 2 3 +

100% 0,76 0,65 0,68 0,05

80% 0,43 0,38 0,44 0,03

50% 0,32 0,26 0,25 0,04

20% 0,19 0,18 0,14 0,03

Autotrophic picoplankton Replicates STD
V3 Coa pgC L™ 1 2 3 +

100% 0,93 0,90 0,76 0,09

80% 0,85 0,92 0,62 0,16

50% 0,70 0,56 0,70 0,08

20% 0,29 0,18 0,14 0,08

Biomass (ngCL) of autotrophic prokaryotes in the Ligurian Sed 4t G and G,.

Autotrophic
picoplankton Replicates STD
V2 CopgC L™ 1 2 3 +
100% 0,96 0,89 0,77 0,09
80% 0,67 0,51 0,54 0,09
50% 0,40 0,32 0,32 0,05
20% 0,18 0,18 0,18 0,00
Autotrophic
picoplankton Replicates STD
V2 Coa pgC L™ 1 2 3 +
100% 0,70 0,58 0,49 0,11
80% 0,72 0,58 0,63 0,07
50% 0,49 0,37 0,41 0,06
20% 0,24 0,16 0,15 0,05

Biomass (ngCL) of autotrophic prokaryotes in Southern Tyrrher(d8) at G and G..



Heterotrophic picoplankton Replicates STD
VA Co pugC L™? 1 2 3 +
100% 11,83 11,83 10,27 0,90
100% 11,83 11,78 11,44 0,21
100% 13,51 10,94 11,83 1,30
80% 8,04 6,87 5,69 1,17
80% 8,29 7,91 7,41 0,44
80% 8,42 8,75 7,62 0,58
50% 6,17 5,30 4,72 0,73
50% 5,08 4,10 3,94 0,62
50% 4,55 3,82 3,43 0,57
20% 1,93 1,86 1,69 0,12
20% 2,09 1,93 2,04 0,09
20% 1,89 1,62 1,78 0,13
Heterotrophic picoplankton Replicates STD
VA Cps pgC L™ 1 2 3 +
100% 7,87 6,25 8,54 1,18
100% 7,98 6,36 7,65 0,85
100% 7,31 6,75 6,25 0,53
80% 5,32 4,65 4,77 0,36
80% 5,82 4,10 3,68 1,13
80% 4,90 4,52 3,60 0,67
50% 3,82 3,04 3,32 0,40
50% 3,68 3,07 2,79 0,46
50% 2,76 2,96 2,65 0,16
20% 2,06 1,19 1,47 0,44
20% 1,39 1,36 0,97 0,23
20% 1,81 1,59 1,76 0,11

Biomass (ngCL) of heterotrophic prokaryotes in the Atlantic acg¢®A) at G and G,.



Heterotrophic

picoplankton Replicates STD

V4 Co pgC L™ 1 2 3 +
100% 12,17 12,39 10,66 0,94
100% 11,28 12,00 12,00 0,42
100% 12,28 11,39 11,16 0,59
80% 7,83 7,87 6,45 0,81
80% 6,95 7,03 6,78 0,13
80% 6,61 6,57 6,91 0,18
50% 4,66 4,10 4,47 0,28
50% 5,00 3,85 3,91 0,65
50% 4,41 3,80 3,82 0,35
20% 1,97 1,58 1,46 0,27
20% 2,06 1,51 1,31 0,39
20% 1,71 1,26 1,37 0,24

Heterotrophic

picoplankton Replicates STD
V4 Cys pgC L™ 1 2 3 +
100% 10,98 10,92 10,07 0,51
100% 13,17 11,59 12,56 0,80
100% 11,04 10,74 9,65 0,73
80% 10,06 10,60 7,65 1,57
80% 8,51 8,01 8,78 0,39
80% 7,55 7,42 6,14 0,78
50% 6,31 4,82 5,10 0,79
50% 5,86 5,92 4,46 0,82
50% 4,76 4,70 4,79 0,05
20% 17,86 16,47 15,97 0,98
20% 8,71 7,26 9,43 1,11
20% 11,00 11,61 12,78 0,91

Biomass (ngCL) of heterotrophic prokaryotes in the Alboran Séd)(at G and G4



Heterotrophic

picoplankton Replicates STD

V3 CopgC L? 1 2 3 +
100% 10,49 12,17 10,89 0,88
100% 11,22 10,61 9,94 0,64
100% 10,27 11,05 11,05 0,45
80% 7,75 6,99 6,61 0,58
80% 6,99 6,45 6,95 0,30
80% 7,08 7,20 7,95 0,48
50% 3,562 3,35 3,38 0,09
50% 3,71 2,90 3,41 0,41
50% 2,79 2,93 2,82 0,07
20%
20% 1,34 1,57 1,39 0,12
20% 1,39 1,31 1,12 0,14

Heterotrophic

picoplankton Replicates STD

V3 CoapgC L™ 1 2 3 +
100% 8,88 8,32 8,04 0,43
100% 11,00 8,48 7,98 1,61
100% 8,82 8,43 8,60 0,20
80% 5,78 4,61 5,15 0,59
80% 5,40 5,57 4,81 0,40
80% 5,02 5,07 5,44 0,23
50% 2,82 3,07 2,74 0,17
50% 2,87 3,52 2,85 0,38
50% 3,35 2,74 2,96 0,31
20% 1,31 1,16 1,16 0,09
20% 1,26 1,32 1,32 0,04
20% 1,51 1,27 1,12 0,19

Biomass (ugCL) of heterotrophic prokaryotes in the Balearic 8é2) at G and G,



Heterotrophic

picoplankton Replicates STD

V1CopgCL? 1 2 3 +
100% 14,01 12,45 12,56 0,87
100% 12,89 11,72 13,01 0,71
100% 13,73 14,12 13,84 0,20
80% 8,67 8,16 8,08 0,32
80% 8,96 9,21 7,95 0,66
80% 8,33 7,41 7,12 0,63
50% 4,91 5,28 5,14 0,18
50% 5,19 5,64 4,88 0,38
50% 5,83 5,92 5,39 0,29
20% 3,40 3,28 2,95 0,23
20%
20% 3,03 2,88 3,10 0,11

Heterotrophic

picoplankton Replicates STD

V1 Cp pgC L™? 1 2 3 +
100% 9,32 8,88 9,66 0,39
100% 9,82 9,66 7,65 1,21
100% 9,66 9,04 8,71 0,48
80% 6,70 6,82 6,74 0,06
80% 7,91 6,99 6,95 0,54
80% 7,33 7,37 6,87 0,28
50% 4,24 4,27 4,41 0,09
50% 3,88 4,16 4,33 0,23
50% 3,88 4,08 3,94 0,10
20% 1,94 1,74 1,64 0,15
20% 1,79 1,93 2,13 0,17
20% 1,94 1,88 1,88 0,04

Biomass (ngCL) of heterotrophic prokaryotes in the Ligurian $¢4) at G and G,



Heterotrophic
picoplankton Replicates STD
V2 CopgC L 1 2 3 +
100% 9,66 10,61 9,82 0,51
100% 9,49 10,05 9,71 0,28
100% 10,72 9,77 8,76 0,98
80% 6,15 5,99 5,82 0,17
80% 5,53 5,36 5,48 0,09
80% 5,23 4,65 4,90 0,29
50% 2,57 2,54 2,57 0,02
50% 2,96 2,79 2,48 0,24
50% 2,57 2,68 2,60 0,06
20% 1,19 1,02 0,95 0,12
20% 1,04 1,11 1,16 0,06
20% 1,07 1,09 1,16 0,04
Heterotrophic
picoplankton Replicates STD
V2 Cp ugC L? 1 2 3 +
100% 9,43 8,76 8,99 0,34
100% 9,27 9,99 8,21 0,90
100% 8,88 8,60 8,71 0,14
80% 5,65 6,15 5,53 0,33
80% 6,41 5,99 6,07 0,22
80% 6,57 6,36 6,57 0,12
50% 10,83 12,06 12,62 0,91
50% 10,77 13,40 14,46 1,90
50% 10,10 10,22 12,28 1,23
20% 6,53 6,59 7,87 0,76
20% 6,81 6,64 7,31 0,35
20% 5,64 5,64 5,19 0,26

Biomass (ugCL) of heterotrophic prokaryotes in Southern Tyrraen(v2) at G and G,



Nanoplankton < 3 pm Replicates STD
VA CoCellsL™ 1 2 3 +
100% 1,72E+05 | 1,81E+05 | 2,35E+05 | 3,38E+04
80% 8,23E+04 1,17E+05 1,18E+05 2,03E+04
50% 2,48E+04 3,16E+04 2,36E+04 | 4,31E+03
20% 1,45E+04 | 1,37E+04 | 1,33E+04 | 6,53E+02
Nanoplankton < 3 pym Replicates STD
VA Cy, Cells L™ 1 2 3 +
100% 6,61E+04 7,63E+04 8,10E+04 7,62E+03
80% 3,97E+04 | 4,08E+04 | 2,61E+04 | 8,20E+03
50% 3,97E+04 | 5,98E+04 | 3,26E+04 | 1,41E+04
20% 7,93E+03 6,23E+03 4,61E+03 1,66E+03
Nanoplankton 3-5 pm Replicates STD
VA CoCell L™ 1 2 3 +
100% 1,81E+05 | 1,49E+05 | 2,01E+05 | 2,59E+04
80% 7,64E+04 9,17E+04 1,02E+05 1,30E+04
50% 2,64E+04 5,12E+04 3,45E+04 1,26E+04
20% 1,06E+04 | 1,33E+04 | 1,34E+04 | 1,62E+03
Nanoplankton 3-5 pm Replicates STD
VA Cy, Cells L™ 1 2 3 +
100% 6,94E+04 6,66E+04 7,42E+04 3,84E+03
80% 4,63E+04 5,85E+04 4,38E+04 7,83E+03
50% 2,97E+04 | 3,80E+04 | 2,86E+04 | 5,14E+03
20% 8,81E+03 | 4,41E+03 | 4,77E+03 | 2,45E+03
Nanoplankton >5 pym Replicates STD
VA CoCells L™* 1 2 3 +
100% 7,93E+04 5,95E+04 9,92E+04 1,98E+04
80% 3,23E+04 | 4,46E+04 | 4,77E+04 | 8,14E+03
50% 9,92E+03 | 2,21E+04 | 2,59E+04 | 8,37E+03
20% 7,93E+03 1,12E+04 7,60E+03 2,01E+03
Nanoplankton >5 pym Replicates STD
VA Cy, Cells L™ 1 2 3 +
100% 3,97E+04 | 5,08E+04 | 3,65E+04 | 7,50E+03
80% 8,81E+03 | 8,81E+03 | 8,81E+03 | 0,00E+00
50% 1,82E+04 1,61E+04 1,40E+04 2,10E+03
20% 5,29E+03 2,77TE+03 2,64E+03 1,49E+03

Abundance (Cells ) of nanoplankton in the Atlantic ocean (VA) at@hd G,.




Nanoplankton <3 pm Replicates STD
V4 CoCells L™ 1 2 3 £
100% 2,03E+05 | 3,52E+05 | 2,25E+05 | 8,09E+04
80% 1,15E+05 1,10E+05 1,12E+05 2,30E+03
50% 4,41E+04 4,18E+04 2,89E+04 8,20E+03
20% 3,75E+04 | 4,50E+04 | 6,14E+04 | 1,23E+04
Nanoplankton <3 pm Replicates STD
V4 Cyy Cells L™ 1 2 3 £
100% 4,41E+04 5,02E+04 4,41E+04 3,56E+03
80% 1,19E+05 1,40E+05 1,37E+05 1,16E+04
50% 8,81E+03 | 1,10E+04 | 1,14E+04 | 1,38E+03
20% 4,63E+04 | 3,74E+04 | 2,31E+04 | 1,17E+04
Nanoplankton 3-5 pm Replicates STD
V4 CoCell L™ 1 2 3 +
100% 1,76E+05 2,16E+05 1,22E+05 4,70E+04
80% 9,70E+04 | 6,87E+04 | 7,88E+04 | 1,43E+04
50% 3,82E+04 | 3,38E+04 | 3,02E+04 | 4,01E+03
20% 3,31E+04 3,02E+04 2,59E+04 3,62E+03
Nanoplankton 3-5 pm Replicates STD
V4 Cyp Cell L™ 1 2 3 +
100% 7,93E+04 | 8,99E+04 | 1,13E+05 | 1,71E+04
80% 1,59E+05 | 2,26E+05 | 1,83E+05 | 3,41E+04
50% 3,23E+04 2,37E+04 4,02E+04 8,25E+03
20% 4,85E+04 2,22E+04 1,94E+04 1,61E+04
Nanoplankton >5 pm Replicates STD
V4 CoCells L™ 1 2 3 £
100% 7,93E+04 | 1,27E+05 | 1,11E+05 | 2,42E+04
80% 4,41E+04 2,49E+04 2,11E+04 1,23E+04
50% 1,76E+04 1,43E+04 1,93E+04 2,56E+03
20% 4,41E+03 | 3,61E+03 | 2,80E+03 | 8,01E+02
Nanoplankton >5 pm Replicates STD
V4 Cy Cells L™ 1 2 3 £
100% 2,64E+04 2,83E+04 4,56E+04 1,06E+04
80% 3,53E+04 3,66E+04 3,00E+04 3,45E+03
50% 5,88E+03 | 8,95E+03 | 8,11E+03 | 1,59E+03
20% 1,76E+04 | 7,93E+03 | 7,05E+03 | 5,87E+03

Abundance (Cells t) of nanoplankton in the Alboran Sea (V4) atadd G,




Nanoplankton <3 pm Replicates STD
V3 CoCells L™ 1 2 3 +
100% 3,08E+05 | 3,13E+05 | 2,95E+05 | 9,04E+03
80% 8,81E+04 9,94E+04 8,44E+04 7,81E+03
50% 9,70E+04 7,65E+04 6,63E+04 1,56E+04
20% 2,86E+04 | 2,29E+04 | 2,67E+04 | 2,92E+03
Nanoplankton <3 pm Replicates STD
V3 Cy Cells L™ 1 2 3 +
100% 2,56E+05 2,64E+05 2,80E+05 1,26E+04
80% 8,37E+04 9,21E+04 7,26E+04 9,80E+03
50% 6,46E+04 | 5,00E+04 | 4,80E+04 | 9,09E+03
20% 2,20E+04 | 1,86E+04 | 2,37E+04 | 2,59E+03
Nanoplankton 3-5 pm Replicates STD
V3 CoCells L™ 1 2 3 +
100% 2,29E+05 2,66E+05 1,92E+05 3,73E+04
80% 8,81E+04 | 6,68E+04 | 6,14E+04 | 1,41E+04
50% 8,562E+04 | 7,26E+04 | 6,00E+04 | 1,26E+04
20% 2,64E+04 3,05E+04 3,66E+04 5,12E+03
Nanoplankton 3-5um Replicates STD
V3 Cp Cells L™ 1 2 3 +
100% 2,03E+05 | 2,11E+05 | 2,28E+05 | 1,29E+04
80% 1,06E+05 | 1,01E+05 | 7,55E+04 | 1,62E+04
50% 3,82E+04 2,16E+04 3,65E+04 9,15E+03
20% 6,61E+03 9,01E+03 4,21E+03 2,40E+03
Nanoplankton >5 um Replicates STD
V3 CoCells L™ 1 2 3 +
100% 8,81E+04 | 8,30E+04 | 6,22E+04 | 1,37E+04
80% 3,97E+04 3,19E+04 2,73E+04 6,27E+03
50% 1,47E+04 9,79E+03 1,47E+04 2,83E+03
20% 6,61E+03 | 9,92E+03 | 9,92E+03 | 1,91E+03
Nanoplankton >5um Replicates STD
V3 Cy Cells L™ 1 2 3 +
100% 8,81E+04 6,61E+04 1,10E+05 2,20E+04
80% 4,41E+04 1,76E+04 4,41E+04 1,53E+04
50% 1,18E+04 | 6,72E+03 | 5,04E+03 | 3,49E+03
20% 8,81E+03 | 1,23E+04 | 1,23E+04 | 2,04E+03

Abundance (Cells t) of nanoplankton in the Balearic Sea (V3) ga@d G..




Nanoplankton < 3 pm Replicates STD
V1 CoCells L™ 1 2 3 +
100% 6,23E+05 | 6,06E+05 | 6,50E+05 | 2,21E+04
80% 2,55E+05 1,94E+05 2,51E+05 3,38E+04
50% 1,16E+05 1,40E+05 1,26E+05 1,17E+04
20% 5,19E+04 | 5,19E+04 | 4,95E+04 | 1,43E+03
Nanoplankton < 3 pym Replicates STD
V1 Cy Cells L™ 1 2 3 +
100% 3,31E+05 3,10E+05 3,31E+05 1,17E+04
80% 2,64E+05 1,88E+05 1,79E+05 4,68E+04
50% 1,57E+05 | 1,28E+05 | 1,80E+05 | 2,58E+04
20% 7,08E+04 | 6,40E+04 | 8,00E+04 | 8,02E+03
Nanoplankton 3-5 pm Replicates STD
V1 CoCells L™ 1 2 3 +
100% 3,97E+05 4,18E+05 4,61E+05 3,27E+04
80% 1,46E+05 | 1,34E+05 | 1,46E+05 | 7,24E+03
50% 1,04E+05 | 1,31E+05 | 1,13E+05 | 1,38E+04
20% 4,72E+04 3,93E+04 2,75E+04 9,90E+03
Nanoplankton 3-5 ym Replicates STD
V1 Cy Cells L™ 1 2 3 +
100% 1,79E+05 | 1,50E+05 | 1,17E+05 | 3,13E+04
80% 3,87E+05 | 2,61E+05 | 3,69E+05 | 6,82E+04
50% 2,08E+05 2,08E+05 1,64E+05 2,53E+04
20% 9,21E+04 9,69E+04 1,07E+05 7,40E+03
Nanoplankton >5 pm Replicates STD
V1 CoCells L™ 1 2 3 £
100% 1,04E+05 | 1,42E+05 | 1,37E+05 | 2,07E+04
80% 4,25E+04 6,95E+04 3,48E+04 1,83E+04
50% 1,57E+04 6,56E+03 1,57E+04 5,30E+03
20% 4,72E+03 | 5,90E+03 | 5,90E+03 | 6,82E+02
Nanoplankton >5 pm Replicates STD
V1 Cy Cells L™ 1 2 3 £
100% 9,44E+03 3,78E+03 4,25E+03 3,14E+03
80% 1,09E+05 9,65E+04 9,65E+04 6,97E+03
50% 3,78E+04 | 2,83E+04 | 2,83E+04 | 5,45E+03
20% 2,36E+04 | 2,36E+04 | 3,93E+04 | 9,09E+03

Abundance (Cells t) of nanoplankton in the Ligurian Sea (V1) ata®d G,.



Nanoplankton < 3 pm Replicates STD
V2 CoCells L™ 1 2 3 +
100% 2,20E+05 | 2,02E+05 | 2,45E+05 | 2,15E+04
80% 6,93E+04 2,31E+04 5,67E+04 2,39E+04
50% 3,99E+04 4,15E+04 4,47E+04 2,44E+03
20% 1,57E+04 | 1,18E+04 | 1,18E+04 | 2,27E+03
Nanoplankton < 3 pym Replicates STD
V2 Cy Cells L™ 1 2 3 +
100% 2,27E+05 1,80E+05 1,93E+05 2,40E+04
80% 2,03E+05 1,88E+05 1,65E+05 1,89E+04
50% 1,45E+05 | 1,04E+05 | 9,76E+04 | 2,56E+04
20% 3,07E+04 | 3,54E+04 | 4,60E+04 | 7,86E+03
Nanoplankton 3-5 pm Replicates STD
V2 CoCells L™ 1 2 3 +
100% 1,45E+05 1,18E+05 8,75E+04 2,87E+04
80% 7,24E+04 | 3,86E+04 | 4,34E+04 | 1,83E+04
50% 3,67E+04 | 3,03E+04 | 3,39E+04 | 2,72E+03
20% 1,26E+04 3,36E+04 1,68E+04 1,11E+04
Nanoplankton 3-5 ym Replicates STD
V2 Cy Cells L™ 1 2 3 +
100% 2,27E+05 | 1,35E+05 | 1,96E+05 | 4,68E+04
80% 1,84E+05 | 2,71E+05 | 1,65E+05 | 5,68E+04
50% 1,10E+05 1,71E+05 1,90E+05 4,17E+04
20% 3,07E+04 2,15E+04 4,14E+04 9,98E+03
Nanoplankton >5 pm Replicates STD
V2 CoCells L™ 1 2 3 £
100% 5,04E+04 | 2,52E+04 | 3,02E+04 | 1,33E+04
80% 2,52E+04 2,52E+04 8,01E+03 9,91E+03
50% 6,30E+03 2,29E+03 4,58E+03 2,01E+03
20% 1,42E+04 | 3,31E+04 | 1,42E+04 | 1,09E+04
Nanoplankton >5 pm Replicates STD
V2 Cy Cells L™ 1 2 3 £
100% 3,78E+04 3,20E+04 3,78E+04 3,36E+03
80% 1,92E+04 5,49E+03 1,65E+04 7,27E+03
50% 1,57E+04 | 1,05E+04 | 2,36E+04 | 6,60E+03
20% 7,08E+03 | 5,31E+03 | 6,20E+03 | 8,85E+02

Abundance (Cells t) of nanoplankton in Southern Tyrrhenian (V2) ate@d G..



Nanoplankton < 3 pm Replicates STD
VA CopgC L™ 1 2 3 +

100% 0,26 0,27 0,35 0,05

80% 0,12 0,17 0,18 0,03

50% 0,04 0,05 0,04 0,01

20% 0,02 0,02 0,02 0,00

Nanoplankton < 3 pym Replicates STD
VA Caa pgC L* 1 2 3 +

100% 0,10 0,11 0,12 0,01

80% 0,06 0,06 0,04 0,01

50% 0,06 0,09 0,05 0,02

20% 0,01 0,01 0,01 0,00

Nanoplankton 3-5 pm Replicates STD
VA Co pgC L™ 1 2 3 +

100% 1,11 0,92 1,23 0,16

80% 0,47 0,56 0,63 0,08

50% 0,16 0,31 0,21 0,08

20% 0,06 0,08 0,08 0,01

Nanoplankton 3-5 pm Replicates STD
VA CoapgC L™ 1 2 3 +

100% 0,43 0,41 0,45 0,02

80% 0,28 0,36 0,27 0,05

50% 0,18 0,23 0,18 0,03

20% 0,05 0,03 0,03 0,01

Nanoplankton >5 pym Replicates STD
VA Co pgC L™ 1 2 3 +

100% 3,21 2,40 4,01 0,80

80% 1,31 1,80 1,93 0,33

50% 0,40 0,89 1,05 0,34

20% 0,32 0,45 0,31 0,08

Nanoplankton >5 pym Replicates STD
VA CaapgC L™ 1 2 3 +

100% 1,60 2,05 1,47 0,30

80% 0,36 0,36 0,36 0,00

50% 0,73 0,65 0,56 0,08

20% 0,21 0,11 0,11 0,06

Biomass (ugCL) of nanoplankton in the Atlantic ocean (VA) af&hd G,




Nanoplankton <3 pm Replicates STD
V4 CopgC L™ 1 2 3 +

100% 0,30 0,53 0,34 0,12

80% 0,17 0,16 0,17 0,00

50% 0,07 0,06 0,04 0,01

20% 0,06 0,07 0,09 0,02

Nanoplankton <3 pm Replicates STD
V4 Coa pgC L™ 1 2 3 +

100% 0,07 0,08 0,07 0,01

80% 0,18 0,21 0,21 0,02

50% 0,01 0,02 0,02 0,00

20% 0,07 0,06 0,03 0,02

Nanoplankton 3-5 pm Replicates STD
V4 Co ugC L* 1 2 3 +

100% 1,08 1,32 0,75 0,29

80% 0,59 0,42 0,48 0,09

50% 0,23 0,21 0,19 0,02

20% 0,20 0,18 0,16 0,02

Nanoplankton 3-5 ym Replicates STD
V4 Cos ugC L-1 1 2 3 kS

100% 0,49 0,55 0,69 0,10

80% 0,97 1,38 1,12 0,21

50% 0,20 0,15 0,25 0,05

20% 0,30 0,14 0,12 0,10

Nanoplankton >5 pm Replicates STD
V4 CopgC L™ 1 2 3 +

100% 3,21 5,13 4,49 0,98

80% 1,78 1,01 0,85 0,50

50% 0,71 0,58 0,78 0,10

20% 0,18 0,15 0,11 0,03

Nanoplankton >5 pm Replicates STD
V4 Coa pgC L™ 1 2 3 +

100% 1,07 1,14 1,84 0,43

80% 1,42 1,48 1,21 0,14

50% 0,24 0,36 0,33 0,06

20% 0,71 0,32 0,28 0,24

Biomass (ngCL) of nanoplankton the Alboran Sea (V4) atadd G,




Nanoplankton <3 pm Replicates STD
V3 CopgC L 1 2 3 +

100% 0,46 0,47 0,44 0,01

80% 0,13 0,15 0,13 0,01

50% 0,15 0,11 0,10 0,02

20% 0,04 0,03 0,04 0,00

Nanoplankton <3 pm Replicates STD
V3 Coa pgC L™ 1 2 3 +

100% 0,38 0,39 0,42 0,02

80% 0,13 0,14 0,11 0,01

50% 0,10 0,08 0,07 0,01

20% 0,03 0,03 0,04 0,00

Nanoplankton 3-5 pm Replicates STD
V3 CopgC L™ 1 2 3 +

100% 1,40 1,63 1,18 0,23

80% 0,54 0,41 0,38 0,09

50% 0,52 0,44 0,37 0,08

20% 0,16 0,19 0,22 0,03

Nanoplankton 3-5 ym Replicates STD
V3 CoapgC L 1 2 3 +

100% 1,24 1,29 1,40 0,08

80% 0,65 0,62 0,46 0,10

50% 0,23 0,13 0,22 0,06

20% 0,04 0,06 0,03 0,01

Nanoplankton >5 um Replicates STD
V3 CopgC L 1 2 3 +

100% 3,56 3,35 2,51 0,55

80% 1,60 1,29 1,10 0,25

50% 0,59 0,40 0,59 0,11

20% 0,27 0,40 0,40 0,08

Nanoplankton >5 um Replicates STD
V3 CpapgC L™ 1 2 3 +

100% 3,56 2,67 4,45 0,89

80% 1,78 0,71 1,78 0,62

50% 0,48 0,27 0,20 0,14

20% 0,36 0,50 0,50 0,08

Biomass (ugCL) of nanoplankton the Balearic Sea (V3) gia@d G,




Nanoplankton < 3 pm Replicates STD
V1 CopgC L 1 2 3 +

100% 0,93 0,91 0,97 0,03

80% 0,38 0,29 0,38 0,05

50% 0,17 0,28 0,26 0,06

20% 0,08 0,08 0,07 0,00

Nanoplankton < 3 pym Replicates STD
V1 CipgC L? 1 2 3 +

100% 0,49 0,46 0,49 0,02

80% 0,40 0,28 0,27 0,07

50% 0,24 0,19 0,27 0,04

20% 0,11 0,10 0,12 0,01

Nanoplankton 3-5 pm Replicates STD
V1 CopgC L™ 1 2 3 +

100% 2,43 2,56 2,83 0,20

80% 0,90 0,82 0,90 0,04

50% 0,64 0,80 0,69 0,08

20% 0,29 0,24 0,17 0,06

Nanoplankton 3-5 ym Replicates STD
V1 CpapgC L? 1 2 3 +

100% 1,10 0,92 0,72 0,19

80% 2,37 1,60 2,26 0,42

50% 1,27 1,27 1,01 0,15

20% 0,56 0,59 0,65 0,05

Nanoplankton >5 pm Replicates STD
V1 CopgC L 1 2 3 +

100% 4,20 5,74 5,52 0,84

80% 1,72 2,81 1,40 0,74

50% 0,64 0,26 0,64 0,21

20% 0,19 0,24 0,24 0,03

Nanoplankton >5 pm Replicates STD
V1 Cos pgC L™ 1 2 3 +

100% 0,38 0,15 0,17 0,13

80% 4,39 3,90 3,90 0,28

50% 1,53 1,14 1,14 0,22

20% 0,95 0,95 1,59 0,37

Biomass (ugCL) of nanoplankton the Ligurian Sea (V1) ata®d G4




Nanoplankton < 3 pm Replicates STD
V2 CopgC L™ 1 2 3 +

100% 0,33 0,30 0,37 0,03

80% 0,10 0,03 0,08 0,04

50% 0,06 0,06 0,07 0,00

20% 0,02 0,02 0,02 0,00

Nanoplankton < 3 pym Replicates STD
V2 CospgC L™ 1 2 3 +

100% 0,34 0,27 0,29 0,04

80% 0,30 0,28 0,25 0,03

50% 0,22 0,16 0,15 0,04

20% 0,05 0,05 0,07 0,01

Nanoplankton 3-5 pm Replicates STD
V2 CopgC L™ 1 2 3 +

100% 0,89 0,72 0,54 0,18

80% 0,44 0,24 0,27 0,11

50% 0,22 0,19 0,21 0,02

20% 0,08 0,21 0,10 0,07

Nanoplankton 3-5 ym Replicates STD
V2 CoapgC L? 1 2 3 +

100% 1,39 0,83 1,20 0,29

80% 1,13 1,66 1,01 0,35

50% 0,68 1,05 1,16 0,26

20% 0,19 0,13 0,25 0,06

Nanoplankton >5 pm Replicates STD
V2 CopgC L™ 1 2 3 +

100% 2,03 1,02 1,22 0,54

80% 1,02 1,02 0,32 0,40

50% 0,25 0,09 0,18 0,08

20% 0,57 1,34 0,57 0,44

Nanoplankton >5 pm Replicates STD
V2 Coa pgC L™ 1 2 3 +

100% 1,53 1,29 1,53 0,14

80% 0,78 0,22 0,67 0,29

50% 0,64 0,42 0,95 0,27

20% 0,29 0,21 0,25 0,04

Biomass (ngCL) of nanoplankton Southern Tyrrhenian (V2) ata@d G4




VA 100% B | 100% B 100% C 100 C
Co CellsL™ | pgCL" | CellsL™ | pgClL?
Pennate diatoms 3,43E+02 0,07 5,67E+02 0,08
Centric diatoms 7,46E+01 0,03 9,55E+01 0,03
Dinoflagellates < 20pm 1,13E+03 0,17 1,72E+03 0,18
Dinoflagellates > 20 um 4,75E+02 1,82 2,90E+02 0,75
Coccolithophorids 1,02E+03 0,16 1,33E+03 0,15
Other phytoflagellates <
20um 1,52E+02 0,02 1,22E+02 0,01
Other phytoflagellates > 20
pum 4,81E+02 0,16 3,01E+02 0,06
STD+ 406,05 0,65 638,68 0,26
VA 80% A 80% A 80% B 80% B 80% C 80% C
Co Cells L" | pgCL" | CellsL™ | pgCL™? Cells L™ pgC L?
Pennate diatoms 9,10E+02 0,13 5,04E+02 0,07 2,56E+02 0,04
Centric diatoms 2,00E+02 0,06 2,24E+02 0,07 2,28E+01 0,007
Dinoflagellates < 20um 3,73E+02 0,04 2,87E+02 0,03 2,70E+02 0,03
Dinoflagellates > 20 pm 1,40E+02 0,36 8,96E+01 0,23 1,08E+02 0,30
Coccolithophorids 8,90E+02 0,10 7,13E+02 0,08 1,93E+02 0,02
Other phytoflagellates <
20um 4,42E+02 0,05 1,07E+02 0,01 5,29E+02 0,05
Other phytoflagellates > 20
pm 5,97E+01 0,01 2,09E+01 0,004 7,31E+01 0,01
STD+ 346,25 0,12 249,86 0,08 169,07 0,10
VA 50% A 50% A 50% B 50% B 50% C 50% C
Co Cells L" | pgCL® | CellsL™ | pgClL™? Cells L™ pgC L?
Pennate diatoms 1,78E+02 0,03 1,40E+02 0,02 1,30E+02 0,02
Centric diatoms 1,38E+01 0,004 2,63E+01 0,008 2,80E+01 0,009
Dinoflagellates < 20um 1,38E+02 0,01 9,13E+01 0,009 1,42E+02 0,01
Dinoflagellates > 20 pm 6,62E+01 0,17 3,88E+01 0,1 5,80E+01 0,15
Coccolithophorids 1,31E+02 0,01 8,13E+01 0,009 1,24E+02 0,01
Other phytoflagellates <
20pm 1,86E+02 0,02 1,55E+02 0,01 2,26E+02 0,02
Other phytoflagellates > 20
pm 1,08E+01 0,002 3,50E+01 0,008 2,80E+01 0,006
STD+ 73,54 0,06 51,58 0,03 71,95 0,05
VA 20% A 20% A 20% B 20% B 20% C 20% C
Co CellsL* | pgCL* | CellsL* | pgCL* Cells L™ pgc L*
Pennate diatoms 9,54E+01 0,01 4,50E+01 0,007 6,90E+01 0,01
Centric diatoms 1,50E+01 0,005 6,00E+00 0,002
Dinoflagellates < 20um 8,92E+01 0,009 3,75E+01 0,004 3,75E+01 0,004
Dinoflagellates > 20 pm 2,92E+01 0,07 1,50E+01 0,04 2,10E+01 0,05
Coccolithophorids 7,85E+01 0,008 3,88E+01 0,004 4,95E+01 0,005
Other phytoflagellates <
20um 1,05E+02 0,01 1,29E+02 0,01 1,32E+02 0,14
Other phytoflagellates > 20
pm 1,38E+01 0,003 1,00E+01 0,002 1,95E+01 0,004
STD+ 43,02 0,03 40,92 0,01 42,66 0,05

Abundance (Cells t) and biomass (ugCl) of microphytoplankton in the Atlantic OceanyC




VA 100% A | 100% A 100% B 100 B 100% C 100 C

Cas CellsL* | pgcL* | CelsL | pgCL" | CellsL® | pgCL*
Pennate diatoms 7,80E+01 | 0,010 | 7,80E+01 0,01 |1,88E+02| 0,03
Centric diatoms 6,00E+00 | 0,002 | 1,40E+01 0,00 |1,79E+01| 0,01

Dinoflagellates < 20um 1,42E+02 0,010 2,52E+02 0,03 3,25E+02 0,03
Dinoflagellates > 20 pm 8,60E+01 0,220 8,80E+01 0,23 1,07E+02 0,28

Coccolithophorids 9,60E+01 0,010 1,28E+02 0,01 1,16E+02 0,01
Other phytoflagellates <
20um 2,52E+02 0,030 5,26E+02 0,05 3,34E+02 0,03
Other phytoflagellates > 20
pum 5,40E+01 0,010 4,40E+01 0,01 7,16E+01 0,01
STD+ 77,98 0,08 178,00 0,08 14,93 0,10
VA 80% A 80% A 80% B 80% B 80% C 80% C
Cas Cells L™ | pgCL* | CellsL™ | pgCL" | CellsL™ | ugC L™
Pennate diatoms 4,48E+02 0,07 4,70E+02 0,07 2,66E+02 0,04
Centric diatoms 7,14E+01 0,02 6,60E+01 0,02 2,00E+01 0,006

Dinoflagellates < 20um 2,17E+02 0,02 3,02E+02 0,03 2,72E+02 0,03
Dinoflagellates > 20 pm 6,67E+01 0,17 6,75E+01 0,17 6,60E+01 0,17

Coccolithophorids 1,39E+02 0,01 1,19E+02 0,01 1,00E+02 0,01
Other phytoflagellates <
20pm 4,49E+02 0,01 6,00E+02 0,06 5,44E+02 0,06
Other phytoflagellates > 20

pm 5,71E+01 0,05 4,35E+01 0,009 | 6,20E+01 0,01

STD+ 173,96 0,06 223,45 0,06 185,55 0,06

VA 50% A 50% A 50% B 50% B 50% C 50% C

Cas CellsL™ | pgCL* | CellsL" | pgCL' | CellsL® pgC L*

Pennate diatoms 1,38E+02 | 0,02 3,12E+02| 0,05 1,48E+02 0,02
Centric diatoms 3,13E+01 0,01 5,25E+01| 0,02 1,25E+01 0,004
Dinoflagellates < 20um 1,21E+02 0,01 1,31E+02 0,01 1,04E+02 0,01
Dinoflagellates > 20 um 4,75E+01 0,12 5,85E+01 0,15 3,25E+01 0,08
Coccolithophorids 8,50E+01 | 0,009 |1,05E+02 0,01 5,88E+01 0,006
Other phytoflagellates < 20um | 3,03E+02 0,03 3,60E+02 0,04 2,51E+02 0,06
Other phytoflagellates > 20 ym | 3,25E+01 | 0,007 | 1,05E+01| 0,002 3,88E+01 0,03
STD+ 95,44 0,04 135,45 0,05 84,04 0,03

VA 20% A 20% A 20% B 20% B 20% C 20% C

Cas CellsL™ | pgCL" | CellsL™® pgC L' | CellsL™ | upgCc L™
Pennate diatoms 1,56E+02 0,02 9,71E+01 0,01 7,80E+01 0,01
Centric diatoms 7,50E+00 0,002 1,71E+01 0,005 | 6,00E+00| 0,002

Dinoflagellates < 20um 5,25E+01 0,005 2,86E+01 0,003 6,20E+01 0,006
Dinoflagellates > 20 um 4,50E+00 0,01 5,71E+00 0,01 2,00E+01 0,05

Coccolithophorids 2,10E+01 0,002 1,86E+01 0,002 3,20E+01 0,003
Other phytoflagellates <
20pm 1,26E+02 0,01 8,00E+01 0,008 | 1,66E+02 0,02
Other phytoflagellates > 20
pm 4,50E+00 | 0,001 2,86E+00 | 0,0006 | 1,80E+01| 0,004
STD+ 62,91 0,01 37,43 0,00 55,41 0,02

Abundance (Cells ) and biomass (ugCl) of microphytoplankton in the Atlantic OceangC



V4 100% A 100% A 100% B 100 B 100% C 100 C

Co CellsL* | pgCL* | CellsL™ pugCL* | CellsL™ | upgCL*
Dinoflagellates < 20pm 4,78E+02 0,050 1,87E+02 0,02 5,19E+01 0,01
Dinoflagellates > 20 um 1,71E+02 0,440 1,30E+02 0,33 1,40E+02 0,36
Coccolithophorids 6,29E+02 0,690 2,65E+02 0,29 1,25E+02 0,01

Other phytoflagellates <

20pum 3,87E+02 0,410 3,56E+02 0,03 1,27E+02 0,01
STD+ 191,20 0,26 98,07 0,17 39,98 0,18
V4 80% A 80% A 80% B 80% B 80% C 80% C

Co CellsL* | pgCL* | CellsL® pugCL* | CellsL™ | upgCL*
Dinoflagellates < 20pm 1,16E+02 0,01 1,33E+02 0,01 8,08E+01 0,008
Dinoflagellates > 20 um 9,60E+01 0,25 7,65E+01 0,2 1,03E+02 0,27
Coccolithophorids 1,95E+01 0,002 2,89E+01 0,003 |7,61E+01 0,01

Other phytoflagellates <

20um 8,00E+02 0,08 4,29E+02 0,04 2,68E+02 0,03
STD+ 363,71 0,12 179,68 0,09 91,35 0,13
V4 50% A 50% A 50% B 50% B 50% C 50% C

Co CellsL* | pgCL* | CellsL™ | pgC L™ | CellsL® pgC L*
Dinoflagellates < 20um 7,05E+01| 0,007 |8,29E+01| 0,009 7,03E+01 0,007
Dinoflagellates > 20 um 5,25E+01 0,13 7,00E+01 0,18 5,12E+01 0,13
Coccolithophorids 1,80E+01| 0,002 |1,57E+01| 0,002 6,15E+01 0,07
Other phytoflagellates < 20um | 5,52E+02 0,06 2,94E+02 0,03 3,43E+02 0,03
STD=+ 253,50 0,06 122,55 0,08 141,02 0,05
V4 20% A 20% A 20% B 20% B 20% C 20% C

Co CellsL* | pgCL* | CellsL™ pugCL* | CellsL™ | upgCL*

Dinoflagellates < 20pm 1,22E+01 0,001 4,18E+01 0,004 4,39E+01 0,004
Dinoflagellates > 20 um 2,28E+01 0,06 1,79E+01 0,05 3,22E+01 0,08

Coccolithophorids 1,07E+01 0,001 2,54E+01 0,003 |5,12E+01| 0,006
Other phytoflagellates <

20pum 1,23E+02 0,01 1,85E+02 0,02 1,01E+02 0,01

STD+ 54,35 0,03 78,99 0,02 30,31 0,04

Abundance (Cells t) and biomass (ngCl) of microphytoplankton in the Alboran Sea)C



V4 100% A | 100% A 100% B 100 B 100% C 100 C

Caa CellsL™ | pgCL' | CellsL™? pgC L' | CellsL™ | upgc L™
Dinoflagellates < 20pm 1,89E+02 0,020 2,20E+02 0,02 1,62E+02 0,02
Dinoflagellates > 20 um 1,40E+02 0,360 7,76E+01 0,2 1,45E+02 0,37

Coccolithophorids 2,14E+01 0,002 1,90E+01 0,00 8,87E+01 0,01
Other phytoflagellates <
20pum 8,56E+02 0,090 1,37E+03 0,14 4,26E+02 0,04
STD+ 376,13 0,17 637,36 0,10 150,49 0,17
V4 80% A 80% A 80% B 80% B 80% C 80% C
Cas Cells L™ | pgCL' | CellsL™® pgCL' | CellsL™ | upgc L™

Dinoflagellates < 20pm 1,99E+02 0,02 1,70E+02 0,02 3,75E+02 0,04
Dinoflagellates > 20 um 9,71E+01 0,25 1,14E+02 0,29 9,37E+01 0,24

Coccolithophorids 1,59E+01 0,001 2,10E+02 0,02 1,41E+02 0,01
Other phytoflagellates <

20um 1,08E+03 0,11 4,74E+02 0,05 6,76E+02 0,07
STD+ 491,46 0,11 159,60 0,13 266,74 0,10
V4 50% A 50% A 50% B 50% B 50% C 50% C

Cas CellsL™ | pugCL* | CellsL? | pgCL! | CellsL? pgC L!
Dinoflagellates < 20um 1,20E+02 0,01 2,79E+02 0,03 1,78E+02 0,02
Dinoflagellates > 20 ym 6,81E+01 0,17 5,89E+01 0,15 6,46E+01 0,17
Coccolithophorids 1,01E+01| 0,001 |1,75E+02 0,02 8,62E+01 0,009
Other phytoflagellates < 20um | 3,61E+02 0,04 4,07E+02 0,04 3,09E+02 0,03
STD+ 154,06 0,08 148,33 0,06 111,30 0,08
V4 20% A 20% A 20% B 20% B 20% C 20% C

Caa CellsL™ | pgCL' | CellsL™? pgC L' | CellsL™ | upgc L™

Dinoflagellates < 20pm 7,97E+01 0,008 7,04E+01 0,007 9,60E+01 0,01
Dinoflagellates > 20 pm 2,42E+01 0,06 1,58E+01 0,04 2,25E+01 0,06

Coccolithophorids 1,56E+01 0,002 2,73E+01 0,003 |2,10E+01| 0,002
Other phytoflagellates <

20um 4,88E+02 0,05 1,56E+02 0,02 1,13E+02 0,01

STD+ 226,03 0,03 63,82 0,02 48,12 0,03

Abundance (Cells t) and biomass (ngCl) of microphytoplankton in the Atlantic Oceany(C



V3 100% A | 100% A 100% B 100 B 100% C 100 C

Co CellsL™ | pgCL' | CellsL™? pgC L' | CellsL™ | upgc L™
Dinoflagellates < 20pm 5,08E+02 0,050 4,45E+02 0,05 1,83E+02 0,02
Dinoflagellates > 20 um 2,33E+02 0,600 1,77E+02 0,46 1,27E+02 0,33

Coccolithophorids 2,18E+02 | 0,020 2,57E+02 0,03 1,10E+02 0,01
Other phytoflagellates <
20pum 4,06E+02 0,040 3,05E+02 0,03 1,09E+02 0,01
Other phytoflagellates >
20pm 8,00E+01 0,020 1,06E+02 0,02 2,79E+01 0,006
STD+ 168,42 0,25 129,18 0,19 55,51 0,14
V3 80% A 80% A 80% B 80% B 80% C 80% C
Co CellsL* | pgCL* | CellsL® pgC L' | Cells L* | pgCL*

Dinoflagellates < 20um 3,75E+02 0,04 4,96E+02 0,05 7,35E+02 0,08
Dinoflagellates > 20 um 7,46E+01 0,19 6,24E+01 0,16 7,27E+01 0,19

Coccolithophorids 1,16E+02 0,01 1,74E+02 0,02 1,07E+02 0,01
Other phytoflagellates <
20pm 2,91E+02 0,03 6,65E+02 0,07 7,40E+02 0,08
Other phytoflagellates >20um | 3,58E+01 0,01 4,41E+01 0,09 1,03E+02 0,02
STD+ 146,74 0,08 277,70 0,05 352,55 0,07
V3 50% A 50% A 50% B 50% B 50% C 50% C
Co CellsL* | pgCL* | CellsL* | pgCL* | CellsL® pgC L*
Dinoflagellates < 20um 3,42E+02 0,03 2,22E+02 0,02 4,41E+02 0,05
Dinoflagellates > 20 um 5,60E+01 0,14 5,02E+01 0,13 4,49E+01 0,11
Coccolithophorids 3,36E+01 0,04 6,49E+01 | 0,007 7,78E+01 0,008
Other phytoflagellates < 20um | 2,64E+02 0,03 1,92E+02 0,02 4,89E+02 0,05
Other phytoflagellates > 20um | 3,36E+01 0,07 1,71E+01| 0,004 5,68E+01 0,01
STD+ 146,51 0,05 91,47 0,05 222,99 0,04
V3 20% A 20% A 20% B 20% B 20% C 20% C
Co CellsL* | pgCL* | CellsL? pgC L' | Cells L™ | pgCL*

Dinoflagellates < 20um 1,20E+02 0,01 1,72E+02 0,02 1,89E+02 0,02
Dinoflagellates > 20 um 2,38E+01 0,06 2,26E+01 0,06 1,31E+01 0,03

Coccolithophorids 1,19E+01 0,001 1,81E+01 0,002 |1,87E+01| 0,002
Other phytoflagellates <

20pm 7,96E+01 | 0,008 9,65E+01 0,01 1,50E+02 | 0,001

Other phytoflagellates >20um | 5,94E+00 0,001 4,52E+00 0,01 9,36E+00 | 0,002

STD+ 49,62 0,02 70,81 0,02 86,49 0,01

Abundance (Cells t) and biomass (ngCl) of microphytoplankton in the Balearic Sea)C



V3 100% A | 100% A 100% B 100 B 100% C 100 C

Caa CellsL™ | pgCL' | CellsL™? pgC L' | CellsL™ | upgc L™
Dinoflagellates < 20pm 6,92E+02 0,070 7,58E+02 0,08 7,03E+02 0,07
Dinoflagellates > 20 um 1,12E+02 0,290 1,23E+02 0,32 1,55E+02 0,4

Coccolithophorids 1,58E+02 | 0,020 1,03E+02 0,01 1,96E+02 0,02
Other phytoflagellates <
20pum 6,54E+02 0,070 8,13E+02 0,08 7,82E+02 0,08
Other phytoflagellates >
20pm 9,00E+01 0,020 1,71E+02 0,04 1,13E+02 0,02
STD+ 304,24 0,11 358,88 0,12 324,40 0,16
V3 80% A 80% A 80% B 80% B 80% C 80% C
Ca CellsL* | pgCL* | CellsL® pgC L' | Cells L* | pgCL*
Dinoflagellates < 20 pm 5,14E+02 0,05 9,85E+02 0,1 7,05E+02 0,07
Dinoflagellates > 20 um 6,12E+01 0,16 1,58E+02 0,4 1,35E+02 0,35
Coccolithophorids 6,84E+01 0,007 1,02E+02 0,01 1,65E+02 0,02

Other phytoflagellates <20um | 4,93E+02 0,05 1,12E+03 0,11 7,39E+02 0,08
Other phytoflagellates >20um | 6,12E+01 0,01 1,47E+02 0,03 1,32E+02 0,03

STD+ 241,11 0,06 505,58 0,16 317,15 0,14
V3 50% A 50% A 50% B 50% B 50% C 50% C

Cas CellsL™ | pugCL™ | CellsL* | pgCL" | CellsL® pgC L*
Dinoflagellates < 20 um 3,37E+02 0,03 6,56E+02 0,07 9,00E+02 0,09
Dinoflagellates > 20 um 6,00E+01 0,15 6,17E+01| 0,001 9,79E+01 0,002
Coccolithophorids 1,68E+02 0,02 1,26E+02 0,01 9,44E+01 0,01
Other phytoflagellates < 20 um | 5,97E+02 0,06 6,58E+02 0,07 9,91E+02 0,01
Other phytoflagellates > 20 um | 8,49E+01 0,02 6,46E+01 0,01 8,92E+01 0,02
STD+ 222,59 0,06 314,70 0,03 467,77 0,04
V3 20% A 20% A 20% B 20% B 20% C 20% C

Cas Cells L™ | pgCL' | CellsL™® pgCL* | CellsL™ | upgc L™

Dinoflagellates < 20 um 2,02E+02 0,02 2,98E+02 0,03 2,29E+02 0,02
Dinoflagellates > 20 pm 3,65E+01 0,09 3,98E+01 0,1 3,29E+01 0,08

Coccolithophorids 4,82E+01 0,005 4,68E+01 0,005 |3,29E+01| 0,004
Other phytoflagellates < 20

pm 2,72E+02 0,03 3,22E+02 0,03 2,16E+02 0,02

Other phytoflagellates >20um | 3,65E+01 0,008 4,85E+01 0,01 3,64E+01 | 0,008

STD+ 110,58 0,03 145,40 0,04 103,32 0,03

Abundance (Cells t) and biomass (ugCl) of microphytoplankton in the Balearic Sea4C



V1 100% A 100% A 100% B 100 B 100% C 100 C

Co CellsL™ | pgCL' | CellsL™® pgCL' | CellsL™ | upgc L™
Diatoms 8,20E+02 0,120 9,44E+02 0,14 7,76E+02 0,11
Dinoflagellates < 20 pm 3,89E+02 0,040 3,20E+02 0,03 2,30E+02 0,02
Dinoflagellates > 20 pm 4,16E+02 1,070 2,87E+02 0,74 2,60E+02 0,67

Coccolithophorids 4,97E+02 0,050 2,36E+02 0,02 1,14E+02 0,01
Other phytoflagellates <
20pum 3,24E+02 0,030 3,95E+02 0,04 3,51E+02 0,04
STD+ 195,03 0,45 289,64 0,31 254,71 0,28
V1 80% A 80% A 80% B 80% B 80% C 80% C
Co CellsL* | pgCL? | CellsL™? pugC L' | CellsL® | upgc L™
Diatoms 9,42E+02 0,14 6,46E+02 0,1 7,96E+02 0,12

Dinoflagellates < 20um 5,69E+02 0,06 3,73E+02 0,04 3,44E+02 0,03
Dinoflagellates > 20 pm 3,25E+02 0,84 1,68E+02 0,43 2,33E+02 0,60

Coccolithophorids 1,88E+02 0,02 1,84E+02 0,02 1,57E+02 0,02
Other phytoflagellates <
20pm 9,90E+02 0,10 5,52E+02 0,06 4,26E+02 0,04
STD+ 358,89 0,34 213,95 0,17 248,89 0,25
V1 50% A 50% A 50% B 50% B 50% C 50% C
Co Cells L™ | pgCL* | CellsL! | pgCc L™ | CellsL® | pgCL?
Diatoms 7,08E+02 0,11 5,97E+02 0,09 6,51E+02 0,1
Dinoflagellates < 20um 3,80E+02 0,04 2,49E+02 0,03 2,72E+02 0,03
Dinoflagellates > 20 um 1,87E+02 0,48 1,59E+02 0,41 9,17E+01 0,24
Coccolithophorids 7,31E+01| 0,008 |1,21E+02 0,01 9,01E+01 0,1
Other phytoflagellates < 20 um | 1,15E+03 0,12 5,23E+02 0,05 5,91E+02 0,06
STD+ 435,19 0,19 216,77 0,17 268,46 0,08
V1 20% A 20% A 20% B 20% B 20% C 20% C
Co CellsL* | pgcL* | CellsL | pgCL" | CellsL® | pgCL*
Diatoms 2,85E+02 0,04 1,48E+02 0,02 2,02E+02 0,03

Dinoflagellates < 20 um 1,25E+02 0,01 1,08E+02 0,01 1,09E+02 0,01
Dinoflagellates > 20 um 6,17E+01 0,16 8,96E+01 0,23 8,46E+01 0,22

Coccolithophorids 3,43E+01 | 0,004 1,76E+02 0,02 1,40E+02 0,01
Other phytoflagellates < 20

pm 5,32E+02 0,06 6,12E+02 0,06 5,54E+02 0,06

STD+ 205,61 0,06 218,24 0,09 193,19 0,09

Abundance (Cells £) and biomass (ngCl) of microphytoplankton in the Ligurian SeagC



V1 100% A 100% A 100% B 100 B 100% C 100 C

Cas CellsL™ | pgCL! | CellsL™? pgCL' | CellsL™ | upgc L™
Diatoms 8,77E+02 0,130 6,55E+02 0,10 9,01E+02 0,14
Dinoflagellates < 20 pm 7,70E+02 0,080 7,89E+02 0,08 6,87E+02 0,07
Dinoflagellates > 20 pm 4,04E+02 1,040 2,58E+02 0,67 3,90E+02 1,00

Coccolithophorids 1,60E+02 0,020 2,29E+02 0,02 1,89E+02 0,02
Other phytoflagellates <
20pum 1,38E+03 0,010 1,62E+03 0,17 1,26E+03 0,13
STD+ 467,88 0,44 564,47 0,26 421,52 0,41
V1 80% A 80% A 80% B 80% B 80% C 80% C
Ca4 CellsL™ | pgCL' | CellsL™? pugC L' | CellsL® | upgc L™
Diatoms 7,18E+02 0,11 9,01E+02 0,14 6,62E+02 0,1

Dinoflagellates < 20um 7,01E+02 0,07 9,01E+02 0,09 6,72E+02 0,07
Dinoflagellates > 20 pm 2,70E+02 0,7 3,89E+02 1,000 | 1,97E+02 0,51

Coccolithophorids 1,13E+02 0,01 1,91E+02 0,020 1,49E+02 0,02
Other phytoflagellates <

20pm 2,31E+03 0,24 1,62E+03 0,170 | 1,44E+03 0,15

STD+ 870,94 0,28 556,14 0,40 519,55 0,20

V1 50% A 50% A 50% B 50% B 50% C 50% C

Cas CellsL™ | pugCL* | CellsL? | pgCL! | CellsL? pgC L!

Diatoms 6,82E+02 0,1 4,53E+02 0,07 6,04E+02 0,09

Dinoflagellates < 20um 6,12E+02 0,06 5,90E+02 0,06 6,71E+02 0,07

Dinoflagellates > 20 um 2,37E+02 0,61 1,63E+02 0,42 1,14E+02 0,29

Coccolithophorids 1,06E+02 0,01 6,99E+01 0,07 6,01E+01 0,006

Other phytoflagellates < 20um | 1,41E+03 0,15 1,41E+03 0,14 1,24E+03 0,13

STD+ 509,41 0,24 532,52 0,15 480,57 0,11

V1 20% A 20% A 20% B 20% B 20% C 20% C

Caa CellsL* | pgCL* | CellsL™ pgC L' | Cells L™ | pgCL™

Diatoms 2,67E+02 0,04 1,98E+02 0,03 3,19E+02 0,05

Dinoflagellates < 20pm 3,84E+02 0,04 2,78E+02 0,03 3,72E+02 0,04

Dinoflagellates > 20 um 8,14E+01 0,21 4,24E+01 0,1 2,93E+01 0,07

Coccolithophorids 9,18E+01 0,01 3,18E+01 0,003 |2,93E+01| 0,003
Other phytoflagellates <

20um 8,95E+02 0,09 4,28E+02 0,04 5,07E+02 0,05

STD+ 333,19 0,08 166,72 0,04 213,84 0,02

Abundance (Cells t) and biomass (ugCl) of microphytoplankton in the Ligurian Sea,(C



V2 100% A 100% A 100% B 100 B 100% C 100 C
Co Cells L™ pgC L? Cells L* pugCL* | CellsL? pgC L*
Diatoms 3,63E+02 0,05 5,716E+02 0,09 4,14E+02 0,06
Dinoflagellates < 20um 3,39E+02 0,03 3,80E+02 0,04 3,09E+02 0,03
Dinoflagellates > 20 pm 1,15E+02 0,30 1,53E+02 0,40 1,55E+02 0,40
Coccolithophorids 3,13E+02 0,03 3,75E+02 0,04 2,40E+02 0,03
Other phytoflagellates <
20pum 2,31E+02 0,02 2,10E+02 0,02 1,79E+02 0,02
STD+ 100,71 0,12 164,53 0,16 105,25 0,16
V2 80% A 80% A 80% B 80% B 80% C 80% C
Co Cells L™ pgC L? Cells L* pugCL* | CellsL? pgC L?
Diatoms 2,26E+02 0,04 2,72E+02 0,04 3,27E+02 0,05
Dinoflagellates < 20um 6,10E+02 0,06 6,62E+02 0,07 8,21E+02 0,08
Dinoflagellates > 20 ym 1,15E+02 0,3 1,23E+02 0,320 4,43E+02 1,14
Coccolithophorids 2,25E+02 0,02 1,52E+02 0,020 1,78E+02 0,02
Other phytoflagellates <
20pum 6,21E+02 0,06 5,11E+02 0,050 8,83E+01 0,009
STD+ 238,09 0,12 234,17 0,12 285,78 0,49
V2 50% A 50% A 50% B 50% B 50% C 50% C
Co CellsL* | pgCL® | CellsL® | pgCL* | CellsL® pgc L*
Diatoms 1,42E+02 0,02 3,17E+02 0,05 2,14E+02 0,03
Dinoflagellates < 20pm 2,80E+02 0,03 7,31E+02 0,08 5,16E+02 0,05
Dinoflagellates > 20 pm 6,93E+01 0,18 1,18E+02 0,3 1,18E+02 0,3
Coccolithophorids 7,94E+01 0,009 2,02E+02 0,02 1,51E+02 0,02
Other phytoflagellates < 20um | 2,22E+02 0,02 6,03E+02 0,06 4,58E+02 0,05
STD+ 91,34 0,07 262,69 0,11 183,07 0,12
V2 20% A 20% A 20% B 20% B 20% C 20% C
Co Cells L™ pgC L? Cells L™ pugCL* | CellsL® pgC L*
Diatoms 1,22E+02 0,02 9,46E+01 0,02 1,24E+02 0,02
Dinoflagellates < 20um 3,63E+02 0,04 2,51E+02 0,03 2,61E+02 0,03
Dinoflagellates > 20 pm 7,61E+01 0,2 4,43E+01 0,11 4,50E+01 0,12
Coccolithophorids 5,38E+01 0,006 1,33E+02 0,01 5,38E+01 0,006
Other phytoflagellates <
20pum 2,81E+02 0,03 3,31E+02 0,03 1,99E+02 0,02
STD+ 135,59 0,08 117,69 0,04 93,30 0,05

Abundance (Cells £) and biomass (ugCl) of microphytoplankton in Southern Tyrrhenian)C



V2 100% A 100% A 100% B 100 B 100% C 100 C
Cas Cells L™ pgC L? Cells L* pugCL* | CellsL? pgC L*
Diatoms 2,58E+02 0,04 2,955E+02 0,04 3,06E+02 0,04
Dinoflagellates < 20um 1,84E+03 0,19 1,25E+03 0,13 6,42E+02 0,07
Dinoflagellates > 20 pm 2,23E+02 0,60 1,67E+02 0,43 1,29E+02 0,33
Coccolithophorids 2,89E+02 0,03 2,59E+02 0,03 1,14E+03 0,12
Other phytoflagellates <
20pum 2,06E+03 0,22 1,14E+03 0,12 5,84E+02 0,06
STD+ 932,74 0,23 525,84 0,16 384,76 0,12
V2 80% A 80% A 80% B 80% B 80% C 80% C
Cas Cells L* pgC L? Cells L* pugCL* | CellsL? pgC L?
Diatoms 3,29E+02 0,05 3,12E+02 0,05 4,67E+02 0,07
Dinoflagellates < 20um 1,39E+03 0,14 1,39E+03 0,14 8,95E+02 0,09
Dinoflagellates > 20 ym 6,96E+01 0,18 1,48E+02 0,380 9,09E+01 0,23
Coccolithophorids 2,16E+02 0,02 2,19E+02 0,020 2,04E+02 0,02
Other phytoflagellates <
20pum 1,37E+03 0,14 1,44E+03 0,150 1,04E+03 0,11
STD+ 650,94 0,07 652,30 0,14 417,36 0,08
V2 50% A 50% A 50% B 50% B 50% C 50% C
Caa CellsL* | pgCL® | CellsL® | pgCL* | CellsL® pgc L*
Diatoms 4,29E+02 0,06 3,20E+02 0,05 1,67E+02 0,02
Dinoflagellates < 20pm 1,71E+03 0,18 9,96E+02 0,1 6,35E+01 0,16
Dinoflagellates > 20 um 1,87E+02 0,48 1,02E+02 0,26 6,35E+01 0,16
Coccolithophorids 2,03E+02 0,02 1,67E+02 0,01 7,62E+01 0,08
Other phytoflagellates < 20um | 2,06E+03 0,22 1,30E+03 0,14 6,27E+02 0,05
STD+ 895,93 0,18 538,20 0,10 242,75 0,06
V2 20% A 20% A 20% B 20% B 20% C 20% C
Cas Cells L™ pgC L? Cells L™ pugCL* | CellsL® pgC L*
Diatoms 2,03E+02 0,03 8,40E+01 0,01 1,38E+02 0,02
Dinoflagellates < 20um 6,04E+02 0,06 5,22E+02 0,05 4,48E+02 0,05
Dinoflagellates > 20 pm 8,83E+01 0,22 7,60E+01 0,19 4,40E+01 0,14
Coccolithophorids 1,30E+02 0,01 3,20E+01 0,0003 5,80E+01 0,006
Other phytoflagellates <
20pum 6,63E+02 0,07 6,70E+02 0,07 6,48E+02 0,07
STD+ 274,17 0,08 296,71 0,08 268,32 0,05

Abundance (Cells £) and biomass (ugCl) of microphytoplankton in Southern Tyrrhenian{C



St. VA ABC C, CellsL™ | pgCL™ | CellsL™ | pgCL™ | CellsL™ | ugc L™

OLIGOTRICHIDA 17,910 | 0,037 | 17,910 | 0,020 35,821 | 0,040
Lohmanniella sp. 4,478 0,001 1,493 0,000 4,478 0,001
Oligotricha indet. 7,463 0,032 2,985 0,013 5,970 0,026
Strombidium spp. 5,970 0,003 | 13,433 | 0,007 25,373 | 0,013
PERITRICHIDA 2,985 0,014 1,493 0,007 8,955 0,042
Peritrichida indet. 2,985 0,014 1,493 0,007 8,955 0,042
HOLOTRICHIA 0,000 0,000 0,000 0,000 1,493 0,003
Holotrichia indet. 0,000 0,000 0,000 0,000 1,493 0,003
TINTINNIDA 74,627 | 0,247 | 110,448 | 0,570 77,612 | 0,304
Acanthostomella spp. 4,478 0,003 0,000 0,000 0,000 0,000
Amphorella spp. 0,000 0,000 0,000 0,000 2,985 0,037
Codonella brevicollis 1,493 0,006 0,000 0,000 0,000 0,000
Codonella spp. 0,000 0,000 0,000 0,000 2,985 0,020
Craterella spp. 14,925 | 0,009 | 38,806 | 0,022 0,000 0,000
Craterella torulata 4,478 0,002 2,985 0,002 19,403 | 0,010
Dadayiella acutiformis 0,000 0,000 0,000 0,000 2,985 0,004
Dadayiella ganymedes 0,000 0,000 0,000 0,000 1,493 0,001
Dyctyocysta sp. 0,000 0,000 1,493 0,007 0,000 0,000
Epiorella curta 0,000 0,000 0,000 0,000 1,493 0,004
Eutintinnus apertus 1,493 0,004 0,000 0,000 1,493 0,004
Eutintinnus fraknoii 1,493 0,018 1,493 0,018 1,493 0,018
Eutintinnus tubulosus 0,000 0,000 2,985 0,006 1,493 0,003
Favella sp. 0,000 0,000 0,000 0,000 1,493 0,007
Proplectella sp 0,000 0,000 0,000 0,000 1,493 0,002
Salpingella sp. 1,493 0,002 1,493 0,002 1,493 0,002
Steenstrupiella sp. 1,493 0,004 0,000 0,000 0,000 0,000
Zteeeegssttmfi'ie"a 0,000 | 0000 | 0000 | 0000 | 1,493 | 0,002
Stenosemella nivalis 8,955 0,009 | 19,403 | 0,020 2,985 0,003
Tintinnide indet. 31,343 | 0,125 | 28,358 | 0,113 26,866 | 0,107
Tintinnopsis spp. 1,493 0,052 | 10,448 | 0,367 1,493 0,052
Tintinnopsis minuta 0,000 0,000 0,000 0,000 1,493 0,001
Tintinnopsis nana 0,000 0,000 1,493 0,001 0,000 0,000
Xystonella spp. 1,493 0,013 1,493 0,013 2,985 0,025
DINOFLAGELLIDA 56,716 | 0,033 | 56,716 | 0,032 | 102,985 | 0,059
Gymnodinium spp. 28,358 | 0,006 | 31,343 | 0,007 79,104 | 0,017
Gyrodinium fusiforme 17,910 | 0,012 | 19,403 | 0,013 11,940 | 0,008
Gyrodinium spp. 0,000 0,000 0,000 0,000 7,463 0,002
Protoperidinium spp. 4,478 0,009 5,970 0,012 2,985 0,006
Protoperidinium diabolus | 0,000 0,000 0,000 0,000 1,493 0,026
Protoperidinium steini 5,970 0,006 0,000 0,000 0,000 0,000
FORAMINIFERIDA 2,985 0,003 10,448 0,010 4,478 0,004
Globigerina spp. 2,985 0,003 | 10,448 | 0,010 4,478 0,004
RADIOLARIA 0,000 0,000 0,000 0,000 2,985 0,027
Radiolaria indet. 0,000 0,000 0,000 0,000 2,985 0,027
COPEPODA 7,463 0,211 | 14,925 | 0,422 14,925 | 0,422
Copepoda nauplii 7,463 0,211 | 14,925 | 0,422 14,925 | 0,422
TOTAL 1,63E+02 5'3‘1'5" 2,12E+02 | 1,06E+00 | 2,49E+02 g'giE'
DEV.ST 14,595|0,0572| 19,385| 0,1278| 21,864 |0,0951

Abundance (Cells t) and biomass (ugCl) of microzooplankton in the Atlantic stationdjC



St. V4 ABC C, CellsL™| ugCL™ |CellsL™ | ugCL™ |CellsL™ | pgC L™
OLIGOTRICHIDA 131,169 | 0,121 84,416 0,080 | 103,896 | 2,181
Leegaardiella spp. 5195 | 0,004 | 0,000 | 0,000 | 0,000 | 0,000
Laboea strobila 1,299 | 0,007 | 0000 | 0000 | 7,792 | 0428
Lohmanniella spp. 18,182 | 0,005 | 6,494 | 0,002 | 12,987 | 0,035
nanociliati indet. 36,364 0,010 44,156 0,012 9,091 0,024
Oligotricha indet. 5195 | 0,023 | 2597 | 0011 | 12,987 | 0,564
strombidium acutum 0,000 0,000 0,000 0,000 1,299 0,061
Strombidium spp. 49,351 | 0,025 | 11,688 | 0,006 | 16,883 | 0,085
Strombidium conicum 11,688 0,028 18,182 0,043 41,558 0,978
Strombidium sulcatum 0,000 | 0,000 | 0,000 | 0000 | 1,299 | 0,006
Tontonia gracilima 3,896 0,021 1,299 0,007 0,000 0,000
HOLOTRICHIA 12,987 0,027 5,195 0,011 7,792 0,160
Holotrichia indet. 12,987 | 0,027 | 5195 | 0,011 | 7,792 | 0,160
TINTINNIDA 7,792 0,007 6,494 0,010 2,597 0,495
Acanthostomella conicoides | 1,299 0,001 0,000 0,000 0,000 | 0,000
Acanthostomella spp. 2,597 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000
Eutintinnus tubulosus 1,299 | 0,003 | 0,000 | 0,000 | 0,000 | 0,000
Protorhabdonella curta 0,000 | 0,000 | 3,896 | 0,003 | 0,000 | 0,000
Rhabdonella spp. 0,000 | 0,000 | 0,000 | 0000 | 1,299 | 0,039
Stenosemella nivalis 1,299 | 0,001 | 0,000 | 0,000 | 0,000 | 0,000
Steenstrupiella steenstrupii 0,000 | 0,000 1,299 | 0,002 | 0,000 | 0,000
Tintinnide indet. 0,000 | 0000 | 1,299 | 0,005 | 0,000 | 0,000
Tintinnopsis minuta 1,299 | 0,001 | 0000 | 0,000 | 0,000 | 0,000
Tintinnopsis spp. 0,000 | 0,000 | 0,000 | 0000 | 1,299 | 0,456
DINOFLAGELLIDA 33,766 0,037 18,182 0,070 7,792 0,373
Gymnodinium sp. 12,987 | 0,003 | 5195 | 0,001 | 0,000 | 0,000
Gyrodinium fusiforme 15584 | 0,011 | 2,597 | 0,002 | 0,000 | 0,000
Protoperidinium crassipies 1,299 | 0,016 | 0,000 | 0,000 | 0,000 | 0,000
Protoperidinium divergens 0,000 | 0,000 | 5195 | 0062 | 2597 | 0,310
Protoperidinium spp. 3,896 | 0,008 | 0,000 | 0000 | 1,299 | 0,026
Protoperidinium steini 0,000 | 0000 | 5195 | 0005 | 3,896 | 0,038
FORAMINIFERIDA 1,299 0,001 3,896 0,004 2,597 0,025
Globigerina spp. 1,299 | 0001 | 3896 | 0,004 | 2597 | 0,025
COPEPODA 9,091 0,257 5,195 0,147 2,597 0,734
Copepoda nauplii 9,091 | 0257 | 5195 | 0,147 | 25597 | 0,734
TOTAL 196,104 | 0,451 | 123377 | 0,321 | 127,273 | 3,969
DEV.ST 23,797 | 0,062 | 15,785 | 0,038 | 18,536 | 0,429

Abundance (Cells t) and biomass (ugCl) of microzooplankton in the Alboran stationgJC



St. V3 ABC C, CellsL™| ugCL™ |CellsL™ | ugCL™ |CellsL™ | pgC L™
OLIGOTRICHIDA 66,977 1,165 70,698 2,704 33,496 1,210
Leegaardiella spp. 1,860 0,014 0,000 0,000 0,000 0,000
Lohmanniella spp. 3,721 0,010 6,512 0,018 3,489 0,010
Laboea strobila 0,000 0,000 0,930 0,051 0,000 0,000
nanociliati indet. 11,163 0,029 2,791 0,007 0,000 0,000
Oligotricha indet. 11,163 0,485 22,326 0,970 17,446 | 0,758
strombilidium spp. 4,651 0,311 19,535 1,305 5,583 0,373
Strombidium spp. 29,767 0,149 11,163 0,056 6,281 0,031
Strombidium acutum 0,000 0,000 2,791 0,131 0,000 0,000
Strombidium conicum 1,860 0,044 2,791 0,066 0,000 0,000
Strombidium capitatum 0,930 0,022 0,000 0,000 0,000 0,000
Tontonia gracilima 1,860 0,100 1,860 0,100 0,698 0,038
HOLOTRICHIA 14,884 0,306 8,372 0,172 0,698 0,014
Holotrichia indet. 14,884 0,306 8,372 0,172 0,698 0,014
TINTINNIDA 15,814 0,298 24,186 1,405 13,259 | 0,471
Eutintinnus macilentus 3,721 0,143 0,000 0,000 2,094 0,080
Undella spp. 0,930 0,004 0,000 0,000 0,000 0,000
Eutintinnus tubulosus 3,721 0,074 2,791 0,056 1,396 0,028
Eutintinnus apertus 0,000 0,000 0,000 0,000 0,698 0,016
Protorhabdonella curta 1,860 0,012 2,791 0,018 0,000 0,000
Craterella torulata 1,860 0,010 2,791 0,015 2,094 0,011
Steenstrupiella gracilis 0,930 0,011 0,000 0,000 0,000 0,000
Steenstrupiella steenstrupii 1,860 0,026 6,512 0,091 3,489 | 0,049
Epiplocylis spp. 0,930 0,018 0,000 0,000 0,000 0,000
Rhabdonella spiralis 0,000 0,000 5,581 0,525 2,791 0,262
Salpingella rotundata 0,000 0,000 0,930 0,031 0,000 0,000
Tintinnopsis spp. 0,000 0,000 1,860 0,653 0,000 0,000
Undella ostenfeldi 0,000 0,000 0,930 0,017 0,000 0,000
Dyctyocista elegans 0,000 0,000 0,000 0,000 0,698 0,025
DINOFLAGELLIDA 32,558 0,276 32,558 0,707 9,072 0,056
Gymnodinium spp. 15,814 0,035 15,814 0,035 2,094 0,005
Gyrodinium fusiforme 9,302 0,063 9,302 0,063 5,583 0,038
Protoperidinium crassipies 0,930 0,115 4,651 0,574 0,000 0,000
Protoperidinium steini 6,512 0,063 0,930 0,009 1,396 0,013
Protoperidinium spp. 0,000 0,000 1,860 0,027 0,000 0,000
FORAMINIFERIDA 3,721 0,037 4,651 0,000 2,094 0,021
Globigerina spp. 3,721 0,037 4,651 0,046 2,094 0,021
RADIOLARIA 0,930 0,018 5,581 0,046 2,094 0,041
indet. 0,930 0,018 5,581 0,110 2,094 0,041
ACANTHARIA 0,930 0,000 0,000 0,110 0,000 0,000
indet. 0,930 0,000 0,000 0,000 0,000 0,000
COPEPODA 4,651 1,315 4,651 0,000 2,791 0,789
Copepoda nauplii 4,651 1,315 4,651 1,315 2,791 | 0,789
TOTAL 140,465 | 3,415 | 150,697 | 1,315 63,504 | 2,602
DEV.ST 12,0324 | 0,32742 | 12,3047 | 6,460 5,968 0,272

Abundance (Cells t) and biomass (ngCl) of microzooplankton in the Balearic stationC



St. V1 ABC C, CellsL™| ugCL™ [CellsL™| ugcL™ |CellsL™ | pgC L™
OLIGOTRICHIDA 49,546 0,900 64,201 0,926 40,475 0,794
Leegaardiella spp. 0,000 0,000 0,000 0,000 1,396 0,011
Lohmanniella spp. 4885 | 0,013 | 9072 | 0025 | 7,676 | 0,021
Laboea strobila 0,000 | 0,000 | 0,000 | 0,000 | 0,698 | 0,038
nanociliati indet. 5583 | 0,015 | 16,050 | 0,042 | 5583 | 0,015
Oligotricha indet. 20-40 pm 11,863 | 0516 | 9,770 | 0425 | 10,468 | 0,455
strombilidium spp. 40-60 pm 2,094 | 0140 | 2,094 | 0140 | 2,094 | 0,140
Strombidium spp. 20,237 | 0,101 | 19,539 | 0,098 | 9,770 | 0,049
Strombidium acutum 0,000 | 0,000 | 0,698 | 0,033 | 0,000 | 0,000
Strombidium conicum 4885 | 0,115 | 6,281 | 0,148 | 2,094 | 0,049
Strombidium capitatum 0,000 | 0000 | 0698 | 0016 | 0698 | 0,016
HOLOTRICHIA 0,000 0,000 4,187 0,086 2,791 0,057
Holotricha indet. 40-60 um 0,000 | 0,000 | 4,187 | 0086 | 2,791 | 0,057
TINTINNIDA 28,611 0,887 23,726 0,718 12,561 0,320
Eutintinnus macilentus 4,187 0,160 1,396 0,053 0,000 0,000
Eutintinnus fraknoii 0,000 | 0000 | 0698 | 0083 | 0,000 | 0,000
Eutintinnus tubulosus 4,187 | 0,084 | 0,000 | 0,000 | 1,396 | 0,028
Eutintinnus apertus 2,094 | 0049 | 1,396 | 0,033 | 1,396 | 0,033
Dadayella ganymedes 2,791 | 0,026 | 1,396 | 0013 | 1,396 | 0,013
Craterella torulata 1,396 | 0,007 | 0,000 | 0,000 | 0,698 | 0,004
Eutintinnus spp. 0,698 | 0,136 | 0,000 | 0,000 | 0,000 | 0,000
Salpingella acuminata 0,698 | 0018 | 0000 | 0000 | 0698 | 0,018
Steenstrupiella steenstrupii 9,072 0,126 | 14,655 | 0,204 4,885 | 0,068
Rhabdonella spiralis 2,791 | 0,262 | 3,489 | 0328 | 1,396 | 0,131
Salpingella laminata 0,000 | 0000 | 0698 | 0004 | 0,000 | 0,000
Dyctyocista polygonata 0,698 | 0017 | 0,000 | 0,000 | 0,000 | 0,000
Dyctyocista elegans 0,000 | 0,000 | 0000 | 0000 | 0698 | 0,025
DINOFLAGELLIDA 76,762 1,028 67,690 1,249 40,475 0,746
Gymnodinium spp. 10-20 um 11,165 | 0,025 | 9,072 | 0,020 | 3,489 | 0,008
S%mdi”i“m fusiforme 40-60 1,396 | 0009 | 4885 | 0033 | 2791 | 0,019
Protoperidinium crassipes 0,000 0,000 0,698 0,086 0,698 0,086
Protoperidinium steini 14,655 0,142 11,863 0,115 9,770 0,094
Protoperidinium divergens 1,396 0,166 2,094 0,250 0,698 0,083
Protoperidinium spp. 20-40 um | 48151 | o686 | 39079 | 0,746 | 23,029 | 0,456
FORAMINIFERIDA 8,374 0,083 1,396 0,014 0,698 0,007
Globigerina 8374 | 0083 | 1,396 | 0014 | 0,698 | 0,007
RADIOLARIA 0,698 0,064 2,791 0,142 0,000 0,000
indet. 50 um 0,698 | 0064 | 2791 | 0,142 | 0,000 | 0,000
COPEPODA 0,698 0,197 4,187 1,184 1,396 0,395
Copepoda nauplii 0,698 0,197 4,187 1,184 1,396 0,395
TOTAL 164,690 3,160 168,179 4,319 98,395 2,318
DEV.ST 16,038 0,264 15,527 0,357 9,437 0,200

Abundance (Cells t) and biomass (ugCl) of microzooplankton in the Ligurian stationgfC



St.V2 ABC C, CellsL™| ugCL™ [CellsL™| ugcL™ |CellsL™ | pgC L™
OLIGOTRICHIDA 19,535 0,578 17,254 0,459 29,257 0,615
Leegaardiella spp. 2,791 0,022 2,251 0,017 3,001 0,023
Laboea strobila 0,000 | 0000 | 0750 | 0,041 | 0,750 | 0,041
Lohmanniella spp. 0,930 | 0002 | 1,500 | 0,004 | 2251 | 0,006
nanociliati indet. 3721 | 0007 | 2251 | 0,005 | 6,002 | 0,012
Oligotricha indet. 20-40 um 2791 | 0121 | 2251 | 0,098 | 2251 | 0,098
strombilidium spp. 20-40 um 0,930 | 0018 | 0,000 | 0,000 | 0,000 | 0,000
Strombidium spp. 40-60 pm 0930 | 0062 | 4501 | 0,115 | 10,503 | 0,238
Strombidium conicum 1,860 | 0,044 | 0,750 | 0,018 | 1,500 | 0,035
Tontonia gracilima 5581 | 0301 | 3001 | 0162 | 3,001 | 0,162
HOLOTRICHIA 4,651 0,059 2,251 0,046 9,002 0,185
Holotricha indet. 40-60 um 4,651 0,059 2,251 0,046 9,002 0,185
TINTINNIDA 15814 | 0,373 | 12,753 | 0,251 | 18,005 | 0,449
Eutintinnus tubulosus 5581 | 0111 | 0,750 | 0,015 | 1,500 | 0,030
Dadayella ganymedes 1,860 | 0,018 | 1,500 | 0,014 | 4501 | 0,043
Craterella torulata 2,791 | 0015 | 0,750 | 0,004 | 0,750 | 0,004
Amphorella quadrilineata minor | 1,860 | 0,112 | 0,000 | 0,000 | 0,000 | 0,000
Canthariella pyramidata 2,791 | 0029 | 6002 | 0063 | 7,502 | 0,079
Rhabdonella spiralis 0,930 | 0087 | 0750 | 0,071 | 3,001 | 0,282
Steenstrupiella steenstrupii 0,000 | 0000 | 0750 | 0,010 | 0,000 | 0,000
Dictyocysta mitra 0,000 | 0000 | 0,750 | 0,017 | 0,000 | 0,000
Dictyocysta spp. 0,000 | 0000 | 0,750 | 0,035 | 0,000 | 0,000
Tintinnopsis lindeni 0,000 | 0000 | 0,750 | 0,022 | 0,000 | 0,000
Salpingella decurtata 0,000 | 0,000 | 0,000 | 0000 | 0,750 | 0,012
DINOFLAGELLIDA 23,256 0,374 23,256 0,567 18,755 0,972
Gymnodinium spp. 20-40 um 4651 | 0021 | 7502 | 0017 | 4501 | 0,010
Gyrodinium fusiforme 10,233 | 0,135 | 0,750 | 0,002 | 5251 | 0,424
Protoperidinium steini 6,512 | 0063 | 6002 | 0058 | 3,001 | 0,029
Protoperidinium divergens 0930 | 0111 | 1,500 | 0,179 | 0,000 | 0,000
Protoperidinium spp. 60-80 um | 0,930 | 0,044 | 5251 | 0185 | 3,001 | 0,100
Protoperidinium subinerme 0,000 | 0000 | 1,500 | 0,034 | 0,000 | 0,000
Protoperidinium crassipes 0,000 0,000 0,750 0,093 2,251 | 0,278
Protoperidinium diabolus 0,000 0,000 0,000 0,000 0,750 | 0131
FORAMINIFERIDA 1,860 0,019 0,750 0,007 2,251 0,022
Globigerina spp. 1,860 | 0,019 | 0,750 | 0,007 | 2,251 | 0,022
RADIOLARIA 1,860 0,170 0,000 0,000 2,251 0,045
indet. 50 pm 1,860 0,170 0,000 0,000 2,251 0,045
METAZOA 2,791 0,037 8,252 0,108 7,502 0,172
Larvae indet. 40-60 um 2,791 0,037 8,252 0,108 7,502 0,098
COPEPODA 2,791 0,079 0,750 0,212 4,501 1,272
Copepoda nauplii 2,791 0,789 0,750 0,212 4,501 1,272
TOTAL 72,558 1,687 65,266 1,651 91,524 3,733
DEV.ST 5,09603 | 0,16469 4,8727 | 0,12143 | 5,89016 | 0,31673

Abundance (Cells t) and biomass (ngCl) of microzooplankton in the Tyrrhenian station)(C



MICROZOOPLANCTON Co STD Cus STD Cm Increase Secondary production
VA Atlantic Ocean ugCL? ugCL? % ugC L™ d*
Aloricate Ciliates 0,05 |#0,029| 0,09 | #0,022 | 0,07 72 0,04
Heterotrophic Dinoflagellates 0,04 |£0,015[ 0,05 | 0,027 | 0,05 31 0,01
Loricate Ciliates: Tintinnids 0,37 [#0173] 005 | #0011 | 021
Other Protozoans 0,01 |=#0,015( 0,00 | +0,004 | 0,01
Micrometazoans 0,35 |20,122| 0,17 | 0,169 | 0,26
Total 0,84 |20,265| 0,37 | 0,172 | 0,60
MICROZOOPLANCTON Co STD Cus STD Cm Increase Secondary production
V4 Alboran Sea HgC L™ ugCL? % ugCL" d*
Aloricate Ciliates 0,16 |#0,072| 0,18 | #0,130 | 0,17 14 0,02
Heterotrophic Dinoflagellates 0,05 |+0,019] 0,15 | 0,007 [ 0,10 206 0,10
Loricate Ciliates: Tintinnids 0,02 120,024 0,03 | #0,022 { 0,02 17 0,004
Other Protozoans 0,00 |#0,001| 0,01 | #0,003 | 0,01 422 0,01
Micrometazoans 0,16 |=+0,092| 0,06 | #0,03 | 0,11
Total 0,39 |20,065| 0,43 [ 0,200 | 0,41 9 0,04
MICROZOOPLANCTON Co STD Cus STD Cm Increase Secondary production
V3 Algerian-Provencal Sea | HOC L™ ugC L™ % ugC L™ d”
Aloricate Ciliates 0,186 |+0,089| 0,224 | #0,122 | 0,205 20 0,038
Heterotrophic Dinoflagellates 0,035 [+0,033| 0,051 | 0,026 | 0,043 47 0,016
Loricate Ciliates: Tintinnids 0,073 |0,060 [ 0,041 | 0,024 | 0,057
Other Protozoans 0,009 |+0,006| 0,003 | +0,001 0,006
Micrometazoans 0,114 |+0,030| 0,125 | #0,050 | 0,120 10 0,011
Total 0,416 |+0,203| 0,444 | 0,13 | 0,430 7 0,028
MICROZOOPLANCTON Co STD Cus STD Cm Increase Secondary production
V1 Ligurian Sea ugC L HgC L™ % ugC L* d*
Aloricate Ciliates 0,088 |+0,008| 0,718 | +0,025 | 0,403 717,77 0,630
Heterotrophic Dinoflagellates 0,101 ]£0,025] 0,054 | #0,004 | 0,077
Loricate Ciliates: Tintinnids 0,064 [+0,029| 0,102 | #0,022 | 0,083 58,88 0,038
Other Protozoans 0,010 [%0,008| 0,016 | 0,016 | 0,013 54,37 0,006
Micrometazoans 0,059 [%0,052| 0,185 | #0,064 | 0,122 | 212,50 0,126
Total 0,322 [%0,100| 1,070 | #0,212 | 0,696 | 232,30 0,748
MICROZOOPLANCTON Co STD Cus STD Cm Increase Secondary production
V2 Tirrenian Sea ugC L™ ugC L™ % ugC L™ d”
Aloricate Ciliates 0,065 |+0,015| 0,279 | #0,12 | 0,172 | 331,22 0,214
Heterotrophic Dinoflagellates 0,064 |+0,031| 0,098 | +0,028 | 0,081 54,08 0,035
Loricate Ciliates: Tintinnids 0,036 |+0,010| 0,181 | 0,050 0,108 405,59 0,145
Other Protozoans 0,009 |+0,009 | 0,030 | 0,032 | 0,019 | 243,96 0,021
Micrometazoans 0,066 |+0,007 | 0,100 [ #0,06 [ 0,083 | 50,83 0,034
Total 0,239 |+0,119| 0,689 | +0,080 | 0,464 | 188,28 0,450

Microzooplankton secondary production in VA, V4, 8L, V2 (ugC L™ d%).




Bacillariophyceae V1 Gy V1 Cyy V1 C,4 Grazing Centropages spp.
100% 8,20E+02 | 8,77E+02 1,19E+03
100% 9,44E+02 | 6,55E+02 1,93E+03
100% 7,76E+02 | 9,10E+02 1,30E+03
MEDIA 8,46E+02 | 8,14E+02 1,47E+03
DEV.ST 87,10 138,82 400,15
Dinoflagellates < 20 ym V1 Gy V1 Cyy V1 C,4 Grazing Centropages spp.
100% 3,89E+02 | 7,70E+02 1,09E+03
100% 3,20E+02 | 7,89E+02 8,95E+02
100% 2,30E+02 | 6,87E+02 7,58E+02
MEDIA 3,13E+02 | 7,49E+02 9,14E+02
DEV.ST 79,75 54,14 167,53
Dinoflagellates > 20 um V1 Cy V1 Cy V1 C,4 Grazing Centropages spp.
100% 4,16E+02 | 4,04E+02 3,35E+02
100% 2,87E+02 | 2,58E+02 2,89E+02
100% 2,60E+02 | 3,90E+02 2,30E+02
MEDIA 3,21E+02 | 3,51E+02 2,85E+02
DEV.ST 83,82 80,55 52,38
coccolithophorids V1 Co V1 Cys V1 C,4 Grazing Centropages spp.
100% 4,97E+02 | 1,60E+02 1,20E+02
100% 2,36E+02 | 2,29E+02 1,16E+02
100% 1,14E+02 | 1,89E+02 5,26E+01
MEDIA 2,82E+02 | 1,93E+02 9,63E+01
DEV.ST 195,49 34,99 37,91
Phytoflagellates < 20 ym V1 Gy V1 Cyy V1 C,4 Grazing Centropages spp.
100% 3,24E+02 | 1,38E+03 1,54E+03
100% 3,95E+02 | 1,62E+03 1,31E+03
100% 3,561E+02 | 1,26E+03 1,36E+03
MEDIA 3,67E+02 | 1,42E+03 1,40E+03
DEV.ST 35,58 183,63 119,37
Diatoms V2 Cy V2 Cyy V2 C,4 Grazing Corycaeus spp.
100% 3,63E+02 | 2,58E+02 5,71E+02
100% 5,72E+02 | 2,96E+02 8,16E+02
100% 4,14E+02 | 3,06E+02 7,20E+02
MEDIA 4,50E+02 | 2,86E+02 7,02E+02
DEV.ST 108,84 25,19 123,16
Dinoflagellates < 20 um V2 Cy V2 Cy4 V2 C,4 Grazing Corycaeus spp.
100% 3,39E+02 | 1,84E+03 1,67E+03
100% 3,80E+02 | 1,25E+03 1,53E+03
100% 3,09E+02 | 6,42E+02 1,35E+03
MEDIA 3,42E+02 | 1,24E+03 1,52E+03
DEV.ST 35,41 600,05 159,82




Dinoflagellates > 20 um V2 Cy V2 Cy4 V2 C,4 Grazing Corycaeus spp.
100% 1,15E+02 | 2,23E+02 3,32E+02
100% 1,53E+02 1,67E+02 3,60E+02
100% 1,55E+02 | 1,29E+02 1,85E+02
MEDIA 1,41E+02 | 1,73E+02 2,92E+02
DEV.ST 22,21 47,32 94,02
Coccolithophorids V2 Co V2 Cy4 V2 C,4 Grazing Corycaeus spp.
100% 3,13E+02 | 2,89E+02 3,52E+02
100% 3,75E+02 | 2,59E+02 3,47E+02
100% 2,40E+02 1,64E+02 2,23E+02
MEDIA 3,09E+02 | 2,37E+02 3,07E+02
DEV.ST 6,76E+01 | 6,56E+01 7,30E+01
Phytoflagellates < 20 pm V2 Cy V2 Cyy V2 C,4 Grazing Corycaeus spp.
100% 230,6977 2064,069 2146,985962
100% 210,0525 | 1138,655 1899,256813
100% 178,5446 | 583,5294 1781,998348
MEDIA 206,4316 1262,085 1942,747041
DEV.ST 26,26439 747,9476 186,3398494

Mesozooplancton grazing on microphytoplankton in V2 (Cells L%).

Aloricate ciliates V1 Co V1 Cy V1 C,4 Grazing Centropages spp.
100% 4,95E+01 | 2,53E+02 1,25E+02
100% 6,84E+01 | 2,01E+02 3,55E+01
100% 4,33E+01 | 2,27E+02 6,24E+01
MEDIA 5,37E+01 | 2,27E+02 7,41E+01
DEV.ST 1,31E+01 | 2,62E+01 4,57E+01
Tintinnids V1 Gy V1 Cyy V1 C,4 Grazing Centropages spp.
100% 2,86E+01 1,87E+01 8,18E+00
100% 2,37E+01 | 2,05E+01 7,27E+00
100% 1,26E+01 | 9,98E+00 2,47E+00
MEDIA 2,16E+01 | 1,64E+01 5,97E+00
DEV.ST 8,23E+00 | 5,65E+00 3,07E+00
Dinoflagellates V1 Co V1 Cys V1 C,4 Grazing Centropages spp.
100% 7,68E+01 | 1,06E+01 0,00E+00
100% 6,77E+01 1,09E+01 4,55E+00
100% 4,05E+01 | 2,13E+01 3,29E+00
MEDIA 6,16E+01 | 1,42E+01 2,61E+00
DEV.ST 1,89E+01 | 6,09E+00 2,35E+00
Other protozoans V1 Gy V1 Cyy V1 C,4 Grazing Centropages spp.
100% 9,07E+00 | 1,22E+00 0,00E+00
100% 4,19E+00 | 2,82E+00 1,82E+00
100% 6,98E-01 2,60E+00 0,00E+00
MEDIA 4,65E+00 | 2,22E+00 6,06E-01
DEV.ST 4,21E+00 | 8,68E-01 1,05E+00




Micrometazoans V1 CO V1 C24 V1 C24 + Centropages spp.
100% 6,98E-01 2,85E+00 0,00E+00
100% 4,19E+00 | 2,42E+00 9,09E-01
100% 1,40E+00 | 4,55E+00 8,22E-01
MEDIA 2,09E+00 | 3,27E+00 5,77E-01
DEV.ST 1,85E+00 | 1,13E+00 5,02E-01

Mesozooplankton grazing on microzooplankton in Vitl &2 (Cells L%).




MICROZOOPLANKTON DISTRIBUTION

Ind. L VA ‘V4 V3 ‘VZ ‘Vl

Lohomanniella oviformis 0,5
Nanociliates 15| 25| 3,5/ 6,5/ 6,5
Oligotrichida indet 13,5/ 15 85 25
Peritrichida indet. 0,5/ 1,5/ 6,5
Strombilidium neptuni 1
Strombidium spp 1

Acanthostomella minutissima 1
Acanthostomella obtusa 0,5 05
Amphorella amphora 9,5 1 1
Amplectella occidentalis 0,5
Canthariella brevis 0,5
Canthariella truncata 1
Climacocylis leiospiralis 0,5
Codonella brevicollis 0,5

Codonella galea

Codonella nationalis 1
Codonella spp 0,5
Codonellopsis contracta 1 2 1
Codonellopsis robusta 2

Codonellopsis spp

Craterella armilla 1
Craterella spp 0,5

Craterella torulata 2,5 1 0,5
Craterella urceolata 1 0,5

Dadayiella curta 0,5
Dadayiella ganymedes 0,5 15 3
Dictyocysta elegans 1
Dictyocysta fenestrata 0,5
Dictyocysta mitra 1

Dictyocysta mulleri

Dictyocysta polygonata 0,5

Dictyocysta spp 1| 05

Epiplocylis constricta

Epiplocylis lata 0,5




Epiplocylis undella

Eutintinnus apertus 0,5 1
Eutintinnus elegans 0,5

Eutintinnus fraknoii 2 1

Eutintinnus lusus-undae 2 1 1
Eutintinnus macilentus

Eutintinnus perminutus 15

Eutintinnus spp. 0,5
Eutintinnus stramenus

Eutintinnus tenuis 1

Eutintinnus tubulosus 1 1| 05 1
Favella azorica 1

Favella composita 0,5

Favella ehrenbergi 1

Favella fistulicauda 1
Helicostomella spp 1
Helicostomella subulata 0,5

Metacylis jorgenseni 25

Metacylis meseschkowski 1

Osmasella bresslauri 0,5
Proplectella ovata 1
Proplectella pentagonata 0,5/ 1,5
Protorhabdonella curta 35

Protorhabdonella simplex 0,5
Protorhabdonella spp 0,5

Rhabdonella amor

Rhabdonella brandti

Rhabdonella chiliensis 0,5
Rhabdonella conica 0,5

Rhabdonella exilis

Rhabdonella hebe 25 1
Rhabdonella spiralis 15 054 15
Rhabdonellopsis intermedia 0,5
Rhabdonellopsis minima 0,5
Salpingella decurtata 0,5
Salpingella spp 0,5
Steenstrupiella entzi 0,5

Steenstrupiella gracilis 15




Steenstrupiella intumescens

0,5

Steenstrupiella spp

Steenstrupiella stenstrupii

0,5

10

Stenosemella nivalis

Stenosemella oliva

Tintinnide indet.

0,5

2,5

2,5

15

Tintinnopsis compressa

Tintinnopsis karajacensis

15

Tintinnopsis nana

Tintinnopsis parvula

0,5

Tintinnopsis spp

15

Undella hyalina

Xystonella longicauda

0,5

0,5

Xystonella minuscola

Xystonella spp

Xystonella treforti

0,5

Gymnodinium spp 05/ 1,5/ 05 1
Gyrodinium fusiforme 1 0,5
Gyrodinium impudicum 0,5/ 1,5 15 1
Noctiluca scintillans 1| 15/ 05 0,5
Protoperidinium crassipes 0,5 1 2
Protoperidinium diabolus 0,5 1 3 0,5
Protoperidinium divergens 0,5 1

Protoperidinium oceanicum 0,5 05 1,5
Protoperidinium spp

Protoperidinium steini 1] 15 1
Protoperidinium subinerme 0,5

Chollengeron spp 0,5
Coelodendrida spp 1
Foraminiferans indet. 0,5
Radiolarian indet

Radiolarian-nassellarian indet. 0,5
Radiolarian-spumellarian indet. 0,5 05 0,5
Micrometazoans

Copepod nauplii 0,5/ 2,5/ 05/ 2 15
Copepod ova 0,5




Tot Micrometazoans 0,5 3| 05 2 15

Tot microzooplankton 62|70,5| 47|46,5 58

Tot taxa tintinnids 17| 12 32, 22 14

Microzooplankton distribution sampled at the suefat5 L and conserved at 2% buffered formaldehyde.

MICROZOOPLANKTON
DISTRIBUTION ind L™

Didinium spp

Holotricha indet 30

Laboea strobila 10

Leegardiella sol

Lohomaniella oviformis

Nanociliati 50 40 60 40
Oligotrichida indet. 40 30 50
Peritrica indet 10 50
Strmbidium spp 10
Strombidium conicum 50

Strombidium stylifer

Strombilidium neptunii

Totonia gracillima

Amphorella amphora 10

Codonella spp 10
Codonellopsis contracta 10

Codonellopsis turgescens 10

Dictyocysta spp 10

Eutintinnus lusus-undae

Protorhabdonella curta 10

Rhabdonellopsis intermedia

Stenosemella nivalis 10
Stenstrupiella steenstrupii 10
Tintinnid indet 10

Tintinnopsis infundibulum




Tintinnopsis karajacensis 10

Gymnodinium spp 10 20 10
Gyrodinium fusiforme 10 10 10
Gyrodinium impudicum 10 10 10

Gyrodinium indet

Gyrodinium lachryma

Noctiluca scintillans 70
Protoperidinium crassipes 10 10
Protoperidinium diabolus 10
Protoperidinium divergens 10
Protoperidinium steini 10 10

Coelodendrum ramosissimum
(Rad.-Tripilei)

Entocannula irsuta( Rad.-
tripilei)
Radiolarian-spumellarian
indet

10

Micrometazoans

Copepod ova 20 10 10

Tot micrometazoans 20 0 20 130

Microzooplankton distribution sampled at the suefat 300 mL and conserved in Lugol’s solution.



