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Abstract

Plankticforaminiferawere ollectedwith 150 um BONGO nets from the upp200 m water depth aR0
stations across th®lediterranean Sea between 02 May d&®lJune, 2013. Thenan aim was to
characterize thepecies distribution arthe areadensity( !a). Average foraminifera abundancare 1.42
+1.43 indA  Hranging from0.11 to 5.20nd.A ¥, with a total oftwelve morphespecies found
Large differences in species assemblagesadsoluteabundanceare observed between the different
Mediterranean subasins, with aroverall dominane of spinose, symbiotiearingspeciesindicating
oligotrophic conditions The highest values in absolute abundamese foundin the Strait of Giraltar
andthe Alboran SeaThe western basiis dominated byGloborotalia inflataand Globigerina bulloides

at slightly lower standing stockghan in the eastern basirin contrast, the planktic foraminiferal
assemblage in the warmer, saltier and more nudiilaited eastern basin isdominated by
Globigerinoides rubefwhite). These newesults in combination with comparison to previous findings,
suggest thatemperaturénducedstratification of the surface water columnytrient conceitration and
hence foodavailability, seemto bethe main factors controlling foraminiferal abundances and distribution.
In the highly alkaline and supersaturated with respect to calcite and aragonite Mediterranean surfac
water, sanding socks and!, of G. ruber (white) and G. bulloidesareaffected byfood avalability and
only secondarily byseavater carbonate chemistrylncreasingtemperature, salinity, surface ocean
stratfication and trophic conditiongould be the causes of reduced abundadicersity and species

specific changes in calcification in plankt@raminifera.

1. Introduction
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The singlecelled foraminiferacomprisethe most diverse group aflcareouglanktonof the modern
ocean The majorityof foraminifer speciearebenthic About50 morphospecieare plankti¢ which have
acalcareous exoskeleton organized in champezs d'Orbigny, 1826Henleben et al., 1989 oldstein
1999) The speciedrom different environmentsan be characterized bijfferences in wall structure, pore
size and spatial densjtgpines and test shapghich are partly related to adaptatidme distribution of
foraminifera is thought to be influenced fmpd availability, temperature, salinjtjurbidity, sunlight and
predatory presencethese factors provoke an overall water depth preferencenhich shifts during
ontogeny, and seasonaiteferencefor each specie§Schiebel and Hemlele 2005; Hemleben et al.,
1989) Some of them are found orily the photic zone because they are symbli@atring and depend on
light for photosynthesisAfter reproduction, the empty sheiink to the seafloor, where their fossils are
usdul for paleoceanographic studiésg., Shackleton, 1968; Rohling et al., 2004; Mojtahid et al.,)2015
Ecological blerance limits of modern foraminifera are not completely defined, but progressive reduction
in abundance (caused by worsening of theiaoigfunctions likdood uptake, growttand reproduction,
until death)is related with their departure from optimum conditi¢B8, 1977;Arnold and Parker1999).
The absoluteabundance of foraminifera is also affected by a predictable andctistimsonal cycle for
each species driven by the food source cordéttie watermass (Hemleben, 1989; Bé and Tolderlund,
1971; for Mediterranean examples see: Pujol and VergEaadzini, 1995; Barcena et al.,, 2004
HernandezAlmeida et al., 2011; Riguafiernandez et al., 2012; de Castro Coppa et al., 1980).

A vast majority of studieson planktic foraminiferaare based on samples from bottom sediments and
sedimentcores, mainly for paleoceanographic purposes, with few studiasideringthe modern
population in thewater columnincluding the Mediterraneatsea The first modernstudy of planktic
foraminifera inthis specific areavas based on surface sediment samples collected by the SDedish
Sea expedition 0194748 (Pettersson, 1953A subsequent stly found differentspecies assemblages
between the western basin, the eastern pasththe Aegean Sea (Parker, 193%e pionedng study of
foraminifera population variability in theater columrof the Mediterranean waonductedy Glagon et
al. (1971)in the Ligurian Seashowing large seasonal variations of thelative abundaneeof the
different speciesSuch variations oplanktic foraminieral assemblages the water colummwere also
reported forthe Bay of Naples (de Castro Coppa et al., 1980¢lli (1974) was the first tacover the
broaderMediterraneanwith plankton towsof the uppe250m of thewater columnfrom west Madia to
the Isle of Rhodes in June 19@Bey identifiedprominent differenced relative abundances otreyical

and subpolar species different parts of the Mediterranean

Thunell (1978) studiethe upper 2 cm afedmentcoresretrieved in different sites dhe Mediterranean
Sea and concludatiat the distribution of planktic foraminiferavas closelyrelated tathe distribution of
the different surface water masselere arespecific temperaturand salinity rangefor eachwater mass

as BéandTolderlund(1971) stated for the Atlantiand a partial isolation effecin the different basins
and sukbasins of the Mediterranean. Thosbydrographis dference result in different species
assemblagein each regianThis contradictssomewhatwith Pujol and VergraudGrazzini (1995), who
gained quantitative datawith flow-meteredplankton towsin the upper 350 m of the water column,
througha NW-SE Mediterranearransect from Septemb€rctober 1986 and February 1988, and the
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Alboran Seain April 1990. They concludi that despite théV-E temperature and saltyi gradients
observed, those wengot large enoughand no close correlation was fourtd justify the etremdy
variable foraminifera assemblages, with high seasonal and geographical variations in absoligtévend re
abundances. They suggestthat food availability is the main factor controlling their seasonal and
geographical distribution and abundanaed when nutrients are sufficient, hydrographiodtires like

eddies and frontplay the main role.

Despite no new plankton tow studheing carried out in the entir®editerranearSea three regional
studies based on sediment trapgeveealized in the Alboran Sea (Béarcena et al., 2004; Hernandez
Almeida etal., 2011) and the Gulf of LiofRiguatHernandez et al., 2012). The eyear time series of
the Alboran Sea sediment traps (July 199Way 1998) showed big differences in the majecies
distributionand daily fluxes, driven by food availability (related with water mixing/stratification periods)
and temperature (Barcena et al., 2004; HernaAdteeida et al., 2011). The Iar sediment trap
recordsin the Gulf of Lion (October 193 — January 2006) showed strongseasonal pattern of the
specieswith more than 80% of thabundancefrom winter and spring in correlation with the nutrient

supply and mixed water colunwonditions(RiguatHernandez et al., 2012).

The calcification of foraminifera is affected by the chemical state of their surrounding waters.
Theoretically their shell masss positively related teemperature, pHCa*"], alkalinity and [CQ?] and
negatively relatedo the [CO,] of the surrounding watergSchiebeland Hemleben, 2005)Different
studiesconducted onvater columrforaminiferashowdifferentialresults, asheir shell massaneitherbe
positively (Aldridge et al., 2012; Beer et al., 2010a; Marshall et al., 20b9; et al., 2009) but also
negativelyrelated to [CQG (Beer et al. 2010a). Also, other studiesport apositive effect of the
temperature ofioraminifera shell maséviohan et al. 2015; Aldridge et al., 2012; Marshall et al., 2013
Weinkauf et al., 2016 Beer et al. (2018 suggest a speciepecific relation betweenshell massand
[CO5?, depending on the presence or absence of symbBoitse atiors suggeshatotherfactors like
ecological stress doot affect the calcification intensity (Weinkauf et al., 20R)r further studieshat
relae foraminiferal calcificationwith environmental parameters see Weinkauf et al. (200&ble 7.
From the onset othe industrial era, anthropogenic emissions of, @éve l&l to ocean acidification,
decreasingseawatempH and [CQ*], which provokesreduced stability of CaC{that mayreducethe
formationof foraminiferaltests (Zeebe, 201deMoel et al., 2009Moy et al., 2009

Studies of theecdogy of foraminiferain the Mediterraneamvatersremain scarceFew studies exist
covering he entireMediterranean Sea; most doeusedon specificregions,i.e., the Gulf of Naples(de
CastroCoppa et al., 1980), the Alboran Sea plus the southwestern MediterraneaRaflen et al.,
2011) Data onliving planktic foraminiferal abundances were provideddifelli (1974; spring only and
more recently byPujol and VergraudGrazzini (1995).In addition, few sizenormalized weight (SNW)
andarea density !,) studies from water column foraminifera are available in the literdsee Schiebel
et al., 2007; Beer et al., 2010a; Aldridge et al., 2012; Marshall et al., 2013; Mohan et alMazll

et al.,, 2015; Weinkauf et al., 2018)ew data are neededince environmental conditions of the water

column and associated foraminiferal assemblages might have changed over the past 20 years.



111  In this study new quantitative and qualitative datee presented on living planktioraminiferg across
112  the Medterranean Seduring sprind2013 Comparisons arenade withpreviousstudies fromPujol and
113  VergraudGrazzini (1995), Cifelli (1974)de Castro Coppa et a(1980), Barcena et al. (2004),
114  HernandezAlmeida et al. (2011), Rigudiernandez teal. (2012) and Thunell (1978)The study by
115 Thunell (1978) is based on surface sedints, which can provideformation but might be biased
116 towards fastesinking and more hyddynamictests due tshorter expasre to dissolution processes
117  (Caromel et. al., 20%45chiebekt al., 2007, and towadstestswith thicker wallsthatare better preserved
118  (Thunell, 1978) Although coretop samples(0-2 cm) are suitable tmfer modernvariability (Thunelt
119 1978),they can cover theast few decades to few centuries, depending on the sedimentatiowhiee
120  our plankton tow sampling represents a relative “snap giwityn and Charles, 2003)n addition
121  empty tests arpassive particles that ocean curremiy displacehorizontdly, but that displacement is
122  negligible due to their quick settling velocities (Caromel et al.AR@orrelated results between plankton
123  tows (Pujoland VergraudGrazzini, 1995) and surface sedimentergraudGrazzini et al., 1986) at

124  coincidentplaces inthe Mediterraneanonfirm theresults obtained byhunell (1978)

125 The objectiveshereareto (1) delineatenew absolute abundangef planktic foraminiferawithin the
126 different egions of the Mediterranean Sdaring spring (2) characterize at the species levetheir
127  ecology through their seasonal and geographical distribatibrabundancey comparison with previous
128  studies and(3) providenew !, data for comparisonisetveen basins andith other studiesn the context

129  of ocean warming and acidificatiamver the past 20 to 40 years

130
131 2. Oceanogaphic Setting

132 The Mediterranean Sea, with a strong thermohadind winddriven circulation and a surface of
133  approximately 2,500,000 Kmis divided into two main basins near the Strait of Sitigwestern and
134  eastern bass. These basins are composédlifferent subbasins due to partial isolation caused by sills
135 that influence the water circulation, and by different water propdiesling et al., 2015; Rohling at.,
136  2009) Natural @nnectionwith the oceanis through the narrow Sttadf Gibraltar, wherenutrientrich
137  Atlantic surface waters enter the Mediterranean and experience an eastneade ofemperature and
138 salinity (Fig. 1) driven by insolation andevaporation, having a negative hydrological balance
139 (evaporation excefing precipitation) The Mediterranea becomes increasingly oligotrophic towards the
140 east(Fig. 1; Fig. 2) In addition, the inoming Atlantic waters entahe Algere-ProvencaBasinas far as
141  theTyrrhenian Seaand contributéo deep wateformation in the Gulf of Lion in cold winter@ohling et
142  al., 2015; Rohling el., 2009)

143 In the eastern basitwo main sources of deepater formationare active mainly during winter ithe
144  Adriatic and the Aegean SeaCold dry winds cause aporatim and cooling forminglense and more
145  saline water massthatsink to depth{Rohling et al., 2015; Rohling ef., 2009;Hassoun et al., 20b%

146  The same process &tivein the Levantine basin, forming aimtermediate water massvhich become
147  progressiely cooler and fresheoward the western basiBome wates reactthe Tyrrhenian SedVaters

148 returningto the Atlantic through the Strait of Gibraltar depth areooler and saltier than the inbound



149  waters and compensate for the inflow from the Atlantithe Mediterranean Sea has a large
150 physicochemical gradierfior such a small marginal séRohling et al., 2015; Rohling ei., 2009;Fig.
151 1)

152

153 3. Methodology

154
155 3. 1.Study Area

156 Plankton tow samples were collected dgrthe MedSeA (Mediterranean Sea Acidification in a Changing
157 Climate) cruise fron®2 May to 02 June 2013 on board the Spanish Rhgeles Alvarifio The transect

158 was divided into two legsH{(g. 2). The first leg ranged from the Atlantic Ocean nearGiigaltar Strait

159 (adjacent taCadiz Harbour, Spain) until the Levantine sadsin in the Eastern Mediterranea848 km

160 long, 11 sampling sites). h€ second leg started in Heraklion, Crete (Greece) into the lonian Sea, south of
161 the Adriatic and Tyrrheian Seas and finished in the North Algéhmvencal basin, aaent to

162  BarcelonaSpain (323ZXm long,9 sampling sitesfFig. 2).

163
164 3. 2.Material and methods

165 Twenty samples were collected with BONGO nets (mesh size 150 pm and déacreter, for furter
166 details see Posgay, 198@marily 200 m depthbut also including tow time integrating the upper water
167 column from 200m to the surfad&able 1). The sampling device wasquipped with a flowmeter
168 allowing the estimationf the volume filtered inach tow The data fotemperature, salinity, oxygen and
169 fluorescence were integrated over the upper 200m from the nearest CTD stations retrieved during the
170 same cruisdfor the complete dataset see Ziveri and Grela®d 52 Seawater carbonate datatd]
171  alkalinity (AT), anddissolved inorganic carbon (DIC)jere obtained from water samples retirieved at
172  various depths during the CTD caftseGoyet et al.2015) These data were useddaiculate pH, pC@
173  and [CQ?] using the software CO2Sys (Lewis and Wallace, 1998) thighequilibrium constants of
174  Mehrbach (1973) refitted by Dickson and Millero (198Mesethreeparameters of the carbonate system
175  were then integrated for the upper 200rhe nutrient concentrations ([FiGand [NQy]) were measured
176 by OGS (talaian Natimal Institute of Oceanography and Experimental Geophydibe water samples
177  werefilteredon glass fiber filters (WhatmaBF/F; 0.7 um and then kepat -20°Conboard Thesamples
178  were then analyzedin laboratorywith a Bran+Luebbe3 AutoAnalyze(see Grasshoff et al. 1999).
179  Surface chlorophylh concentration was obtained from MODIS Agua L2 satelitASA Goddard Space
180 Flight Center: http://oceandata.sci.gsfc.nasa.gov/)

181 Foraminiferal sampgs were collected either at daytime or nighttiPlankton samjgls were preserved by
182  adding a 4% formaldehyde solution buffered with hexamétstyamine at pH = 8.2 on boarddividuals
183  were not necessarily alive when collected and no distinction was maaeechecytoplasabearing tests:

184 asalive or dead but still aqaaining cytoplasm(see also Boltovskoy and Lena, 1920)d empty tests


http://oceandata.sci.gsfc.nasa.gov/).

185 (dead)were considered for this studyrom each sampling statipthe foraminifera were isolated and
186 identified at species levelSamples werstudied from the collecting bottles atite bottom collector, the
187 latter represeirtg 52.33 % of the total sampleere treated in aliquots of 1/2, 1/4, 1/6, until H8r each
188 sample, each species was counted and isolated according to 3 size fractieBSQ 1660 +350-500 pm,
189 and >500 pm)to determine the absolute and relative abundark@aminifera smaller than 15@m,

190 with tests partially broken afmt with organic matter attached were discarded

191 We classified the different foraminifera specieg visual identification under optical microscopy.
192  Following the morphometric guidelines amalxonomicnomenclature proposed by Aurahs et al. (2011)
193 for Globigerinoides ruber(white), Globigerinoides ruber(pink) and Globigerinoides elongatus-or
194  Trilobatus sacculifer(with sac) and T. sacculifer (without sac) we used Spezzaferri et @015).
195 Hemleben et al(1989) was used as a guide to classHlpbigerina bulloides, Orbulina universa,
196 Globorotalia inflata, Globorotalia menardiiand Hastigerina pedgica. Globigerinoides quadrilobatus
197 was inferred from Papp and Schmid (1985)bulloidescould not be differentiatettom Globigerina
198 falconensisn our samms and are treated together; Gebulloides/G. falconensjdexus is referretb as
199 G. bulloidesin our study.Globigerinella siphonifera/G. calida/ G. radiargexus (see Weiner et al.,
200 2015) is treated &S. siphoniferan our study.

201 For thearea densy (!5) study, we selectethreemain speciesG. ruber, G. bulloidesandO. universa
202  All specimens of thesthreespeciesvere photographed with@anon EOS 650 Pamera device attached
203 to aleica Z16 AP(Omicroscope to measure th&ng axis and silhoute area using the softwalmageJ
204  (Schneider et al., 2012For each station and each of ttieee selected species, the individuals were
205  weighedtogetherby triplicatewith a Mettler Toledo XS3DU microbalance (+1 pg of nominal precision)
206  within 50 um siz fraction increment§150-200 um, 200250 um etc.). Cytoplasniilled or empty dry

207 weighed foraminifera tests were weighted together since dry cytoplasm has no statistically rstignifica
208 effect on the weight of tests >1%0n (Schiebel et al., 2007). Speeins containing notable organic
209 matter attached to the test were discarded. The maximum number of individuals weighed wagethe
210 in some stations individuals were measured individually as no more specimens were availablee In all
211 cases the mean wéigper specimen of the three weightings was applié silhouette area obtained
212  was then usetb measurehe !, (Marshall et al., 2013; Marshall et al., 2015

213  3.3. Statistical methods
214
215  Weperformed a principal component analysis (PCA; Varimax rotation) using SPSS Statistic 23 software.

216 The PCA was performedn the environmental parameters: temperature, sglinitygen, fluorescence,
217  NOs;, PQ, pH, pCO;, and [CQ?, from every station. Two components, which together erptdi % of

218 the total variance, gre obtained (Fig.)7 The firg factorexhibited positive loadings on the nutrients and
219 the fluorescence antegative loadingon temperature and salinity (and to a lesser degrd€®st]).

220 This factor explains 56.99% of the total variance and represents the strongastegjradient
221 charactrizing the Mediterranean Sea as the water becomes warmer, saltiencamdoligotrophic

222  eastwards. The second factor explains about 20.02% of the total variance and is characterizgdeby pos

223  loadings on pH and oxygen concentrations (and to a lesser dedi@®4h) and a negative loading on



224 the pCQ. It is interpreted sthe variations of the carbonatestgyn properties in the Mediterranean Sea
225  with slightly lower surface water plih the western basin compared to the eastern békim.sample
226  scores on thdirst 2 factors with overlay of absolute abundances of forammaifspecies G. ruber
227  (white), G. bulloides G. inflata, O. universaandT. sacculifer(without sac)) andirea densityG. ruber

228  (white), G. bulloidesandO. universa are shown irFigure 7).
229

230 4. Results

231

232  4.1.Absolute and relative abundance

233  The absolute@bundance of planktic foraminifera collecteith BONGO netshasa mean value of.42

234  +1.43SD) individualsA0 mi®. A maximum value of 5.2nd. A0 ni® in the Strait of Gibraltaris followed

235 by 4.14 ind.A0 m* in the Alboran Sea3.61 ind.A0 ni® in the Tyrrhenian Seaand3.00 ind.A0 mi® off

236  souttern Crete(Fig. 3; Fig. &). With the exception of these fouegions a standing stock of 1.7 ind0

237 m?is not surpasseih any other stationA minimum standing stock occuis the Adriatic Sea (0.11
238 ind. A0 m®. The westernmost stationg @nd 3) with the highest Atlantic influence have Highest
239  abundance valueg 67ind.A0 m® on average), followed by the eastern MeaditeeanStations 9 to 13
240  (1.31ind.A0 ni®), and the westerMediterranea (Stations5, 6,20, 21 and 220.77ind.A0 m?®) with a

241  clearer differencevithin the southwestStationss and 6; 1.08nd. 20 m®) and the northwest (Statio@§

242  to 22; 0.56ind.A0 m?® Fig. 3; Fig. 7a; Appendix A) Pervasively the most common sizeaction of
243  foraminifera is 158350 um(6557%; Fig. 4), especially due to the contribution @f ruber (white) and
244  G. bulloides The exceptions are &ation 3 with a high presence 860-500-um sizedG. inflata, and
245  Sation 7a mainly due te500-um sized O. universa and 350-500-um sized G. siphoniferaand G.

246 inflata. The 356500um size fraction dominates in the western Mediterranean and is progressively
247  reduced eastward§ig. 4) mainly dueto the contribution omall G. inflata from the 150350 um size

248  fraction. Overallhigher percentage of individuals >500 um are foundin the wesern part of the
249  Mediterranean comped to the eastern pdifig. 4). The highest percentages are found at the Strait of
250  Sicily and the Northern lonian Sea (St. 18;18; Fig. 4; Fig. S1; Appendix A}lowever,due to the

251 extremely lowstanding stockthe above observations are mere snapshuodsay not be generalized.

252  The most abundant speciesGsruber(white) (with an average of 0.30d. A0 m®, representin@1.49%

253  of the totalassemblageits highesabundances are found in the Tyrrhenian Sea (1.6%ndi®) and in

254  theeastern Mediterraneanté@ons 10 and 13}t is not present ithe Adriatic Seaat Sation 16-18,and

255 in the northwestern Mediterranean. It is found in low numbers in the southwestern Mediterranean,
256  Atlantic, and Strait ofGibraltar stationgFig. 3; Fg. 7d). Individuals>350 pum in testong axisare rare

257  (Appendix A. G. inflatais the second most abundant sped®&9ind. 20 m? 20.19%, mainly due to

258 its high abundance ithe Alboran Sea (3.5 indl0 m> 61.08% of thesampl@. It is present in thevestern

259  Mediterranean until the Strait of Sicily. East of the Strait of Sicityis only found with low abundances

260 atthewesternmosstations(Fig. 3; Fig. B). The domimnt size fraction is 35800 um @ppendix A. G.

261  bulloideshas anaverage abundance of 0.24 i#@. m® (17.20%), mainly due to its abundance in the



262  Strait of Gibraltar (2.31 ind0 m> 47.34 %). It is slightly more abundant in thesouthwestern
263 Mediterranean and the Tyrrhenian Sea. It is a quite ubiguitous speaigsabsent dbur stations(Fig.
264  3; Fig. ®). It rardy appearsn the>350-um testsize fraction(Appendix A.

265  Trilobus sacculifer (without sac; also referred & trilobus on average.13 ind.A0 m> 9.16 %), is
266  especially notable at the Strait of Gibraltaf.91%,; Fig. 3; Fig. £). O. universais ubiquitous in the
267  wholeMediterraneareawith the exception afhe three gtions6, 9, and 14Fig. 3; Fig. 7). Its average
268 abundance is 0.12d.A0 m?* (8.70%). Its dominant size fractions ase  pm (Appendix A Fig. 4. G.
269  elongats (0.09 ind.A0 m® 6.41%) is foundmostly at the same statioms G. ruber (white), but is
270 usually less abundarffFig. 3) It is mostfrequent in the «350-500-um testsize fraction, andome
271 individuals >500 pmare found in the AtlantidAppendix A. The other specieapgearin very low
272  numbers G. quadrilobatus(0.07 ind.A0 m?®), G. siphonifera(0.03 ind.A0 m°), G. ruber (pink) (0.02
273  ind. A0 m®), H. pelagica(0.008 ind A0 m®), G. menardii(0.001 ind A0 m®) andT. sacculifer(with sac)
274  (0.001 indA0 m? Fig. 3; Appendix A)The PCAperformed on the environmental parameters and the
275 sample scores on theo first components clearlghows a separation, regardirfeactor 1, between the
276  western and eastern Mediterranean stations (Figih®.western basin, which is chaterized bymore
277 food availability forthe foraminifera lower temperature and lower salinity, ighere the absolute
278 abundances are the highéBig. 7a). In the eastern basintasion 10 is an exception with a considerable
279  contribution fromG. ruber(white) to the absolutabundance(Fig. 7a). Regardindgactor 2, the stations
280 more influenced by the incoming waters from the Atlantic havdahest [CO;?| values. Thestations
281 where absolute abundances show some affinity for more “acidiciditions are in the NW
282  Mediterranan, the Tyrrhenian Seaand in the northern lisn Sea(stations 14, 1and16). The majority
283  of the lonian Sea stations and all the Levantine Basin statfmvg average valu€gig. 7a). Overall the
284  highestabsolute abundance alfl foraminifera seems related food availability andonly secondarilyto
285  the carbonate systefig. 7a).

286  With the exception of the Tyrrhenian Sea, ruber (white) abundance ipositively correlatedwith
287 warmer and saltier waterand lowerpH (Fig. 7d). The opposite imbserved forG. bulloides higher
288  abundancesccur where more foods availabike andat stations where pH is high@¥ig. 7e). O. universa
289  shows an ubiquitous distribution with no remarkable trervdshin the two factors (Fig.fJ. The irregilar
290 abundance distribution &f. sacculifer(without sac) does ndolow any remarkable trend (Figc)? G.
291 inflata positively correlateswith food availability, and the regional distribution fmlls the path of
292  Atlantic waters(Fig. 7).

293 To show the rekive abundance of the various spec&mne stations were groeghtogether to achieva

294  minimum number of foraminifera (>95 testdhe grouping was set by location proximity in which

295 foraminiferal assemblages were simil@he stations at the Strait ofc8y and the western Mediterranean

296 (Stations 20, 21, 22) are not shown due to a low remalbindividuals (< 90; Fig. 5). Some similarities

297  can be seen between the Tyrrhenian Sea and the eastern Mediterranean, and also between treaAlboran S
298 and the southestern Mediterranean. The Atlantic and the lopfadriatic-Aegeangroupinghave similar

299  proportions of species. On the other hand,Tyrehenian Sea and the eastern Mediterraséations were

300 dominaed byG. ruber (white), the Alboran Sea b. inflata The dominance of a single specieghe



301  southwestern Mediterranedless clear, which might be dueltw numbes of individuals G.inflata
302  being the main species followed 8y bulloidesasin the Alboran Sea station). sacculifer(without sac)
303 has a highelative abundance in the Atlanfixceanand in the Strait of Gibraltabeing tre main and the
304 secondmost abundanspeciesrespectively At all other stations analyzed, sacculifer(without sac)is
305 less abundanG. bulloidesis most frequenin the entire western Basin and the Atlar@icean being the
306 main speiesin the Strait of Gibraltar. It is less frequenttire Tyrrhenian Sea, arid the eastern Basin
307 and its sukbasins.G. bulloides contrasts withG. ruber (white), which always represents a small
308 percentage in the western Mediterranean but domitiaeeByrrhenian Sea and the eastern BéSig. 5;
309  Appendix A.

310
311  4.2. Area density( !a)

312 Due to their abundanc&. ruber (white), G. bulloides and O. universawere analyzed for theiarea
313  density( !a: Fig. 6; Fig. §-i). The high two-dimensional (silhouettegreato-long axiscorrelationis best
314 fitted by a power regressioffrig. S2). The same growth pattern can be seeirruber (white), G.
315 bulloides andO. universawith that correlation, represented graphically in the shape of a power function
316 (Fig. S2). They grow slightly faster when thaeyounger angmaller (steepest in the lower left part of
317  the regression line) and slightly slower when theyw older andigger (less steep in the upper right part
318  of the regression line; Fig. SZJhe specimens db. ruber(white) from the Atlantic have théargestsize
319 followed byindividuals from the Tyrrhenian Sea, ahdsefrom theeasernlonian SeaFor the othetwo
320  speciesG. bulloidesand O. universa a similar trendis observed regardinthe two basinswith the
321 eastern Mediterraneanaving the smallest individualswhile the largest individuals occurred irhé
322  Atlantic andthe northwestern Mediterraneifig. S2). The different locations were grouped using the

323  same criteria am Fig. 5.

324  Thelong axisto-weight relation of G. ruber (white) specimens yielded af + 0.841 (linear regression
325  throudhout thisparagraphFig. S3), followed byO. universgr? = 0.63, andG. bulloides(r? = 0.516; Fig.
326  S3). O. universawas finally discardedfor comparisos between !, at differentlocationsdue to alow

327  areaweight correlationandno remarkable trend observable beam locations (Fig. S4c; Fidi); while

328 data fromG. ruber(white) correlate wel(Fig. $4a). The eastern Mediterraneapecimensre thdightest

329  for both species@. ruber(white), G. bulloides, with moreextreme WE differences fofG. ruber(white)

330 (Fig. $4d-e).

331 The !5 of G. ruber (white) specimens fromsix locations were compare(Fig. 6). The eagern
332  Mediterranearindividualshave tke lowest median, (approximately between 7&0° and 9A ° pg Am

333 3, with lower valuesastwardand a smalinterquartile range (IQR = - Q,). The Atlantic individuals
334  of G. ruber (white) show the highest mediaralue (1.55A0* pg Am?) and IQR. The!, of Tyrrhenian
335 individualsranges between those from the eastern Mediterranean and Atlantic (D&&R* ug Am?).

336 The !, of G. ruber(white) for each station wammparedvith the two PCA factorshigher !5 arerelated
337  toslightly lower pH and higher food availability in the western Mediterranearidadtic stationg(Fig.

338 79).
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339 ForG. bulloidesspecimensseven locationsvere comparedFig. 6). The Atlantichas thdowest median
340 In (8.75A ®° ug Am?) and the smallest IQRshowing anoppositetrend asin G. ruber (white). Also
341  contrary toG. ruber(white), G. bulloidesfrom theeastern Mediterranedand to have a higher medidg
342  (9.75A° pgAm? and a larger IQR. The differences in!y between the eastern and western
343  Mediterranean are smaller @ bulloidesthan inG. ruber(white). The ! of G. bulloidesateach station
344  wascompaed with the two PCA factors. Results show a less clear overallfoe@l bulloidesthan for
345  G. ruber(white), with the higher !, associaté with slightly higher pH in the eastern Mediterranean sea
346  water(Fig. 7h).

347

348

349 5. Discussion

350
351 5. 1.Abundance and diversity patterns

352 Absolute abundance values 4f2 individuals petl0 m?® (e pUm) on average are low in comparison
353  with other water olumn foraminifera studigseven for oligotrophic regions.For example, in the
354  oligotrophic northern Red Sea, less than H@DAO m* (>125pm) werereported from surface waters,
355  and standing stocks were much higher thania@0A0 m? at most of the sites sampled in 1984 and 1985
356 (AurasSchudnagies et al., 1989)In the oligotrophic to mesotrophic Caribbean and Sargasso Seas,
357 standing stocks were up to 7&&d. A0 m® (>100 um) and 907ind. A0 m® (>202 um), respectively
358  (Schmuker and Schiebel, 2002, and references thereinjheAtlantic, south of the Azores Islands,
359  Schiebel et al. (2002)oanted an average of 66.15 i m?* for the upper 100 nn August 1997, and
360 422.97 indA0 m® in January 199¢>100pm). Other similar studieshowhigher abundances ohe or
361 two adersof magnitude(i.e. Sousa et al., 2014; Boltovskoy et al., 2000; Kuroyamagi Kawahata,
362 2004; Rao et al., 1991; Otteri®92; Schiebel atl., 1995). At higher latitudes, in the Fram Strait (Arctic
363  Ocean), Pados and Spielhagen (2014) obtained approximate values ioflA® m?* from the upper 500
364 min late Junesarly July of 2011. Mortyn and Charles (2003), in Febrbdaych 1996, at 200 m depth
365 range in the Atlantic sector of the Southern Oceamdcas a minimum value 0.1 i m®, with an

366  approximate mean of 78d. 80 m®,

367  Within the Mediterraneara previous study withresultscomparableo ours,sampled the upper 350 m
368  (Pujol and VergraudGrazzinj 1995). Forhie Alboran Sea, samples wertgtainedduringa similarperiod
369  of the year (Apili1990) with values around 16, 6 and 9 if.m° greaterthanin the Station 3(4.14
370 ind. A0 m®). Samplesfrom different seasamhave higher abundancesyith highest valuesn February
371  (Pujol and Vergraurazzini, 1995), and a high annual averag8.8find. 20 m®. RegardingPujol and
372  VergraudGrazzini(1995) western Mediterranean abundances are higher than the easterdusnés

373  more oligotrophic conditionsand higher temperatur@nd salinitiesin the easthat limit foraminiferal
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productionduringwinter and late summeiin concordance witfujol and VergraudGrazzini(1995), no

differences are obsexd between samples collected during daginight.

Comparing with previous studies that covered the Mediterranean, we notice that Thunell (1978)land Pu
and Vergraudsrazzini (1995) did not finds. menardij while it wasreported byCifelli (1974) in very

low abundancesThefact thatG. menardij which has a preference for tropical waters, is not found in the
suface sediments suggests that it is a new species in the Mediterrane@if@ikal974) Its recent
presencen the Mediterranean Sea could be related to the wgroifi the watersAll other speciesound

in our studywere alsofound in the past studies covering the Mediterranean Sea (Cifelli, 1974; Thunell,
1978; Pupl and Vergraudsrazzini, 1995) It remainsunclearwhether Pujol andVergraudGrazzini
(1998)found G. falconensisand classified itvith G. bulloides or if Thunell (1978) founds. elongatus
andT. sacculifer(without sac) and classified them @sruberandG. sacculifey respectively Also, it is

not certain if Cifelli (1974) found. calidaand clasified it with G. aequilateraligolder synonymof G.
siphoniferg. From the figures in Cifelli (1974)we suspecthat G. elongatusvas classified a&. ruber.

In the same way, we duwot find any evidence of. sacculifer(with sac) from thdigures presged by
Cifelli (1974), but we cannot discard the possibititxat this species wadassified agGlobigerinoides

trilobus (T. sacculiferwithout sac).

Globigerinoidesquadrilobatuswasnot found inany previousplankton towstudies in the Mditerranean,
but isabundahin sedimentary cores (i.€&ramp et al., 1988; Rio et al., 199€here exists the possibility
to classify itwith G. sacculiferor G. trilobusin previous studies asiggested by Hemleben et al. (1989)
Some specigswhich are absent fromour samplesreacted high frequenciesn the aforementioned
studies i.e, Turborotalita quinqueloba Neogloboquadrina pachydermaand Globorotalia
truncatulinoides The fact that these species were not samipldéde present studyay bedue totheir
abseace or presence at extremely lalvundances of adult specimens at the sampled stations in May, as
they present generalliow abundance# springaccording to a 1-3ear sedimentrap record in the Gulf
of Lion (RiguatHernandez et al., 2012). Another pbdgy is their presence itestsizes smaller than
150 um, which is smallethanthe mesh size afur BONGO nets, a possibilifyotentially supported by
previous Mediterranean studiasing smallesmesh sizes (see Pujol and Vergr&@zzini, 1998, 120

pm mesh size; Rigudflernandez et al., 2012, 4%50um mesh size).

To proposea quantitative comparison of the number of species fdangrevious studiesin the
Mediterraneanye used the morphospecies identifiedhemby the authors of each syudNVe identified
12 morphspecies, clearly less than Cife{ll974), Thunell (1978) and Pujol and VergraBhzzini
(1995), with 18 morphspeciesin total At Station 3 of this study (Alboran Sea), we found 8
morphospeciesvhereasRiguatHernandez et al. (201&)und 12 morphspecieduringthe sameseason
The lower absolute abundanoé individuals in our studycomparedto Pujol and VergraudGrazzini
(1995) together with low species diversiip the Mediterranean, may indicate a trerfdcbanging
conditionsover the last decadeasit has beemeported for temperature and salinigafiez et al., 2010
alkalinity (Cossaringet al, 2015 Hassoun et al., 2045 and water mass mixingdassoun et al., 20bh

These changip conditions could alsoimply changes in the ecology and distribution of planktic
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414  foraminifera, as discussedbelow. Note that our mesh size larger thanthat of Pujol and Vergraud
415  Grazzini (1995) and Riguddernandez et al. (2012), but is similarthat of Cifelli (1974): mesh size of
416 158 um. A larger mesh sizewould explain thelower numbers in absolute abundance and reduced
417  diversity, but thehigher diversity observed byCifelli (1974) in Junesupports ouridea of changing
418  ecological conditions

419

420  The western part of the firdtansect (from the Atlantito the Strait of Sicily) has a higher percentage of
421 large sizefractions than the eastern parhe maincauseof the increase in test sizea change irspecies
422  composition.For example, large sizé8. inflata (especially in the 3500 umfraction)are presentvith
423  higher abundances ithe westthan in the eastThe same is true for the presence of laByeuniversa
424  (especially inthe >500 um), plus the contribution Gf siphoniferawhichis large in stationswhere it is
425  morefrequent(Appendix A;Fig. 4).

426

427 5. 2 Factors controlling the abundance of the main species

428 This discussiorfocuses on the five main species ofup samples. The spinoseand symbiontbearing

429  speciesG. ruber(white), O. universa andT. sacculifer(without sag, which mainly inhabittropical and

430 subropical watersG. ruber(white) is the main speciemm the Atlantic O. universais rather ubiquitous
431 also being present in warm transitional Atlantic waters €Bé Tolderlund, 1971). The spinossnd

432  nonsymbiotic specie®. bulloides is typical of subpolar and transitional regioas well as upwelling
433 areasandis also found in subtropical and tropical watatsamuch lower abundancg characterized by
434  its wide temperature range (Thunell, 1978;a®é Tolderlund, B71). The nonspinose species. inflata

435 s typical of the temperatatlantic Ocean(Bé andTolderlund, 1971).

436 5. 2. 1.Globigerinoides rubefwhite)

437 In our study G. ruber (white) is found in the Atlantic with slightlyhigher absolute abundancesd
438 higher relative abundances thartlie western Mediterraneara8in, wheretiis foundin low abundances.
439  Temperaturegelated factorsnay be the main causeith warmer Atlantic watersl§.1 °C) with respecto
440  the western Mediterraned14.3°Cin theSW, 140°Cin theNW; Fig. 1). Theseresultsare in agreement
441  with the observations made by Cife{{1974) in Junel1969 whee G. ruber (white) was by far more
442  abundant in the sgern than the westeediterranean Basjrbeingthe most abundar#ipecis in the
443  Levantine Basin and the south lonian Sea; for these two locé#tisesmshat G. rube (white) ispresent
444  independent of theeasons, winter includedhich is also true fothe pink variety (see alsoThunell,
445  1978; Pujol and Vergraurazzinj 1995). The increasingdominanceof G. ruber (white) from the
446  western to theasterrMediterranean Basinoincides withthe eastwardncreasingsalinity (Fig. 7d). lts
447  higher relative abundance in the eastern bassults from the ability of5. ruberto thrive in food
448  depleted conditionfHemleben et al., 1989

449  G. ruber (white) remains scarce or absent in Maythe lonian Sea station§Fig. 3), increasing its

450  abundhnce towards the Tyrrhenian S&€m the other hand, in the lonian Seaxhibits relative abundance
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451  below 60% in the surface sedimis (Thunell 1978), and decreaséswards the Tyrrhenian Sea. i§h
452  situation could be due taigher food availability in the Tyrrhenian Sea comparisorto the lonian Sea
453  during May 2013 (Fig. 1d7ig. 7d) plus a small difference in temperature betweeth seas (Fig. 1&ig.
454  7d). This may not be the typical spring situation, asedto surface sediment evidentee lonian Sea
455  sediments arenrichedin G. rubertests (Thunell, 1978) and May is the most productive seagennts
456  of foraminiferal tests RiguatHernandez, 2012; Barcena et al., 2004; HernaAtleeida et al., 2011).
457  Also, we note that in May 197@, scarce presence @&. ruberwas reported in the Bay of Naples (de
458 Castro Coppa et al., 198@yhereasn our studyG. ruberis present a7 % in the Tyrrheian Sea, being

459  the main species

460  The dominanceof G. ruber (white) and abundance peaks in May in the eastern Mediterra(tigian
461  study), coincideswith the positivetemperaturgyradient betweeBtation 9 and @tion 13(16.2-17.3 °C;
462  Fig. 1). In late summerG. ruber experiences its largest expansion and presence owing to warmer
463 temperaturesind more oligotrophic conditionslearly being the main species frone thorth of Algeria
464  tothe Levantine BasiiPujol and VergraudGrazzini, 1995)G. ruber (pink) is the dominant species at
465 the Strait of Sicily and eastwardBujol and VergrauGrazzinj 1995), whereas in May it only has
466 residual presenda some locations (especially around Crétés study. In February presumablydue to
467 temperature decreas&. ruber (pink) almost disappears from the Mediterranean and the other
468 morphotypesare presenin low numbers (Pujol antergraudGrazzini, 1995 RiguatHernandez et al.,
469 2012, suggesting thab. ruber (white) andG. elongatusare better adapted tmlder temperaturgthan
470 the pink variety.Hydrographic conditions and consequently food availabd&gmto be the limiting

471 factorsfor its abundance once it has reachedptsmumtemperature range.

472 5. 2.2. Globorotalia inflata

473  The presenceof G. inflatais relatedto cool waters andigh food availability Pujol and Vergraud
474  Grazzini 1995 RiguatHernandez et al., 20),2following high phosphate coentrations (Ottens, 1992).
475  This explains its higher abundanirethe cooler nutrientrich western basin, ants progressive scarcity
476  towardthe warmeroligotrophic eastern BtiterranearfFig. 1; Cifelli, 1974; Thunell, 1978). The same
477  pattern isobservedn late summerfFrom spring to late summ@&. inflatashows a displacement from the
478 eastern Alboran Sea to the northwestern Mediterrarismeasing frequendp the Algeo—Provencal
479 Basin and the southwestekfediterranean Bsin, maintaininga residual presencim the eastern basin
480  (Pujol andVergraudGrazzinj 1995)In winter, with cooler temperatureshe opposite process happens,
481 and G. inflata becomesthe doninant speciesin the Alboran Sea (Barcena et al., 20@4)d the
482  southwestern basin, withigh frequenciein the Strait of Sicilyand toward the lonian SeBastwards its
483  presence is maintained onlyresiduallevels (Pujol and Vergraudrazzini 1995). Its distribution along
484  the seasons shows th@t inflatais scarceor absentn warmer stratifiedand nutrientlepletedregionsof
485  the Mediterranean.

486 G. inflatais absentn the Tyrrhenian Sealespite temperature randesingcomparable to those observed
487 in the southwestern Mediterraneavhere this species is abundéhis study) In contrastG. inflata was

488 reportedin May 1979in the Tyrrhenian Seasthe main specieand be@ame practically absenin the
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489  warmersummemonths(de Castro Coppa et al., 198@).inflata is reported in sedimérrap data in the
490 Gulf of Lion (RiguatHernandez et al. (2@), close to our northwestern Mediterranean stations in which
491 G. inflatais absentln addition,theabsoluteabundanceof G. inflataareclosely related to thEactor 1 of
492 the PCA, suggesting a certain affinity with food availabilitferredfrom nutrients and fluorescen¢see
493 sample scores in Fig. 7iye suggesthatin the Mediterranearfpod depletion plays enore important
494  rolein limiting its distribution than warm temperatures.

495  Thespring distribution of. inflata with G. bulloidesas asecondary speciés the Alboran Seanatches
496  with other studies Rujol and Vergraudrazzinj 1995; van Raden et al., 2011)G. inflata peak
497  abundances appear mdethe westthan those reported b@ifelli (1974) to theeast of the Balearic
498 Islands. Those peaks can be associafei nutrientrich upwelling areasich in foraminifer preywithin
499 its temperature range={(g. 1; Fig. 2).

500 5. 2. 3.Globigerina bulloides

501 In accordance witiCifelli (1974), G. bulloidesis the dominant speaen the Atlantic statiorclose to the
502  Strait ofGibraltar, whereas in our studyshare dominancewith other species (8&tion 1 Fig. 3. TheG.

503 bulloidesdominancen the Strait of Gibraltar during late sprirgarly summerconfirms the finding of
504 Cifelli (1974). Theabundance peadf G. bulloidesin the Strait of Gibraltafthis study, coincides with
505 high nutrientconcentration and upwellingrigs. 1, 2, and 3 makingStation 2 the mostrich in planktic
506 foraminifera of all thetransect. This confirms its association with upwellingvhere phyte and
507  zooplanktonic blooms control its ablarttes as it is an opportunistic specieBujol and Vergraud
508 Grazzinj 1995; Sousa et al., 2018arcena et al., 2004; Hernandéimeida et al., 2011; Rigual
509 Hernandez et al., 2012t positively corrdates with fluorescence peaks siricéeeds onphytoplankton
510 (Mortyn andCharles, 2003B4rcena et al., 2004; Rigublernandez et al., 201Ejg. 1).

511 In April (Pujol and Vergraudsrazzini 1995;van Raden et al., 2011) and Méthis study) G. bulloides

512 s found to behe seconanost abundargpecies, surpassed By inflata, in the westernmost Alboran Sea.
513  High temperature anomalies provoke an inverse situation, thaféstéoG. bulloidesreproduction plus

514  G. inflatabeing further fom its optimum temperature (Barceet al., 2004)One month latett is found

515 to be the dominant specieplacingG. inflata which is still dominant in the eastern Alboran Sea (Cifelli,
516  1974). Its ubiquity andhigher abundance in the western basith respectto the easis supported by

517  previous studiesi.€., Cifelli, 1974; Thunell, 1978), with &igher difference in abundanae February

518 than in SeptembeOctober Pujol and Vergrau@Grazzinj 1995 RiguatHernandez et al., 201.2in late

519 summer, its prsence is more secondary, with abundance peaks around the Strait of Sicily and south of
520 Sardinia.Abundance peaks at the same locations plus the Gulf of Lion occur during winter, but with
521 larger absolute abundand@&aijol and VergraudGrazzini, 1995 RiguatHernandez et al., 201.2

522  G. bulloidesdecreasesn abundance when food is depleted, observablthe eastern Mediterranean,
523  whereit always hadower absolute abundances tharthe westalso in the summer montirsthe Gulf of
524  Lion, when food is depleted and nonesved due to water stratification (Rigtaérnandez et al2012)
525  During spring to late summén the eastern basiG. bulloidesis less frequentbeing more presenst
526 east of theStrait d Sicily (Cifelli, 1974; Pujol and Vergrau®Grazzinj 1995). During winter its



527
528
529
530
531
532

533
534
535
536
537
538
539
540
541
542

543

544
545
546
547
548
549
550

551

552
553
554
555
556
557
558
559
560
561
562
563

15

abundance increasandit become the secondnost abundargpecies in the Levantine Basin preceded
by G. ruber (white), andit is alsoone of the mim speciesin the lonian Sea. Levantine waters have
permanent eddies thatistainphytoplankton blooms, explaining the presenc&obulloidesin winter
(Pujol and Vergraudrazzinj 1995). It is noticeable thaiorthwardsof the Levantine Basin andh the
Aegean Sea its abundances are comparallesein the western basin regarding surface sediment data
from Thunell (1978).

G. bulloideshas more affinity forcooler upwelledwatersthan warmer more stratified wategiSousa et
al., 2014; Thunell, 1978), being present in subtropical waters only in cooler months (OttensTh892).
coldest station of the first leaf this study(Strait of Gibraltar,L4.2°C) coincides with its abundanpeak
andit is absentrom the warmesttation (off the Nile Delta,17.6°C, Fig. 19, which alsois one of the
most depleteih foraminiferal prey(Fig. 1c; Fig. 2. Its Its affinity for fresher and cooler watemsstches
with its low abundance the eastern basin and lgherabundances the western basinorthwestern
basin included, despite its low absolute abundances but being the main speciese¢thatso Rigual
Hernandez et al., 20}),2and with its seas@al distribution Its presence and distribution seems to be
limited by a combination of low nutrient concentration and limitedood availability, caused by

stratification of the surface water column, and increased sea stafiageratures
5. 2. 4.0rbulina universa

Orbulina universawas found ubiquitouby Pujol and Vergraudrazzini(1995), being preseim all the
stations and seasons, reaching peak abundantes gouthwestern Mediterranean botHaitesummer
and winter Regarding our data, it follows the same patduring spring, beingabsent frononly three
stations(St. 6, 9, and 14Fig. 3; Fig. 7). Noabundanc@eakoccurs in spring(our data andin the report
of Cifelli (1974), butabundaces areslightly higherin the wesern basinto thanthe east That small
difference can be causbg morenutrientrich upwellingareas (Sousa et al., 2QMorard et al., 2013n

the western basin or by high salinitiaghe eastern basin.

5. 2. 5.Trilobatus sacculifefwithout sac)

In June,T. sacculifer(without sac)is quite ubiquitous andepresent$ % of the assemblage the Strait

of Gibraltar (Cifelli, 1974) At our stations;T. sacculiferconstituted up t@5 % of the assemblages in
May, andwasabseh from seven stationéSt. 5, 7a, 14, 15, 188, 20, 22) Lower percatagesverefound

in April in the Alboran SeaRujol and Vergraudrazzinj 1995). In SeptembeDctoberT. sacculifer
shows high abundances and is one of the main species from obrifinorca to the southwestern
Mediterranean ntil the Strait of Sicily,where it is rareln late summer it decreases considerably and
progressively eastwards, where the highly domi@muber is maintained as the maosbundanspecies
(Pujol and Vergraudsrazzinj 1995),probably due teslightly highertemperature and salinity tolerance
(see also Bijma et al., 1990)n the other hand, in Februdrysacculife (without sac)disappears from
the north Levantine Basin and its abundances wensiderablybeing a residual species in terof

relative abundance in all the MediterraneanPuj¢l and Vergrau@Grazzinj 1995)
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5. 3. Factors controlling planktic foraminiferal test weight

Thearea density !4) of tests ofboth G. ruber(white) andG. bulloidesfollow a systematic change from
the Atlantic towards the eastern Mediterranean (Fig. 6). Thereforelatltd these two species is
interpreted andliscussed fopossibleenvironmental effects and biological prerequisites in the following.
In contrastthe !, of O. universadoesnot showanychange between the western and eastern b@sms

7i), and cannot based todentify and quantify particular environmental effects.
5.3.1 Unknown control of thé, of O. universa

No systematic change between the western and easténs inathe !, dataof O. universacould be
explainedby an insufficient understanding of the ecology of the different morphotypes and genotypes of
O. universaOnly one out of three genotypes (i.e. Type lll, affarling and Wade, 2008 recordedn

the Mediterranean Sea (Mediterranean species, after de Vargas et al.;The9dgditerranean Type Il

has been found to include two styipes, Type llla and Type Illb (André et al., 2014). The different
genotypes and morphotypes ©f universatolerate wide ranges of salinity and temperature in surface
waters(i.e., de Vargas et al., 1999). Whereas theous types 00. universadiffer in the poresize(de

Vargas et al.,, 1999; Morard et al., 200darshall et al., 2015 their presize is also affected by
environmental conditions including water temperature.,(Bé et al., 1973). Likeise, thickness of the

test wall has been dggribed to vary between types (de Vargas et al., 1999; Morard et al;, M@éshall

et al., 2015 and is as well affected by environmental conditions and ontogenetic stage of specimens.
Adult O. universahave ben show to continuously add calcite layers to the proximal surface of the same
sphere (Spero, 1988; Spero et al.,, 2015). Since environmental and biological factors may affect
individuals of the different genotypes @f. universato varying degrees, we cdounot detect any

systematic change ity in the data presented here.

The O. universaweightareadataof our study are compared withose ofMarshall et al. (2015) from
Cariaco Basin sediment trap specimeimgjuding O. universaType | (Mnix) and Type Il (Mgin)
specimenssuggesting thinner test walls in the latter. In the area rangd 6f-34 A ° pm?, our weight
datacoincide with the expected Mediterranean Type Il variety (Fig. S4c; Marshall et al., 2015), but at
2 A °-25A °um’we see mix of both types until at 1A ° um? Type | coincide more with our results

(Fig. S4c; Marshall et al.,, 2015). We suggest that diffegeatips of the Mediterranea®. universa

variety coexist in the Mediterranean with differences in the wall thickness

The various interfering effects, which control theof O. universain the Mediterranean Sea, may also
explain differences ithe weightlong axisrelationdata reported from other regions of the world ocean:
Bijma et al. (2002) weighe®. uriversain the 500600 um size fraction in the Caribbean Sea and
repored a weight rangingrom 28 to 60 ug. Lombard et al. (2010heasured weight of 2670 ug for
specimens sampled off Catalina Island, California, in the same size frac660-600 um. Oumweight
long axisrelation data rangdrom 24 to 45 pg (Fig. S3c) for the same size fraction 800-600 pm,

ranging at the lower limit ahe weightlong axisrelationsmeasured in the Caribbean (Bijma et al., 2002
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601 and off California (Lombard et al., 2010), which may be caused either by differences in genotypes or
602 environmental conditions, or botfhinner walls overall in our specimens with respect to the mentioned
603  studiescould be apossibk explanation forthe dfferences in!ly (Marshall et al., 2015)n our samples

604 from the Mediterranean, individuals exceeding 60 pg hawvg axislarger than 650 pm. The reason why

605 the !, of O. universais particularly low and highly variable in the Mediterranean desiifle carbonate

606 ion concentration £0;* J@and pH (Fig.1) might be sought in factors other than, and in addition to,
607 chemical and physical conditions, namely the changwajlability of food along the transect from the

608  Atlantic Ocean to the Levantine Basin.
609 5.3.2 Factors affecting thi of G. ruber(white) andG. bulloides

610 In the same way as i@®. universathe !5 of G. ruber (white)is only partly controlled by carbonate
611 chemistry, being insteadaffected by other factors likebod availability. However, in contrast t@®.
612  universa the !5 data ofG. ruberandG. bulloidesfollow systematiccorrelationsHigh !, in the Atlantic
613 and Tyrrhenian Sea correlatesttwenhancegbrimary productionlenhanced fluorescenceig. 1d; Fig.
614  7g) and presumably enhanced food availability (FigFi6; 7g; Fig. 2,also noticeable in Figs2d-e and
615 Fig. Sid-e). At the same sites, larger IQR indicates more variability in test calciteigiod of G. ruber
616  (white) specimens, although a limited number of samples together with the low and uneven sampling size
617 impede any further interpretation of the data (Fig. 6). Under wiaetrophic conditions, low!, of G.
618  ruber (white) might be caused by limited food availabilim opposite trendaccurs inG. ruber (white)
619 sedment trap samples from the Mame Basin in which apartfrom showing a negative nificant
620 correlation between calcification tensity and productivity, !'s» shows a positive correlation with
621 temperaturdWeinkauf et al., 2016).

622  The relationship between food availability afdin G. bulloidesis opposite to that iG. ruber (white)
623 (Fig. 6 Fig. 7g-h). The !4 of G. bullodes tests increases from the Atlantic toward the eastern
624  Mediterranean. At the same time, variability iQ data increases with increagimabsolute !5, which
625 resembles the distribution of data @ ruber (white) (Fig. 6): In both specielarger IQRs are found
626  toward higher absoluté,.

627  An opposite trend inl5 of the two specie§. ruber (white) andG. bulloideshad earlier been described
628 from the Arabian Sea, and could neither be assigned to chang€®©4h @f ambient seawateron
629  growth conditiongBeer et al., 2010aDue to itssymbionts,G. ruberwould rather have an advantage
630 over symbionbarrenG. bulloidesin oligotrophic waters, and support formation of test calcite through
631 CO, consumption anéhcreasing£0;> @nd pH éee alsohler-Rink and Kiihl, 2005). Those findiag
632  may still point toward differences in growth conditions: Reproduction of GottuberandG. bulloides
633 might be retarded under lesptimal conditions, and additionahlcite layers might be added to the
634  proximal test surface before reproduction, similar to the process described. foniversa(see above).
635 Therefore, tests may grow heavier under ldsan optimalfood availability given that carbonate

636  chemistry of ambient seawater does seems tdimit the formation of test calcitim our samples
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637 Comparingweightlong axisrelations G. ruber (255-350 um size fraction) from plankton tows of the
638  western Arabian Sea have an average weight & $0.69 ug (de Moel et al., 2009), which is heavier
639 than the individuals from our study (5.9 +0.31 ug; B8a; Appendix A). The difference iweightlong
640 axis relation may indicate that. ruber was produced under momaiited conditions fo shell calcite
641 formation in the Arabian Sea especially during fupavelling periods and still higher overall primary
642  productivity and food availability. However, the comparison might be biased by the faG.thaber
643  (white) andG. elongatusvere analyzed together in the study of de Moel €28D9).

644  Data for supraegional comparison ofieightlong axisrelationof G. bulloidesfrom the water column
645  are found for the 20250 um size fraction: in the north Atlantic (68 dN) in June 2009 (Aldridge et al.,
646  2012) with a range of 1.782.92 ug (f = 0.52). For that size fraction our results (8§ show heavier
647 tests in the Alboran Sea (3.46 +0.15 pg), and similar weights at the Strait of Gibraltar (2.5@gt @0

648  S3b). Forthe same water depth as in our samples, Schiebel et al. (2007) fieavier averageeight

649 long axisrelationin fall (5.19 +£0.25 ug) than during spring (4.21 +0.2 ug) in the eastern north Atlantic
650 (47 @), and 5.51 +£0.31 pug during the SW momsan the Arabian Sea (1@8N). In geneal, higher !5

651 occurs at lower latitudes andwer !5 at higher latitudes (see alSzhmidt et al., 2004). All of these
652 findings support our idea of an effect of limited alimentatoncalcification Increased lorgyity and

653  ongoing production of adtibnal calcite layers at the proximal side of shells may result in an increased
654 I, given thatseawatercarbonate chemistrgnly partially affectingthe calcite formation in planktic

655  foraminiferain our samples
656

657
658 6. Conclusions

659  Absoluteand relative abundances of planktic foraminifera were studied from plankton tow samples across
660 the Mediterranean in May 2013. The samp#®w largedifferences in species abundance and
661 assemblages between the different basins andbasibs 6 the Mediterranean Sea. Absolute abundance
662 and diversity of planktic foraminifer assemblages are low in comparison to other regions of the worl
663  ocean. Average standing stocks in the upper 200 m of the water columrircande4?2 +1.43 indA P

664 3 including twelve morphpecies in total. Planktic foraminifer assemblages are indicative of changing
665 temperatures and salinities, as well as trophic condjtibesween the easterand the western

666 Mediterranean Sea. Highest mding stocks of total planktic foraminifera occurred in the Strait of
667 Gibraltar and the Alboran Sea. Overall, the largest foraminiémeoccured in the western part of the

668 transectdrivenby the assemblagmmposition, and the presence of@6. inflata

669  Globigerinoidesruber was the most abundant speciés dominance in the east compared to the west, is
670 likely caused by stratification of the surface water column, enda8&3, and trophic condition§.
671 ruberis a symbionbearing species, which might be an advantage over synttaoren species lik&.
672 bulloidesunder oligotrophic and foelimited conditions as in the Levantine Bas{. bulloideswas

673 more abundant inupwelled waters in the Strait of Gibraltar, in the Alboran Sea,iartde western
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MediterraneanQ. universawas present at rather balanced standing stocks along the entire transect from
the west to the east. In general, distribution patterns of the phamktic foraminiferal species in the

Mediterranean seem to be mainly related to a combination of food availability and temperature.

In the Mediteranean supersaturated waters with respect to calcite and aragonite (Schneider et al., 2007;
Gemayer et al.2015), foraminiferd calcificationand !5 of the most frequent specjes. ruber (white)

andG. bulloides arelargely affected by trophic conditions and food availabili®: rube is moreaffine

to oligotrophic conditions, and grows heaviest tests in lesslimittd waters in the westn basimear
Gibraltar andin the Tyrrhenian Sea. In contra&, bulloidesgrows heaviest tests under more food
limited conditions in the easteMediterranean Sea. We speculate that reproductitinderedwhen the
speciesspecific food sources are limited, while individuals continue adding calcite to the outer shell, and

grow heavier tests than individualatreproduced earlier in ontogeny.

These observations highlight the need for more interdisciplinary studies on the causes of changing
foraminiferal assemblages and decreasing shell produespecially in the Mediterranean as a marginal

basin, which is assumed particularly sensitive tngies of the environment and global climate.
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Appendices

Appendix A. Planktic foraminifera data from BONGO nets: relative and absolute abundances, and weight andreieers he
nomenclatureG. bulloidesrepresents th&. bulloides/G. falconensigexus andG. siphoniferarepresents th&. siphonifera/ G.

691 calida/ G. radians plexus

South North-
Central Off Central  Central
Alboran Western Strait of Strait of South of Southern Eastern Off Nile Off  Antikythere Eastern Adriatic Otranto Northern Tyrrheniai Western Western
Location Atlantic Gibraltar ~ Sea Med.  Sardinia Sicily lonianSe:z Crete Basin Delta Lebanon Strait lonian Sei  Sea Strait lonian Sei  Sea Med. Med. CatalaneBaleal
Station 1 2 3 5 6 7a 9 10 11 12 13 14 15 17 16 1618 19 20 21 22
Absolute abundance
(individuals*10 m")
Total numbers
G. ruber(white} 0.079  0.037 0.007 0.022 0 0 0.212 1314 0.403 0.247 1.260 0.389 0.102 0 0.338 0 1.688 0 0 0
G.elongatu 0.118 0.019 0.007 0 0.024 0 0 0.282 0.054 0.027 0.202 0.269 0 0 0.182 0.070 0.537 0 0.025 0
T. sacculifer(without sac 0.236  1.323 0.028 0 0.047 0 0.047 0.219 0.027 0.082 0.050 0 0 0.023 0.234 0 0.256 0 0.025 0
G. bulloide 0.148 2.311 0.456 0.501 0.142 0 0.165 0.094 0.054 0 0.076 0 0.102 0 0.052 0.023 0.307 0.197 0.102 0.147
G.inflate 0.118 0.503 3.514 0.545 0.449 0.358 0.071 0.125 0.027 0 0 0 0 0.023 0 0 0 0 0 0
O. univers. 0.128 0.093 0.014 0.218 0 0.291 0 0.219 0.054 0.027 0.050 0 0.077 0.023 0.468 0.141 0.281 0.028 0.179 0.177
G. siphonifer. 0.029  0.056 0.043 0.022 0 0.313 0 0.063 0 0 0.025 0 0 0 0 0 0 0 0.102 0
G. quadrilobatu 0.010  0.335 0.007 0.087 0 0.045 0.118 0.063 0.027 0 0 0 0 0.023 0 0 0.230 0.112 0.204 0.236
H. pelagicc 0 0 0 0 0 0 0 0.125 0 0.027 0 0 0 0 0 0 0 0 0 0
T. sacculifefwithsac 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.026 0 0 0
G. ruber(pink) 0 0.075 0 0 0.024 0 0.024 0.125 0 0.027 0 0.120 0 0 0 0 0 0 0 0
G.menard 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.029
Unknown: 0.118 0.447 0.064 0.065 0.024 0 0.047 0.375 0.108 0 0.025 0.120 0.026 0.023 0.208 0.023 0.281 0.028 0 0.088
Tota 0.985 5.120 4.141 1.460 0.709 1.006 0.683 3.003 0.753 0.439 1.689 0.898 0.307 0.114 1.482 0.258 3.607 0.365 0.638 0.678
150-350 um size fractior
G. ruber(white} 0.030 0.037 0.007 0.022 0 0 0.212 1314 0.403 0.247 1.109 0.389 0.102 0 0.338 0 1.560 0 0 0
G. elongatu 0.020 0 0 0 0.024 0 0 0.282 0.054 0.027 0.202 0.269 0 0 0.182 0.047 0.460 0 0.026 0
T. sacculiferwithout sac 0.148  1.174 0.029 0 0.047 0 0 0.188 0.027 0.082 0.050 0 0 0.023 0.234 0 0.230 0 0.026 0
G. bulloide 0.128 2.199 0.449 0.415 0.142 0 0.165 0.094 0.054 0 0.076 0 0.102 0 0.052 0.023 0.307 0.197 0.077 0.118
G.inflate 0.069 0.335 1176 0.109 0.095 0.022 0 0.063 0 0 0 0 0 0.023 0 0 0 0 0 0
O.univers. 0 0.075 0.007 0.087 0 0 0 0.094 0 0 0 0 0 0 0.208 0 0.026 0 0.026 0
G. siphonifer. 0 0.019 0.029 0 0 0.022 0 0 0 0 0.025 0 0 0 0 0 0 0 0.102 0
G. quadrilobatu 0.010  0.280 0.007 0.087 0 0 0.071 0.063 0.027 0 0 0 0 0.023 0 0 0.230 0.112 0.204 0.236
H. pelagicc 0 0 0 0 0 0 0 0.063 0 0 0 0 0 0 0 0 0 0 0 0
G. ruber(pink) 0 0.075 0 0 0.024 0 0.024 0.125 0 0.027 0 0.120 0 0 0 0 0 0 0 0
Tota 0.404 4.193 1.703 0.719 0.331 0.045 0.471 2.284 0.564 0.384 1.462 0.78 0.205 0.068 1.014 0.070 2.814 0.309 0.459 0.354
350-500 pm size fractior
G. ruber(white) 0.049 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.051 0 0 0
G.elongatu 0.088 0.019 0.007 0 0 0 0 0 0 0 0 0 0 0 0 0.023 0.077 0 0 0
T. sacculifer(without sac 0.079  0.130 0 0 0 0 0.047 0.031 0 0 0 0 0 0 0 0 0.026 0 0 0
G. bulloide 0.020 0.112 0.029 0.022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.026 0.029
G.inflate 0.009  0.149 2.138 0.414 0.307 0.313 0.071 0.031 0.027 0 0 0 0 0 0 0 0 0 0 0
O. univers: 0.049 0.019 0.007 0.109 0 0.067 0 0.125 0.027 0 0 0 0 0.023 0.130 0.023 0.153 0.028 0.051 0.118
G. siphonifer. 0.020  0.019 0.007 0.022 0 0.201 0 0.031 0 0 0 0 0 0 0 0 0 0 0 0
G. quadrilobatu 0 0 0 0 0 0.022 0.047 0 0 0 0 0 0 0 0 0 0 0 0 0
H. pelagicc 0 0 0 0 0 0 0 0.063 0 0.027 0 0 0 0 0 0 0 0 0 0
T. sacculifefwithsac 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.026 0 0 0
G.menard 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.029
Tota 0.354 0.447 2.188 0.567 0.307 0.604 0.165 0.282 0.054 0.027 0 0 0 0.023 0.130 0.047 0.333 0.028 0.077 0.177
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South North-
Central Off Central  Central
Alboran Western Strait of Strait of South of Southern Eastern Off Nile Off  Antikythere Eastern Adriatic Otranto Northern Tyrrheniar Western Western
Location Atlantic Gibraltar ~ Sea Med.  Sardinia Sicily lonian Sei Crete Basin Delta Lebanon Strait lonian Sei  Sea Strait lonian Sei  Sea Med. Med. CatalaneBaleal
Station 1 2 3 5 6 7a 9 10 11 12 13 14 15 17 16 16-18 19 20 21 22
>500 pm size fraction
G.rubers. 0.010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T. sacculiferwithout sac 0,001 0.019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G.inflate 0 0.019 0.135 0.022 0.047 0.022 0 0.031 0 0 0 0 0 0 0 0 0 0 0 0
O. univers. 0.079 0 0 0.022 0 0.224 0 0 0.027 0.028 0.050 0 0.077 0 0.130 0.117 0.102 0 0.102 0.059
G. siphonifer. 0.010  0.019 0.007 0 0 0.089 0 0.031 0 0 0 0 0 0 0 0 0 0 0 0
G. quadrilobatu o 0 0 0 0 0.022 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tota 0.108 0.056 0.143 0.044 0.047 0.358 0 0.063 0.027 0.027 0.050 0 0.077 0 0.130 0.117 0.102 0 0.102 0.059
Relative abundane (%)
G. ruber(white} 8.00 0.72 0.17 1.49 0 0 31.03 43.75 53.57 56.25 7463 43.33 33.33 0 2281 0 46.81 0 0 0
G.elongatu 12,00 0.36 0.17 0 3.33 0 0 9.38 7.14 6.25 11.94 30.00 0 0 1228 2727 1489 0 4.00 0
T.sacculife(without sac 2400 2545  0.69 0 6.67 0 6.90 7.29 357 1875  2.99 0 0 2000 1579  0.00 7.09 0 4.00 0
G.bulloide 1500 4444 1102 3433 2000 0 2414 3.13 7.14 0 4.48 0 3333 0 351 9.09 8.51 5385  16.00 21.74
G.inflate 12.00 9.68 84.85 37.31 63.33 35.56 1034 4.17 3.57 0 0 0 0 20.00 0 0 0 0 0 0
O. univers. 13.00 1.79 0.34 1493 0 28.89 0 7.29 7.14 6.25 2.99 0 25.00 20.00 3158 5455 7.80 769 28.00 26.09
G. siphonifer. 3.00 1.08 1.03 1.49 0 3111 0 2.08 0 0 1.49 0 0 0 0 0 0 0.00 16.00 0
G.quadrilobatu 100  6.45 0.17 5.97 0 444 1724 208 357 0 0 0 0 20.00 0 0 6.38 3077 3200 3478
H.pelagta 0 0 0 0 0 0 0 4.17 0 6.25 0 0 0 0 0 0 0 0 0 0
T. sacculife(with sac o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.71 0 0 0
G. ruber(pink) 0 143 0 0 3.33 0 3.45 4.17 0 6.25 0 1333 0 0 0 0 0 0 0 0
G.menard 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.35
Unknown: 12.00  8.60 155 4.48 3.33 0 6.90 1250 1429 0 1.49 1333 8.33 2000  14.04 9.09 7.80 7.69 0 13.04
Weight and size
G. ruber(white)
size fraction (pn 250-30C 200-250 200-250 200-250  250-300 250-300 200-250
n° of individual 1 4 4 4 2 4 4
average size (ur 285 221 215.25 2215 281 268 2185
avaage weight (u¢ 4.667 1.583 2417 2 3.167 55 2.083
SD (ug. 0.577 0.144  0.289 0 0.577 0 0.144
size fraction (pn 350-40C 250-350 250-300 250-300 300-350 250-300
ne ofindividuals 4 5 1 3 1 5
average size (ur 390 267 261 264 317 280.6
average weight (u 14.333 3.867 2.667 5111 6.667 4.8
SD (ug, 0.289 0.115 0577 0.192 0.577 0.2
size fraction (pr 400-45C 300-350 350-400 300-350 300-350
n° of individual 1 3 1 2 5
average size (ur 412 313.333 356 3235 343.4
average weight (u 14.667 7.44 5.667 11 9.867
SD (ug. 1.155 0385  1.155 0 0.231
size fraction (um 350-400 350-400
n° of individual 2 4
average size (ur 374 366
average weight (1 8.833 9.083
SD (ug. 0.764 0.144
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South North-
Central Off Central  Central
Alboran Western Strait of Strait of South of Southern Eastern Off Nile Off  Antikythers Eastern Adriatic Otranto Northern Tyrrheniar Western Western Catalane
Location Atlantic  Gibraltar Sea Med. Sardinia  Sicily Crete Basin Delta  Lebanon lonian Se:  Sea Strait lonian Se:  Sea Med. Med. Balear
Station 1 2 3 5 6 7a 10 11 12 13 15 17 16 1618 19 20 21 22
size fraction (pum 400-450
ne of individual: 2
average size (pr 413
average weight (i 16.167
SD (ug; 1.258
G. bulloides
size fraction (u 300-350 200250 200250 350400 300-350 400-450 300-350
ne of individual 2 7 8 1 1 1 3
average size (ur 326.5 228.143 227.875 364 337 414 318.333
average weight (1 4.5 2571 3.458 4.667 4 11667 8.222
SD(ug 05 0 0.144 0577 1 0577  0.385
size faction (um 250-300 250-300 400450
ne of individual 12 2 1
average size (ur 263.75 270 441
average weight (u 2.833 2.833 20.333
SD (ug, 0 0.289 1.155
size fraction (um 300350 350-400
ne of individual 2 4
average size (ur 310.5 386.5
average weight (1 4.5 9.667
SD (g, 0.5 0.14
size fraction (um 350-400 400-450
ne of individual 2 2
average size (ur 3755 429
average weight (1 5.833 11
SD (ug 0.289 0
size fraction (um 400-450 450500
ne of individual 1 1
average size (ur 447 477
average weight (u 9.333 7.333
SD (ug) 0577 0577
O. universa
size fraction (un 350-400 250-300 500550 400-450 450-500 300-350 350-400 700750 650-700 700-750 450-500 300-350 400-450 400450 400450 450500 350-400
n° of individual 3 1 1 2 1 1 1 1 1 2 1 1 1 1 1 2 1
average size (ur - 390 286 501 445 479 342 398 719 687 7225 452 347 444 441 441 479.5 377
average weight (1 17.667 7 20667 11.667 31 3 6.333 47 43 24167 14333 5.333 18.667 24333 22.667 31 20
SD (ug, 0.333 0 0.577 0.289 1 0 0.577 1 0 0.289 0.577 0.577 0.577 0.577 0.577 0.5 1
size fraction (un 400-450 450-500 500-550 350-400 500-550 750-800 750-800 350-400 550-600 450500 550-600 400-450
ne of individual 1 3 2 3 1 1 1 1 1 1 1 2
average size (ur 444 479 539.5 373.667 539 781 785 369 559 455 571 425.5
average weigh(ug) 28.667 22.889 33.833 6.556  25.667 54,667 53.667 6.667 34333 23.667 45 24.167
SD (ug, 1.155 0.192 0.289 0.385 0.577 0.577 0.577 0.577 0.577 0.577 1 0.577
size fraction (pn 500-550 650-700 600-650 400-450 400450 600650 500-550 650-700 450-500
ne of individual 1 1 1 1 1 2 6 2 1
average size (ur 527 656 603 439 412 640 534.5 676 482
average weight (1 36.667 25.66 50.667 13.667 13 54833 30278 84.333 35
SD (ug 0.577 1.155 0577 1.155 0 0.289  0.096 0.289 1
size fraction (pn 550-600 650-700 450-500 450500 650-700 750-800 500-550
ne of individual 6 6 1 1 2 1 1
average size (ur 578.667 674.333 460 476 656.5 762 509
average weight (1 45.389 47.889 17.333 24 63.333 136 42
SD (ug, 0.096 0.096 1.155 1 0.289 0 0
size fraction (U 600-650 700-750 500-550
ne of individual 1 2 3
average size (ur - 605 720 527.333
average weight (1 48.667 34 21.778
SD (ug 0.577 0 0.192
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South North-
Central Off Central  Central
Alboran Western Strait of Strait of South of Southern Eastern Off Nile Off  Antikythers Eastern Adriatic Otranto Northern Tyrrheniar Western Western Catalane
Location Atlantic Gibraltar ~ Sea Med. Sardinia ~ Sicily lonian Se:  Crete Basin Delta Lebanon Strait lonian Sei  Sea Strait lonian Se:  Sea Med. Med. Balear
Station 1 2 3 5 6 7a 9 10 11 12 13 14 15 17 16 1618 19 20 21 22
size fraction (U 650-700 750-800 550-600
ne of individual 1 1 1
average size (ur 651 772 570
average weight (1 50.667 48 17.333
SD (ug 0.577 1 1.528
size fraction (um 600-650
ne of individual 1
average size (Jr 625
average weight (1 23
SD (g 0
size fraction (um 650-700
ne of individual 2
average size (ur 654.5
average weight (1 31.167
SD (ug 0.289
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899 Tables

900 Table 1.Date, time, location, volume filtered aedvironmental parameters of the sampled stations. Sea
901 surface temperature (SST) and sea surface salinity (SSS) measured at 5 m depth. The remaining

902 parameters are averaged from 5 to 200 depth with their respective SDs in parenthesis.

903
pH
Station . Day . . . Volume Temperature Salinity SSS  Fluorescense [COﬁ
g Station Name Time Latitude Longitude 3 SST (°C)
Code (DD/MMIYYYY) (m) (°C) (PSU)  (PSVL) (gl (mmol/kg)
1 Atlantic 03/05/2013 0:03 36°03’ -6°65’ 1016 16.08 17.88 36.27 35.95 036 8.06 178.89
(0.84) (0.10) (0.32) (0.05) (22.25)
2 Gibraltar 03/05/2013 12:47 35004 -5°56’ 537 14.22 17.11 37.51 36.35 0.11 8.06 179.90
(1.05) (0.81) (0.06) (0.02) (6.15)
15.06 3713 0.45 8.09 191.50
3 Alboran Sea 05/05/2013 20:55  36°12 -4°19 1403 (117) 16.87 (0.69) 36.37 (0.44) (003)  (13.84)
SouthCentral Western 14.33 37.95 0.18 8.10 200.36
5 Mediterranean 08/05/2013 10:44  38°54 5056 459 (1.19) 16.99 (023) 37.65 (022) (002)  (10.06)
6 Strait of Sardinia 09/05/205 20:34  38°27 8°69’ 423 14.34 17.50 38.23 37.77 0.19 8.08 199.89
(1.16) (0.19) (0.26) (0.03)  (15.38)
7a Strait of Sicily 11/05/2013 0:20  37°04'  13°18’ 447 15.12 17.27 38.16 37.43 0.23 8.09  207.14
(0.86) (0.52) (0.23) (0.01) (3.38)
. , , 16.17 38.78 0.13 8.12 232.36
9 South of lonian Sea  12/05/2013 11:31  35°12 18029 425 (1.01) 19.53 (0.10) 38.64 (0.14) (0.02) (3:30)
10 Off Southern Crete 14/05/2013 14:40 33081 24027 320 16.51 19.58 39.00 36.60 0.12 8.11 232.38
(1.44) (0.39) (0.19) (0.01) (8.43)
11 Eastern Basin 15/05/2013 13:01  33°50° 28°00° 372 17.21 20.59 38.80 36.19 0-10 8.12 24351
(1.30) (0.44) (0.07) (0.02)  (10.26)
12 Off Nile Delta 17/05/2013 3:14 33022 32°00° 364 17.59 21.82 38.99 37.45 0.15 8.11 239.99
(1.46) (0.25) (0.12) (0.02) (9.93)
17.35 38.73 0.16 8.11 238.28
13 Off Lebanon 17/05/2013 16:15  34°23 33923 397 (133) 21.58 (1.48) no date (0.13) (0.02) (752)
14 Antikythera Strait 20/05/2013 6:06 36°70 23°p’ 334 16.66 20.00 39.07 39.15 012 8.13 241.84
(1.21) (0.03) (0.08) (0.01) (6.26)
15 Eastern lonian Sea  21/05/2013 21:25  36°40’ 20°81" 391 16.52 20.27 39.05 39.10 015 no data no data
(1.31) (0.01) (0.15)
17 Adriatic Sea 23/05/2013 21:09 41°84’ 17025’ 440 1a.67 18.76 38.82 39.12 0.20 8.10 218.53
(1.30) (0.05) (0.21) (0.02) (14.65)
. , , 15.67 38.70 0.16 8.13 236.93
16 Otranto Strait 24/05/2013 23:49  40°23 18084 385 (1.15) 19.49 (134) 30.47 (0.15) (001)  (12.88)

16-18 Northern lonian Sea  25/05/2013 9:30 39007 18°70° 426 nodata nodata nodata nodata nodata nodata no data

19 Tyrrhenian Sea 27/05/2013 12:40  39°83’ 12052’ 391 14.74 18.60 38.30 37.97 018 8.12 216.97
4 ’ (1.47) ’ (0.20) ’ (0.24) (0.02) (1129
North-Central Western 13.88 38.29 0.36 8.14 219.89
29/05/2013 20:00  41°32 5°66' 356 15.52 33.75
Mediterranean (0.94) (0.20) (0.24) (0.02) (11.27)
21 Central Western 30/05/2013 10:30 40007 5005 392 13.98 1678 37.66 37.37 0.17 8.11 204.41
Mediterranean ' (0.95) i (1.74) ' 0.21) (0.01) (7.70)
14.08 38.43 0.25 8.13 218.43
22 CatalaneBalear 31/05/2013 13:55  40°95’ 3032 339 16.81 38.34
(1.33) (0.08) (0.39) (0.02)  (13.11)
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905 Figures

906  Fig. 1. (a) Temperature (°C)(b) salinity, (c) fluorescence gA)Q(d) pH, and(e) [COs*] (umol A N)J

907  values of the water column of the transect. Values follow a color scale (under every graphjueatso va
908 shown in the isometric lines. X axis: water depth. Y axis: longitude (degrees). Measurementslocation
909 indicated with white dots, with the coinciding stations numbered at top. The station number aag the m
910  sectionare shown onhte map(f). For station code names see Tablbldte reversed color scale at (d) and
911  (e).Software used: Ocean Data View (Schlitzer, 2016)

912 Fig. 2 Sampled stations with BONGO nets (dots). The numbers in the picture represent the station codes:

913 Firsttransect1 to13, secondransect 14 to 22.For station code names see Tahl€dlor scale at right

914 UHSUHVHQWYV WKH YDOXHV RI VXUIDFH FKORURGCGMNS@QQaRIRRFHQWUDWI
915 from the closest day as possildpecified in the upper padf the firsttransect.

916 Fig. 3. Absolute abundance of planktic fonaifera from BONGO nets durinigg 1 (stations 1 to 13and
917 leg 2(stations 22 to 14)Category ‘Others’ is comprised &. siphonifera/G. calida/ G. radianglexus
918 G. quadrilokatus H. pelagica G. ruber(pink), G. menardiiandT. sacculifewith sac)

919 Fig. 4. Percentage of each planktic foraminifera size fraction in each station from (a) leg 1 and (b) leg 2.
920 Sample size is indicated Inybelow each station code.

921 Fig. 5. Relative abundance of planktiforaminifera (%). Category ‘Others’ is comprised db.
922  siphonifera/G. calida/ G. radians. quadrilobatusplexus H. pelagica G. ruber(pink), G. menardiiand
923 T. sacculifer(with sac) Less than 1% values are not shown. Number in parenthesis indicatesath

924 individuals of each location.

925  Fig. 6. Area densityof G. ruber(white) andG. bulloidesin box-andwhisker plots representation for the
926  different location groupings in the Mediterranean. Box extends from the lowgrtqQuumper (Q)
927  quartiles values of the data, with a line at the mediagh {@hiskers extend from the quartiles to values
928  comprised within a 1.5 interquartile range (IQR #=@®,) distance: @- 1.5-IQR; Q@ + 1.5A , 45

929  Fig. 7. Sample scores on the two PCA fastwith the loadings of the environmental parameters on each
930 factorrepreserdd bythered axis. The black axis representsdherlay of the absolute abundance values
931 (individuals10 m3) of every station ofa) all the foraminifera sampléb) G. inflata (c) T. sacculifer
932  (without sac)(d) G. ruber(white), (€) G. bulloides and(f) O. universaOverlay of theArea density( !5)

933  values ig-um?) of (g) G. ruber (white), (h) G. bulloides and(i) O. universa In blue colour western
934  Mediterranean stations (incl. Atlantic andradt of Gibraltar), in red colothe eastern Mediterranean
935  stations.
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Figure 2
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Figure 3
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Figure 4
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941  Figure 5
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Figure 6
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Figure 7
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