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Abstract. In order to assess seasonal and interannual varitions in the intensity and position of the neighboring Pelops
ability in the export of particulate matter and its main con- anticyclonic gyre, which appears to affect the upwelling of
stituents, sediment traps were deployed at five successivimtermediate, nutrient-rich waters and subsequently the sur-
depths from February 2006 to March 2010 in the deep-face productivity. Combination of estimated satellite and
est basin of the Mediterranean (SE lonian Sea, NESTORalgorithm-generated primary production data for the lonian
site). The average total mass fluxes were 66, 58, 54, 34, an8ea, calculated POC fluxes out of the euphotic layer and POC
52mgnt2d-1, at 700, 1200, 2000, 3200, and 4300 m, re- fluxes measured by sediment traps at the mesopelagic and
spectively. The temporal variations of the mass flux showedbathypelagic layers of NESTOR site during our 4 yr experi-
similar seasonal signal at all sampling depths with higher val-ment, reveal that only a small portion of primary production
ues in spring—summer and lower in autumn—winter. Change$0.46 %) reaches at 3200 m, corresponding to a mean annual
in the main constituents of the mass flux (organic carboncarbon export of 1.12 g Cnfyr—1.
carbonates, opal, and lithogenic matter) largely followed
the same temporal variability with total mass flux, reveal-
ing mechanisms of rapid vertical (top-down) transport from
700 m down to 4300 m depth. Lateral inputs at the deepesil Introduction
trap are probably of importance, attributed to the influence
of the deep Adriatic water, characterized by relatively higherFormation and sinking of particulate matter drive the bio-
turbidity than overlying water masses. Two major processesogical carbon pump via export and sedimentation of or-
seem to control the seasonal mass flux variability: (a) pri-ganic matter from the surface mixed layer to the deep ocean
mary productivity at the euphotic zone; and (b) episodic dustand sediments (reviewed by Honjo et al., 2008). Biotic pro-
input events. Primary productivity shows two maxima dur- cesses that form, change, transport, and remineralize partic-
ing late winter/early spring and late spring/summer, as wit-ulate organic carbon, opal, calcium carbonate, and other mi-
nessed by the organic carbon, carbonate, and opal fluxes inor chemical species in the water column are central to the
the mesopelagic and bathypelagic layers, whereas the irecean’s biogeochemical cycles and are of fundamental im-
fluence of dust inputs is evidenced by enhanced lithogenigortance to the global carbon cycle (Armstrong et al., 2002;
fluxes occurring during spring and summer. The interannuaBroecker and Peng, 1982; Lee et al., 2009; Passow, 2004;
variability generally shows a gradual increase of fluxes dur-Volk and Hoffert, 1985).
ing the time frame of the experiment. Both seasonal and in- As the environmental and oceanographic conditions can
terannual variability of mass flux are associated with varia-change substantially over time, time-series studies of particle
fluxes as recorded by sediment traps have proven valuable for
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biogeochemical studies in the world ocean (Buesseler et alranean basin (NESTOR site), SE lonian Sea, in the eastern
2007; Buesseler and Boyd, 2009; Conte et al., 2001; FabreMediterranean. The time-series data set is used to identify
et al., 2008; Haake et al., 1993; Honda et al., 1997; Honjo emechanisms governing particle transport in the study area,
al., 2008; Ittekkot et al., 1992; Karl et al., 1996, 2001; Lee and to explain (i) the seasonal, and (i) the interannual vari-

et al., 2009; Martin et al., 2010; Sanchez-Vidal et al., 2005;ation of mass and main constituent fluxes, in relation to bio-

Takahashi et al., 2000, 2002; Wong et al., 1999; Zufiga egeochemical and oceanographic conditions.

al., 2007). The fraction of organic matter that sinks out from
the upper mixed layer of the ocean is, among other factors
determined by the sinking velocity and microbial remineral-
ization rates of marine aggregates, fecal pellets and carcass
of different organisms, feeding the vertical flux of organic

material. During intense bloom periods, phytoplankton canNESTOR site is located in the SE lonian Sea, in the vicin-
contribute a significant part of the flux through direct sed- ity of SW Peloponnese (Fig. 1). The submarine morphol-
imentation, without being grazed by zooplankton. Overall, ogy of the area is complicated, with steep slopes close to the
open ocean flux of organic carbon at 2000 m rarely exceed§/essinia/Pylos, valleys, and deep basins. The steep slope ex-
0.1-2% of the net primary production measured at surfacgengs in short distances from the shore from 600 to 3000 m
layers (Lampitt and Antia, 1997). Processes of particle dis'depth, while further offshore, from 3000 to 4000 m depth,
solution and remineralization are very intense during tranSyhe area is dominated by valleys and morphological plateaus,
port in the water column and the sea floor, and most particyyhich incorporate the deepest basins of the Mediterranean
ulate organic carbon is returned to inorganic form and redisgg4 (4600 and 5264 m depth).
tributed in the water column, determining the surface con-  petajled continuous sub-bottom seismic profiling revealed
centration of CQ, and hence the rate at which the ocean that the bottom sediment sequences are very thin due to
can absorb C@from the atmosphere. The ability to predict the insjgnificant sediment inputs from the nearby continent
quantitatively the depth profile of carbon remineralization is (Trimonis and Rudenko, 1992). The steep slopes are al-
therefore critical to global change studies (Siegenthaler angy,ost free of sediments (acoustic basement) whereas valleys
Sarmiento, 1993). _ _ _ and plateaus are covered by undisturbed sediments (lack of
The Mediterranean Sea is a marginal sea which has beegumps or massive sediment failures). The sub-bottom strata
suggested to play an important role in the drawdown of an-sf the deep basins consist of continuous weak and parallel re-
thropogenic carbon (Ait-Ameur and Goyet, 2006; Alvarez etfactors indicating purely pelagic sedimentation with the ab-

al., 2005). Recently published anthropogenic;GOand €S- sence of turbidity flows (Km3NeT Collaboration, 2007).
timates (Krasakopoulou et al., 2011; Schneider et al., 2010;

Touratier and Goyet, 2011) showed that thgy@ventory 2.2 Hydrology and biogeochemistry
for the Mediterranean isv 1.7 PgC, thus indicating that
this marginal sea has highera concentrations than the The lonian Sea has a complex hydrology and can be con-
global average, mainly determined by the surprisingly highsidered as a transitional area where water masses formed in
anthropogenic carbon content of the eastern Mediterraneathe Levantine Sea, the Aegean Sea and the Adriatic Sea meet
Sea (Sabine and Tanhua, 2010; Schneider et al., 2010). Thand interact with the water masses of the Western Mediter-
strong uptake of anthropogenic ¢®y the Mediterranean ranean Sea that enter through the Sicily Strait. The typi-
Sea is mostly driven by its high alkalinity, coupled with the cal water mass structure of the area includes: (1) the Modi-
wintertime dense water formation events. fied Atlantic Waters (MAW) characterized by a salinity min-
Numerous trap experiments have been carried out over thénum and occupying the approximately upper 25-100 m;
past decades in the Mediterranean, both in continental shelf2) the Levantine Intermediate Waters (LIW) that occupy
and open-sea environments, concerning mass fluxes, budgeigoically the 100-500m layer and are characterized by a
of particulate organic carbon and other major and minor el-salinity maximum; (3) the Transitional Waters (TW) occu-
ements (Boldrin et al., 2002; Gogou et al., 2013; Lee et al. pying the layer between 500 and 1200 m; and (4) the East-
2009; Miquel et al., 2011; Sanchez-Vidal et al., 2005; Zufigaern Mediterranean Deep Waters (EMDW) filling the layers
et al., 2007), and variability of particle fluxes and mech- below 1200 m (Malanotte-Rizzoli et al., 1997; Nittis et al.,
anisms controlling the transfer of particulate matter to the1993). The Eastern Mediterranean Transient (EMT) of the
open sea (Canals et al., 2006; Heussner et al., 2006; Magarly 1990s further complicated this structure (Theocharis et
tin et al., 2010; Monaco et al., 1999; Pasqual et al., 20102al., 1999). The bottom waters of the lonian Sea were occu-
Stavrakakis et al., 2000; Stavrakakis and Lykousis, 2011). pied by the newly formed warm and saline Cretan Deep Wa-
The present work focuses on the study of downward fluxeger (CDW), which displaced the older EMDW of Adriatic
of total mass, organic carbon, carbonate, opal, and lithogeni@rigin (Klein et al., 1999). The intermediate layers were oc-
matter, during the first four years of the experiment (Febru-cupied by Cretan Intermediate Waters (CIW) with character-
ary 2006 to March 2010), conducted in the deepest Mediteristics similar to LIW (Malanotte-Rizzoli et al., 1999).

2 Study area

sl Morphological setting of the study area
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Fig. 1. Study area and location of the sampling sites in the southeast lonian Sea (eastern Mediterranean). Schematic of the general circulatior
in the eastern Mediterranean in the upper 500 m is also presented: 1, 2, 3, 4, and 5 indicate the Pelops anticyclone, the Cretan cyclone, th
lerapetra anticyclone, the Mersha-Matruh gyre, and the Rhodes gyre, respectively. Dotted loop indicates the north lonian gyre circulation,
whenever it occurs.

New production in the lonian Sea mostly derives from culation patterns. Surface chl-concentrations in the east-

limited events in space and time, which are mainly drivenern lonian are generally lower than 0.2 mgfwith the

by climatological factors generating mesoscale instabilitiesoccurrence of the highest values during late winter/early
(Boldrin et al., 2002; Casotti et al., 2003; Civitarese et al., spring, and the lowest levels during summer (D’Ortenzio et
2010; Mazzocchi et al., 2003). Oligotrophic features increaseal., 2003). A deep chlorophyll maximum is found at around
according to a north—south and west—east gradient (Bosc €80-100 m depth (Boldrin et al., 2002; Casotti et al., 2003;
al., 2004; Casaotti et al., 2003; D'Ortenzio et al., 2003), in Crombet et al., 2011; Karageorgis et al., 2012; Rabitti et al.,
response to different water masses characteristics and cit994) exhibiting low seasonality that is related to the stable
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oligotrophic conditions of the area (Casotti et al., 2003). In ol A "
general, previous studies depict that the oligotrophic lonian 207 =~ — K
Sea is dominated by a complex microbial food web (review 207  —— g
by Siokou et al., 2010; Yokokawa et al., 2010), and dissolved ~ s200{ — §
organic matter (DOM) is partially bioavailable in both sur- 4300 - 3
face and mesopelagic and bathypelagic layers, as withesse
by the important correlation of DOC with AOU and the 00 1 B _
chemical characteristics of DOM (Meador et al., 2010). 200] — 2
-3200 — é‘}
3 Materials and methods e
E =700 | c —
3.1 Sampling strategy £ 07— - |3
§- -2000 - _— g
NESTOR mooring line was deployed at the deepest basin of-§° 2004  — - - §
the SE lonian Sea at 4500 m depth{38.96 N, 2228.93 E; 2 4300 { — -
Fig. 1). The mooring line was instrumented with five pairs
of sediment traps (TECHNICAP PPS3/3, 0.125 collect- 700 D b
ing area and 12 receiving cups) and current meters (AAN- 5000 — =
DERAA RCM-11 and RCM-9). The five traps were setat | _ | s
700, 1200, 2000, 3200, and 4300 m depth, whereas the cur
rent meters were set 3 m below the traps. At the deepest traj 07 -
of NESTOR site (4300 m), the collection of settling particles 0] E _
started on 18 February 2006. The traps at 1200, 2000 anc  -20{ —— - | .
3200 m depth commenced sampling on 3 June 2006, whilst 27  —— §,
the shallower trap at 700 m depth commenced samplingon1 <204 — - | £
November 2006, thus a sampling gap is observed from Octo- 4300 - -

ber 2008 to March 2009. The collecting periods of each trap A A
are summarized in Fig. 2a. All traps were synchronized to 2006 2007 2008 2009 2010
collect particles on a weekly (1 April 2006-31 May 2006, ) )
and 16 August 2006—7 October 2006) or bi-weekly basis.F19- 2- (A) Duration, time and depth coverage of NESTOR trap
A poisoning solution of formalin (Knauer et al., 1984) was Z;TE"l?ngésTthvfofv‘lgEessa'r:(;:icn"’gein‘;gre\;g;fkgag]pg%r':;egﬁ:' the
used to Il,mlt th? degEadgtlon of Partlculate matter ‘T’md t(,) Pr€%or organic carbon, carbonates, opal and Iiiho’ger;ic material, respec-
vent _the mtegrlt_y of_ swimmers _by hardemn_g t_he|r cuticle. tively, analyzed in this study.
Details of mooring line preparation and preliminary sample
treatment are described by Heussner et al. (1990). The water
mass characteristics of the sampling area were recorded witfers (GF/F). Total mass fluxes were calculated from the dry
a SeaBird CTD sensor. weights of the subsamples used for opal analyses.

During the entire sampling period, 399 samples were re- For the determination of organic (OC) and total (TC) car-
covered out of the theoretical maximum of 404 (99 % succes$O0n, subsamples of 8mg of sinking matter were filtered

rate; Fig. 2a). through pre-combusted (48Q), pre-weighed glass-fiber fil-
ters (GF/F), which were then stored -a20°C in the dark
3.2 Samp|e treatment and analytical procedures until analysis. OC and TC contents were measured with

a Thermo Scientific FLASH 2000 CHNS elemental ana-
The recovered trap samples were kept in the dark°at,4 lyzer in HCI treated and non-treated samples, respectively
until treated in the laboratory. Part of the supernatant wagNieuwenhuize et al., 1994). The analytical conditions are
passed through a 1 mm nylon sieve in order to remove largéet at provider recommended parameters slightly modified
organisms. Swimmers smaller than 1 mm were removed usaccording to the published works of Verardo et al. (1990),
ing fine tweezers under a light microscope. A high-precisionCutter and Radford-Knoery (1991) and Nieuwenhuize et
peristaltic, microprocessor-controlled dispensing pump wagl. (1994). For the elimination of inorganic carbon, filters
used to divide each individual sample into subsamplesare firstly treated with HCI 2N to prevent “explosive” sample
Subsamples for the determination of opal (biogenic silica)loss during reaction with more concentrated acid in the next
were filtered onto Millipore 0.45 um cellulose filters (HA), step, which consists of repeated additions of HCI 6N with
whereas subsamples for the determination of carbon an§0°C drying steps in between, until no further effervescence
nitrogen were filtered onto Whatman glass microfiber fil- is noticed.

Biogeosciences, 10, 723%254 2013 www.biogeosciences.net/10/7235/2013/
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From the values obtained, organic matter (OM) to the northwest in the absence of the Pelops anticyclone
content was calculated by doubling the OC contentin our study area. In addition, CDW was detected with lo-
(OM%=0C%x 2), carbonate content was estimated cal maxima of temperature and salinity-att600 m and at
assuming all inorganic carbon (TC%OC %) was ~3300m depth, whereas waters of Adriatic origin existed at
CaCQ and using the molecular mass ratio 100 depths below~ 3600 m (Kontoyiannis, 2010; Kontoyiannis
((TC%— OC%)x 8.33). et al., 2012). Figure 3 shows the progressive vector diagrams

Opal concentration was determined by colorimetric reac-derived from the current meter data at the five instrumented
tion after extraction of silica into 2M N&Oz and 2N NaOH  depths of the mooring at NESTOR. The predominant flow
solution at 8%5°C for 5 h. According to Mortlock and Froelich  direction at all depths is to the north-northwest, towards di-
(1989) opal contents were obtained by multiplying the valuesrections in the range 320-340The flow at the deepest level
of Si concentration by a factor of 2.4. (4300 m) is mostly stable in direction, i.e., along the local

The lithogenic  fraction  (quartz, aluminosili- bathymetry towards 321on average. Fairly stable in direc-
cates, heavy minerals, etc) was estimated bytion is also the flow at 2000 m towards34C° on average.
subtraction of the sum of biogenic components Higher variability is observed in the shallower flows, i.e., at
from 100 (lithogenic % = 100 % (organic mat- 700 and 1200 m, which appear to be correlated to each other,
ter % + carbonates % + opal %)). i.e., nearly parallel, in the period from May 2006 until March

In some cases the limited amount of trapped material wa2008. In April 2008, the flow at 700 m turns to the southwest,
insufficient for the analyses of all constituents; Fig. 2b—ewhereas the flow at 1200 m turns to the west and ultimately
shows the analyses performed for each major constituent. returns back to the northeast in February 2009. Variable flow

directions were also observed in the relatively short one-year
3.3 Statistical analysis record at 3200 m. Compared to all recorded flows, the record
at 3200 m was the only one that exhibited a flow to the south-

Total mass flux data were transformed in continuous time S€aast. This occurred in early fall of 2006, before switching to

ries using 1-month step, according to Heussner et al. (2006},e orthwest in February 2007. The speeds of the flows at
Missing data on the 15-day interval were computed by lin- 5 jevels are extremely weak. Mean speeds are 2.9, 2.8, 1.8,

eal interpolation, whilst long gaps (several months) were not) 5 5nd 2.2 cmsl. at 700. 1200. 2000. 3200. and 4300 m

corrected. The derived data set consistg of.mean momh'Yespectively, whereas the corresponding maxima in speeds
averaged total mass fluxes (mTMF), which is adequate tQy¢ 12 18 9 9 and 14 cmk

study the seasonal variability, although some episodic events
(pulses) may have been smoothed.
The relationships of mMTMF variations between different

traps were studied by means of Pearson correlation coeffitine series of total mass fluxes are illustrated in Fig. 4. Mass

cients; the significance level to test the correlations was 5 %y ,xes vary between two to three orders of magnitude at each

Principal component analysis (PCA) was used to examingjenth The lowest value of mass flux is recorded at 4300 m
the relationships of mMTMF and other factors influencing their (0.12 mgnT2d-1, December 2010) and the highest at 700 m

variability: (a) satellite-derived aerosol optical depth (daily (484 mgn2d—1, March 2010). Mean total mass fluxes mea-
AOD at 550 nm from MODIS; NASA GES DISC); satellite- ¢ ;eq during the experiment are generally low, confirming
derived chlorophylkx (eight-day composite from MODIS; 6 gjigotrophic character of the area and span over a narrow
NASA GES DISC); and (iii) salinity measured at 20, 50, range, between 66 mgTAd-1 at 700 m and 34 mg nf d-1
75, 100, 250, 400, and 500 m from the nearby’@B1SN, 4t 3200 m (Fig. 4; Table 1). Since the coefficients of varia-
21°36.68 E; F|g._ 1) observatlon_al _buoy of the Pose|don. SYS+tion (CV %=std dev/imear 100) of mass fluxes are much
tem fvww.poseidon.hcmr.gr Missing data and averaging pigher compared to the coefficients of variation of percent-
was performed similarly to total mass flux data. ages of major constituents at all depths (Table 1), the tempo-
ral evolution of fluxes of major constituents reflects the mass
flux pattern. Among all traps, the upper trap shows the high-
est variability. However, all traps recorded the same seasonal
4.1 Hydrodynamic regime signal with minor exceptions.

The mean monthly total mass fluxes (MTMF) of all
In the framework of the present work, the detailed analysis oftraps vary between 5.5 and 207 mgfu—! (Fig. 5). The
the hydrographic and current meter data during 2006—200®%verall seasonal trend shows low total mass fluxes during
showed that a permanent cyclone was dominant in the deepwinter, increasing in spring and peaking in May, whereas
est~2-2.5km, while the flow in the upper 1.5-2km was values decrease gradually during summer and autumn.
variable. In February and May 2006, the upper flow was toThe same general behavior is observed for all traps, sug-
the east and southeast, under the influence of the northergesting that mean monthly total mass fluxes exhibit the
edge of the Pelops anticyclone, while it switched afterwardssame variability throughout the water column. The visual

4.2 Total mass flux

4 Results

www.biogeosciences.net/10/7235/2013/ Biogeosciences, 10, 72582013
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Fig. 3. Progressive vector diagrams based on unfiltered current meter data at the various depths of measurements on the mooring at NESTOH

site. Corresponding colored lines below indicate the duration and time coverage of the current record for each specific year they)refer to.
700 m,(B) 1200 m,(C) 2000 m,(D) 3200 m,(E) 4300 m.

examination is supported by correlation analysis; correla-is observed in November (15.8%). This November peak
tion coefficients were positive and significant, and variedis also recorded at the 1200 and 2000 m traps, after two
between 0.597 and 0.984, for mTMfg: MTMF4300 and sampling periods. No remarkable maximum is observed at

MTMF2000: MTMF3200, respectively. 3200 m, while at the deepest trap the OC % values are gen-
erally high, with maxima followed by minima. The next
4.3 Organic carbon long period between April 2007 and May 2009 is charac-

terized by lower and less variable OC % contents. Another
The time series of the OC contents and fluxes of all meaMaximum of OC % appears at 700 m in October/November
surements are illustrated in Fig. 6, and statistical parame2009 (14 %), fOH%Wed by two other maxima at 12000m
ters are reported in Table 1. The highest variability in termsn November (11%), and at 4300m in December (9 %).
of OC content is observed at 700 and 4300 m, where thdVo peak is observed in October/November 2009 at 2000 m
CV % are 75 and 100 %, respectively, and the lowest vari-a”d 3200 m. From the shallower to the deeper trap, the
ability at 3200m (CV %= 39). At 700m, high OC contents 'ange of OC fluxes were 0.07 (December 2009)-13 (Febru-

are observed from November 2006 to February 2007, wher&y/March 2010), 0.16 (February 2007)-12.29 (May 2009),
the total mass flux is generally low and the highest peak0-09 (September 2008)-11.35 (May 2009), 0.03 (January

Biogeosciences, 10, 723%254 2013 www.biogeosciences.net/10/7235/2013/
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Fig. 5. Mean total mass fluxesHl std. dev.) of the entire four-year

2010)-7.73 (May 2009), and 0.01 (December 2009)-0.66 2t et where years were used as replicates.

(May 2009) mgm2d—1. It is noteworthy that (1) OC con-
tent peaks only casually coincide with OC flux peaks; and gjnijarly to OC, the small variations in carbonate con-

(2) the mean OC fluxes decrease from 700 m to 3200 m, angp; follow the total mass flux pattern. Carbonate fluxes vary
increase from 3200 m to 4300 m. between 0.34 (December 2009) and 126.56 (March 2010)
at 700m, 0.33 (November 2009) and 93.94 (May 2009) at
1200 m, 0.07 (September 2008) and 82.25 (April 2009) at

The time series of carbonate contents and fluxes of all mea2000m, 0.27 and 59.74 (May 2009) at 3200 m, and 0.79 (Oc-

1
surements are illustrated in Fig. 7, and statistical parameter®Per 2006) and 78.61 mghd—* (May 2009) at 4300 m.

are reported in Table 1. Time series of carbonate contents did¥iéan carbonate fluxes decrease from 700m to 3200 m and
play less variability compared to the higher variation of OC Increase from 3200 m to 4300 m following the trend observed
contents: this is confirmed by lower coefficients of variation fOr the total mass flux and the OC flux.

(Table 1). Mean carbonate contents did not show any trend of

increase or decrease with depth. The lower mean carbonate

content (26.5 %) is recorded at 3200 m.

4.4 Carbonates

www.biogeosciences.net/10/7235/2013/ Biogeosciences, 10, 72582013
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Table 1. Descriptive statistics of total mass and main constituent fluxes (odtay~1), and contribution (%) of main constituents to total
mass for the different traps. Mean corresponds to time-weighted mean fluxes and flux-weighted percentages.

Total Organic
Trap mass Carbon Carbonate Opal Lithogenic
(m) flux % flux % flux % flux % flux
700 Min 0.62 2.08 0.08 15.93 0.34 345 0.25 3257 1.52
Max 484.37 15.79 1297 46.96 126.56 16.98 50.16 64.00 282.14
Mean 65.58  3.89 255 2829 2266 10.15 7.18 51.70 33.82

Std. Dev. 92.44 2.92 2.80 6.51 25.32 2.913 9.615 7.76 59.26
C.V.(%) 140.96 75.23 11155 23.03 111.74 28.70 13391 1443 17522

1200 Min 1.93 2.21 0.16 16.46 0.33 3.61 0.11 36.43 1.13
Max 296.70 10.83 12.29 46.96 93.94 22.90 67.93 69.71 160.94
Mean 58.07 3.45 2.00 29.64 20.96 12.06 7.46 51.45 38.09

Std. Dev 72.05 2.25 2.33 5.70 22.14 3.69 11.39 7.81 39.62
CV. (%) 124.07 65.15 116.50 19.13 105.63 30.61 152.68 15.18 104.02

2000 Min 2.88 1.74 0.09 20.08 0.07 6.25 0.38 40.91 1.45
Max 331.95 10.27 11.35 38.99 82.25 24.12 71.28 67.10 159.04
Mean 53.74 3.05 1.64 28.49 1761 12.20 6.56 53.21 32.89

Std. Dev 63.29 1.52 1.89 4.29 16.11 3.23 11.09 5.93 35.17
CV. (%) 117.77 49.78 11524 15.06 9148 26.48 169.06 11.14 106.93

3200 Min 0.46 1.88 0.03 12.99 0.27 4.43 0.31 40.28 1.021
Max 222.53 7.87 773 37.21 59.74 2931 50.11 70.32 97.22
Mean 34.25 3.20 110 26.41 8.82 12.98 5.05 52.00 18.65

Std. Dev 38.90 1.26 130 4.86 11.28 4.27 8.10 6.30 21.44
CV.(%) 11358 39.46 118.18 18.39 127.89 3290 160.40 12.12 11250

4300 Min 0.12 0.06 0.01 11.56 0.79 6.06 0.160 42.20 2.08
Max 303.36 16.86 9.66 54.93 78.61 15.93 4790 73.96 166.13
Mean 52.27 2.85 149 28.56 18.98 10.70 6.08 55.10 38.43

Std. Dev 63.09 2.85 1.77 6.40 19.05 2.26 8.33 6.21 38.02
CV. (%) 120.71 99.97 118.79 2239 100.37 21.12 137.01 11.27 98.93

45 Opal 3200m (12-13 %), and slightly lower at 700 and 4300m
(10.2 and 10.7 %, respectively).

The opal fluxes vary between 0.3 (November 2006) and 50
(March 2010), 0.1 (December 2006) and 68 (May 2009), 0.4

The time series of the opal contents and fluxes of all mea
IME Series P S Lxes (September 2008) and 71 (May 2009), 0.4 (February 2008)

surements are illustrated in Fig. 8, and statistical parameter =)
are reported in Table 1. The variations of opal content areand 50 (May 2009), 0.2 (March 2007) and 48 mgfd

more pronounced than the variation of carbonate, but Ies.&.‘]une 2009), for 700, 1200, 2000, 3200, and 4300m‘.r65pec'
than those of OC contents. Despite the fluctuation in opalt'yely' Inversely to OC'quxes, opal fluxes do not exhibit con-
content between samples, at 700 m the opal contents Sho\wderable decrease with depth.

a gradual increase from November 2006 to October 20084
and afterwards a gradual decrease until August 2008 (Fig. 8)."
The opal contents increase again throughout May—July 2009rhe time series of the lithogenic contents and fluxes of all
where the highest values are recorded (15.5-17 %). A simimeasurements are illustrated in Fig. 9, while statistical pa-
lar feature is observed at 1200m, but here the major peakameters are reported in Table 1. Lithogenic constituents rep-
of May 2009 is more pronounced (23 %). This trend is lesSyesent the major proportion of the total mass flux, with con-
evident at 2000m, and the spring (May—-June) maximum isients varying between 33 and 70%. Mean contents of the
slightly higher (21.5-24%). At 3200 m, four main peaks are |ithogenic fraction remain almost constant at each collecting
recorded: (1) September 2006 (16.5%); (2) January 2008jepth, with a slight trend to increase towards the deeper traps.
(19%); (3) May 2009 (22 %); and (4) February 2010 (29 %). 1t is noteworthy that the CVs % of the lithogenic component

At 4300m, the opal content displays the lowest variabil- 5re the lowest among the CVs of all other major constituents.
ity. Mean opal contents are very similar at 1200, 2000 and

6 Lithogenic fraction
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Fig. 6. Time-series plots of organic carbon content (%) and fluxes
(mgm~2d~1) of downward settling particles collected by sediment
traps during the course of the long-term experiment in NESTOR

site.
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Fig. 7. Time-series plots of carbonate content (%) and fluxes
(mgm~2d—1) of downward settling particles collected by sediment
traps during the course of the long-term experiment in NESTOR
site.

Mean lithogenic fluxes are from top to bottom: 34, 38, 5 Discussion

33, 19, and 38 mg P d—L. The lithogenic flux patterns fol-

low largely the total mass flux patterns, resulting from the 5.1  Vertical fluxes in the deep layers of NESTOR site

low CVs of lithogenic percentages and the high variations

of total mass fluxes. Lithogenic fluxes vary from 2 (October The vertical distribution of mean total mass fluxes during
2007) to 282 (March 2010), 1 (October 2007) to 160 (Au- the entire four-year experiment shows a general decrease
gust 2008), 2 (February 2008) to 159 (May 2009), 1 (Januaryyith depth, from 700 m downward to 3200 m, whereas at the
2008) to 97 (May 2009), and 2 (February 2008) to 166 (June4300 m relatively increased fluxes are observed (Fig. 4; Ta-
2009) mgn2d~* for 700, 1200, 2000, 3200, and 4300m, ple 1). Karageorgis et al. (2008) studied the seasonal particle

respectively.

www.biogeosciences.net/10/7235/2013/

dynamics in the NESTOR area by means of transmissometry
and showed that the broader NESTOR area is characterized
by very low beam attenuation (beas) values, decreas-
ing over depth. Only extremely faint intermediate and ben-
thic nepheloid layers (INL and BNL, respectively) detach-
ing from the shelf break and slope moving horizontally along
isopycnals were recorded, thus feeding the seabed with very
small amounts of particulate matter. In both cases, INLs and

Biogeosciences, 10, 72382013
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F|g 8. Time-series plots of Opal content (%) and fluxes Flg 9. Time-series pIOtS of Iithogenic fraction content (%) and
(mgm~2d~1) of downward settling particles collected by sediment fluxes (mg n2 dfl)_ of downward settling particles collected by
traps during the course of the long-term experiment in NESTORSediment traps during the course of the long-term experiment in
site. NESTOR site.

BNLs were extremely faint and corresponded to very smallthe central part of the Algero—Balearic Basin, Zufiga et

differences in beam attenuation (Karageorgis, 2007). Theal. (2007) measured in four sediment traps (250, 845, 1440,

variability of mass fluxes between the 3200 and 4300 m trapsind 1820 m) mean total mass fluxet00 mgnr2d-1. In

may be attributed to the presence of water masses with differthe eastern Alboran Sea, Sanchez-Vidal et al. (2004) es-

ent turbidity. Indeed, CDW which occupies waters betweentimated at several depths (510-2230 m) mean total mass

1600 and 3300 m is a very transparent, almost particle-fredluxes substantially higher, in the range of20 to

water mass (Karageorgis et al., 2008). The unique characte2400 mg m2d1. In the DYFAMED site situated in the Lig-

of CDW, in combination with the lowest measured mean flow urian Sea, Miquel et al. (2011) reported mean total mass

speed (1.5 cmgh) appearing at the same depth may explain flux from minimum values~3mgnT2d-1 to a maximum

the relatively lower mass fluxes recorded at the 3200 m trapof 1228 mgm2d—1 at 200m, and 2 to 893 mgmd-1 at

In contrast, relatively higher mass fluxes (represented mainlyi000 m. Boldrin et al. (2002) reported mean fluxes of 106

by the lithogenic fraction) observed at the deeper trap mayand 196 mgm2d—1 at 150 and 1050 m, respectively, in the

be attributed to the presence of EMDW, well-known for its southern Adriatic Sea and 36 and 17 mg#d—! at 150 and

higher turbidity (e.g., De Lazzari et al., 1999; Kontoyiannis 2250 m, respectively, in the northern lonian Sea.

and Lykousis, 2011). In the eastern Mediterranean, Stavrakakis et al. (2000)
Measured mean total mass fluxes are comparable to thosaeasured mean total mass fluxes in the Cretan Sea of 187 and

reported for other sectors of the Mediterranean Sea. Ir650mgnT2d-—1 at 200 and 1515m, respectively, whereas

Biogeosciences, 10, 723%254 2013 www.biogeosciences.net/10/7235/2013/
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Kerhervé et al. (1999), measured in the Antikythira Strait 96 All biogenic fluxes (OC, carbonate, opal; Figs. 6-8)
and 299 mgm2d—1 at 880 and 1345 m depth, respectively. exhibited a second, more pronounced maximum in late
Amongst available data given above, the mean mass fluspring/early summer, indicating the existence of a trigger-
of 52mgm2d-1 recorded at the deepest trap in our study ing process that enhances the export of all biogenic con-
site lies within the lowest values observed in the Mediter- stituents. The blooming period which mainly occurs in late
ranean and should be associated with low sedimentation rateginter/early spring could be ascribed to the upwelling of
at the seabed. Assuming that all particles collected by theautrient-rich waters and/or to direct nutrient input from the
trap reach the seabed, the sedimentation rate is estimated atmosphere (D’'Ortenzio and Ribera d'Alcala, 2009; Guer-
1-1.45cmkyr?. This value is in good agreement with sed- zoni et al., 1999; Markaki et al., 2010). Furthermore, time se-
imentation rates reported earlier for the area, in the orderies of salinity obtained from the neighboring observational
of 0.7-1.8 cm kyr! (Trimonis and Rudenko, 1992) or 0.86— Poseidon buoy shows the upwelling of the high salinity LIW
1.89cmkyr! (Polimeris et al., 2009). Additionally, sedi- and/or Cretan Intermediate Water-a850 m in May 2008,
ment cores collected close to the location of NESTOR site re2009 and 2010 (Fig. 10). The upwelling process may be
veal sedimentation rates of 1.6—1.7 cmid(Km3NeT Col-  related to the observed seasonal variability of the intensity
laboration, 2007), which is also in good agreement with thoseand position of the Pelops anticyclonic gyre (Larnicol et al.,
estimated from sediment trap measurements in our study. 2002). The latter authors, using satellite altimetry, demon-
A general behavior observed for the total mass flux, asstrate that the Pelops gyre was repeatedly observed to weaken
well as all measured constituent fluxes, is the appearance air disappear in late spring and early to mid-summer and reap-
maxima and minima almost simultaneously at the five trapspear in fall. The weakening or even the absence of the Pelops
though at varying intensities (Figs. 4-9). Such a pattern outgyre at the study site could permit the upward movement of
lines the predominance of vertical transport over lateral in-the intermediate masses favoring the observed upwelling.
puts of particulate matter in the area, notwithstanding the During late spring/early summer, the lithogenic fluxes
fact that water masses move much faster laterally than meawere also considerably high (65 and 85 mgéd—1, in 2008
particle sinking rates (thousands of midvs. 10-100 md?; and 2009, respectively, at the 700 m trap), thus indicating en-

Buesseler et al., 2007). hanced lithogenic inputs (Fig. 9). The aeolian transport and
o episodic dust events is the prevailing process transferring
5.2 Seasonal variability lithogenic material in the lonian Sea (Gkikas et al., 2013,

S o Guerzoni et al., 1999, Kalivitis et al., 2011), an area char-
The temporal distribution of total mass flux exhibited strong 4qterized by the absence of important riverine inputs. The

sgasonal patterns, with higher fluxes recorded mainly in late,q optical depth (AOD) is a measure of radiation ex-
winter/early spring followed by a second and more pro-(inetion due to aerosol scattering and absorption (Giovanni
nounced flux maximum period in late spring/summer, andqnjine manual) and may be used as a satellite-derived proxy

significantly lower fluxes in autumn/winter (Fig. 4). This os- ¢, potential dust events. An increase of AOD over NESTOR
cillation in total mass flux was observed throughout the four- ;..o \vhich is concomitant to the increase of lithogenic con-

year experiment, although a marked interannual variability ingant and flux during e.g. April 2000 and April 2009, supports

export intensities is_ qbsgrved. . ) . the notion of enhanced lithogenic inputs from the atmosphere
Primary productivity in the lonian Sea, as in most olig- (Fig. 11).

otrophic sites of the subtropical Mediterranean Sea, displays
high seasonal variability with maximum rates observed dur-

ing the winter/spring convective mixing period (Bosc et al., gyream, originally located over Europe, and the subtropical
2004; D'Ortenzio and Ribera d’Alcala, 2009). In our time ot stream, which is typically located over northern Africa.
series, this feature was observed to coincide with relative iNThe combined effects of these westerly jets in winter and

creases in prganic caybon and opal'conte'nts and fluxes at 3§lpring support the propagation of extratropical cyclones to-
depths during late winter/early spring (Figs. 6 and 8) that,y,rqs east and southeast, resulting in dust plume intrusion in

could be attributed to the development of siliceous bloomsyo Mediterranean (Ozsoy et al., 2001). Moulin et al. (1998)

in the euphotic zone. After that, nanophytoplankton speciegyqy a clear seasonal signal of the African dust transport,
(e.g. coccolithophorids) probably gained more importance,hich hegins in spring over the eastern Mediterranean Basin,
as primary producers, as it is witnessed by the increase i, ayimizes in summer over the central and western basins
the carbonate contents during the less productive periods.y qramatically decreases during autumn and winter. Dust
(Fig. 7). In respect to this finding, Ignatiades et al. (2009) yenqsition plays an important role in fueling the surface wa-

showed that coccolithophores are the main planktonic calCiygrs of the eastern Mediterranean Sea with nutrients, thus

figrs in_the ea}stern Mediterranegn and a major contriputor t‘having important implications on pelagic productivity and
biogenic particle export production on a seasonal basis (Mafunctioning of the food web (Guerzoni et al., 1999: Herut et

linverno et al., 2009; Triantaphyllou et al., 2004). al., 2002; Kouvarakis et al., 2001; Krom et al., 1991, 2002;

During winter and spring the Mediterranean region is
affected by two upper air jet streams: the polar front jet

www.biogeosciences.net/10/7235/2013/ Biogeosciences, 10, 72582013
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Fig. 11.Time-series plot of lithogenic content and flux, and aerosol

Fig. 18(.)Time-depth(;:ocri1t8urElofjof thg sal:;ity evokllution 'in 't:he ulp- optical depth at 550 nm. Analyses of aerosol optical depth used in
per 500 m as recorded by the Poseidon Buoy (shown in Fig. 1) aEhis plot were produced with the Giovanni online data system, de-

NESTOR site. veloped and maintained by the NASA GES DISC.

Loye-Pilot et al., 1990; Markaki et al., 2003; Ridame and monthly total mass fluxes at all depths. We use as prox-
Guieu, 2002; Thingstad and Rassoulzadegan, 1995). ies for dust inputs, primary production, and upwelling, the
It should be noted, however, that dust input does not al-AOD time series, the satellite-derived total ehland salin-
ways cause analogous changes in the content and flux afy time series at 50 m depth, respectively. A Varimax rotated
the lithogenic fraction (Fig. 11). This is probably due to the matrix (Table 3) shows that a simple model of 2 factors ex-
different atmospheric conditions prevailing during the dustplains 83.7 % of the total data variability. Factor 1 accounts
loading events in the atmosphere, i.e., wind speed, precipitafor 55.9 % of the total variance and contains positive load-
tion. Indeed, strong wind events force deeper convection irfings for all mMTMF and AOD, whereas chi-is negatively
a cyclonic structure such as the one reported for the northtoaded (Table 3). Factor 1 portrays the lithogenic constituent
ern lonian Sea since 1998 (Manca et al., 2003) and producef the total mass flux, which is positively related to atmo-
a larger vertical transport of nutrients in the photic layer, spheric inputs/dust events. Relatively low loading for mTMF
allowing an enhanced plankton growth. The above descripat 700 m denotes that other processes contribute to the total
tion is also confirmed by Boldrin et al. (2002) and Patara etmass flux at the shallowest observation depth. Factor 2 ac-
al. (2009), who present data of sediment trap experimentgounts for 27.8 % of the total variance and relates salinity,
conducted in the lonian Sea. mTMF at 700 m, chkr, and AOD. We suggest that F2 rep-
The small peak of total mass flux at the 700 m trap in Au- resents the biogenic components of the total mass flux, con-
gust 2007 is associated with high atmospheric ash falloutrolled mainly by the upwelling of high-salinity and nutrient-
originating in massive forest fires, which affected the westernrich deep waters, which enhance primary productivity at up-
and southern Peloponnese (Theodosi et al., 2013). In addper water layers. Relatively low loading of cfalmay be at-
tion, Stavrakakis and Lykousis (2011) identified ample char-tributed to poor performance of regional algorithms used to
coal ash by scanning electron microscopy. Considering thatompute chlorophyll concentrations from remote sensing re-
many fires may be related to human activities, it should beflectance. In the oligotrophic waters of the eastern Mediter-
noted that sediment traps can also record anthropogenic imranean, the presence of absorbing aerosols (desert dust) re-
pacts. sults in inaccurate atmospheric corrections (Bosc et al., 2004
Distinct peaks of total mass flux observed at the 700 mand references therein), whereas CDOM variability alters the
trap are often observed at deeper traps, but with a considegptical properties of surface waters. Interestingly, AOD is
able time offset (Fig. 4). During April 2009, a major peak positively loaded in the “biogenic” factor, suggesting that at-
in total mass flux was recorded at the 700 m trap, which wasnospheric aerosols, apart from lithogenic components, may
also observed at all depths with a delay~015 days between  also transfer nutrients to the sea, thus enhancing primary pro-
traps. Finally, the peak was recorded at the 4300 m trap irductivity (Guerzoni et al., 1999; Markaki et al., 2010). Over-
June (Fig. 4). Assuming a total transport time of 45 days, theall, PCA findings confirm visual observations and provide

particle settling velocity would be 60-80mH This value  insight into studying relationships between various parame-
is lower than previous estimates of 200 midof Patara et ters.

al. (2009), who deployed sediment traps at 500 and 2800 m
between 1999 and 2001, SW of the NESTOR site. 5.3 Interannual variability

We have shown that the seasonal variability of mass fluxes
is influenced by aeolian inputs, primary productivity and up- A considerable interannual variability in vertical distribu-
welling. PCA was performed in order to identify possible tions is observed in the total mass flux maxima at various
interrelationships between those control factors and meanlepths, despite some similarities in the seasonal patterns
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(Fig. 4). The main feature of the mass flux variability (Ta- and the organic carbon fluxes are closely correlated in the
ble 2 and Fig. 4) was the gradual increase of winter massnesopelagic and bathypelagic zones of the ocean, leading to
flux almost at all depths, followed by an evident analogousa hypothesis that organic carbon export is determined by the
increase (with some exceptions) in spring and summer masgresence of ballast minerals within settling aggregates (Arm-
flux. Such an interannual change in flux patterns could bestrong et al., 2002; Francois et al., 2002). Additionally, pre-
explained by the reinforcement of processes which produceious studies (De La Rocha et al., 2008; Klaas and Archer;
and/or transfer particulate matter in the area. 2002; Passow, 2004) proposed the “glue hypothesis”, accord-
A plausible reason for the increase of fluxes from 2006ing to which the incorporation of inorganic minerals to OC-
to 2010 could be related to the general circulation patterngich material (e.g., marine snow) might increase their sinking
at the study site, which exhibit strong interannual variability. rates. Several previous studies (Engel et al., 2004; Gogou et
During mid-late 1990s the large-scale anticyclonic circula-al., 2010; Passow et al., 2001; Verdugo et al., 2004), have
tion observed during the 1980s and early 1990s was confinedhown that organic-rich “gels” are abundant and important
to the southern part and replaced by a cyclonic circulation incomponents of aggregates throughout the water column of
the northern lonian (Borzelli et al., 2009; 8aet al., 2011; the ocean.
Larnicol et al., 2002). In the years following 2006, the salin-  In our experiment, potential relationships between OC and
ity and nutrient changes in the south Adriatic suggest thatallast minerals fluxes are examined in Fig. 12a, b and c. Bal-
the lonian circulation was changed back into anticycloniclast mineral fluxes all exhibit very good correlations with OC
(Civitarese et al., 2010). This latter circulation regime causedluxes (®2 = 0.86 for all correlations of OC vs. ballast min-
the upwelling of the nutricline in the periphery of the anti- erals). The oligotrophic character of the study site, with low
cyclonic gyre and the weakening or even the absence of th@©C contents for particles reaching higher depths, pinpoints to
Pelops gyre. The NESTOR site is obviously found at the edgea mechanism where organic matter is related through “glue”
of this anticyclone as revealed from the recurrent shoalingor “ballasting” processes to different types of available inor-
of the isohalines recorded in the nearby observational buoyanic matrices (e.g., carbonate, opal and lithogenics) during
of the Poseidon system (Fig. 10). Furthermore, the remarkearbonate- or silicious-species blooming and during episodic
able enhancement of the fluxes from 2008 onwards seemdust input events. Furthermore, the OC % content increases
to be directly dependent on the intensity of the intrusion intowards periods characterized by lower particulate export
the upper layer of high salinity intermediate waters of Levan-rates, with a power function giving the best fit for organic
tine/Cretan origin. The upward movement of these interme-carbon versus mass flux (Fig. 12d). Given that much of the
diate waters could favor upwelling of nutrients and enrich- mass flux is not represented by OC, but is due to ballast min-
ment of the upper layer, thus triggering surface productivity erals, these results suggest that the OC/ ballast ratio is higher
and the enhancement of downward particle fluxes. In respedr more slowly settling material, as has been reported before
to this hypothesis, the increased contribution of all biogenicby other authors (Heussner et al., 2006; Lee et al., 2009).
(OC, carbonate, opal) constituents in late spring/summer offhis can also be seen in more temporal detail in measure-
2008 and 2009, suggests an effective nutrient fueling of thements of OC, carbonate, opal and lithogenic fluxes, showing
upper layer created by the dynamic conditions prevailinghigher relative contributions of organic matter and reduced
in the vicinity of NESTOR site. The large-scale processescontributions of mineral ballast in the upper trap during low
and changes affecting the lonian Sea is considered to playnass flux periods, while the opposite trend is apparent for
a crucial role in the production of phytoplanktonic biomass high flux periods (Figs. 6-9).
(D’Ortenzio et al., 2003) and may control the biogeochemi- In order to describe the change in OC flux with depth, sed-

cal functioning of the lonian Sea. iment trap measurements and empirical relationships have
been used before (e.g., Buesseler and Boyd, 2009 and ref-
5.4 Organic carbon export erences therein; Francois et al., 2002; Honda et al., 1997,

Martin et al., 1987; Suess, 1980). The most commonly used
Depth profiles of sinking particle fluxes in the ocean areis the Martin curve (Martin et al., 1987), expressed as
characterized by rapid attenuation of OC fluxes in the
mesopelagic zone, between the base of the euphotic zonE, = Figo(z/100 7,
(~100-200 m) and roughly 1000 m, below whiefiL0 % of
the export flux is detectable (Buesseler, 1998). ExplanationsvhereF; is the OC flux at depth (m), Fipois the OC flux at
commonly offered for this behavior include the existence of 100 m, andb is a unitless parameter determining the degree
different reactivity classes of organic matter that attenuateof flux attenuation with depthKigo=50.4mgCnr2d1,
sequentially with depth, a more extensive heterotrophic pro-andb = 0.858 in the original equation). The exponeénts
cessing of organic matter in the biologically active upper wa-not a constant factor (Francois et al., 2002; Lutz et al., 2002)
ter column, and the “ballast” hypothesis (Lee et al., 2009 andand it is controlled by several biological and physical pro-
references therein). According to the latter, the fluxes of bal-cesses, i.e., zooplankton swimming and excretion at depth
last minerals (calcium carbonate, opal, and lithogenic matter]Bishop et al., 1986; Bishop, 1989), variability of the mixed
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Table 2. A summary of seasonally compiled fluxes of total mass (Mg 1) for the period 2006—2010. The definitions of the seasons are
as follows: Winter: January—March; Spring: April-June; Summer: July—September; and Autumn: October—December.

700m 1200m 2000m 3200m 4300m

Winter
2006 Spring 48.32
Summer 12.87 31.82 44.86 31.29

Autumn 9.31 7.57 19.49 34.90 5.34

Winter 11.98 5.95 9.12 26.76 2.35
2007 Spring 24.85 65.19 42.01 56.42 30.44

Summer  19.26 40.68 40.61 57.97 53.51

Autumn 40.45 11.33 19.74 18.66 33.96

Winter 38.22 12.18 8.12 5.81 9.16
Spring 129.99 73.28 12357 28.09 84.76
Summer 109.88 133.33 79.40 20.44 41.51
Autumn

2008

Winter

2009 Spring 130.33 191.20 199.45 124.87 217.65
Summer 29.81 59.27 46.77 11.15 122.75
Autumn 2.32 4.84 21.89 3.25 4.29

2010 Winter 201.31 97.59 50.24 8.15 11.02

Table 3.Factor loadings after Varimax rotation.

Variable F1 F2 -
(55.9%) (27.8%) :

mTMF 700 m 0580  0.690 s
o

mTMF 1200 m 0.852 0.399
mTMF 2000 m 0.897 0.303
MTMF 3200 m 0.924 0.218

b

mTMF 4300 m 0.931 0.170 . 0 100 200 300 0 40 80 120 160
AOD 0550 0499 ® Lithogenic flux (mg m2d-") 2 Carbonates flux (mg m2 d)
chla —0.746 0.538 1 Re=0857 R?=0.325

salinity 0.172 0.935 to 6

OC (mg m2d)

layer depth (Fischer et al., 1996), and plankton community
structure (Boyd and Newton, 1995). . . s S
In order to estimate carbon export ratios in the oligotrophic ‘ ‘ R
lonian Sea, we used primary production values from the lit- - Y.~ S O e ma i ey %
erature, organic carbon fluxes obtained by the four NESTOR _ ) _
sediment traps (the 4300 m trap was excluded, to avoid eveRid- 12. Organic carbon flux vs(.g) lithogenic flux; (b) carbonate
minor influence of BNL at that depth) and theratio de- ;:Ei (c) opal flux; and(d) organic carbon content vs. total mass
fined as the proportion of primary production exported from =
the euphotic zone (Eppley and Peterson, 1979).
Primary production values are derived either from satel-
lite imagery (Antoine and Morel, 1995; Bosc et al., 2004; nian, Bosc et al. (2004) reported values between 318 and
Bricaud et al., 2002; Colella et al., 2004) or from direct 356 mg C nt2d~1. Colella et al. (2004) using satellite data
measurements (Bianchi et al., 1999; Moutin and Raim-estimated a mean primary production of 241 mg i1
bault, 2002). For the Eastern Mediterranean Basin, Bricaudor the lonian Sea, which is slightly lower than the
et al. (2002) reported primary production rates between285mgCm?2d-! given by Antoine and Morel (1995) for
375 and 501 mgCm? d-1, whereas for the North lo- the entire lonian Basin. Recently, Taillandier et al. (2012),
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Table 4. Comparison of organic carbon fluxes (in mg C#d~1) measured by sediment traps and in brackets the corresponding export
ratios (%) at various depths with the organic carbon fluxes and export ratios obtained by empirical equations.

Depth  Organic MartiR Betzef Suesd Pacé
(m) carbon flug

241PP
100 36.15 (15FR)  49.14 (20.39FR) 92.98 (38.58FR)  28.90 (11.99FR)
700 258(L.07) 2.58(1.87)  14.48(6.01) 14.28 (5.93) 6.93 (2.87)
1200  2.18(0.90) 1.45(1.05)  10.32 (4.28) 8.38 (3.48) 4.66 (1.94)
2000  1.74(0.72) 0.84(0.35)  7.49(3.11) 5.04 (2.09) 3.21 (1.33)
3200  1.12(046) 051(0.21) 557 (2.31) 3.16 (1.31) 2.27 (0.94)
4300  1.63(0.68) 0.37(0.15)  4.63(1.92) 2.35 (0.98) 1.83(0.76)
45008 035(0.15)  4.50 (1.87) 2.25 (0.93) 1.77 (0.73)

PP: Primary production (Colella et al., 2004)

FR: f ratio (organic carbon flux/primary production % at 100 m)
& Measured by sediment traps

b: Estimated by modified Martin’s equatioh= 1.07 (see text)

C: F, = 0.388x ;0628 pp141 (Betzer et al., 1984)

d: F, = PP x (0.0238x 7 +0.212 1 (Suess, 1980)

€ F, = PP x 3523x ;70734 (Pace et al., 1987)

9: Bottom

reported 323mg C rd~1 (SeaWiFS for the period 1998— several hundred meters of the water column in the eastern
2001) total primary production for the eastern Mediterraneanbasin (Buesseler and Boyd, 2009).
Sea. Estimates of primary production measuredyin the In Table 4, we compared export ratios at the collecting
north lonian were 169 mgCntd-1 (Bianchi et al., 1999), depths and at 100 m with the estimations obtained using the
and between 255 and 325mg Cfd—! during May-June empirical models of Betzer et al. (1984), Suess (1980), and
1996 (Moutin and Raimbault, 2002). For the calculations, thePace et al. (1987). The organic carbon fluxes, and thus the
daily annual mean of 241 mg CtAd—1(Colellaetal., 2004) export ratios, were always underestimated, with the higher
is used because (1) this value refers to the lonian Basin ratheteviation to be observed at 100 m depth, decreasing towards
than the entire eastern Mediterranean; and (2) primary prodeeper waters. The export ratios estimated from the sedi-
duction estimates based on direct measurements in the lanent trap data are also low compared to those reported for
nian Sea are intermittent. Using the primary production ofother oceanic areas (Honda, 2003). The worldwide estima-
241 mgCn2d-1 for the lonian Sea (Colella et al., 2004) tion of the fraction of OC transported to the global ocean at
and thef ratio of 0.15 given by Laws et al. (2000) for olig- depths> 1500 m ranges from 0.10 to 8.8 % (average 1.1 %)
otrophic areas, an organic carbon flux of 36 mg Cri ! of surface primary production, and from 0.28 to 30% (av-
at 100 m depth was calculated. The latter value and OC fluerage 5.7 %) of export from the base of the euphotic zone
data as calculated in our sediment trap experiment were use@.utz et al., 2002). Our values below the 1500 m depth are
to obtain the exponemt of Martin's equation, providing between 0.46 and 0.72 %, i.e., lower than the global average
b = 1.07. Francois et al. (2002) reportedalues ranging be-  of 1.1 %, whereas the available organic carbon to export be-
tween 2.01 and 0.59, from numerous sites distributed ocearlow the euphotic zone (8.6 % of photosynthetically produced
wide. Sanchez-Vidal et al. (2005) determined the exponenbrganic carbon) is higher than the global average of 5.5%
b for data of the Alboran Sea and gave a value of 0.753,(Lutz et al., 2002). Zdfiiga et al. (2007) give export ratios in
while Zufiga et al. (2007) for the Algero—Balearic Basin pro- the Algero—Balearic Basin (western Mediterranean) higher
vide ab Value of 0.918. Heussner at al. (2006) calculated a(2.42—-0.70 %), but comparable to our values. In the Alboran
higher value ¥ = 0.687) on the continental slope of the Gulf Sea (SW Mediterranean), Sanchez-Vidal et al. (2005) report
of Lions, related probably to the occurrence of resuspenmuch higher values (5.74-1.79 %). Moutin and Raimbault
sion processes from the continental shelf. Recently, Gogou €2002), using free drifting sediment traps in the lonian Sea,
al. (2013) reported the carbon export power functions in threeeported export ratios at 100 m between 2.8 and 3.4 % (May—
open sites of the southern European séagafues of 0.92, June 1996), while Lepore et al. (2009) reported an export ra-
1.07, and 0.36 for the western, eastern Mediterranean, antio of 6.1 % in the south Aegean (Cretan Sea), possibly dur-
the Black Sea, respectively). Exponénfor the open east- ing early spring bloom; those values are lower, but compa-
ern Mediterranean appears to be relatively higher comparedable to our estimates. Boldrin et al. (2002) provided for the
to those reported for the western Mediterranean, indicatinghorth lonian export ratios of 3.9% and 0.8 %, at 150 m and
probably greater organic carbon flux attenuation in the uppe2250 m depth, respectively, values relatively similar to our
values. The export ratio of 8% at 100 m (Table 4), reveals
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that ~92 % of the organic carbon produced by photosyn-Boldrin, A., Miserocchi, S., Rabitti, S., Turchetto, M. M., Balboni,
thetic processes has been respired back to inorganic carbon or V., and Socal, G.: Particulate matter in the southern Adriatic and
released as dissolved organic carbon in the first 100 m of the lonian Sea: Characterisation and downward fluxes, J. Mar. Syst.,
water column. Finally, only a small portion of primary pro- _ 33-34, 389-410, 2002. . -

duction (0.46 %) reach at 3200 m, corresponding to a meaf®orzell. G. L. E. G&i€, M. Cardin, V., and Civitarese,

-1 . G.: Eastern Mediterranean transient and reversal of the
annual carbon export of 1.12g Cthyr~ at this depth. lonian Sea circulation, Geophys. Res. Lett., 36, L15108,
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