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ABSTRACT

Size-abundance spectra (SAS) were analyzed in different phytoplankton assemblages of
the Alboran Sea collected in areas with contrasting hydrological features (upwelling areas
and anticyclonic gyre). Abundance of micro-plankton cells decreased following the
hydrological gradient from the most productive stations towards offshore stations. This
size-fraction of phytoplankton was dominated by diatoms. Pico-plankton followed an
opposite gradient. Concordantly, the slope of the SAS trended to decrease from coastal
areas (upwelling) towards the anticyclonic gyre. However, phytoplankton assemblages
featuring similar SAS values presented a quite different taxonomical composition of their
diatom communities. According to the previous available information about the
taxonomical composition of the phytoplankton communities in the Alboran Sea, these
differences in diatom composition are indicative of differences in productivity of the
phytoplankton. Consequently, the utility of phytoplankton SAS as an indicator of changes

in the phytoplankton communities of the Alboran Sea is discussed.
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INTRODUCTION

The size structure of the phytoplankton communities has been proposed by Legendre and
Le Févre (1991) as a tool to determine whether the energy in the pelagic trophic web flows
through a “microbial” or an ‘“herbivore” pathway. It is normally considered that the
phytoplankton community is constituted predominantly by small autotrophic organisms in
stratified and oligotrophic waters where the microbial food web the predominant pathway
to the energy flow (Azam et al., 1983). In contrast, in turbulent and richer areas, where the
large phytoplankton cells are comparatively more abundant, the herbivore pathway is
assumed to be predominant (Steele, 1974; Delgado, 1990). Numerous subsequent studies
demonstrate that this paradigm is an over-simplification of the factual situation normally
found in the ocean. Different studies indicate that changes in larger size fractions of
phytoplankton are responsible for most of the variability in total phytoplankton biomass
while the abundance of picophytoplankton is relatively constant (Raimbault et al., 1988;
Rodriguez et al., 1998 among others). Consequently, the microbial food web is in a
continuous functioning while the herbivorous food web is relevant when nutrients are
injected into upper layers of the water column (Thingstad and Sakshaug, 1990; Arin et al.,
2002). If large cells contribution is responsible of the enhancements in productivity,
changes in total primary production should always be associated with modifications in size
distribution and food-web structure.

The Alboran Sea is the westernmost basin in the Mediterranean Sea, being the first
basin for inflow of Atlantic water trough the Gibraltar Strait. The superficial inflow of
Atlantic water through the Strait of Gibraltar produces a system with two quasi-persistent
anticyclonic gyres (Parrilla and Kinder, 1985; Minas et al., 1991; Tintoré¢ et al., 1991),
which occupy the entire central part of the Alboran Sea. Besides, the Atlantic water jet

produces an intensive geostrophyc front in the north-western sector of the basin (Parrilla



and Kinder, 1987; Sarhan et al., 2000) that causes intermittent events of upwelling of deep
Mediterranean water enriched in inorganic nutrients off the Malaga coast (one of the most
productive areas in the western Mediterranean Sea), in contrast with the more oligotrophic
waters found at the centre of anticyclonic gyre. The remarkable hydrodynamism found in
the Alboran Sea offers a suitable scenario for the study of the effect of hydrological
variability on the size structure of the phytoplankton assemblages (Arin et al., 2002;
Ramirez et al., 2005; Mercado et al. 2005, 2006 and 2007; among others). In this study we
compared the phytoplankton composition and the size-abundance spectra of the
phytoplankton communities growing under contrasting hydrological conditions found in
different areas of the Alboran Sea, in order to evaluate the contribution of different
phytoplankton groups to the size structure of the communities and to assess the hypothesis

that changes in size-structure are mainly due to larger cells.

MATERIAL AND METHODS

The data analysed in this work were collected in the North Alboran Sea (35° 54° — 36° 33’
N and 4° 11° — 4° 54’ W) during a oceanographic survey performed in the framework of
Project Nitroalboran that was conducted between 9™ and 14™ of May 2008 on board R/V
Garcia del Cid. Ten stations distributed into two transects following a gradient from the
coast to the open sea were analysed (Fig. 1). At each sampling station, a SeaBird25 CTD
was deployed between 0 and 100 m to obtain vertical profiles of salinity, temperature and
fluorescence. Water samples were obtained at superficial and maximum subsurface
fluorescence (MSF) depths using 12 L Niskin bottles. The surface sampling depth was
established at 5 m for all stations, while the MSF depth was determined after examining
the fluorescence profiles.

Nutrients (NO3 and PO,4) and chlorophyll a concentrations were analysed as described in



Ramiréz et al. (2005). Abundance of picoplankton and nanoplankton was determined by a
Becton Dickinson FACScan flow cytometer (FC) from samples fixed with glutaraldehyde
(1% f.c.) and frozen in liquid nitrogen (Vaulot et al., 1989). The biovolumes of
Synechococcus, Prochlorococcus, nanocukaryotes and picoeukaryotes were calculated
using the values given in Ribes et al. (1999) for samples from the Northwestern
Mediterranean Sea.

Additional water samples were fixed in dark glass bottles with Lugol’s solution (2% f.c.)
for analysis of abundance and taxonomy of microplankton. In the laboratory, 100 mL of
the fixed sample were sedimented in a composite chamber for 48 h following the technique
developed by Utermohl (1958). Cells were counted at 200x and 400x with an inverted
microscope Leica DMIL connected to a Leica DFC video-camera as described in Mercado
et al. (2005). The taxonomic composition of the phytoplankton communities in each
sample was determined from the image analysis (IA) performed with Leica Application
Suite software. The species nomenclature was validated following Tomas (1997). Cell
biovolumes were calculated from cell-size and shape by using the most appropriate
geometric formulas (Table 1). In total, 1,040 cells of phytoplankton were measured. A
mean value of biovolume was calculated for each species or group listed in Table 1. For
some species (Pleurosigma spp., Disposals spp., Oxitoxum spp. and Dyctiocha spp.) only
one cell could be measured. For the genus Nitzschia and Ceratium a mean biovolumen was
calculated from the values obtained for the different species identified.

In order to elaborate the size-abundance spectra (SAS), the taxonomic groups analysed
(including those determined by cytometry and optical microscopy) were classified in
octave (log,) size classes. Abundance of each size class in logarithm scale was represented
versus the logjo of the corresponding octave size. Similarities among SAS and physical,

chemical and biological variables were analysed by principal component analysis in each



transect (PCA; Savenkoff et al. 1995, Packard et al. 2000). Two PCAs were performed. In
the first case, the variables were SAS and micro-, nano- and picoplankton groups. In the
second case, the variables were SAS and the hydrological variables (temperature, salinity,
nutrients concentration and total chl a). Before performing the PCA, variables were
transformed by subtracting the mean and dividing by the SD. The software STATISTICA

7.0 software (Stat. Soft., Inc.) was used for all the analysis.

RESULTS

Surface temperature in transect A increased from inshore towards offshore stations,
varying between 15.65 and 17.58 °C (Fig. 2A). Opposite to this, salinity exhibited lower
values at the offshore stations, ranging from 37.03 at station 1 to 36.60 at station 5, with
the minimum value being obtained at station 3 (36.38), which matches with a subminimum
of temperature. This horizontal distribution of temperature and salinity suggests the
presence of different water masses between coastal and open ocean stations and the
presence of a geostrophic front located at station 3. Hydrological features in transect B
were similar since the lowest temperature and highest salinity were obtained at station 1
(Fig. 2B). Besides, the horizontal distribution of hydrology suggests the presence of the
geostrophic front at station 2.

In transect A, NO; and PO4 concentrations showed similar variability patterns, increasing
from station 1 towards station 3, where they reached the higher values at surface (thereafter
SUP; 1.81 and 0.17 pumol-L™, respectively) and at MSF depth (3.59 and 0.25 pmol-L™,
respectively; Fig. 3). Nutrient concentration decreased from station 3 to 5, reaching
minimum values at station 5 (note that MSF depth increased towards open ocean).
However, the variation range of NOs concentration was higher than that of PO4. Moreover,

in the case of NOs, its concentration decreased below the detection limit at stations 4 and 5



at SUP depth, and at station 5 at MSF depth. The highest Chl a concentration was obtained
at station 1 (1.69 pgL"'). This maximum matched with low values of nutrient
concentration. The low values of Chl a at stations 4 and 5 coincided with the lowest values
of NOj3 concentration.

In transect B, NO; maximum concentration was obtained at station 1 (3.15 pmol-L™" at
SUP depth, and 3.38 pmol-L™" at MSF depth; Fig. 3B), with a submaximun at station 3.
Surface concentration at the other stations was below the detection limit. PO, decreased
from inshore towards offshore stations, varying between 0.19 and 0.05 pmol-L™" at surface
and between 0.17 and 0.11 pmol-L" at MSF depth. Chlorophyll a concentration presented
a peak in station 2 at both surface (2.23 pg-L™") and MSF depths (2.62 pg-L™"), coinciding
with low values of NOs. Much lower concentrations of Chl a were obtained at the offshore
stations (Fig. 3B).

Diatom abundance presented similar distributions in both transects and depths, with higher
values at station 2, and minimum values at station 4, except in the transect A at MSF
depth, where the minimum values were obtained at station 3 (Fig. 4). Flagellates
abundance presented a similar variation pattern, with the highest value being found at
station 2 in both transects (Fig. 4). In contrast, dinoflagellates abundance was
homogeneous along transects and depths, except in transect B at MSF depth where it
followed a pattern similar to diatoms and flagellates (Fig. 4).

The abundance of nano- and picoplankton was more variable than that of microplankton.
Prochlorococcus abundance in transect A, increased from station 1 to 3, where it reached
the maximum value (12.96:10° cellssmL™" at SUP depth, and 23.38:10° cellsmL" at MSF
depth), and then decreased towards offshore stations (Fig. 5). In transect B, the pattern was
similar at both depths, but with a lower range of variability (Fig. 5). Synechococcus in

transect A decreased from station 1 to 3 with values very similar at surface and MSF



depths. Its abundance peaked at station 4 SUP but decreased at station 5 SUP to match the
value at MSF depth. In transect B, Synechococcus abundance increased from station 1
towards station 5, with a lower variability than in transect A. Picoeukaryotes abundance
peaked at stations 2 and 3 at SUP depth of transect A. However, at MSF depth, the
variation pattern was different since a maximum value was obtained at station 1 (28.60-10°
cells'mL™"). Nanoeukaryotes abundance in transect A showed a distribution similar to that
obtained for diatoms and flagellates, with a maximum at station 2 (6.48-10° cellsmL™" at
SUP depth, and 6.48-10° cellssmL™") and lower values at the offshore stations. However, in
transect B, diatoms and flagellates decreased from inshore to offshore stations.

Diatoms was the dominant group of microplankton (>45%) in transect A, followed by
flagellates and dinoflagellates, except in the surface sample of station 4 and in the MSF
sample of station 5 where dinoflagellates was the dominant group (Table 2). Contrarily, in
transect B, diatoms dominance decreased from station 1 towards station 5, while the
percentage of flagellates increased until being the dominant group in the samples collected
at station 4 SUP and station 5 MSF (Table 2). Synechococcus was the dominant group
within the picoplankton in transect A, followed by picoeukaryotes, Prochlorococcus and
nanoeukaryotes. Only in the sample collected at station 4 MSF, Prochlorococcus was the
dominant group. In transect B, the relative abundance of Synechococcus increased from
inshore towards offshore stations (from 33.38% to 91.92% at SUP depth, and from 29.90%
to 79.02% at MSF depth). This group was dominant in all the samples except at station 1
where picoeukaryotes were dominant (Table 2).

Globally, SAS ranged from -0.70 to -0.88 in transect A and from -0.60 to -0.81 in transect
B. There was not a homogeneous variation pattern of SAS with depth. The differences
between surface and MSF depths were not statistically significant (Student t-test, p>0.05).

Irrespective of these differences, SAS tended to decrease following the gradient coast-



offshore in both transects. In transect A, SAS at SUP depth increased from station 1
towards stations 2 and 3. The most negative value of SAS was obtained at station 5 (-0.87).
At MSF depth, SAS and chl a showed a similar variability pattern, with a decreasing trend
from station 1 towards station 3 and minimum values obtained at station 5 (-0.89) (Fig. 6).
In transect B, the variability of SAS was similar at both depths and we found a significant
correlation between SAS and chl a (r* = 0.79; p < 0.05). On average, SAS was more
negative (-0.81 = 0.07) in transect A than in B (-0.68 + 0.09) indicating a higher
predominance of lower size phytoplankton (Table 3).

In order to identify which phytoplankton groups contributed to the variability of SAS, a
principal component analysis (PCA) was performed using the normalized abundance
matrix. The two main factors obtained from PCA are shown in Figure 7A. Diatoms,
flagellates and SAS contributed negatively to Factor 1 while Synechococcus did it
positively. The correlation between SAS and Factor 2 was very low indicating that the
variability in SAS was mainly due to variations in abundance of diatoms, flagellates and
Synechococcus. The scores of the surface and MSF samples for Factor 1 indicate that the
lowest SAS obtained in the coastal samples were due to a higher abundance of diatoms and
flagellates. An additional PCA was performed to study the relationship between SAS and
physical and biogeochemical variables. The two main factors obtained are shown in Figure
7B. Nutrient concentration, salinity, chl a and SAS contributed positively to Factor 1,
while temperature did it negatively. It is notably that very low nutrient concentrations were
related with the low concentration of chl a and major relevance of picophytoplankton.
Consequently, this factor could be considered representative of the hydrological gradient
existing from coast to open ocean. On the other hand, Factor 2 did not show differences

between transects or depths.



DISCUSSION

The Atlantic jet that penetrates through the Strait of Gibraltar feeds different permanent
hydrological structures that determine the spatial distribution of nutrients and chlorophyll a
in the Alboran basin (Cortés et al., 1985; Minas et al., 1991; Rodriguez et al., 1997).
Different upwelling zones are distributed along the coastline in association with the
geostrophic front produced by the Atlantic jet, where the deeper Mediterranecan water,
enriched in inorganic nutrients, reaches the surface layer (Minas et al., 1991; LaFuente et
al., 1998; Rodriguez et al., 1998; Sharhan et al. 2000). One of these upwelling areas is
located off the coast of Malaga, where the water column is normally characterised by the
presence of two layers. The upper layer corresponds to Atlantic water more or less
modified (AW) that features 36.5 salinity and very low nutrient concentrations. The deeper
layer is colder and saltier Mediterranean water (MW) with relatively high nutrient
concentrations. The thickness of the AW layer is quite variable depending on the velocity
and position of the Atlantic jet, the seasonal cycle period (normally, it is much reduced in
spring) and the wind regime (Ramirez et al., 2005; Mercado et al. 2005). Also, westerlies
blowing along the coast of Malaga favour the upwelling of the MW resulting in
enrichment of the surface layer. This wind regime is more frequent in spring, coinciding
with a lower thickness of the AW layer (Mercado et al., 2007). During the two-three days
before our samplings, westerlies were predominant in the study area (data not shown).
These winds would have favoured the upwelling, which explains the relatively high
surface salinity obtained in the coastal stations, as well the conspicuous gradient of
temperature and salinity located between stations 2 and 3 in both transects. At the offshore
stations of both transects, the values of surface salinity were similar to those expected for

unmodified AW, indicating that these stations were probably located within the western



anticyclonic gyre. This hydrological pattern could be considered characteristic of the
springtime.

Nutrient concentrations followed a variation pattern similar to salinity. Thus, the lower
concentrations of nitrate and phosphate were obtained at the surface of offshore stations (4
and 5). In contrast, the higher concentrations of nutrients were found in the stations located
on the geostrophic front. In fact, salinity, nitrate and phosphate concentrations were
strongly correlated. It is expected that chlorophyll a followed a pattern similar to nutrients.
Accordingly, very low chlorophyll a concentration was observed at the offshore stations.
However, high concentrations of chl a were associated with relatively low nitrate
concentrations in transect B (station 2); whereas the highest concentrations of nitrate in the
transect A were obtained in station 3, where the chl a concentrations were relatively low.
These results indicate that the phytoplanktonic communities sampled in each transect were
at different phases of the bloom induced by the upwelling. The upwelling brings water
enriched in nutrients to the surface layer, promoting the growth of the phytoplankton.
According to the early observation by Margalef (1978), the succession pattern following an
upwelling event is characterized by a rapid growth of diatoms well-adapted to high
turbulence and nutrient repletion conditions, situation that we found at station 3 of transect
A. In the next step of the succession, the phytoplanktonic community would reach an
abundance peak, after which the cells would sink out the euphotic zone and be replaced by
a community composed of larger diatoms, flagellates and dinoflagellates (Estrada and
Blasco, 1985; Fernandes and Brandini, 2004; Lassiter et al, 2006; among others). This was
the case of station 2 in transect B, where the low nitrate concentration matched the
maximum chl a concentration.

Irrespective of the hydrological differences, the chlorophyll a concentration variability was

associated with changes in abundance of diatoms (r* = 0.52; Student t-test p < 0.05), which
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were less abundant at offshore stations. The horizontal distribution of the phytoplankton
along the gradient coast-open ocean observed in our study could be considered concordant
with the paradigm of dominance of large cells in productive areas, in contrast to
oligotrophic open ocean areas where small cells dominante (Steele, 1974; Azam et al.,
1983). However, relatively high values of chl a were obtained at station 1 of transect A
where the diatom abundance was low. This high values of chl a may be due to a high
concentration of chl a per cell in diatoms or to a major contribution of picoeukaryotes and
nanoeukaryotes to the total chl a, which showed a distribution pattern similar to diatoms,
being this size fraction associated with the upwelling.

From a physiological point of view, small cells require lower nutrient concentrations in the
surrounding medium than larger cells to keep an equivalent influx per volume unit
(Armbrust and Chisholm, 1992). Thus, being the availability of nutrients higher at MSF
depth, the microplankton abundance would be higher. However, although the nutrient
concentration found in our survey was major at MSF than at surface, the microplankton
abundance was only higher at MSF at coastal stations (1 and 2), except diatoms in transect
B and flagellates in transect A, with similar values along the other stations. Therefore, at
coastal stations, like the relative abundance of microplankton was higher than nano- and
picoplakton, the SAS at MSF depth was less negative than at surface. Along the two
transects sampled, SAS decreased from inshore to offshore stations, following the
predicted behaviour: a decrease in chlorophyll concentration linked with the decrease in
diatoms abundance towards open ocean resulting in more negative values of SAS (Harris
et al., 1987; Chisholm, 1992). However, there were stations where SAS at MSF was more
negative than at surface. In transect A, SAS presented lower values than in transect B,
because diatoms abundance in transect A was lower than in transect B, while

Synechococcus abundance was higher in transect A. In transect A, SAS value at surface
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was similar at stations 1 and 5, where SAS is minimum. This was probably due to the low
diatoms and flagellates abundance in relation with the high abundance of picoeukaryotes
and nanoeukaryotes.

The differences in phytoplanktonic composition of inshore stations observed between
transects suggests that the diatom communities in each transect represented different
bloom phases (Fig. 8). Mercado et al. (in press) described four diatom communities at
coastal upwelling areas. Two of them, characteristic of the surface layer, are concordant
with the communities found in our survey. Despite the salinity being similar in both
transects, the community dominated by Chaetoceros sp., correspondent to the station 1 of
transect B, was associated with water masses colder than community the dominated by
Leptocylindrus sp., correspondent to the station 1 of transect A. These differences in
temperature could be attributed to differences in the residence time of the upwelled waters
in the surface layer. In other words, the community dominated by Chaetoceros sp. is
associated to colder waters representing the first phase of the bloom, when the nutrient
concentration in the recently upwelled waters is relatively high (in special nitrate). In
contrast, the community dominated by Leptocylindrus sp. would dominate when the
upwelling relaxes and the nutrients begin to decline, being the community dominated by
Chaetoceros replaced by the one dominated by Leptocylindrus. Along our transect A, the
predominant community associated was the type (2) with Leptocylindrus sp. as dominant
specie (Fig. 8). We found the same situation at offshore surface stations of transect B.
However, at inshore stations of transect B and at station 2 in transect A, Chaetoceros sp.,
characteristic of the first phase of the bloom, was the dominant species (Fig. 8).

It is notably that these differences in composition of microplankton, which are indicative
of different hydrological situations and probably result in physiological and functional

differences. However, in our study a clear relationship between SAS and species
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composition of diatoms was not obtained. For instance, phytoplankton assemblages
dominated by Leptocylindrus sp. featured different SAS values. Consequently, the utility
of SAS as an adequate indicator of physiological properties of the phytoplankton
assemblages should be revised. Irrespective of this, our data support the hypothesis that
communities with values of SAS less negatives are characteristics of waters rich in
nutrients, while oligotrophic waters where the relative importance of picoplankton is

higher are characterized by lower SAS values.
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FIGURE LEGENDS

Figure 1. Sampling area: NW Alboran Sea.

Figure 2. Temperature (°C) and salinity variations along transects A and B at surface depth
(5 m).

Figure 3. NO; (umol-L™"), PO4 (umol-L™") and Chl a (ug'L™") concentrations along transects
A and B at surface (open circles) and maximum subsurface fluorescence (MSF, filled
circles) depths. The numbers near the filled circles indicate the depth in meters of MSF at
each station.

Figure 4. Abundance distribution of diatoms, dinoflagellates and flagellates (cellsrmL™)
along transects A and B at surface (open circles) and MSF (filled circles) depths.

Figure 5. Abundance distribution of Prochlorococcus, Synechococcus, picoeukaryotes and
nanoeukaryotes (10° cells-mL™") along transects A and B at surface (open circles) and MSF
(filled circles) depths.

Figure 6. Size-abundance spectra (SAS) variations along transects A and B at surface
(open circles) and MSF (filled circles) depths.

Figure 7. Principal component analysis showing the relationship between SAS and the
phytoplankton groups abundance (A); and between SAS and physical and biogeochemical
variables (B).

Figure 8. Community diatoms composition at each station and depth along transects

A and B.
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Table 1. Geometric formulas applied to calculate cell biovolume from length measurements of the different species of phytoplankton identified and

mean species biovolume (+=SD) obtained. N: number of measured cells of each specie; V: cell biovolume; d: cell diameter; h and b: cell height; c:

cell width, which in diatoms is assumed to be equal to b, except in Pseudonitzschia where ¢ = (b -1); in dinoflagellates ¢ is assumed to be a 67% of

b, except in Ceratium spp. where ¢ = b, and Prorocemtrum spp. Where c is a 55% of'b.

Taxonomic

Group Species Formula Reference Biovolume (um3) N
Diatoms Asterionellopsis glacialis V= llzd“h - 40% Olenina et al., 2006 45.51+12.70 129
Bacteriastrum spp. V=%dah Vraducci et al. 2007 8507.01 + 9266.83 19
Cerataulina spp. V=% &£h Vraducci et al. 2007 18492.54 + 3345.49 14
Chaetoceros spp. V=% &£h Vraducci et al. 2007 3453.44 + 3345.49 86
Cylindrotheca spp. V= (% p h)+(% dfn hm) Vraducci et al. 2007 2629.53 +140.91 13
Eucampia spp. V= %a be Vraducci et al. 2007 20232.74 £ 10937.37 17
Fragilariopsis spp. V= %a be Vraducci et al. 2007 1363.46 + 1081.59 4
Guinardia spp. V=%dﬂh Vraducci et al. 2007 48455.61 £ 67172.55 6
Guinardia delicatula V=%dﬂh Vraducci et al. 2007 8155.61 £7692.27 27
Guinardia flacida V=%d2h Vraducci et al. 2007 127190.37 + 118386.9 6
Guinardia striata V=%dﬂh Vraducci et al. 2007 40146.37 +22088.59 7
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Leptocylindrus spp. V—— 4&h Vraducci et al. 2007 2401.72 £ 1298.75 70
Leptocylindrus mediterraneus V—— 4&h Vraducci et al. 2007 25511.43 £52671.56 29
Leptocylindrus minimus V——dzh Vraducci et al. 2007 758.08 + 498.51 65
Lioloma spp. V=%d2h Vraducci et al. 2007 2411.49 + 1468.81 3
Meuniera spp. V= %a be Sun and Liu, 2003 28766.99 + 16395.60 8
Navicula spp. V= %a be Vraducci et al. 2007 2361.67 £2958.13 11
Nitzschia spp. _ ?ab c Vraducci et al. 2007 642.82 + 428.00 22
Nitzschia longissima V——dzh Olenina et al., 2006 1000.88 +485.63 16
Pleurosigma spp. _ %ab c Vraducci et al. 2007 86306.78 1
Pseudonitzschia spp. _ %ab ¢ Vraducci et al. 2007 1309.56 + 1210.65 117
Rhizosolenia spp. V——dzh Vraducci et al. 2007 90752.54 +191083.00 19
Skeletonema spp. V——dzh Vraducci et al. 2007 1401.61 +£781.27 17
Thalassiosira spp. V—— 4&h Vraducci et al. 2007 13302.36 = 10281.84 24
Dinoflagellates  Ceratium spp. V=(F ach)(F dyzo){ 5 di 1) Vraducci et al. 2007 137635.72 + 135671.22 7
Ceratium fusus =%th Vraducci et al. 2007 45839.60 + 8764.36 3
Dinophysis spp. =%a ch Olenina et al., 2006 10830.15 £ 5932.64 2
Diplopsalis spp. Vb%da Olenina et al., 2006 943.78 1
Gymnodinium spp. V=%a ch Olenina et al., 2006 8897.94 + 30623.63 17
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Gyrodinium spp. V=%a ch Olenina et al., 2006 10937.77 + 24568.99 26
Oxitoxum spp. V=%d2h Vraducci et al. 2007 1625.07 1
Peridinium spp. V=%dﬂh Vraducci et al. 2007 9960.46 + 6831.25 8
Prorocentrum spp. V=%a ch Olenina et al., 2006 166.71 + 48.62 3
Protoperidinium spp. V= %d“h Vraducci et al. 2007 45576.63 + 404847.09 9
Scrippsiella V=%d2h Olenina et al., 2006 1203.87 £ 1064.86 7
Ellipsoid Dinoflagellate V= %dﬂh Vraducci et al. 2007 21499.94 + 52362.40 14
Sphere Dinoflagellate V=% Vraducci et al. 2007 5012.35 +9753.48 41
Flagellates Dictyocha spp. V= 112 ds Olenina et al., 2006 13927.68 1

Euglena spp. V= %dﬂb Olenina et al., 2006 369.81 + 143.90 3
Ellipsoid Flagellate V= %‘dﬂh Vraducci et al. 2007 251.03 £233.23 19
Sphere Flagellate V=%‘d3 Vraducci et al. 2007 304.92 +£339.54 127
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Table 2. Relative abundances of microplankton and nano- and picoplankton groups along transects A and B.

Microplankton abundance (%)

Nano- and Picoplankton abundance (%)

Transect Station Diatoms Dinoflagellates Flagellates Prochlorococcus Synechococcus Picoeukaryotes Nanoeukaryotes
A SUP 1 67.16 11.54 21.30 3.55 80.39 11.16 4.90
2 74.42 3.16 22.42 15.26 51.53 21.59 11.62
3 52.84 12.06 35.11 27.90 44.61 24.32 3.17
4 25.00 22.46 54.24 2.02 95.49 1.38 1.11
5 67.66 13.06 19.29 1.17 94.81 2.51 1.51
A MSF 1 61.10 7.54 31.36 2.81 52.47 37.84 6.88
2 86.36 2.67 10.97 8.69 55.24 21.48 14.59
3 53.44 9.52 37.04 46.44 34.47 14.26 4.84
4 45.13 10.47 44.40 55.96 5.91 31.81 6.32
5 22.95 20.49 56.56 3.67 84.00 8.82 3.50
B SUP 1 71.45 1.96 26.60 8.88 33.28 48.41 9.43
2 84.90 2.47 12.64 10.95 48.85 34.00 6.20
3 51.58 15.76 32.66 22.36 53.45 19.68 4.52
4 36.73 22.04 41.22 0.55 94.18 4.58 0.69
5 26.40 21.60 52.00 241 91.92 4.72 0.94
B MSF 1 69.99 3.90 26.12 14.93 29.20 43.53 12.33
2 73.78 6.95 19.27 14.06 45.21 34.63 6.09
3 38.06 15.79 46.15 21.49 52.76 19.76 5.99
4 20.14 24.10 55.76 3.79 84.82 6.35 5.04
5 55.92 10.47 33.61 9.66 79.02 7.91 3.41
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Table 3. Regression coefficients of the size-abundance spectra (SAS) model log along transects A

and B at surface (SUP) and MSF depths. (*: p<0.05, **: p<0.01, ***p<0.001).

Transect Station a SAS (b) R?

A SUP 1 4.087 -0.877 0.76%**
2 4.047 -0.736 0.72%**
3 3.389 -0.736 0.59%%*
4 3.397 -0.830 0.48%*
5 3.948 -0.873 0.63%%*

A MSF 1 3.669 -0.703 0.59%*
2 3.983 -0.757 0.54%%*
3 3.566 -0.869 0.65%%*
4 3.610 -0.786 0.72%**
5 4.248 -0.885 0.79%**x*

B SUP 1 3.704 -0.627 0.73%**
2 3.974 -0.601 0.71%**
3 3.622 -0.714 0.62%%*
4 3.743 -0.810 0,66**
5 3.794 -0.761 0.67**

B MSF 1 3.706 -0.622 0.69%*
2 3.850 -0.529 0.64%*
3 3.413 -0.750 0.65%*
4 3.184 -0.661 0.47*
5 3.576 -0.712 0.71%**
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