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ABSTRACT 

A vertical flux pulse related to spring phytoplankton 
development was recorded ·by moored sedimen.t traps at 42°N 
06°E in the Gulf of Lioris.' May 1990 trap samples from 200m to 
2000m depth were comprised of freshly produced organic 
matter and selected microplankton species from the overlaying 
water column. This vertical flux event was transmitted to 
the deep sea floor with a high particle sinking velocity 
of >140 m day-1. Maximal vertical fluxes of 35 mg C m-2 day-1 
and 1.2 mg chl. a m-2 day- I recorded during this event are low 
compared to the exports from collapsing spring blooms at higher 
latitudes but demonstrate that particle production and 
degradation within the spring pelagic system were not in 
balance. 

INTRODUCTION 

Seasonality in vertical particulate fluxes has been reported to occur in 
various oceanic regimes (Deuser et al. 1981, Honjo 1982) and is generally 
linked to primary production in the overlaying waters. In certain areas, 
particularly at high latitudes, the seasonal signal reaches the deep-sea floor as 
a pulse of phytoplankton-derived material emanating from the spring bloom 
(e.g. Lampitt 1985). Spring vertical flux pulses with an autotrophic origin have 
not been documented for the Mediterranean Sea. This enclosed ocean is 

commonly regarded as oligotrophic (Cruzado and Velasquez 1989) implying a 
low export potential for particles produced in the surface layers. The 
NW-Mediterranean, however, has particular characteristics as it receives an 
important river input. Also, vigorous and deep vertical mixing takes place 
south of the Liguro-Provencal cunent during winter -replenishing nutrient 
reserves (Gruzado and Velasquez -1989) and at the same_ time primary 
production is reduced by light limitation (Williams and· Robinson 1990). 



Phytoplankton production based on new nutrients sensu Dugdale and Goering 
(1967) normally triggers a spring bloom by April in this offshore region 
(Minas and Minas 1989). Sedimentation may indeed be the fate for parts of 
this spring primary produced matter. Such vertical flux events seasonally 
couple the deep-sea with the pelagic system and stimulate benthic activity 
(Graf 1989) and aggregates are thought to be important transport vehicles 
(Alldredge and Silver 1988). By "sweeping" the water column (Smetacek 
1985) they may shorten the residence time of clay minerals (Honjo 1982) and 
other particle associated matter such as trace elements (Fowler et al. this 
volume), radionuclides and other pollutants. To examine temporal patterns of 
the vertical particulate flux in the NW-Mediterranean during spring/early 
summer, a 10 week sediment trap experiment was carried out in the Gulf of 
Lions as part of the EROS 2000 Programme. 

MATERIAL AND METHODS 

1. Vertical flux measurements 
During the "CYBELE" cruise on board R.V.Marion Dufresne automatic 

multisample sediment traps (type PPS 3 TECHNICAP: cylindrico-conical 
collection jar, 0.125 m2 aperture) were moored at 42°N 06°E in the Gulf of 
Lions about 60 nautical miles south of Toulon. From 14 April to 1 July, 
samples were obtained from 200 m, 500 m, 1 OOO m and 2000 m depth with a 
time resolution of 13 days. Trap sampling cups were filled with a 2% buffered 
formaldehyde solution prior to deployment to prevent in situ microbial 
degradation and grazing by swimmers (US GOFS 1989). Samples were 
stored at refrigerator temperature upon retrieval. Swimmers were removed 
prior to splitting by a combination of sieving (1000 µm and 330 µm mesh size) 
and picking. After taking subsamples of the particulate material for 
microscopy and chl.a, the remainder was desalted and freeze-dried for further 
analyses. 

2. Water column measurements 
Water samples were taken on 15 and 28 April at the mooring site. Our 

bottle casts were part of two time-series of measurements of 3 and 2 days 
duration each. Aliquots of water taken with Niskin or Go-Flow bottles were 
filtered on WHATMAN GF/F filters for carbon and chlorophyll a analyses. 
Filters were kept deep-frozen for later land-based analyses. Samples for 
microscopy were preserved with buffered formaldehyde (2% final 
concentration) and stored in the dark at room temperature. 

3. Laboratory analyses 
Microscopy was carried out on trap collections and water samples with 

an inverted microscope (Utermohl, 1958). Chlorophyll a was measured by 
the trichromatic method (UNESCO, 1980) using the formula of Jeffrey and 
Humphrey (1975). A HERAEUS CHN-0-RAPID analyser was used for 



carbon analyses. Prior to organic carbon measurements, carbonate was 
removed by treating samples with 1 M phosphoric acid. 

RESULTS AND DISCUSSION 

1. WATER COLUMN MEASUREMENTS 

Results from water sampling on 15 and 28 April at the mooring site 
demonstrate subsequent stages of a spring phytoplankton bloom during the 
early phase of seasonal warming. 

On 15 April, chlorophyll a as well as carbon were rather evenly 
distributed in the upper 50 m, ranging between 0.6-0.8 mg chl.a m-3 and 
120-200 mg C m-3, respectively (Fig. 1). A weak or a lack of stratification 
prevailed in the upper 60-80 m at this time, possibly due to mixing by a fierce 
northerly gale. An integral over 100 m depth yields 50 mg chl.a m-2. 
Although this value falls into the lower range of results from other 
measurements taken at that time by Cruzado and Velasquez (pers. 
communication), it indicates significant autotrophic growth prior to our 
investigation in this region. Two weeks later on 28 April, a threefold increase 
in chlorophyll a (162 mg m-2) was measured in a water column with vertical 
mixing restricted to a shallow surface layer. Suspended POC had increased 
as well, albeit only by 20%. Maximum chl. a concentrations of >2.5 mg m-3 
were found within the upper mixed layer but also distinct subsurface peaks 
were observed beneath it. POC:chl.a- ratios changed from about 200 : 1 to 
100 : 1 (weight) between 15 and 28 April with minima in the surface- and 
subsurface phytoplankton peaks (Fig. 1). The data show an increased 
autotrophic contribution to total suspended carbon on 28 April. 

These observations were confirmed with microscope analyses which 
showed a typical spring phytoplankton community dominated by diatoms. 
Differences between the two sampling dates for autotrophic microplankton 
cell numbers and species composition are depicted in Figure 1. Autotrophic 
biomass in the microplankton size-range was very low on 15 April. It was 
mainly comprised of two size-classes of the pennate diatom Thallassiothrix 
sp. (60 x 5 µm and 110 x 5 µm) and the 15 µm silicoflagellate Dictyocha sp .. 
Heterotrophic naked ciliates (50 µm diameter), at concentrations of 0.1 
0.7x 103 cells per liter, were restricted to a discrete layer at 50 - 60 m depth 
at the base of the mixed layer whereas the autotrophs were rather evenly 
distributed in the upper 50 m. On 28 Apiil, these naked ciliates were similarly 
abundant with an identical vertical distribution pattern as noted two weeks 
earlier. Samples, however, were clearly dominated by diatoms. Both 
Thallassiothrix sp. size-classes had markedly increased in abundance as well 
as the diatom Rhizosolenia sp. which had not been observed earlier. 
Silicoflagellates, as the only abundant non-diatom autotroph, showed no major 
differences between the two dates. Figure 1 also depicts substantial 
differences between the vertical distributions of the respective species. 
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Rhizosolenia sp. was restricted to the upper 20 m layer whereas 
Thallassiothrix sp. was primarily located below 50 m depth but also 
contributed substantially to the population near the surface. 

Cruzado (pers. communication) found that on 15 April about 1 µM N03 
was still available for primary production in near-surface layers and by 28 
April concentrations were lowered by approximately a factor of 2 when 
suspended autotrophic biomass was high. These findings together with our 
results support the hypothesis that we sampled different stages of a diatom 
bloom development at the mooring site. However, CTD- and fluorescence 
profiles taken around 15 and 28 April, respectively, (Brun-Cottan 1991, 
CYBELE-cruise data report) suggest that our measurements were not made 
in the very same water mass. Changes in biological parameters between 
these dates may thus not be totally related to a true temporal development. 
Observed differences in concentration, composition and vertical distribution of 
suspended matter at the mooring site two weeks apart nevertheless remain 
characteristic for a spring bloom development and have a consistent 
relationship with vertical fluxes. 

2. VERTICAL FLUXES AT THE MOORING SITE 

Sediment trap collections from the station cover the spring to early 
summer period. Spring pelagic system dynamics left a clear fingerprint in trap 
samples by the amounts of matter exported from surface layers and by its 
composition. 

As the outstanding feature, a very distinct vertical flux maximum of 310, 
242 and 241 mg m-2 day-I (dry weight) was recorded at 200 m, 1000 m and 
2000 m, respectively, during the second trap sampling interval between 27 
April and 10 May. Fluxes tailed off during the following two weeks and much 
lower values were measured towards early summer. Figure 2 depicts the 
organic carbon and chlorophyll a contributions. The two May trap collections 
from 500 m deviated from this pattern as the peak was much less 
pronounced. So far we consider this an artefact apparently restricted to the 
two May sampling intervals which has to be examined in greater detail. 
Results from the other deployment depths are consistent with respect to the 
time-pattern and the amounts of collected material and, hence, only these 
results are discussed here. 

The 13 days resolution of our trap collections show that the vertical flux 
pulse happened on a scale of days after our second water column 
measurements on 28 April at the mooring site. The fact that the pulse was 
concomittantly recorded by the 200 m, 1 OOO m and 2000 m traps 
demonstrates the rapid transport of material to the deep-sea floor. Since the 
pulse was recorded during one single sampling interval at all three depths a 
minimum estimate of the sinking velocity for settling particles of >140 m day-I 
can be computed for this period. This value falls within the range of 50 m -
200 m day-I reported by Alldredge and Gotschalck (1989) for sinking diatom 



aggregates. 
Maximum org. carbon fluxes amounted to 35, 22 and 18 mg C m-2 day-1 

at 200 m, 1 OOO m and 2000 m, respectively, increasing by a factor of 3 - 10 
compared to the previous sampling interval. The prominent autotrophic 
source for the vertical flux during this period is shown by the 
very high chlorophyll a content of trap samples with a maximum of 
1.2 mg chl.a m-2 day-1 recorded at 200 m (Fig. 2). The time pattern was 
even more pronounced than for POC since chl. a fluxes increased by a factor 
of 17 to 6 1  for the respective sampling depths. The spring vertical flux event, 
accordingly, was characterized by very low POC : chl. a- ratios for samples 
from all depths. Values < 100 : 1 (Fig. 2) are even lower than those recorded 
for suspended matter on 28 April. Together with results from microscopical 
inspections of trap samples this suggests a preferential sedimentation of 
autotrophic matter compared to particles from other sources. 

The two May sampling intervals represent 33% only of the total 
deployment time but they accounted for 60%, 87% and 82% of total organic 
carbon sedimentation at 200 m, 1 OOO m and 2000 m, respectively. These 
percentages are even higher for chlorophyll a (88%, 97% and 89%). 
Whereas the time-pattern is identical for all depth horizons, an overall 
decrease of vertical fluxes with depth is evident which signals degradation 
even of the particles that are exported with a high sinking velocity during the 
pulse. 

Microscopical analyses showing numerous intact microorganisms as well 
as broken and empty frustules for the May trap samples are in accordance 
with these results. The trap samples in fact looked like enriched water 
samples with a high detritial component. Aggregates were not found in trap 
samples. High sinking velocities of > 140 m day-1 as calculated for particles 
settling during this period, however, can only be explained by aggregation 
since individual phytoplankton cells sink at a speed of a few m day-I or ever 
slower (Smayda 1970, Bienfang 1980, Riebesell 1989). As these aggregates 
are notoriously fragile (Alldredge and Gotschalck 1989) it is very probable 
that they were destroyed during the preparation of samples for microscopy. 

Settled microplankton was dominated by the pennate diatom 
Thallassiothrix sp. and the silicoflagellate Dictyocha sp. (Fig. 3), i.e. by the 
same species also recorded in the water column in April. However, three 
tintinnid species (Eutintinnus sp., Dadayella sp., Dictyocysta sp.) that were 
rarely observed in suspension were found in significant numbers in the May 
trap samples as well. Naked ciliates of 50 µm size were only collected by the 
200 m trap and were restricted to the first sampling period in late April when 
they were also observed in a discrete layer at the base of the mixed layer. 

A comparison of trap sample microplankton composition from the vertical 
flux peak with water column composition from 28 April indicates a species 
specific sedimentation of organisms as has also been found by Passow (1991) 
in the context of a sedimenting bloom. The diatom Rhizosolenia sp. which 
was a prominent form in the suspended diatoms was not collected by the 
traps in any significant numbers. The opposite was the case for the three 
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tintinnid species which sedimented in large numbers but were rarely found in 
the water column. Other organisms did not sink in proportion to their 
abundance in the water column. The smaller size-class of Thallassiothrix sp., 
for example, was clearly overrepresented in trap samples. During the 
sedimentation peak the ratio small : large cells was 5. 1 : 1 for the 200 m trap 
and 1 .4 : 1 for those in suspension ( 1 00 m water column). Also, the 
silicoflagellate Dictyocha sp. sedimented in relatively larger numbers than 
Thallassiothrix sp . .  The ratio of Thallassiothrix : Dictyocha cell numbers 
was 1 .8 : 1 for the 200 m trap sample, compared to 6.3 : 1 for the water 
column. 

The vertical flux of intact autotrophic cells did not abruptly cease 
towards early summer. However, vertical fluxes greatly decreased and trap 
sample composition changed concomittantly, indicating the seasonal transition 
to summer enhanced heterotrophic activity in the pelagic food web. Numbers 
of sedimented zooplankton fecal pellets increased markedly by a factor of >3 
after the vertical flux pulse compared to the 2 - 4x 1 03 m-2 day-I collected 
before and during the peak. The pellet contribution to trap samples 
was roughly estimated from measured volumes and assuming a density of 
1 .24 g cm-3. Whereas pellets of different shape, size and origin lumped 
together formed a major portion of the (small) summer mass flux, their 
contribution was minor during the spring sedimentation peak (1  - 8%). The 
spring pellet sedimentation, although relatively low, nevertheless provides 
circumstantial evidence that spring phytoplankton growth did not take place 
without the influence of zooplankton grazing. Peinert et al. ( 1986, 1 989) 
showed that grazing by certain zooplankton feeding types (e.g. filter feeding 
copepods) serves to retain bio-essential elements within the pelagic food web 
and, hence, counteracts losses via sedimentation. However, because of the 
nature of our sampling and the time-scale of the experiment, we can only 
speculate on the quantitative impact of zooplankton grazing on spring 
sedimentation in this region of the NW-Mediterranean. 

CONCLUSION 

If the results from this study are typical, spring phytoplankton 
development in the NW-Mediterranean Sea may be followed by a significant 
sedimentation event including intact cells of selected species. A considerable 
impact may be assumed with respect to a co-precipitation of suspended 
non-biogenic matter and other particle associated elements and compounds in 
the course of such events. 
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