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ABSTRACT: A large (> 900 nm2) phytoplankton-rich patch (> 200 mg Chl-a m-2) was found off the NW Galici-
an shelf in May 1994. On the shelf side, it was limited by a density front which separated thermally stratified
oceanic waters from vertically mixed coastal waters. The structure was observed for several days, having a
complex topology which suggest strong influence of hydrodynamic processes. The bulk of phytoplankton bio-
mass sank approximately 15 meters in two days, probably as a consequence of the combined effects of conver-
gence of surface currents near the shelf break and bloom decaying? There were several indicators of the decline
of the phytoplanktonic populations: high phytoplanktonic biomass and low nutrient concentrations, along with
low chlorophyll-specific carbon fixation rates and shallow euphotic layers. High nutrient concentrations, parti-
cularly nitrate and nitrite, were characteristic of the layers below the chlorophyll maximum, suggesting rapid
recycling of the organic matter. The phytoplankton species characteristic of the patch were chain forming dia-
toms, and also cyanobacteria (especially abundant at the shelf-break). The zooplankton biomass was very varia-
ble through the area, having the coastal zone the highest values, mainly because the contribution of mesozoo-
plankton (200-1000 pm), whereas both macrozooplankton (> 2000 |tm) and microzooplankton (40-200 pm)
dominated the biomass distributions at the oceanic side of the front. Further studies are being made to ascertain
the implications of this structure, and similar ones reported for the NW Spanish shelf, in the regional biogeoche-
mistry of carbon and the efficiency in the transfer of organic matter through the food-web, particularly in rela-
tion to pelagic fisheries.

In this paper we describe the main physical and biole-
gical characteristics of a large (> 900 am?) phytoplank-
ton patch associated to a thermal front off the NW Galici-
an shelf, with a preliminar interpretation of the dynamics
of the pelagic ecosystem.

INTRODUCTION

Oceanic fronts are known by their important conse-
quences in the nearby ecosystems. Sometimes their asso-
ciated dynamics stimulate biological productivity
through the fertilization of the euphotic zone with nutri-
ent-rich waters (Holligan, 1981). Other cases are repor-

ted in which convergent currents cause plankton accumu-
lation and even active downwelling with rapid particle
transport o the deep layers (Varela gt al., 1921, Ferndn-
dez gt al., 1993). Probably both mechanisms occur in dif-
ferent times and areas of the shelf, according to the active
hydrodynamics of these structures. Most of the studied
fronts in the European shelf were related to tidal stirring
(Simpson and Pingree, 1978, Hoiligan, 1981} or upwel-
ling forcing ( Botas et al., 1990, Varela et al,, 1991) on
the mid-shelf. Several studies described important diffe-
rences between planktonic communities caused by fronts
originated by the passage of poleward currents near the
shelf-break in the Southern Bay of Biscay (Botas gt al,,
1988; Bode et al.,, 1990, Ferndndez et al., 1992, 1993).
These fronts have been reported through the spring along
the NW Spanish coast, when most of the recruitment of
the main regional pelagic fisheries also occurs {Chesney
and Alonso-Noval, 1989), but to date there were no ré-
ports of their effects on the dynamics of the planktoric
ecosystems in the Galician coast

METHODS

Observations and results reported in this paper were
obtained during cruise AMBAR-594 on the R/V Cornide
de Saavedra in May 1994 on the Galician shelf (Fig. 1).
Temperature, salinity, light (PAR) and ‘in situ’ fluores-
cence vertical profiles were recorded using 2 SBE25
CTD. In addition a high-resolution transect of temperatu-
re, conductivity and fluorescence was measured by pum-
ping surface waters (2 m depth) and collecting discrete
samples every approximately 0.3 am. Samples for dissol-
ved inorganic nuftrients (niirate, nitrite, ammonium, and
phosphate, Autoanalyser), pigment analysis {chiorophyll-
a, fluorometric determination of acetone extracts), phyto-
plankton productivity (C-14, ‘in situ’ simulated, 2-3 h in-
cubations), and microplankton composition were
collectad using bottle casts inmediately atter the CTD
casts Phytoplankton composition was determined using
either Lugol’s preserved samples observed with an inver-
ted microseope {(diatoms, dinoflagellates and phytoflagel-
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Figure 1. Map of the study area with location of stations
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Figure 2. Temperature (top), sigma-t (center) and chlorophyli-a distributions (bottom} on the central across-shelf transect measured

two days apart.

lates larger than 10 um), or glutaradehyde preserved sam-
ples observed with an epiffuorescence microscope equip-
ped with UV and blue excitation fiiters (cyanobacteria
and small flagellates). The latter technique also allowed
quantification of heterotrophic bacteria and heterotrophic
flagellates. Mesozooplankton biomass (> 200 um) was es-
timated as dry weight of several fractions (200-500, 500-
1000, 1000-2000, and >2000 im) using vertical hauls
from 100 m depth to surface. Dry-weight values were
converted to carbon biomass using the factors given in
Cushing et al. (1958). Microzooplankton biomass (40-200
um) was calculated as in Beers and Stewart (1970) from
sampies collected with vertical hauls (0-100 m depth) and
filtered through 200 and 40 pm mesh nets.

RESULTS
1. Physical structure

Temperature distributions show stronger stratification
off the shelf break, compared with the inner shelf (Fig.
7). The water column was rather mixed near the coast,
with surface temperatures warmer than 13.2 °C. A dis-
tinet thermal front resulted off station T, located at the
shelf-break, where the distribution of isotherms revealed
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a thermocline near 50-60 m depth. The isopycnals follo-
wed the same trend indicated by the isotherms. The posi-
tion of the thermocline, both in the horizontal and in the
vertical planes, was variable in consecutive measure-
ments of the coast-to-ocean transect, displaying a wave-
like structure with the upper position near the oceanic
side of the front. High ‘in situ’ fluorescence, indicative of
high phytoplankton biomass, was associated to this struc-
ture, having the maximum values on top of the thermo-
cline (30-40 m depth) and on the oceanic side.

The water-column integrated distribution of chlo-
rophyll-a indicated a large phytoplankton-rich area of
more than 40 squared-nm off the shelf break (Fig. 3), re-
sulting in more than twice the concentration of chlo-
rophy!l measured near the coast. Patches with more than
300 mg Chlorophyll-a m2 appeared evenly distributed in
the off-shelf area, suggesting a complex pattern of the
structure. The transect indicated in Figure 3 resulted with
surface distribution of temperature in peaks and valleys
of approximately 10-15 nm of amplitude and maximumn
range of 0.3 °C, with a decreasing trend off-shore (Fig.
4). This trend was also measured with surface salinity,
but in this case the peaks and vaileys can not be clearly
distinguished. The surface distribution of chlorophyll-a




{calculated from the fluorometer ‘in vivo' records) sho-
wed an increasing trend off-shore, except from a patch of
relatively high chlorophyll near the coast (Fig. 4) There
was no evidence of strong association between the physi-
cal characteristics and the surface chiorophyll-a concen-
trations, but the onset of the chlorophyll increment at the
position 12 nm of the transect was coincident with the
first marked temperature decrease, and also with the po-
sition of the shelf-break (Fig. 3).

2. Inorganic nutrients

The distributions of nitrate, nitrite and phosphate
along the central transect revealed a common trend (Fig.
5). The highest concentrations were measured at both ex-
tremes of the transect and minimum values at the shelf-
break station, where waters at 200 m depth still have low
concentration of nutrients {< 2 yM nitrate 1, <03 pM
phosphate i-1). The surface waters off the shelf-break
had low concentrations, but high values (up to 5 M ni-
trate '] , 0.4 uM phosphate ]’1) were measured in waters
10 m below the chlorophyll maximum. The subsurface
maximum of nutrients occurred at the station where the
highest subsurface concentrations of chlorophyll-a were
measured (Stat. 16), and its position was deeper towards
the shelf-break (Stat. T). In contrast with the inner-shelf
stations, the nitrate and nitrite concentrations at off-shelf
stations decreased again below 125 m depth, but gene-
rally increased again at 200 m. Phosphate generally in-
creased with depth (Fig. 5), and the ammonium concen-
trations (not show) were low but patchy along the
transect.
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Figure 3. Distribution of integrated chlotophyil-a {mg m‘2)
through the study area. The track of the high-resolution surface
“=ansect is indicated as a discontinnuous line. The position of
-+ shelf-break station T is also indicated.
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Figure 5. Distribution of inorganic nutrients: nitrate (top). ni-
write (center), and phosphate (bottom) along the central across-
shelf transect,

3. Plankton composition and activity

We selected 3 stations representative of the areas li-
mited by the front: the coastal, near-shore zone (Stat. C),
the shelf-break (Stat. T) and the oceanic environment
(Stat. 25). The coastal station had low abundance of
phytoplankton, composed mainly by small dinoflagella-
tes, while diatoms dominated off-shore (Fig. 6 top). The
diatoms were mostly the chain-forming Nitzschia cf pun-
gens and colonies of Solenicola setigera., the latter more
abundant at the shelf-break station (Fig. 6 bottom). These
diatoms were well distributed in the water-column, rea-
ching significant densities even at 50 m depth. The abun-
dance of flagellates was quite similar in the selected stati-
ons, but higher numbers were recorded near the coast,
where Cryptophyceae dominated. Most of the flagellates
were autotrophs, except in some deep samples (Fig. 7).
High abundances of cyanobacteria were measured at the
shelf-break station (Fig. 7), particularly at a subsurface
maximum at 30 m depth, while abundances decreasad at
both sides of this station, and at depth. This maximum
was coincident with a minimum in the abundance of he-

terotrophic bacteria, that also reached high abundances at
the shelf-break.

The vertical profiles of chlorophyll-a and carbon fixa-
tion of the three zones were very different (Fig 8 Top).
The coastal station was characterised by a production
profile similar to the chlorophyll distribution, with an ex-
ponential decrease downwards. At the shelf-break, the
chlorophyll displayed a marked subsurface maximum
between 15 and 35 m, whereas the production decreased
approximately linearly with depth The oceanic station
displayed high chlorophyll concentration through the wa-
ter column, and a shallower limit of the euphotic zone (>
1% of the radiation PAR received at the surface). The ra-
tes of production measured at this station, were low. The
chlorophy!l-specific production (CSPR) was maximal at
the surface of the shelf-break station, but decreased to al-
most zero at the depth of the chlorophyll maximum. This
rate was also very low through the water column of the
oceanic station. The frequency of dividing cells (an indi-
cator of bacterial productivity) was very low in coastal
waters, both for cyanobacteria and heterotrophic bacteria
(Fig. 8 bottom). Higher frequencies were measured off-
shore, particularly for cyanobacteria in the samples taken
at the shelf-break, and at the lower limit of the euphotic
zone in the Oceanic station.

Total zooplankton biomass decreased from the coast
to the oceanic side of the front, but macrozooplankton (>
2000 pm) followed the opposite trend (Fig. 9). The coas-
tal station resulted with a unimodal distribution of bio-
mass, with the highest values in the 500-1000 ym size-
class. The shelf-break and oceanic stations had bimodal
hiomass distributions, especially in the latter where both
macrozooplankton (> 2000 pim) and microzooplankton
(40-200 pm) were the main contributors to the zooplank-
ton biomass. The microzooplankton of these stations was
composed mainly by nauplii and juvenile stages of Cala-
noid and Cyclopoid copepods (more than 80% of total
abundance of individuals per sample), while large cope-
pods and appendicularians formed the bulk of the macro-
zooplankton biomass.

DISCUSSION

The described structure was mainly characterised by a
large patch of phytoplankton of more than 900 nm? off
the shelf-break. The main limit was a marked thermal
front close to the shelf break, which separates stratified
oceanic waters from the more vertically mixed shelf wa-
ters. Similar fronts are known from long time ago in the
northern Eupean shelf (eg. Simpson and Pingree, 1978),
but in these cases there was a shallow shelf (50 m avera-
ge depth) washed by relatively strong tidal currents du-
ring the thermal stratification period. Other shelf fronts
recognized in the NW Iberian shelf were associated to
coastal upwelling caused by NE wind-forcing, both in the
Galician coast {Varela et al., 1991) and in the Cantabrian
Sea (Botas et al., 1990). The results reported in this paper
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Figure 7. Vertical profiles of abundance for the main groups of microplankton and bacteria in three selected stations.

indicate that this type of front was more related to cur-
rents associated to the shelf-break, like those described in
the Southern Bay of Biscay (Botas gt al., 1988; Bode et
al., 1990, Ferndndez et al., 1992, 1993). In the latter ca-
ses the fronts were recognized through the spring, with a
weak to moderate thermal stratification in surface wa-
ters, and were related to poleward surface currents flo-
wing parailel to the shelf break. The bulk of phytoplank-
ton biomass was always near the shelf break, but in the
case reported here the phytoplankton-rich area extended
for more than 30 nm in both along- and off-shelf directi-
ons. The hydrography of the studied area was also highly
dynamic, as suggested by the patterns of isopycnals and
waves in the chlorophyll and nutrient distributions, with
a downwelling towards the shelf-break. The same effect
was reported in the fronts of the Bay of Biscay, as a con-
sequence of converging currents at the shelf-break (Fer-
nandez et al., 1993). Further studies on the dynamics of
the upper water masses of the studied area are in progress
(Bode et al., in prep.) to ascertain the origin and likely
forces that canse and maintain this structure.

The phytoplankton composition of the phytoplank-
ton-rich zone was characteristic of an early spring bloom
in this area (Valdes et al., 1991, Ferndndez and Bode,
1994): mainly chain-forming diatoms or epiphytic colo-
nies (like those of S. setigera), which form relatively lar-
ge particles and may have hydrodynamic advantages in
turbulens waters (e.g. Margalef, 1994). There were seve-
ral indicators that at the timne of the cruise the bloom was
in a late stage. First, there were low nutrient concentrati-
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ons of surface waters, particularly at the shelf-break stati-
on, that would not be sufficient to maintain the measured
phytoplankton biomass. Second, there was a deepening
of approx. 15 m in the position of the subsubface chlo-
rophyll maximum measured after two days (Fig. 2).
And third, the results of the productivity incubations yiel-
ded low production rates, and very low efficiency
(CSPR) at the maximum of phytoplankton biomass. In
addition, there was a significative biomass and producti-
on of cyanobacteria, particularly at the chlorophyil maxi-
mum of the shelf break station, which would take advan-
tage of its ability to take up dissolved nitrogen gas and
reproduce despite the low concentrations of nitrogen salts
and ammonium. The layer of high nutrient concentration
just below the chiorophyil maximum, suggest rapid nutri-
ent regeneration from the accumulated organic matter.
‘This is suggested mainly by the similarity between the
distributions of nitrate and nitrite, but not between these
and the distribution of phosphate, which does not form a
distinet subsurface maximum, and releases rapidly from
the organic matter. The nitrogen regeneration could be
made through biological processes, as estimated in the
same area by Bode and Varela (1994) , but unfortunately
there were no measures of biological activity below 60 m.

The relatively large size of the primary producers,
along with the amount of accurmmulated biomass at this
structure, have important biogeochemical and trophic im-
plications It has been reported that only a small fraction
of the phytoplankton produced during the spring bloor
at similar latitudes of the Atlantic Ocean is transferred to
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the mesozooplankton (Harrison gf al., 1993). Most of the
produced biomass is consurmed by microheterotrophs or
sediments quickly after the collapse of the bloom, as was
reported for the northern latitudes (Olesen, 1994). The
distribution of zooplankton biomass in the studied area
suggest a phase-out in the production cycles in relation
with the phytoplankton, as reported for the Atlantic (Co-
lebrook, 1979). The coastal zone showed a biomass pat-
tern characteristic of late spring in this area (Valdés et al.,
1991), with high zooplankton biomass and low chlo-
rophyll, while the oceanic area was characterised by pe-
aks in the biomass of the smallest and largest zooplank-
ters. This suggests that only species with rapid
reproduction cycles like the microzooplanktor, or special
life-cycle strategies (like large vertical excursions of the
macrozooplankton), can take advantage of blooms like
the one described here. The persistency of these fronts
and their associated planktonic communities in the NW
Therian shelf remains to. be studied, it only because their
potential effects on the recruitment success of the impor-
tant pefagic fisheries in the area.
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