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ABSTRACT: ASIOLI A. & LANGONE L., Relationship between recent
Planktic Foraminifera and water mass properties in the Western Ross Sea
(Antarctica). (IT ISSN 0391-9838, 1997).

Planktic foraminifera collected in floating traps were studied in two
stations of the Western Ross Sea. The assemblage is composed of one
species (Neogloboquadrina pachyderma) of which two morphs were distin-
guished: the first with thin and lobate test constitutes the juvenile stage
and is present in the uppermost levels of the water column. The other
morph has heavily encrusted test and is represented by a small number of
specimens occurring at depth greater than that of the chlorophyll maxi-
mum. The depth of the chlorophyll maximum seems to be responsible for
the foraminiferal abundance peak, thus confirming the hypothesis that
this species is linked to the chlorophyll maximum. We found no relation-
ship between foraminifera distribution and the physical parameters of the
water column emerged, or with the biogenic fluxes. Intrusions of modi-
fied Circumpolar Deep Water are shown by the presence of dextral coi-
ling specimens.

KEY WoRDS: Planktic foraminifera, Floating traps, Chlorophyll, Bio-
genic fluxes, Ross Sea.

RIASSUNTO: ASIOLI A. & LANGONE L., Relazione tra i Foraminiferi
planctonici recenti e caratieristiche delle inasse d’acqua nel Mare di Ross oc-
cidentale (Antartide). (IT ISSN 0391-9838, 1997).

Sono stati studiati i Foraminiferi planctonici presenti in trappole flot-
tanti in due stazioni del Mare di Ross occidentale. Essi sono rappresentati
unicamente da due morfotipi della specie Neogloboguadrina pachyderma:
quello con guscio sottile e lobato costituisce lo stadio giovanile e si trova
nei livelli pitt superficiali della colonna d’acqua; quello pesantemente in-
crostato costituisce lo stadio adulto ed & rappresentato da pochi individui
a profondita superiori al massimo di clorofilla. La profondita del massimo
di clorofilla sembra essere responsabile dei picchi di abbondanza degli in-
dividui, confermando I'ipotesi che tale specie & legata al massimo di clo-
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rofilla. Non & stata notata una correlazione tra la distribuzione dei forami-
niferi con i parametri fisici della massa d’acqua, né con i flussi biogenici.
Le intrusioni di Circumpolar Deep Water modificata sono testimoniate
dal ritrovamento di individui destrogiri.

TERMINI CHIAVE: Foraminiferi planctonici, Trappole flottanti, Cloro-
filla, Flussi biogenici, Mare di Ross.

INTRODUCTION

In polar marine environments, seasonal advance and
retreat of sea ice is thought to control the phytoplankton
blooms and to play a key role in maintaining high produc-
tivity (e.g., Smith & Nelson, 1985). Although the Ross Sea
(Antarctica) display unusually high levels of new produc-
tion (Nelson & /7, 1996), recent results show that the an-
nual production is low, and intense blooms are episodic
and limited in time. The occurrence of such episodes is
more likely early in the austral summer, in connection with
the seasonal sea ice melting. In this period, marginal ice zo-
nes are subject to continuous modifications in position,
length and shape. The ice melting produces a stratification
of the water column that triggers the phyplankton bloom
with the enhanced availability of light and nutrients (Smith
& Nelson, 1985).

The purpose of the Italian project Rossmize is to cha-
racterise the temporal and spatial changes of primary pro-
duction, biogenic export fluxes and seabed accumulation
along a N-S transect in the Ross Sea during the seasonal sea
ice retreat. Nutrient concentration, light attenuation and
zooplankton distribution were also studied to provide a
better understanding of their role in controlling the spring
algal bloom. In this context, we deployed at stations 11c
and 15c (fig. 1) a sediment trap array, floating for 12-13
hours, to measure fluxes of the major biogenic components
in the upper water column. Here we discuss data relative to
abundance and composition of the foraminifera assembla-
ge collected by floating traps, relating the results to the
characteristics of the water masses and biogenic fluxes.

193



Victoria
Land

Terra Nova' »

Bay \07 /. EQ@
W e < §
[y

ROS 82%\
Ross Islan E!".

/'—‘\~~\ 308
y QN A%ARCT]C'A Y

0!

~

9 ROSS ICE SHELF

\ l l
170°E 180° 170°W

FIG. 1 - Study area and sample location.

STUDY AREA

The Ross Sea is characterised by a wide and deep conti-
nental shelf with a mean depth of 500 m (200-1100 m). Its
eastern region is characterised by slightly elevated reliefs,
while the western side shows a extremely irregular topo-
graphy, largely due to glacial erosion.

Both oceanic and shelf water masses impinge on the
study area (see Jacobs & aliz, 1985 for details). The former
are mainly represented by the Circumpolar Deep Water
(Cdw) and display relatively high temperature (ca. 1.17°C),
high salinity (34.7%0), high silica and low oxygen content
(Jacobs & alii, 1985). Cdw intrudes frequently in the shelf.
Its interaction with the shelf water gives rise to the Warm
Core (Wmco), a water mass with relatively high temperatu-
re (ca. —1°C) and low salinity (ca. 34.5%), that favours ice
melting and phytoplankton blooms.

Several shelf water masses can be distinguished (Jacobs
& alii, 1985):

Ice Shelf Water (Isw), characterised by temperatures
{(<=2°C) below the sea surface freezing;

High Salinity Shelf Water (Hssw) is the densest water
in the Antarctic oceans. Its stability is maintained by the
increase in salinity (34.84%0) with depth. Its origin is
mainly related to the brine formation from sea surface free-
zing during the winter.

Low Salinity Bottom Water (Lsbw) and High Salinity
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Bottom Water (Hsbw) seem to give rise to the Antarctic
Bottom Water (Aabw).

A thin water tongue (50 to 100 m thick), displaying a
considerable spatial and temporal variability of temperatu-
re and salinity values, overlays the water masses described
above. This water, called Antarctic Surface Water (Aasw),
evolves from the Cdw modified by the interaction with
atmosphere, ice and Temperature Minimum.

During the Rossmize cruise several parameters such as
temperature, salinity, chlorophyll and turbidity, provided
by a Ctd were measured (Artegiani & ali7, 1996; Russo,
1997; fig. 2). Although it was not possible to obtain sam-
ples from St. 24a because of the interference of the pack
ice, the physical parameters measured by Cid, are here
taken into account to understand the local oceanographic
conditions of the area of the three stations at sampling time
(fig. 3). At station 24a, close to the retreating pack ice and
to the shelf edge of the Ross Sea, three water masses are
present. Cold and low salinity water testifies to the ice mel-
ting at the surface. Below 80 m, the Cdw intrudes onto the
shelf. At the bottom, the Lsbw probably flushes out from
the shelf. At station 15¢, in the Joides Basin, below the sur-
face water, the Low Salinity Shelf Water (Lssw) overlies
Hssw. At station 11c, on the western flank of the Pennell
Bank, the structure of the water column is determined by
surface water, modified Cdw, Lssw and Hssw. The chlo-
rophyll ¢ distribution displays the following trend: at sta-
tion 24a, the peak is narrow and it enlarges as we approach
to station 15¢ and 11c: the depth penetration of the bio-
mass is a function of the time elapsed from the release of
material from the ice melting and/or the development of
phytoplankton blooms following the retreat of the ice mar-
gin (Langone & aliz, 1997). Carrada & aliz (1996) reported
data on phytoplankton biomass indicating that the total
production were sustained by nano- and pico-phytoplank-
ton at the two stations during our sampling. The corre-
sponding high concentration of pheopigments (Saggiomo
& alii, 1996) suggested that the selective removal by gra-
zing might be the key factor in determining the size struc-
ture of phytoplankton communities (Carrada & al#z, 1996).

St. 15¢ St. 11c

T (°C)

S (psu)

Latitude (South)

FIG. 2 - Section of potential temperature (a) and salinity (b) along a N-S
transect in the Ross Sea {modified from Russo, 1997).
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FiG. 3 - Hydrographic structure of the sampling starions and deep

distributions of fluorescence and turbidity. At station 24a it was not pos-

sible to deploy the sediment trap array because of the interference of
the pack ice.

MATERTIALS AND METHODS

Sampling was carried out in December 1994, during
the cruise of the Pnra, Rossmize, on board the R/V Ttalica.
The stations were occupied in the following order: 15¢
(December 12, 1994) and 11c (December 13, 1994) (tab.
1). Floating traps with a collecting area of 0.5 m” were de-
ployed, at depths of 50 m, 100 m, 150 m, and 200 m. The-
se samplings lasted 12-13 hours. The material collected by
traps was split into several fractions for analysis. Pre-wei-
ghted 0.45 pm MF-Millipore filters were used to obtain
the bulk mass flux. The content of each trap was also exa-
mined for foraminiferal content although it was not possi-
ble to distinguish living and dead specimens. A fraction
was filtered on a glass fiber filter to obtain the material for
organic carbon and nitrogen determination, which was
carried out using a Chn Analyzer.

RESULTS

Almost all the foraminifera specimens are left coiling,
only nine dextral coiling specimens were found in St. 11c
(200 m) (fig. 4-3a, b). The following two morphs were re-
cognised:

— morph A has a subspheric and very thickened test, 4-4'/,
chambers in the last whorl, umbilical aperture with a lip;
the average size is 200-300 mm along maximum dimension
(fig. 4-4 and 4-5);

— morph B has a lobate and thin walled test, 4-4'/, cham-
bers in the ventral side. The aperture is provided with a lip
and extends from umbilicus to periphery. The sutures are
depressed. The average size is ca. 250 pm along maximum
dimension (fig. 1, 2, 3a and 4-3a, b).

According to B& (1960), Kennett (1966), Lipps & Krebs
(1974) and Kohfeld & a/iz (1996), both these morphs be-
long to the species Neogloboguadrina pachyderma (Ehren-
berg). In the literature, morph B is known to represent the
early stage of the life cycle in the surface water and morph
A is the terminal stage. During the latter stage N. pachyder-
ma moves to deeper waters (>200 m) producing the typical
heavy encrustation that obscures the pores and the reticula-
te surface visible in the morph B specimens.

Foraminifera fluxes were also calculated (tab. 2). Both
stations show a minimum flux value, but at different
depths: 100 m depth at St.11c (66 specimens m” d") and
150 m at St. 15¢ (72 spec. m™ d™).

Mass fluxes are similar at the two sites: 88-123 mg m”
d™ at station 11c and 66-138 mg m™ d™ at site 15¢c. The
lowest value at each station was recorded just below the
fluorescence peak.

Concentrations and fluxes of organic carbon and nitro-
gen are maximum at the top of the water column. The hi-
ghest organic carbon fluxes (10-12 mg m™ d7) are low if
compared with those (25-93 mg m™ d”) measured during

January 1990 at two stations in the southern part of the
Ross Sea (Smith & Dunbar, 1995). The composition of
sinking material varies almost regularly with depth,
showing a decrease of carbon and nitrogen contents. The
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TABLE 1 - Location of the floating trap experiments and sampling details

Station Water depth (m) Date Time Latitude Longitude Trap drifting
15¢-traps deployment 577 12/12/19%4 22:30 74°01’70 S 175°0170 E
15c-traps recovery 583 12/13/19%4 10:30 74°02°87 S 175°06’19 E North-East
11c-traps deployment 416 12/13/199%4 21:48 74°42°41 S 175°07°28 E
11c-traps recovery 415 12/14/199%4 11:00 74°42'48 S 175°06’30 E North-East

maximum rate of change occurs in both cases between 50
and 100 m. C/N ratios increase with depth from ca. 7 to
20, showing the progressive and selective decomposition of
the organic matter. The initial C/N ratio in Antarctic dia-
toms is ca. 7 (Brzezinski, 1985).

DISCUSSION

As mentioned above, the two stations show contrasting
structures of the water column. The intrusion of Wmco on
the Pennell Bank does not seem to affect the foraminiferal
abundance. In fact, although in St. 1lc the minimum
quantity of specimens occurs at the same depth as the
Wmeco intrusion (easily detectable by the temperature pro-
file in figs. 2, 3), we note a minimum also at St. 15¢ where
only LSSW is present below the surface water. On the
other hand, the presence of Wmco influences the distribu-
tion of foraminifera morphology (coiling direction of N.
pachyderma). In fact, sinistral coiling specimens are known
to live in polar and subpolar regions, whereas the dextral
variety inhabits subpolar to tropical areas when the
subthermocline temperatures are colder than 12°C (Be’ &
Tolderlound, 1971). Donner & Wefer (1994) reported the
presence of dexiral coiling specimens, although not domi-
nant, in sediment traps, but they did not find a relation-
ship with the temperature and they believe that other fac-
tors controlled the coiling direction. In this study all dex-
tral coiling specimens belong to morph B and were found
at St. 11c (200 m). Although only two stations are availa-
ble, the Wmco may be responsible for the presence of the
dextral coiling specimens, regardless of whether they were
live or dead. If this hypothesis is correct, the presence of
dextral coiling specimens can be used as an indicator of
Circumpolar Deep Water intrusions.

An explanation of the different depths at which the mi-
nimum value of the number of specimens occurs, could be
the different depth of the chlorophyll maximum in the two
stations (fig. 3). At St.11c, the uppermost 50 m are charac-
terised by maximum values of foraminifera specimens and
chlorophyll. At St. 15¢, the total number of foraminifera is
high down to 100 m and the chlorophyll profile peaks at
60 m. This suggests that at St. 15¢ the food availability for
N. pachyderma extended to a depth greater than 50 m and
that N. pachyderma left coiling is somewhat related to the
chlorophyll maximum. N. pachyderma is a deep-dwelling
species, herbivorous (diatoms) and symbiont lacking.
Maximum abundance of this species (in particular the dex-
tral coiling variety) is generally found at the depth of maxi-
mum chlorophyll biomass when the upper part of the wa-
ter column is isothermal and cold (Pujol & Vergnaud-
Grazzini, 1995). Furthermore, N. pachydernia has been as-
sociated to the nutricline in Panama basin (Fairbanks &
Wiebe, 1980), in Northeastern Pacific (Reynolds & Thu-
nell, 1986) and suggested by Rohling & Gieskes (1989) for
the Mediterranean Sea. Kohfeld & 4/, (1995), in a study
carried out in Arctic areas on N. pachyderma (left coiling)
collected with tows and sediment traps, related peak abun-
dance of this species to chlorophyll maximum.

The distribution of the two morphs confirms that late
calcification takes place at deep levels. In fact, only morph
B was found in the uppermost traps, while morph A oc-
curred in the deepest ones. The depth of the occurrence of
morph A is different at the two stations and it is located
below the minimum value of the foraminifera flux. Koh-
feld & alii (1996) report the presence of two abundance
peaks of N. pachyderma in the water column: the former is
composed of non encrusted forms (morph B of the present
study) and it is located above the main pycnocline in the
cold mixed layer, where a shallower pycnocline caused by

TABLE 2 - Concentrations and vertical fluxes of studied parameters. OC, organic carbon; N, nitrogen

Station Trap Number of oC N C/N Mass flux Foram flux OC flux N flux
depth specimens
(m) (total) (morph A) (wt %) (wt %) (mgm?d”) (n. spec.m>d”) (mg m™ d™) (mg m” d”)
15¢ 50 54 0 11.0 1.51 7.3 106 216 11.7 1.60
100 81 0 7.1 047 15.1 66 324 4.7 0.31
150 18 0 6.3 032 20.0 109 72 6.9 0.34
200 126 27 3.6 138 504 5.0
1lc 50 108 0 11.9 134 8.9 88 399 104 1.17
7 100 18 0 5.0 0.55 9.1 123 66 6.1 0.67
150 99 9 4.8 045 10.5 104 365 5.0 0.47
200 72 9 6.1 035 174 119 266 7.2 041
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TIG. 4 - 1, 2: Neogloboguadrina pachyderma (Ehrenberg) morph B sini-

stral coiling. 3a, b: Neogloboguadrina pachyderna (Ehrenberg) morph B

dexiral coiling (St. 11c, 200m water depth). 4, 5: Neogloboguadrina
pachyderma (Ehrenberg) morph A. bar = 50 pm.

the seasonal ice melting is present, while the second peak,
dominated by encrusted forms (morph A of the present
study) is located within the main pycnocline. The structure
of the water column in the area of the present study does
not show the presence of a second deep pycnocline at the
sampling time; however, morph A is present in the deepest
floating traps.

Below the two observed minima, the foraminifera flux
increases again paralleling the mass flux. We do not yet ha-
ve an exhaustive explanation this trend. Nevertheless, we
think that the contribution of another living population of
N. pachyderma has to be taken into account. In fact, the fo-
raminifera population found over the minimum flux values
is totally composed of specimens of morph B. These speci-
mens can be considered alive at the sampling time because
the tests were internally green, owing probably to phyto-
plankton ingestion, although the protoplasm was not com-
pletely preserved. Therefore, we can consider that morph
B is the only component at the levels with chlorophyll
maxima and the downward increasing foraminifera flux is
mainly constituted by dead specimens. The presence of se-

veral specimens of morph A living at deeper levels suggest
that this deep living population may contribute to the ob-
served increase of the total number of specimens.

No previous data about planktic foraminifera collected
by floating traps are available in the literature in this area.
Information on planktic foraminifera of the Ross Sea was
provided by Kennett (1966) in a study on total (benthic
and planktic) assemblage collected by grab. Donner &
Wefer (1994) calculated N. pachyderma fluxes in sediment
traps deployed in Weddell Sea. They report maxima flux
values of 40-60 spec m™ day ™ for the early spring (26 Nov.-
14 Dec. 1985). They also report fluxes calculated for the
period January-March, but we do not have results for the
austral summer. The foraminifera flux in our study is hi-
gher than the values reported by Donner & Wefer (1994).
The fact that the fluxes of Donner & Wefer (1994) were
obtained from moored sediment traps implies that the va-
lues are an average. This suggests that our foraminifera
fluxes reflect a temporary situation of planktic foraminife-
ra bloom, triggered, for instance, by sudden phytoplank-
ton availability. Then, a strong temporal variability in fora-
minifera fluxes can be expected in this area for the early
austral spring. Further data on planktic foraminifera of po-
lar areas were also provided by Carsola (1953), Lipps &
Krebs (1974), and Dieckmann & a/#7 (1991) in a study car-
ried out on foraminifera trapped in freezing sea ice. Spind-
ler & Dieckmann (1986) and Dieckmann & alif (1991)
confirmed that N. pachyderma is capable of living in the ice
interstices and also showed that in the new sea ice the
number of foraminifera is much higher than in the un-
derlying water column. Therefore, in our study, we have to
consider the possibility that*foraminifera can be released
into the sea water during the ice melting.

Finally, we cannot exclude, on the basis of these data,
the contribution of additional factors (e.g. predation, fora-
minifera settling velocity) in determining the observed dif-
ferences in the fluxes.

CONCLUSION

This study provided data on recent planktic foraminife-
ra sampled with floating sediment traps during the spring
season. Only one species (N. pachyderma) was found in
this area. Two morphs (A and B) were recognised: the for-
mer is typical of the deeper levels and the latter of levels
with chlorophyll maximum. In the uppermost 200 m of the
water column, morph B, the juvenile stage, is the most
abundant component of the population. The chlorophyll
maximum seems to be responsible for the maximum fora-
minifera abundance observed at the shallower levels. No
unequivocal relationship between foraminifera abundance
and biogenic content and fluxes was found; neither do
physical parameters of the water such as temperature and
salinity seem to influence the population. The presence of
a small number of dextral coiling specimens at St. 1lc,
influenced by the modified Circumpolar Deep Water
(Wmco), confirms the potential use of this variety as water
mass indicator.
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