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CHAPTER 19

Spatial and Temporal Distribution of Phytoplankton Assemblages

in the Ross Sea

C. Nuccio, M. Innamorati, L. Lazzara, G. Mori, and L. Massi'

ABSTRACT

The temporal evolution and spatial distribution of phytoplankton assemblages were investigated,
in coastal and open waters of the western Ross Sea, during three austral summers.Terra Nova Bay
shows a first massive bloom (up to 107 cell I"') of Fragilariopsis cf. curta between December and
January in the receding ice-edge zone and another increase in February, also with the contribu-
tion of different species. Phytoplankton shows a patchy distribution, with areas of bloom domi-
nated by diatoms (Fragilariopsis, Nitzschia) and Phaeocystis sp., and less rich zones, mainly
dominated by dinoflagellates and other flagellates. The different phytoplankton assemblages
show characteristics corresponding to different stages that alternate during the summer season
in the different areas, but which are related to the temporal development of environmental con-

ditions after the melting of the ice.

Introduction

Studies of the phytoplankton distribution in the
Ross Sea, particularly in the south-western region,
showed as typical features an intense and exten-
sive spring bloom of Phaeocystis (El-Sayed et al.
1983; Knox 1994) related to the polynya dynamics
(Arrigo and Weiss 1996) and the following diatom-
dominated summer bloom (Knox 1994; Garrison
et al. 1996). Diatom blooms dominated by few taxa
(Fragilariopsis, Nitzschia) in the receding ice-edge
zone were reported during the summer in the
western Ross Sea (Wilson et al. 1986; Carbonell-
Moore 1994). Very little information about phyto-
plankton composition and the dynamics of
blooms in the northern open waters has been
obtained up until now, except for the reported
observations from some inshore stations of Terra
Nova Bay (Andreoli et al. 1995).

Our investigations on phytoplankton spatial
and temporal distributions in large areas of the
northwestern Ross Sea were carried out during
three austral summers (1987-88, 1989-90, 1994-
95). Previous results had shown the spatial vari-
ability between areas of high biomass, with few
diatoms (Fragilariopsis, Nitzschia) or Phaeocystis
blooms in different layers of the water column,
and less rich zones, the different characteristics of

some biomass indicators (chlorophyll, phaeopig-
ments, particle size and number, cell densities) in
different areas, and a new biomass increase in late
summer (Innamorati et al. 1990¢, 1992; Nuccio
et al. 1992; Lazzara and Nuccio 1994).

The temporal evolution of the phytoplankton
assemblages in Terra Nova Bay and their spatial
distribution in the northern open waters of the
Ross Sea are described for the first time in this
chapter and are related to previous observations
in order to depict the general features of their vari-
ations in these waters during summer.

Materials and Methods

The first cruise (R/V Polar Queen; Dec. 1987-Jan.
1988) was conducted on a grid of 40 stations in
Terra Nova Bay and along a transect as far as
231km offshore (Fig. 1a). A second cruise (R/V
Cariboo; Nov. 1989-Feb. 1990) covered the route
from 45° to 75°S sampling 27 stations (Fig. 1¢). In
all the stations of the two cruises, samples were
collected with a rosette sampler at various depths
from the surface down to 200m. Furthermore,
during the Cariboo cruise, continuous measure-
ments of in vivo fluorescence of chlorophyll a
(Backscat fluorometer Dr. Haardt) were carried
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Fig. la-c. Maps of station locations. R/V Polar Queen cruise (Dec. 1987-Feb. 1988) in Terra Nova Bay (a); stations sampled from
December to February 1989-90 and 1994-95: Baia Terra Nova (BTN), Mergellina (Merg), Santa Maria Novella (SMN), Tibertina
(TIB) (b); R/V Cariboo cruise (Nov. 1989-Feb. 1990): stations (closed circles) sampled during the southwards route and samples
(open circles) collected from surface layers during the way back (c)

out in the water pumped from a depth of 3m
and 79 samples were collected from this water
going both southwards and northwards; only the
samples from the way back (Fig. 1c) are discussed
here. During this second expedition and in
1994-95, three (BTN, MRG, SMN) and two (BTN,
TIB) stations (Fig. 1b), respectively, were sampled
in Terra Nova Bay from December to February, so
as to follow the temporal trend of the phytoplank-
ton biomass and composition. Station BTN was

sampled near the rocky shore only on the surface,
MRG at 0, 10, 25m and SMN and TIB at 0, 10, 25,
50, 100, 200 m from the R/V Malippo using Niskin
bottles. All the data acquired are detailed in
Innamorati et al. (1990a,b, 1991, 1994). Chlorophyll
concentrations were determined, after filtration
(Whatman GF/F) and extraction in acetone (final
dilution to 90%), by means of spectrophotometric
analysis (Kontron, Uvikon 930), following
Lorenzen (1967) as modified by Riemann (1978)
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Spatial and Temporal Distribution of Phytoplankton Assemblages in the Ross Sea

for separate determinations of chlorophyll a and
phaeopigments. The sum of the two, named
chlorophaeopigment (Chl), is used here. Surface
and underwater downwelling, upwelling, and
scalar quantum PAR irradiances were measured
by means of a photoprobe equipped with three
cosine and one spherical meters (LI-COR). Hydro-
graphic data of the Polar Queen and Cariboo
cruises are taken from Boldrin and Stocchino
(1990) and Artegiani et al. (1992), respectively.
Samples (250cm®) for microscopic analysis
were fixed with Lugol (1987-88 and 1989-90) or
neutralized (sodium carbonate) formaldehyde

Table 1. List of the recorded taxa

(1994-95) to the final concentration of 1 and 4%,
respectively. Seven hundred samples were ana-
lyzed by means of Nikon Diaphot and Zeiss IM35
inverted microscopes on sedimentation chambers
(10, 25 or 50 cm®). Taxonomical identification was
performed following: Hendey (1937); Manguin
(1960); Hasle (1964, 1965a,b); Balech (1976);
Sournia et al. (1979); Priddle and Fryxell (1985);
Medlin and Priddle (1990). Phaeocystis sp.
occurred in the non-motile stage, but the single
individuals were counted.

Table 1 provides a list of recorded taxa. Some
considerations on taxonomic terminology used

Diatoms

Actinocyclus actinochilus (Ehrenb.) Sim.
Achnanthes sp.

Amphiprora cf. kufferathii Manguin
Asteromphalus heptactis (Bréb.) Ralfs
Asteromphalus hookerii Ehrenb.
Asteromphalus hyalinus Karsten
Asteromphalus parvulus Karsten
Centric diatoms spp.

Chaetoceros cf. “bulbosum complex™ sp.
Chaetoceros cf. criophilum Castr.
Chaetoceros cf. dichaeta Ehrenb.
Chaetoceros cf. neglectum Karsten
Chaetoceros cf. neogracile Van Landingham
Chaetoceros spp.

Cocconeis imperatrix A.S.

Corethron criophilum Castr.
Coscinodiscus spp.

Cylindrotheca closterium (Ehrenb.) Reim. & Lewin
Dactyliosolen tenuijunctus Manguin
Eucampia antarctica (Castr.) Mangin
Fragilariopsis cf. curta (Van Heurck) Hustedt
Fragilariopsis sp. 1 (8 pum)

Fragilariopsis spp.

Grammatophora cf. charcotii M. Per.
Licmophora spp.

Melosira sp.

Naviculacea sp. 20 um

Nitzschia sec. Nitzschiella sp.

Nitzschia cf. subcurvata Hasle

Nitzschia sp. (bilobatae sec.)

Nitzschia spp.

Odontella weissflogii (Jan.) Grunow
Pennate diatoms > 20 um

Proboscia alata (Bright.) Sundstrom
Pseudonitzschia spp.

Rhizosolenia chunii Karsten
Rhizosolenia cf. hebetata Bailey
Rhizosolenia truncata Karsten
Thalassiosira cf. antarctica Comber
Thalassiosira sp. 43 um

Thalassiosira spp.

Thalassiothrix antarctica (Schim.) Karsten
Undetermined diatoms spp.

Dinoflagellates

Dinophysis spp.

Gymnodiniaceae < 20um

Gymnodiniaceae > 20um

Gymnodiniaceae > 100pm

Gymnodinium cf. guttula Balech

Gyrodinium lachryma (Meun.) Kofoid & Swezy
Gyrodinium spp. > 20um

Naked dinoflagellates < 20 um

Naked dinoflagellates > 20um

Oxytoxum criophilum Balech

Prorocentrum cf. antarcticum (Hada) Balech
Protoperidinium cf. adeliense (Balech) Balech
Protoperidinium antarcticum (Schim.) Balech
Protoperidinium applanatum (Mangin) Balech
Protoperidinium cf. archiovatum (Balech) Balech
Protoperidinium cf. bellulum (Balech) Balech
Protoperidinium defectum (Balech) Balech
Protoperidinium cf. incertum (Balech) Balech
Protoperidinium cf. mediocre (Balech) Balech
Protoperidinium cf. rosaceum (Balech) Balech
Protoperidinium cf. ps.antarcticum (Balech) Balech
Protoperidinium cf. unipes (Balech) Balech
Protoperidinium spp.

Thecate dinoflagellates < 20pum

Thecate dinoflagellates > 20 um

Prymnesiophyceae
Phaeocystis sp. (cf. P. antarctica Karsten)

Dictyochophyceae
Dictyocha speculum Ehrenb.

Other flagellates

Cryptophycea sp. 1

Cryptophyceans spp.

Phytoflagellate sp. 7um

Phytoflagellate sp. 10um

Phytoflagellates < 10um

Phytoflagellates < 20 um

Undetermined 20um (Halosphaera rosettes?)
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need to be emphasized here. Fragilariopsis cf.
curta is the form in valvar view that prevailed
over all the others in the 1987-88 and 1989-90
samples and Fragilariopsis spp., the denomina-
tion used for the 1994-95 samples, includes both
this form in valvar view and a great number of
long chains in girdle view which ultimately could
not be identified. Nitzschia sec. Nitzschiella sp.
(from now on called Nitzschia sp. 1 for brevity) is
a tiny form resembling Cylindrotheca closterium,

but which we prefer not to assign yet to this latter
species, that is quite recognizable, for its larger
size, in the 1994-95 samples. Fragilariopsis sp. 1
is a very small form (length 7-9um) often in
doublets, which we assume belongs to Fragilari-
opsis cylindrus. Detailed floristic lists are pro-
vided in Innamorati et al. (1994) and Nuccio et al.
(1994).

The average (X) cell densities (Table 2; Fig. 10)
and Chl concentrations (Fig. 4) in the 0-25m layer

Table 2. Biovolume and carbon content of selected diatoms and temporal variation at station SMN of their cell densities, bio-

volume and biomass in the layer 0-25m

pm’ C pg cell” pm’ C pg cell
Fragilariopsis cf. curta 465 39.80 Pennate diatom 40 um 1855 113.61
Nitzschia sp. 1 68 9.27 Pennate diatom 90 um 3463 182.35
Pseudonitzschia spp. 524 43.58 Rhizosolenia truncata 39891 1162.69
Eucampia antarctica 28000 889.09 Thalassiosira 43 um 25415 826.15
cell 10° I Dec.31 Jan.05 Jan.12 Jan.17 Jan.23 Jan.30
Fragilariopsis cf. curta 3500 3356 1888 804 564 710
Nitzschia sp. 1 670 215 13 3 0 1
Pseudonitzschia spp. 278 676 724 26 1 9
Total 4448 4247 2625 833 565 720
% of total cell density 95 98 90 83 80 83
Eucampia antarctica 2 0 0 0 0 0
Pennate diatom 40 um 4 2 7 0 5 9
Pennate diatom 90 Lm 2 5 1 1 0 1
Rhizosolenia truncata 1 0 0 0 0 0
Thalassiosira 43 um 0 0 0 0 1 1
pum?® 106 1! Dec.31 Jan.05 Jan.12 Jan.17 Jan.23 Jan.30
Fragilariopsis cf. curta 1627.5 1560.5 877.9 373.9 262.3 330.1
Nitzschia sp. 1 45.6 14.6 0.88 0.2 0 0.068
Pseudonitzschia spp. 145.7 354.2 379.4 13.6 0.5 4.7
Total 1818.8 1929.3 1258.1 387.7 262.8 334.8
Eucampia antarctica 56 0 0 0 0 0
Pennate diatom 40um 7.4 3.7 12.9 0 9.3 16.7
Pennate diatom 90pum 6.9 17.3 3.5 3.5 0 3.5
Rhizosolenia truncata 39.9 0 0 0 0 0
Thalassiosira 43 um 0 0 0 0 25.4 25.4
Total 110.2 21 16.4 3.5 34.7 45.6
Carbon pg ! Dec.31 Jan.05 Jan.12 Jan.17 Jan.23 Jan.30
Fragilariopsis cf. curta 140.0 134.2 75.5 32.2 22.6 28.4
Nitzschia sp. 1 6.0 1.9 0.12 0.03 0 0.009
Pseudonitzschia spp. 12.2 29.7 31.8 1.1 0.04 0.4
Total 158.2 165.8 107.4 3333 22.6 28.8
Eucampia antarctica 1.8 0 0 0 0 0
Pennate diatom 40pum 0.5 0.2 0.8 0 0.6 1.0
Pennate diatom 90pum 0.4 0.9 0.2 0.2 0 0.2
Rhizosolenia truncata 1.2 0 0 0 0 0
Thalassiosira 43pum 0 0 0 0 0.8 0.8
Total 3.9 11.0 1.0 0.2 14.0 2.0
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were obtained as: X=

L (% X6 )(2a~25),

n

where x, and x; are the pairwise values in the adja-
cent sampling depth z, and z, at or above the depth
z, considered. The percentages of phytoplankton
classes reported for the 0-25- or 10-50-m layers
(Figs. 2, 5, 6, 8) were calculated from the cell den-
sities obtained with the same equation.

Cell volumes (Table 2) were computed from
linear dimensions, equating shapes to standard
geometric figures, or were taken from the litera-
ture (Hasle 1969). Biomass (lgl™ of carbon) was
computed from the equation of Strathmann
(1967).

Results

The summer evolution of the phytoplankton
assemblages (Figs. 2, 3), followed in the north-
western waters of Terra Nova Bay (station BTN,
MRG, SMN; Fig. 1b), showed the main peak of the
bloom between December and January. Biomass
and cell densities followed similar trends (Figs. 2a,
3c,d, 4), up to 10mgm™ of Chl and 9.8 x 10° cells
I, slowly decreasing with their maxima in deeper
waters until the end of January and with a ten-
dency to increase again in February.

The phytoplankton assemblages had the
same composition down to the depth of 25m (Fig.
2b), with a contribution of diatoms that was never
lower than 80%. Fragilariopsis cf. curta, up to 7.6
% 10° cells I, overwhelmed all other diatoms (on
average, 83% of the class), and was followed by
Pseudonitzschia spp. and Nitzschia sp. 1 that did
not exceed an average of 10%. Only these pennate
diatoms reached high densities; the centric species
(Proboscia alata, Rhizosolenia truncata, Thalas-
siosira sp. 43 um) showed only very scarce abun-
dances. Dinoflagellates represented, on average,
5% of the total density, and increased in mid
January up to 2.15 x 10° cells "', mainly with naked
forms. In the deeper layers (Fig. 2c,d) Phaeocystis
sp. appeared, and dinoflagellates became relatively
more important.

In the surface waters of st. BTN, where it was
possible to take samples for a longer period of
time, the early phase of the bloom (Fig. 3¢,d) was
evident from mid-December, when more species
showed a growth phase (Naviculacea sp., Fragilar-
iopsis sp. 1). Fragilariopsis cf. curta reached its
highest contribution in the peak of the bloom.
Afterwards, the bloom declined, mainly due to the
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Fig. 2a-d. Vertical distribution of phytoplankton densities
(10 cells I"') (a), and percentage composition of phytoplank-
ton classes: 0-25m (b); 50m (c); 100m (d), at st. SMN (Jan.-
Feb. 1990)
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decrease of the latter species. The increasing trend
in February was again due to Fragilariopsis cf.
curta and Naviculacea sp., and Phaeocystis was
present in this period (Fig. 3a). Phytoflagellates
showed their main increase at the beginning of the
bloom, and a more or less constant decrease until
February. Dinoflagellates showed little variability
in their density, with a shift towards a greater
number of thecate dinoflagellates (Prorocentrum

cf. antarcticum, Protoperidinium antarcticum, P.
applanatum, P. defectum). Not all the 1994-95
samples were analyzed but, although a temporal
shift of maxima, the same trend (Fig. 3b,d) and
a new increase in February, up to 9.0 x 10° cells
I', due to Fragilariopsis, Naviculacea and
Pseudonitzschia, appeared. It should be noted that
the phytoflagellates (Fig. 3d) dominated during
December, when they reached 70% of the total

BTN '89-'90 BTN '94-'95
100 [
Yo
50
a
0
I | I I 1 1 1 I ] [ I 1 1 | I I | 1
Dec.10 Dec.30 Jan.19 Feb.8 Dec.10 Dec.30 Jan.19 Feb.8
; [ piat. [l Dinof. [_] Phaeoc. [l Phytof.
cell I~
108 =
10% » —— total density 7 — total density
------ Fragilariopsis cf. curta -=-++- Fragilariopsis spp.
108 4 —— Naviculacea sp. _| —— Naviculacea sp.
. o Pseudonitzschiaspp. [ oo Pseudonitzschia spp.
104 -
—— Fragilariopsis sp. 1 —— Fragilariopsis sp. 1
108 senan Phytoflagellates i ARt Phytoflagellates _...-.
— — Nitzschiasp.1 | o777 '
104 - .
\\ Ao
T T T T T T T T T T T T T T T T 1
Dec.10 Dec.30  Jan.19 Feb.8 Dec.10 Dec.30 Jan.19 Feb.8

Fig.3a-d. Surface percentage composition of phytoplankton classes and cell densities (cells I"') at station BTN during summer

1989-90 (a, c) and 1994-95 (b, d)
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density, with forms <10pum; their increase during
the second half of February was due to a bloom
of Dictyocha speculum with healthy cells forming
chains. The greater variety of the February assem-
blages is reflected by the specific diversity (H):
more than 2 in this case, and not more than 1.8 bits
cell! during the first bloom.

The phytoplankton biomass confirmed this
temporal evolution (Fig. 4), and an opposite trend
between Chl concentrations and phaeopigment/
Chl ratios appeared. The highest values of the
ratio were in the declining phase of the first
bloom, with ratios up to 0.7, while the lowest ones
were evident in the early phases, at the beginning
and at the end of the period. Furthermore, the
dominant role of Fragilariopsis cf. curta and a few
other diatoms in the bloom was evident not only
from cell numbers (always the highest percentages
of total phytoplankton densities) but also in terms
of biomass (Table 2). During the temporal evolu-
tion at station SMN (Table 2), the diatoms of
greater size were present with very low densities
and their contribution, as cell volume or carbon
concentration, mainly in the period of bloom, was

mg m*® Chl ph/Chl
a
10 4 '89-'90
— 0.5
5 —]
0 " T T 0.0
mgm
9 1.0
b
10 5 '94-'95
- 0.5
5 -
0 T T 0.0
Dec.20 Jan. 9 Jan.29 Feb.18

Fig. 4a,b. Temporal evolution of Chl concentrations (closed
symbols) and phaeopigments/Chl (ph/Chl) ratios (open
symbols) in the layer 0-25m of station MRG (square) and
station SMN (triangle), and surface of station BTN (circles)
1989-90 (a); surface samples of station BTN 1995 (b)

of at least one order of magnitude less than the one
of the smallest dominant diatoms.

During the 1989-90 summer, at the same time
as the temporal sampling in Terra Nova Bay, a
much larger area of the Ross Sea (moving south-
wards from 20 Dec. to 7 Jan. and northwards in
the first fortnight of January) was investigated.
Between 70° and 75°S (Fig. 1¢), low phytoplankton
densities (Fig. 5a) generally less than 10° cells I
were found. The surface composition (Fig. 5b) was
different from the other layers (Fig. 5¢), because
of the scarce presence of Phaeocystis sp. as far as
the Ross Sea slope (stations 15-18), where there
was evidence of the Circumpolar Deep Water up-
welling (Jacobs et al. 1970; Artegiani and Paschini
1992) and a nutrient depletion (Catalano 1992).
A slight increase, up to 3.0 x 10° cells 1", of
Phaeocystis sp. and other flagellates (Fig. 5b)
occurred here. The other characteristics were
(Fig. 5b,c,d) a very low percentage of diatoms
(Fragilariopsis cf. curta, Nitzschia sp. 1,
unidentified pennates) and a general dominance
of flagellates (naked dinoflagellates, unidentified
phytoflagellates, cryptophyceans). Along 75°S
quite a different situation (Fig. 6) was found.
Moving westward, densities became very high, up
to 4.0 x 10° cells 1" at station 23 and over 10° cells
1" on the whole western side of the transect. The
phytoplankton assemblages had the same compo-
sition down to 25m (Fig. 6b), with the dominance
of Phaeocystis sp. on the eastern side and of
diatoms in the western one, where densities
increased. Mainly Nitzschia sp. 1 dominated at
station 22, and then decreased westward, while
Fragilariopsis cf. curta reached the highest densi-
ties towards the coast. Phaeocystis sp. increased its
relative importance in the deeper layers (Fig. 6¢),
just as did dinoflagellates, mainly Gymnodini-
aceae and Prorocentrum cf. antarcticum (Fig. 6d).

Only samples from surface layers were col-
lected in the same area on the way back, so that the
spatial variation of surface phytoplankton assem-
blages (Fig. 7) during two consecutive periods,
December and January, could be compared. Going
southwards (Fig. 7a,c), from about 70°S to Terra
Nova Bay (TNB), the surface phytoplankton den-
sities showed the variations just mentioned in
relation to the transects (Figs. 5a, 6a). At the begin-
ning of the northward route (Fig. 7b,d), the bloom
of Fragilariopsis in Terra Nova Bay was still
evident. Afterwards, in the Ross Sea open waters,
previously poor and dominated by flagellates,
Nitzschia sp. 1 and Phaeocystis sp. produced the
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highest values (Fig. 7d), up to 2.6 x 10° cell I'".
When densities decreased towards the northern
oceanic regions, dinoflagellates (Fig. 7b,d) domi-
nated with naked and thecate forms, especially
Prorocentrum cf. antarcticum. This spatial distrib-
ution fitted in with the continuous record of
surface in vivo fluorescence and the Chl concen-
trations of discrete samples (Fig. 7e,f) that reach
almost 4mgm™.

The phytoplankton spatial distribution was
also investigated all over Terra Nova Bay (Fig. 1a)
during January and February 1988. As a represen-
tative situation, Fig. 8 shows the transect towards
the offshore waters (Fig. la) where the highest
values of phytoplankton biomass, about 18mg
m™ of Chl, and density, 5.5 x 10° cells I, were
found. After the nearshore rich waters sampled at
the beginning of January (stations 10, 11; Fig. 8a),
a larger area (stations 12-16) had low densities of
<2.5% 10’ cells I"! at the end of January. The richest
zone (stations 17-51) was observed during the
first fortnight of February, with characteristics of
a senescent assemblage for the high percentage of
phaeopigments (up to 60% of Chl). In the 0-25m
layer, the phytoplankton assemblage (Fig. 8b) was
dominated by Phaeocystis sp., up to 2.5 x 10° cells
1", and diatoms (Nitzschia sp. 1 and Fragilariopsis
cf. curta) in the richest zone, dinoflagellates and
other flagellates in the poorest one, Fragilariopsis
cf. curta and Nitzschia sp. 1 in nearshore waters.
From 25 to 50 m (Fig. 8c), Phaeocystis sp. increased
its densities in this latter zone, while diatoms
in the richest part and diatoms and flagellates in
the other part of the transect were still dominant.
Phaeocystis sp. generally increased from 25 to
50m (Fig. 8d), as already assessed in the Ross Sea
(El-Sayed et al. 1983; Smith et al. 1990; Nuccio et
al. 1992), and showed a widespread distribution all
over Terra Nova Bay (Fig. 9), in assemblages with
less mature characteristics, as phaeopigments/
Chl ratios and specific diversity, than the surface
diatom ones (Nuccio et al. 1992).

As regards the taxonomic composition of
phytoplankton, identification work is still in
progress. Table 1 provides a list in which many
adopted denominations (Gymnodiniaceae, naked
or thecate dinoflagellates, phytoflagellates, etc.)
consist of five to six different forms that have
not yet been identified. Among the diatoms,
only a few pennates (Fragilariopsis, Nitzschia,
Pseudonitzschia and Naviculacea) dominated the
blooms. Dinoflagellates were present mainly with
nanoplanktonic naked forms, probably belonging
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Fig. 8a-d. Vertical distribution of phytoplankton densities
(10° cells I'") (a), and percentage composition of phytoplank-
ton classes: 0-25m (b), 50m (c), 100m (d), in the transect
sampled during summer 1987-88 (stations 10-51)
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Fig. 9. Horizontal distribution of integrated (0-100 m) densi-
ties (10 cells m™) of Phaeocystis sp. in Terra Nova Bay

to the Amphidinium, Gymnodinium, Gyrodinium
genera. Among thecate dinoflagellates, only Pro-
toperidinium was present with many species
(Table 1), and represented a consistent fraction of
the heterotrophic biomass in Terra Nova Bay
(Fonda Umani et al. 1998). The “phytoflagellates”
listed in Table 1 probably consist of Prasino-
phyceans, with many small forms <5um with one
or two flagella and some other tetraflagellates
which had a remarkable presence at stations BTN
(Fig. 3). In the open waters from 70° to 75°S (Fig.
7), forms with an asymmetric flagellar insertion,
therefore assigned to Cryptophyceans, prevailed.

Discussion

In recent years, it has been estimated, mainly from
satellite images (Sullivan et al. 1993; Arrigo and
McClain 1994), that the western Ross Sea is one
of the most productive regions of the Southern
Ocean, with intense blooms extending both in
space and time, as recognized from our first
findings (Innamorati et al. 1990c; 1992a). The
bloom develops (Arrigo and McClain 1994) from
the second half of December, over the large areas
of the pack ice retreating from south to north and
from open to coastal waters (Innamorati et al., this
Vol.). During January the bloom declines, also if

high pigment concentrations can cover large areas
in Terra Nova Bay in late summer. Our data appear
to be in agreement with this pattern.

Despite differences in cycle periods and
amplitudes during the three summer seasons
(probably related to the interannual variability of
irradiance and time of ice melting), the phyto-
plankton cycle in the northwestern Ross Sea shows
(Fig. 10) the main peak of the first bloom from the
second fortnight of December to the beginning
of January, when the daily irradiance reaches its
maximum (Innamorati et al., this Vol.). The bloom
of Fragilariopsis cf. curta develops over a large
area (Fig. 6a) in the water column of the ice-edge
zone (Fig. 11a,d) that is stabilized by the high irra-
diance and the lowered surface salinity due to the
ice melting, with surface maxima in the upper
mixed layer that causes a very shallow euphotic
zone.

During the 1987-88 summer, only the declin-
ing phase of the Fragilariopsis bloom was detected
(Fig. 10). The most common vertical structure of
the phytoplankton assemblages shows (Figs. 8,
11g) the surface dominance of the senescent Frag-
ilariopsis bloom and the underlying prevalence of
Phaeocystis sp. in an early stage in a water column
in which the thermal stratification replaced the
haline one (Fig. 111).

The subsequent decrease in the phytoplank-
ton during January (Fig. 10) appears to be related
to the change in environmental conditions: in the
area of the bloom (Fig. 6a), nutrients were depleted
[NO, 8.4uM; Si(OH), 17.8uM; PO, 0.18uM,
Catalano 1992; NO; 4.2uM; PO, 0.03uM at SMN,
Innamorati et al. 1991] and phosphorus in partic-
ular may have played a limiting role (N/P >>16;
Innamorati et al., this Vol.). This consumption and
the characteristics of these assemblages (Lazzara
and Nuccio 1994): high phaeopigment/Chl and
phaeopigment/particles ratios, average size of
the particles and specific diversity, show that the
bloom was in senescence.

The large area (Fig. 5) sampled about 2 weeks
after ice melt (Hecq et al. 1992) is characterized
(Fig. 11b,e) by a deep mixing layer,a deep euphotic
zone and a flagellate assemblage in a growing
phase (low phaeopigment/Chl ratios, smail parti-
cles size,low specific diversity; Lazzara and Nuccio
1994) in which Phaeocystis sp. is increasing in the
surface waters (Figs. 5, 6). The higher concentra-
tions of pheophorbides (Hecq et al. 1992) in these
waters and the numerous krill swarms observed
along the Ross Sea slope during the Cariboo cruise
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Fig. 10. Temporal evolution of surface
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(Azzali et al. 1992) lead us to hypothesize, in
agreement with other research from the Southern
Ocean (Kopczynska 1992), that the phytoflagellate
assemblages represent a stage following an initial
diatom bloom that had occurred at the ice edge
and had been grazed by zooplankton. In fact, some
stations (stations 5, 6; Fig. 1¢) sampled during the
early days of December, in an area of just-broken
pack ice, showed a much higher biomass, up to
6mgm™ of Chl

In Terra Nova Bay, flagellate assemblages with
very low densities prevail towards the end of
January (Figs. 8, 11h,m) after the diatom bloom
and, at the same time, Phaeocystis sp. reaches its
highest densities in the centre of the bay (Fig. 9),
where the microzooplankton fraction, probably
feeding on nanoplankton, reaches its maximum
abundance (Fonda Umani et al. 1998). Afterwards,
the late summer increase, in February 1988 and
1990 occurs as in 1995 (Fig. 10); therefore, it does
not appear as an episodical trend.

Offshore, in the waters that had been free of
ice longer (Fig. 11c,f), Nitzschia sp. 1 and Phaeo-
cystis sp. were growing up to the bloom detected
later in the same area in the first half of January
(Fig. 7). Furthermore, the high phytoplankton
biomass (stations 49-51; Fig. 8a) that developed
in the surface mixed layer (Fig. 11i,n) of waters
affected by ice melting and depleted nutrients
(NO, 10.2uM; PO, 0.29uM; SiO, 26 uM, Catalano
and Benedetti 1990) in February 1988, had a com-
position similar (Nitzschia sp. 1, Phaeocystis sp.)
to the one blooming in January 1990 (Fig. 7b,d). It
could therefore be its later senescent phase.

The waters in which the seasonal cycle was
followed (Fig. 1b) appear to have a more stable
phytoplankton composition (Figs. 2, 3) during
time than the open waters (Figs. 5, 6, 8). It is pos-
sible that these waters are restricted by the
cyclonic circulation in the Bay (Jacobs et al. 1970;
Boldrin and Stocchino 1990) and affected mainly

by surface thermal processes (Boldrin and
Stocchino 1990) that support environmental con-
ditions more stable during time than offshore.

The massive bloom of Fragilariopsis cf.
curta confirms previous studies on the importance
of this species in western Ross Sea ice-edge
blooms (Wilson et al. 1986; Carbonell-Moore
1994) and as revealed from sediment traps (Lev-
enter and Dunbar 1996). In February, more species
(Nitzschia sp. 1, Naviculacea sp., Fragilariopsis sp.
1, Pseudonitzschia spp., Phaeocystis sp., Dictyocha
speculum), together with Fragilariopsis increase.
Also Phaeocystis shows an intense diffusion in the
subeuphotic layers of stratified waters during the
first period of the season (Figs. 2, 11c,g), but also
up to the surface in deep mixed waters or later in
the season (Figs. 3, 5, 8, 11b,i).

Summarizing the major findings, we can
conclude that: the early summer bloom of Fragi-
lariopsis cf. curta develops when conditions of
irradiance and temperature are not limiting and
the melting of pack ice and the warming of surface
layers lead to water column stability that allows
phytoplankton growth; this bloom extends over
large areas of the retreating ice edge and its decline
can be related to nutrient depletion, zooplankton
grazing and to the loss of water stability mainly
due to meteorological perturbations; after this
bloom, flagellates dominate the phytoplankton
assemblage in conditions of a mixed column water
and a bloom of Phaeocystis spreads in Terra Nova
Bay; another bloom, with phytoplankton compo-
sition different from the first one, develops when
availability of new nutrients and conditions of
water stability occur.
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