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Phytoplankton of the Southern Ocean, 140-148°E and 40-53°S, was sampled from early aus-
tral summer Nov. 1995 to Dec. 1995 to examine cell abundance, cell volume and biomass (cell
carbon) distribution across the fronts. A total of 90 phytoplankton taxa were identified. They
were 50 diatoms, 37 dinoflagellates, 2 silicoflagellates, and 1 prymnesiophyte. 73 species were
observed from north of the subtropical convergence zone and 71 species from south of the
subtropical convergence zone. Pseudonit:schia spp. was the most widely distributed species.
Nanoplankton predominated cell number of phytoplankton throughout the stations. The
abundance of diatoms was higher than that of dinoflagellates. Total biomass profiles were
dependent to microphytoplankton biomass. Maximum cell number and biomass were
observed from subsurface layer. Phytoplankton community changed across the subtropical
convergence zone and 50-53°S (antarctic convergence zone), and physicochemical factors seem

to controll the distribution.
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The Southern Ocean which is known to be im-
portant global sinks of atmospheric CO.,, has unique
physical and chemical characteristics: 1) the circum-
polarity, 2) variability of light regime, 3) high con-
centrations of inorganic nutrients, etc. (El-Sayed,
19884; El-Sayed and Fryxell, 1993). The circum-
polar zonation with different physical characters
divide the Southern Ocean with scveral different
physicochemical environments (Deacon. 1982, 1984;
Nowlin, 1985; Knox. 1994), and this circumpolarity
of the Southern Ocean influences the distribution,
abundance, productivity and behavior in the South-
ern Ocean marine organisms (Heywood and Priddle,
1987; Atkinson and Ward, [988; Knox, 1994 Stein
and Heywood, 1994). The phytoplankton species
composition, abundance, biomass, and productivity
also change across these circumpolar fronts (El-Say-
ed, 1988a; El-Sayed and Weber, 1982; Yamamoto,
1986: Froneman et al., 1995; Fryxell and Hasle,
1979: Hart, 1934, 1942).
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Though the study of Antarctic marine phy-
toplankton has more than 100 vears history, the dis-
tribution, productivity and ccology of the phy-
toplankton of the Southern Ocean have been studied
cxtensively since the estublishment of  Scientific
Committee on Antarctic Rescarch (SCAR) in 1957
(El-Sayed, 19684, b. 19704, b, 1978, 1985, 1987,
19884, b, 1990; El-Sayed and Mandelli. 1965; El-
Sayed and Turner, 1977; El-Sayed and Weber, 1982,
1986; El-Sayed et al., 1979; Knox, 1970, 1994; Hey-
wood and Whitaker, 1984; Hasle, 1969; Hosaka and
Nemoto, 1986; Jacques and Fukuchi, 1994
Sakshaug and Holm-Hansen, 1984). Technological
achievements of the 1980s and 1990s enhanced our
knowledge of the Southern Occan phytoplankton
greatly. Morcover, through the several cruises ot An-
tarctic rescarch programs, a large body of valuable
data was obtained on the geographic and temporal
distributions of phytoplankton population (El-Sayed
and Frvxell, 1993). Eltanin Cruise 36 (El-Sayed,
1970b) made great progress on the phytoplankton
ecosystem of the west Pacific Sector of the Southern
Occan (El-Sayed and Fryxell. 1993). However,
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many ecological questions remain unknown, and the
data of the phytoplankkton distribution pattern
across the subtropical convergence zone (STCZ) are
rare.

This research was performed as a part of the Inter-
national Global Atmospheric Chemistry (IGAC) Pro-
ject, Southern Hemisphere Aerosol Characterization
Experiment (ACE-1) to compare species composition,
cell numbers and biomass (cell carbon) of phyto-
plankton in the west Pacific Sector of the Southern
Ocean across the STCZ.

MATERIALS AND METHODS

Sampling for this study was carried out from Nov.
16 1995 to Dec. 8 1995, early austral summer, on
board Southern Surveyor. The location of stations
are shown in Table 1. STCZ is supposed to run
between 46°S and 48°S of this region (Nowlin and
Klinck, 1986).

Water samples were collected at discrete depths
within the upper 100 m of water column (Table 1).
Subsamples of 1 liter were fixed with 1% glu-
taldehyde and a glass coverslip was added to each
subsample to avoid silica dissolution. Each 1 liter
water sample was settled for at lecast 2 days and
approximately 900 mL of upper layer were carcfully
removed with a small tube. The remnant was settled
in 50 mL settling chamber for 24 h and examined
under an inverted microscope (Zeiss ICM 405)
under X400 magnification with phase contrast
illumination. All phytoplankton larger than 2 um (i.
e., nanoplankton; 2-20 pum, and microphytoplankton;
>20 um) were counted and sized, and species iden-
tification were made for microphytoplankton. A min-
imum of 500 cells were counted for each sample to
obtain more that 95% probability of encountings a
taxon present at an 1% lcvel (Shaw, 1964). Finally,
the entire bottom of settling chamber was scanned at
low magnifications (X 100 and X 200) to enumerate
the larger and less frequent phytoplankton. We
found many empty diatoms from lower layers of

Table 1. The collection data of samples used in this

Time
(GMT)
TTtI 21 Nov. 1995 05:56 -43 00.03 +140 S3.82
TT2 21 Nov. 1995 15:44 -43 59.54 +141 49.66
TP4 30 Nov. 1995 16:39 -49 57.88 +145 45.88
TT5 27 Nov. 1995 10:15 -53 1296 +145 28.53

+: East. -: South.

Station Date (GMT) Latitude  Longitude
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water column and excluded from countings for
accurate biomass calculation.

Cell volumes were calculated from the mean cell
dimensions of the nearest geometric shapes, and
biomass (cell carbon) were calculated using formula
of Smayda (1978) for diatoms and Verity et al.
(1992) for non-diatom phytoplankton.

RESULTS

During the early austral summer of 1995/6, a total
of 90 phytoplankton species and groups were iden-
tified. They were 50 diatoms, 37 dinoflagellates, 2
silicoflagellates, and 1 prymnesiophyte. In this numb-
er we included species groups which were unable to
distinguish between taxa of a given genus (c.g.,
Chaetoceros spp.) and therefore we may have un-
derestimated the actual number of species present.
Only 25 species (17 diatoms, 7 dinoflagellates, and 1
silicoflagellate) were observed from all stations.
Pseudonitzschia spp. which occurred at all the sampl-
ed depths of all stations was the most widely dis-
tributed species in this arca. Diatoms such as Chae-
toceros peruvianus, C. spp., Corethron criophilum,
Fragilariopsis kergulensis, Navicula spp., Nitzschia
closterium, N. spp., Rhizosolenia spp.. Thalas-
siothrix mediterrianca var. pacifica, Thalassiosira
gravida. and dinoflagellates such as Exuviaella spp.,
Gymnodinium  spp., Oxytoxum variable, and Pro-
toperidinium antarcticum also occurred from all the
stations but missed from several sampled depths.
The predominance of these species appears to be typ-
jcal in many regions of the Southern Ocean
(Heywood and Whitacker, 1984; El-Sayed and Fryx-
ell, 1993) although other species may dominate und-
er different conditions (Knox, 1994). As rare mi-
crophytoplankton species, 7 species of diatoms
(Chactoceros  pelagicus, Dactyliosolen antarcticus,
Nitzschia  bicapitata, Planktoniella  sol, Pseu-
doeunotia doliolus, Rhizosolenia stolterfothii, Tro-
pidoneis antarctica) and 2 species of dinoflagellates
(Ceratium  pentagonum, Dinophysis antarcticum)
were found only from [ to 3 sampled depths. The
most diverse phytoplankton flora was observed at
station TT2 with 57 species (42 diatoms, 13 di-
noflagellates, 1 silicoflugellate. and 1 prym-
nesiophyte), and the least at station TPS with 51
species (34 diatoms, 15 dinoflagellates, 2 silico-
flagellates). Total species numbers between south
and north of the STCZ were nearly same. Only the
species number of diatoms decreased slightly from
south of the STCZ while dinoflagellates decrcased
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slightly from north of the STCZ. At the north of the
STCZ, 46 diatoms, 24 dinoflagellates, 2 silicofla-
gellates and 1 prymnesiophyte were observed, and 42
diatoms, 26 dinoflagellates, 2 silicoflagellates and |
prymnesiophyte from south of the STCZ. Species
composition changed across the STCZ. Phy-
toplankton species such as Azpeitia africanus, Chae-
toceros convolutus, Nitzschia bicapitata and Plank-
toniella sol were only found from north of the
STCZ and Chaetoceros bulbosus, C. pelagicus,
Eucampia antarctica, Rhizosolenia stolterfothii, Tro-
pidoneis antarctica, Ceratium pentagonum,
Dinophysis antarcticum, and Oxytoxum caudatum
from south of the STCZ.

In vertical distribution, the most diverse phy-
toplankton flora were observed at 40 m depth with
70 species from north of the STCZ and at &80 m
depth with 64 species from south of the STCZ.

The highest cell numbers of phytoplankton were
observed at 40 m depth of TT1 (4x 10° cells/L), and
followed by 20 m depth of TTI (2.5x 10" cells/L),
and the lowest from 80 m depth of TT2 (1.7x 10
cells/L) (Fig. 1). Station TT1 which is adjacent to
Australia and Tasmania Island showed high cell
numbers both nanophytoplankton and microphy-
toplankton. At all stations, nanophytoplankton was
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the major contributer to the total cell number and
the distribution pattern of total phytoplankton was
dependent to nanophytoplankton. In TT1, nano-
phytoplankton accounted more than 75% of total
cell numbers of phytoplankton. However, cell numb-
ers of microphytoplankton from depths of 20, 40,
and 80 m in station TP5S werc as high as nano-
phytoplankton.

Diatoms were the most important component of
the microphytoplankton and they accounted 44.2-93.
5¢% of microphytoplankton and 15.8-51.8% of total
phytoplankton cell number. Five species or species
groups of diatoms (Chactoceros spp., Nitzschia clos-
terium, N. spp., Fragilariopsis kergulensis, Pseu-
donitzschia spp.) accounted for more than 50% of to-
tal cell number of diatoms (Fig. 2). However. dom-
inant diatom differed across the STCZ. From north
of the STCZ, Pseudonitzschia spp. predominated oth-
cr diatoms and Nitzschia closterium from TP4, and
the subantaritic species Fragilariopsis kergulensis
from TPS.

Dinoflagellates occurred less frequently than
diatoms. They never exceeded 20% of total ccll
numbers of phytoplankton (Fig. 1). However, dinofla-
gellates accounted around 50% of microphytoplankton
at station TT1. Exuviaella spp., Gymnodinium spp.,
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Fig. 1. Vertical distribution of the phytoplankton cell numbers from each station.
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Fig. 2. Relative abundance (%) of major diatoms from
each station. CH=Chaetoceros spp.; NC=Nitzschia clos-
terium; PN=Pseudonitzschia spp.; TT=Thalassiothrix medi-
terrianea var. pacifica; FR=Fragilariopsis kergulensis.

and Oxytoxum variable were major dinoflagellates.
They accounted more than 90% of total di-
noflagellates (Fig. 3). Gymnodinium spp. predom-
inated both north and south of the STCZ and Ox-
ytoxum variable from porth of the STCZ and Ex-
uvigella spp. from south of the STCZ were second
dominant species.

Other phytoplanktons such as silicoflagellates,
prymnesiophytes, and coccolithophorids were ob-
served less than 0.5% of total phytoplankton cell
numbers throughout the stations (Fig. 1). However,
many coccolithophorids were found from samples
collected during this cruise for cell cycle analysis.
Therefore, coccolithophorids are considered as one
of the common phytoplankton group in this area.

The vertical distribution of the phytoplankton cell
number showed a moderately strong sub-surface
maximum. The maximum cell numbers of phy-
toplankton were observed in the upper 60 m layer.
The vertical profiles of diatoms and nanoplankton
showed similar pattern of total phytoplankton and
they composed major portion of total cell numbers.
Dinoflagellates, silicoflagellates and prym-
nesiophytes, however, showed no clear difference in
vertical distribution. They occurred fairly constant
numbers from all depths of all stations. From the
south of the STCZ, vertical profile of cell numbers
showed 2 peaks by abrupt decrease at 20 m depth.
The cell number decreased below 80 m depth except
TPS where cell numbers of 80 m depth exceeded
upper layer.

Cell numbers of each species also changed across
the STCZ. Pseudonitzschia spp. showed high
abundance at TPS station and Nitzschia closterium
occurred highly at TT2. From station TPS, Fragil-
ariopsis kergulensis occurred highly. Gymnodinium
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Fig. 3. Relative abundance (%) of major dinoflagellates
from each station. EX=Exuviaellu spp.; GY=Gymnodinium
spp.: OV=0Oxytoxum variable.

spp. and Oxytoxum variable showed high abundance
from all stations, but less than the cell numbers of
dominant diatoms. Other dinoflagellates, such as
Exuvigella spp. and Protoperidinium antarcticum
occurred moderately from several stations.

Vertical profiles of biomass of phytoplankton
showed similar pattern with ccll number profiles
(Fig. 4). However, the biomass profiles of total phy-
toplankton followed those of microphytoplankton.
Maximum biomass was observed at 40 m depth of
TT1 with 22 pg C/L. Nanophytoplankton which
dominated diatoms and dinoflagellates in cell numb-
ers showed less biomass except 60 m depth of TT1
where nanophytoplankton occupied more than 50%
of total biomass. The biomass of nanophytoplankton
never exceeded 20% of total phytoplankton biomass
from south of the STCZ. Biomass distribution of
each taxonomic group also changed across the
STCZ and between TP4 and TPS5. From north of the
STCZ, diatoms and dinoflagellates increased from
surface to 40 m depth and decreased from 40 m to
100 m depth. From south of the STCZ, diatoms and
dinoflagellates decreased at 20 m depth and constant
level below 60 m depth. At TPS, biomass of di-
noflagellates dominated other groups. Biomass of
each species also changed across the STCZ. From
north of the STCZ, Thalassiosira gravida and Pro-
toperidinium spp. were dominant groups, and Thalas-
siosira gravida and Protoperidinium spp. at TP4,
and Tropidoneis antarcticum and Gymnodinium spp.
at TPS.

However, the profiles of each taxonomic group
showed different pattern from ccll number profiles,
because some species, such as Tropidoneis an-
tarcticum, Protoperidinium antarcticum, and several
Rhizosolenia species, though occurred not high
abundance, showed high biomass owing to their
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high unit carbon contents (Smayda, 1978). At TP4,
all phytoplankton groups showed low biomass and
total biomass showed lowest level among the sta-
tions. The wvertical distribution of phytoplankton
biomass showed similar pattern with that of cell
numbers. However, the proportion of each taxono-
mic group differed from cell number profiles. The
vertical distribution of biomass showed moderately
strong subsurface maximum. Like cell number pro-
files, maximum biomass observed from upper 60 m
depth except TPS where maximum biomass were
observed from 60 and 80 m depths.

Five groups of diatoms, Chaetoceros spp., Pseu-
donitzschia spp., Rhizosolenia spp., Thalassiosira
gravida, and Tropidoneis antarctica occupied more
than 50% of total diatom biomass (Fig. S). Thalas-
siosira gravida showed large relative biomass from
north of the STCZ and Chaetoceros spp. at TP4 and
Tropidoneis from TPS. Chaetoceros spp. showed
high relative biomass from south of the STCZ.

The biomass of dinoflagellates was determined by
Exuviaella spp., Gymnodinium spp., and Pro-
toperidinium spp. These three species occupied more
than 80% of total biomass of dinoflagellates (Fig. 6).
Their dominance varied from station to station.
Exuviaella spp. showed maximum relative biomass
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Fig. 5. Relative biomass (%) of major diatoms from each
station. CH=Chaetoceros spp.; PN=Pseudonitzschia spp.;
RZ=Rhizosolenia spp.; TG=Thalassiosira gravida; TA=
Tropidoneis antarctica.

from TT1, Protoperidinium spp. from TT2 and TP4,
and Gymnodinium spp. from TPS5.

DISCUSSION

The horizontal and vertical distribution of species
number, cell number, and biomass of phytoplankton
from our stations showed the transitional pattern
across the STCZ and 50-53°S (supposed antarctic
convergence zone) where physicochemical charact-
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Fig. 6. Relative biomass (%) of major dinoflagellates
from each station. EX=Exuviaella spp.; GY=Gym-
nodinium spp.; PP=Protoperidinium spp.

ers of water mass changed (Nowlin and Klinck,
1987; El-Sayed and Fryxell, 1993). The distribution
of phytoplankton in the Southern Ocean is known to
be implicated with the availability of micronutrients
(Martin et al., 1990), elemental] ratios (Sommer and
Stabel, 1986), light (Jacque, 1983; El-Sayed, 1988a),
temperature (Saijo and Kawashima, 1964; Neori and
Holm-Hansen, 1982), water column stability
(Sverdrup, 1953; El-Sayed and Fryxell, 1993), and
biological factors (Uribe, 1982; Weber and El-Sayed,
1985; El-Sayed and Fryxell, 1993). The different
phytoplankton communities of this study area also
seems to be implicated with above factors, which
change across the fronts of this area (El-Sayed and
Fryxell, 1993).

The maximum cell number and biomass from TT1
seems to be resulted from the influence of adjacent
continent, Australia. The localized high productivity
and biomass are common in the vicinity of oceanic
islands (Grindley and David, 1985; Le Jehan and
Trequer, 1985; Perissinotto et al., 1992) by the pres-
ence of dissolved iron (Martin, 1990; Martin et al.,
1990), input of nutrients from depth as a result of
turbulence around the island (Simpson et al., 1982),
and turbulence-induced variations of light regime (El-
Sayed and Fryxell, 1993). Though the contincnt
seemed to influence the cell numbers of phy-
toplankton from this study area, no continent
originated phytoplankton was observed from our
samples.

The species richness of the phytoplankton in this
area was low compared to over 100 species of di-
atoms, some 60 species of dinoflagellates, and a few
species of other algal classes for microphytoplankton
flora of Antarctic waters (Heywood and Whitaker,
1984; Knox, 1994). Species composition of cach sta-
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tion varied both diatoms and dinoflageliates. Espe-
cially, the dinoflagellate flora showed drastic diff-
erences between stations. Only 7 species out of 36
total dinoflagellates were commonly observed from
all the stations. However, 32 diatoms and 11 di-
noflagellates were commonly observed from north
of the STCZ and 28 diatoms and 10 dinoflagellates
from south of the STCZ. Therefore, we can con-
clude that the similarity of species composition of
intra-frontal station is higher than inter-frontal station.

The dominance of diatoms over dinoflagellates
from our stations alsc seems to be due to the lack of
krill grazing (Kopczynska, 1990). Major grazers
from this study area were tintinnids and aloricate cil-
liates which appeared around 3.0x10%-2.5% 10°
cells/L (unpublished data). The grazers also changed
in species and number across the fronts.

Phaeocystis sp. is generally considered an im-
portant summer bloom species in the Southern
Ocean (Kang and Fryxell, 1993). However, this was
not the case in this investigation, during which di-
atoms were far more important numerically. Knox
(1990) and Andreoli (1995) also found the diatom
dominance in the early summer from the Southem
Ocean.

Nanophytoplankton which often dominate the An-
tarctic phytoplankton (Brockel, 1981; Hosaka and
Nemoto. 1986; Weber and El-Sayed, 1987; Hewes
et al., 1990; Knox, 1994) was not so high in this
study (Figs. 1 and 4). Low proportions of cell numb-
ers and biomass of the nanophytoplankton from this
research were uncertain, because the percentage of
nanophytoplankton was too low compared to other
data from the southern ocean: 69-85% (Fay, 1973),
52-72% (Weber and El-Sayed, 1985), and 66% as
the average of several studies for widely distributed
Jocalities (Knox, 1994). The nanophytoplankton was
hitherto mainly considered to be small diatoms (5 to
10 pm), prymnesiophytes, cryptomonads and other
green flagellates (Smetacek ef al., 1990; Buma et al.,
1992; El-Sayed and Fryxell, 1993; Knox, 1994) and
it was true from our samples. As the nano-
phytoplankton of this study arca, small diatoms,
chlorophytes, chrysophytes and dinoflagellates were
commonly observed. Though nanophytoplankton
was the most important group in cell number, the
less abundant medium-sized, and occasionally the
large species can be dominated from Pacific region
of the Southern Ocean (Hasle, 1969) and we found
the same results in this study area (Fig. 4).

This research confirmed the predominance of colo-
nial and chainforming phytoplankton species which
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commonly observed from many regions of the South-
em Ocean (Heywood and Priddle, 1987; Priddic.
1990; Knox, 1994). However, the species com-
position differed from each studied region
(Heywood and Priddle, 1987; Priddle, 1990; Knox,
1994; Andreoli et al., 1995). The chainforming
diatoms seem to have benefits of the protection
against small grazers and minimizing sinking (El-
Sayed and Fryxell, 1993). Gelatinous colonies of the
small Thalassiosira gravida was commonly found as
more than 40 celled-chain form from station TPS,
and with that form they dominated other diatoms at
upper 40 m depth.

Nitzschia bicapitata. known as a cosmopolitan
species (Hasle, 1976), which predominated both the
Pacific (Lec and Fryxell, 1996) and Indian (Range
et al.,, 1994) equatorial Oceans, was found with low
cell numbers in TT1 and TT2, and Pseudoeunotia
doliolus, warm water species (Hasle, 1976). com-
monly observed from those oceans, cncountered
only in TT1 (i.e., north of the STCZ). Other warm
water species were absent from our sampled staitons.
This result means that there is a water mass barrier
between the equatorial and the Southern Pacific
Ocean and this barrier could be a barrier to phyto-
plankton distribution.

Phytoplankton cell numbers and biomass can be
changed according to the sampling time of a day
(Priddle, 1990). However, we could not find any
difference in the horizontal and vertical distribution
of phytoplankton depending on sampling time of a
day.

The Southern Ocean is known to have higher (80-
85%) endemism of the phytoplankton than any other
oceanic region (Knox, 1994) and we found several
endemic species of Antarctic water (Heywood and
Whitaker. 1984). However, the genus Ceratium
which is known to be absent from south of the An-
tarctic convergence (Kopczynska et al., 1986; Knox,
1994) was obscrved from all stations (Ceratium
lineatum) including TP5 which is supposed to lic
south of the Antarctic convergence.

In general, thc wvertical distribution of phy-
toplakton biomass of the Southern Ocean also ex-
hibits subsurface (50-70 m depths) maxima (El-Say-
ed and Fryxell, 1993) and our samples also showed
moderately strong subsurface maxima at 20 to 60 m
depths (Figs. 1 and 4).

Pakhomov and McQuaid (1996) found the im-
portance of the STCZ as a strong biogeographical
border to the distribution of warmer water zoo-
plankton specics, and clear species shifting of phy-
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toplankton community was also observed from this
study (Figs. 2 and 3).

The results obtained from this study are sugges-
tive that the frontal systems of the Southern Ocean
can act as the circumpolar biological borders to the
distribution of phytoplankton community. Tem-
perature and salinity are the principle factors con-
trolling distribution of marine phytoplakton (Burckle,
1978) and the fronts are the transitional zone of tem-
perature and salinity. Thefore. the phytoplankton
community transition across the STCZ of this area
also seems to be resulted from the differcnee of
these factors. However, more frequent and sufficient
sampling can reveal the biological importance of the
STCZ and factors controlling the phytoplankton dis-
tribution.
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