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Abstract: Abundance and community structure of picophytoplankton pop-
ulations were investigated in the Southern Ocean during the late austral summer
of 1992. Three major oceanographic fronts, the Antarctic Polar Front, the
Subantarctic Front, and the Subtropical Convergence, were recognized based
on the degree of latitudinal gradients of surface water temperature and nutrient
concentrations. These fronts divide the area into four distinct zones, the
Antarctic Zone (ANZ), the Polar Frontal Zone (PFZ), the Subantarctic Zone
(SAZ), and the Subtropical Zone (STZ). Chlorophyll a concentration retained
on a glass fiber filter (bulk CHL) was the most abundant (0.93%0.24 ygfl) in
the SAZ. Although the bulk CHLs in the surface waters of the other water
masses were almost the same, ca. 0.3 ug/l, the percent contribution of the pico
fraction (less than 2 #m) was different, 74£5% (STZ), 43£11% (PFZ), and
2317 11% (ANZ). The cell density of cyanobacteria (CY) was greater than that
of other picophytoplankton (OP) north of the Subantarctic Front (SAF). The
lowest cell densities of CY and OP were found in the surface water of the ANZ
(0.041+0.035 % 10* and 3.5+ 1.8 X 10? cells/ml/, respectively) while the highest
ones were noted in the SAZ (49+ 12 X 10% and 15% 1.6 X 103 cells/ml, respective-
ly). Since these changes evidently occurred around the oceanographic fronts,
the fronts are important boundaries for geographical variations of phyto-
plankton size composition and picophytoplankton community structure in the
Southern Ocean.

1. Introduction

There are prominent oceanographic fronts in the Southern Ocean, that is, the
Subtropical Convergence (STC) which forms a boundary between the Subtropical
Zone (STZ) and the Subantarctic Zone (SAZ), the Subantarctic Front (SAF)
which divides the SAZ and the Polar Frontal Zone (PFZ), the Antarctic Polar
Front (APF) which borders the PFZ and the Antarctic Zone (ANZ), and the
Antarctic Divergence (AND) which divides the ANZ and the Antarctic Coastal
Zone (ACZ) (LUTIJEHARMS et al., 1985; IsHINO, 1989; ToMczAK and GODFREY,
1994). Discontinuity of the water masses largely affects geographical distribution of
many planktonic organisms in the Southern Ocean. For instance, it is well known
that community structure of diatoms varies around the fronts (FUKASE, 1962;
HASLE, 1969) and that latitudinal zonation of zooplankton communities coincides
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with the horizontal distribution of water masses (HEMPEL, 1985).

The Antarctic pelagic ecosystem has been regarded as a simple trophic progres-
sion from large-sized diatoms to krill and to whale (HART, 1942). It has been
assumed that primary production would have to be high in order to support large
biomass at higher trophic levels (HEWES et al., 1985). Extensive studies during the
past two decades, however, have indicated that primary production and biomass of
phytoplankton in the Southern Ocean are moderate or low as compared to those of
other oceanic areas (EL-SAYED, 1970; FukucHI, 1980; BROKEL, 1981; EL-SAYED
and TAGUCHI, 1981; HEWES et al., 1985). Recently, nanophytoplankton has been
recognized as the major component of the Antarctic phytoplankton community
(BROKEL, 1981; HEWES et al., 1985, 1990; KoOsAKI et al., 1985; WEBER and
EL-SAYED, 1987; SULLIVAN et al., 1990). According to the recent results the simple
grazing food chain has been reconsidered and microbial food webs, dominated by
small-sized primary producers and heterotrophs have significant roles more than
expected before in the Antarctic pelagic ecosystems (HEWES et al., 1985, 1990).

Although the concentration of chlorophyll @ has been estimated during
the cruise of the Japanese Antarctic Research Expedition (JARE) since 1965
(HosHI1AlL 1968), the regional variation of the dominant size class could not be
documented since most JARE data were determined with a single filter filtration
technique. Moreover, distributions of picophytoplankton populations, such as
cyanobacteria, are poorly understood since the former studies on aquatic flora in the
Southern Ocean focused only on chemically preservable or relatively large-sized
phytoplankton (i.e., diatoms and dinoflagellates) (FUKASE, 1962; HASLE, 1969).
The present study aims to reveal prominent features of distribution and community
structure of picophytoplankton in different water masses of the Southern Ocean.
The present results will provide primary information for understanding the tropho-
dynamics in the Antarctic pelagic ecosystems in comparison with neighboring sea
areas.

2. Materials and Methods

Sampling of seawater was conducted during the northward cruise (65-35°S
along ca. 150°E longitude) of the icebreaker SHIRASE from March 12 to 18, 1992
(JARE-33) (Fig. 1). Twenty-eight surface water samples (Stations 1-28) were
taken from the outlet of the Surface Water Monitoring System (FUKUCHI and
HATTORI, 1987), which continuously recorded surface water temperature and
nutrient concentrations (nitrate plus nitrite and silicate). In addition, water samples
were collected from ten different layers between 10 and 200 m using Nansen bottles,
and surface water was taken with a plastic bucket at five stations: Stations I and II
in the ANZ, Stations III and IV in the PFZ, and Station V in the SAZ. The
positions of the oceanographic fronts were determined based on the meridional
gradients of the variables.

An aliquot (100200 m!/) from the water sample was directly filtered through a
Whatman GF/F glass fiber filter with vacuum pressure of less than 100 mmHg (bulk
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Fig. 1. Location of sampling stations during the northward cruise of JARE-33. Surface
water samples were collected at Stations 1-28 (closed circles) while samplings were
conducted vertically at Stations I-V (open circles). Three fronts, the Antarctic Polar
Front, the Subantarctic Front, and the Subtropical Convergence, were recognized by
the changes in the surface water temperature and nutrient concentrations along the
cruise track (see Fig. 2).

fraction). Another aliquot (250-500m/) was also filtered through a Nuclepore
filter, of which pore size was 2 ym (< 50mmHg) (micro-nano fraction). A part of
the filtrate (100-200m/) was further filtered through a Nuclepore filter, of which
pore size was 0.2 #m (< 100 mmHg) (pico fraction). These filters were kept in glass
vials, which contained 6 m/ of N,N-dimethylformamide, for extraction of chloro-
phylla (CHL) (Suzuki and ISHIMARU, 1990). These vials were stored in the dark
at —20°C for 24 hours. The CHL was determined by the fluorometric method
(PARSONS et al., 1984). Calibration of the Turner Design Fluorometer Model 10R
was conducted with pure chlorophyll a (Sigma Chemical Co.).

The rest of the filtrate from the Nuclepore filter of 2.0 um pore size (50-100
m/) was filtered through a Nuclepore filter of 0.2 um pore size. Picophytoplankton
retained on this filter were immediately enumerated on board using an epifiuo-
rescence microscope (Nikon EDF). Under blue excitation (excitor 420-490 nm,
dichroic mirror 510nm, barrier 520nm), yellow and red fluorescing cells are
commonly observed (MURPHY and HAUGEN, 1985). The former is represented by
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cyanobacteria (CY) while the latter contains small eukaryotes and prokaryotes
(e.g., CAMPBELL and VAULOT, 1993). In the present study, picoeukaryotes could
not be distinguished from picoprokaryotes. Red fluorescing cells are referred as
“other picophytoplankton” (OP).

3. Results

3.1.  Zonation of sea area surveyed

Three major oceanographic fronts (APF, SAF, and STC) were recognized
based on the degree of latitudinal gradients of surface water temperature and
nutrient concentrations (Fig. 2a and b, respectively). The surface water tempera-
ture increased from 4.5 to 6.5°C, and the concentration of silicate decreased from
20 uM to several uM, although the decrease of nitrate plus nitrite was not prominent
around 55°30’S. Around 48°00’S, the surface water temperature jumped from 11
to 13.5°C, the concentration of nitrate plus nitrite decreased from 13 uM to 5 uM,
and silicate became less than the detectable limit. The surface water temperature
rapidly increased from 15.5 to 18°C, and the concentration of nitrate plus nitrite
became less than the detectable limit around 42°15’S. These meridional gradients of
the surface water temperature and the nutrient concentrations seem to correspond
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Fig. 2. Surface distribution of water temperature (a) and nutrient concentrations (b) along
the northward cruise of JARE-33.
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to the APF, the SAF, and the STC, respectively, which are commonly observed in
the Southern Ocean (LUTJEHARMS et al., 1985; IsHINO, 1989; ToMczAK and
GODFREY, 1994). Consequently, the sea area was divided into four distinct zones,
the ANZ (Stations 1-8 and I-II), the PFZ (Stations 10-16 and III-1V), the SAZ
(Stations 18—22 and V), and the STZ (Stations 24-28). The data of Stations 9, 17,
and 23 located in the frontal area were eliminated from the following calculation of
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Fig. 3. Surface distributions of chlorophyll a concentration in the bulk (closed circles) and
the pico (open circles) fractions (a). Percent contribution of the pico fraction (b).
Cell densities of cyanobacteria (open circles) and other picophytoplankton (closed
circles) (c).
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Table 1. Summary of phytoplankton abundance in the surface water along the northward
cruise of JARE-33. Mean values (1SD) are shown.

Chlorophyll a Contribution Picophytoplankton cell density
Bulk : : of pico- :
Zone Micro- Pico- . Other pico-
(«gll)  nanoplankton  plankton plankton ((:Z(ail (gb?:]t]:;;;l phytoplankton
(uglh) (ugll) (%) (X 10° cells/l)
S“;g;’f‘ca‘ 029 007 0.19 74 18 2.7
s (0.04)  (0.02) (0.03) (5) 9.1 (1.1)
S“;Z'I‘sm‘c 0.93 0.53 0.38 41 49 15
s, 024)  (0.12) (0.11) ) (12) (1.6)
Pognfmmal 030 0.14 0.10 43 1.9 8.2
o) (0.12)  (0.06) (0.04) (11) (2.3) (1.9)
A“th:fe“c 0.30 0.24 0.04 23 0.041 3.5
et (031)  (0.29) 0.01) (11) (0.035) (1.8)

the mean values representing water masses mentioned above.

3.2. Antarctic Zone

The CHL in the bulk fraction (bulk CHL) was less than 0.30 zg/! in the surface
water of the ANZ, excepting one high value at Station 6 (1.05 #g/l) (Fig. 3a). The
mean bulk CHL in the surface water was 0.302-0.31 ug/l (Table 1). The relatively
large standard deviation results from an uneven distribution. The vertical profile of
the bulk CHL showed a prominent subsurface chlorophyll maximum (SCM) (Fig.
Chlorophyll a (ug/l) Picophytopiankton (%) Cell density (cells/ml)
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Fig. 4. Vertical distributions of chlorophyll a concentration in the bulk (open symbols) and
the pico (closed symbols) fractions (a). Percent contribution of the pico fraction (b).
Cell densities of cyanobacteria (closed symbols) and other picophytoplankton (open
symbols) (c). Results were obtained at Stations I (circles) and 11 (triangles) in the
Antarctic Zone.
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4a). The SCM occurred at depths 75-124 m in Station I (0.16-0.33 ug/l) and 80-
129 m in Station II (0.33-0.66 ug/l).

The CHL in the pico fraction (pico CHL) was less than 0.06 ug/l and the
contribution of the fraction was less than 41% in the ANZ surface water (Fig. 3a
and b, respectively). The pico CHL was not high at Station 6, where the lowest
contribution of the pico fraction was obtained (4%). In the surface water the mean
pico CHL was 0.04 £0.01 ug/l, while the mean percent contribution was 23 Z11%
(Table 1). The pico CHL was less than 0.07 g/l throughout the water columns of
Stations I and II (Fig. 4a). The percent contribution of the pico fraction was 31—
42% in the upper 40 m of Station I and 32-48% in the upper 64 m of Station II (Fig.
4b).

The cell density of CY was less than 0.1 X 10° cells/m/ in the surface water of
the ANZ (Fig. 3c) with the mean value of 0.0411+0.035X 10° cells/m/ (Table 1).
The low CY density was observed through the water columns at Stations I and II
(less than 0.1 <10 cells/m/) (Fig. 4c). OP numerically dominated in the pico-
phytoplankton community (Fig. 3c). The mean value of cell density of OP was
3.5+1.8x10* cells/m/ in the surface water (Table 1). The OP density varied
between 2.8 X 10* and 4.9 X 10° cells/m/ in the upper 75m of Station I and in the
upper 64 m of Station II, and was not high in the SCM as observed for the pico CHL
(Fig. 4c).

3.3.  Antarctic Polar Front

A slight decrease of the bulk CHL occurred, while a small increase was noted
in the pico CHL around the APF from south to north (Fig. 3a). The percent
contribution of the pico fraction increased from south to north (Fig. 3b). The CY
density increased from 0.022 X< 10°cells/m/ at Station 8 to 0.44 X 10°cells/m/ at
Station 10, while no marked change of the OP density was observed (Fig. 3c).

3.4.  Polar Frontal Zone

The bulk CHL varied between 0.11 and 0.44 g/l in the surface water of the
PFZ, with an increasing trend from south to north (Fig. 3a). The mean bulk CHL
was 0.3010.12 ug/l (Table 1). There was no significant difference between the
mean values of the bulk CHL in the PFZ and the ANZ (p >0.05). The bulk CHL
was in the range of 0.10 and 0.24 ¢ g/l in the upper 53 m at Station III and the range
of 0.21 and 0.37 rg/l in the upper 100m at Station IV (Fig. 5a). In this water mass
the highest bulk CHL occurred at the surface water, being different from the profile
in the ANZ.

The pico CHL varied between 0.06 and 0.19 ug/l, and the percent contribution
of the pico fraction was 24-57% in the surface water of the PFZ (Fig. 3a and b,
respectively). The mean pico CHL was two times higher in the PFZ (0.100.04
wg/l) than in the ANZ (0.04 20.01 ug/l) while the mean percent contribution of the
pico fraction was also two times larger in the PFZ (431+11%) than in the ANZ
(23 £11%) (Table 1). The pico CHL was in the range of 0.03 and 0.05 rg/l in the
upper 53 m at Station III and in the range of 0.06 and 0.11 g/l in the upper 100 m
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Fig. 5. Vertical distributions of chlorophyll a concentrations in the bulk (open symbols) and
the pico (closed symbols) fractions (a). Percent contribution of the pico fraction (b).
Cell densities of cyanobacteria (closed symbols) and other picophytoplankton (open
symbols) (c). Results were obtained at Stations III (circles) and IV (triangles) in
the Polar Frontal Zone.

at Station IV (Fig. 5a). The percent contribution of the pico fraction was 22-49%
and 32-43% in the respective water columns (Fig. 5b).

The OP prevailed the CY in the PFZ (Fig. 3c). The mean cell densities of CY
and OP were 1.91+2.3 X 10° cells/m/ and 8.2 1.9 X 10* cells/ml, respectively (Table
1). Cell densities varied between 0.013 X 10 and 0.11 X 10° cells/m/ and between 2.2
X 10° and 4.5 X 10° cells/m/ in the upper 53 m of Station III, respectively (Fig. 5c).
These cell densities were almost the same as those in the ANZ. On the other hand
they ranged between 3.0 X 10° and 4.0 X 10° cells/m/ and between 4.1 X 10° and 8.3 X
10* cells/m/ in the upper 100m of Station IV, respectively. No marked vertical
change in the mean cell density in the upper 100 m water column was observed.

3.5. Subantarctic Front

A marked change in the bulk CHL occurred in the surface water around the
SAF (Fig. 3a). The concentration increased from 0.44 u g/l at Station 16 (PFZ) to
0.70 ug/l at Station 18 (SAZ). The increase coincided with that of the water
temperature (Fig. 2a). The pico CHL also changed there, increasing from 0.18 u g/l
at Station 16 to 0.29 ug/l at Station 18 (Fig. 3a). No marked change in percent
contribution of the pico fraction was observed between the PFZ and the SAZ (Fig.
3b). A drastic change in community structure of picophytoplankton was found
around the SAF. The CY density at Station 18 in the SAZ was two orders of
magnitude higher than that at Station 16 in the PFZ, although no marked increase
of the OP density was found between these stations (Fig. 3c).

3.6. Subantarctic Zone
The bulk CHL was higher than 0.5 yg/l in the surface water of the SAZ (Fig.
3a). The mean bulk CHL in the surface water of the SAZ was most abundant
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Fig. 6. Vertcal distributions of chlorophyll a concentrations in the bulk (open symbols) and

the pico (closed symbols) fractions (a). Percent contribution of the pico fraction (b).
Cell densities of cyanobacteria (closed symbols) and other picophytoplankton (open
symbols) (c). Results were obtained at Station V in the Subantarctic Zone.

among water masses (0.93 £0.24 ug/l) (Table 1). The mean value was significantly
larger in the SAZ than in the ANZ (p <0.01), the PFZ (p <0.001), and the STZ
(p<0.01). In particular, bulk CHL higher than 1y g/l was observed in the northern
part of the SAZ (42°S-45°S). Bulk CHL higher than 1.0 ug/l (1.10-1.44 ug/l) was
also noted in the upper 57 m at the northern end of the SAZ (Station V) with the
highest concentration at the surface (Fig. 6a).

The pico CHL was abundant in the SAZ (Fig. 3a) with a mean concentration
of 0.38 +0.11 ug/l (Table 1). The same pico CHL was observed in the upper 57 m
at Station V (Fig. 6a). The mean percent contribution of the pico fraction was 41
2% in the SAZ. The difference between the mean percentage in the PFZ and the
SAZ was not significant (p >0.05). A similar percent contribution of picophyto-
plankton was obtained in the upper 57 m at Station V (Fig. 6b).

Cell densities of CY and OP were abundant in the surface water of the SAZ
(Fig. 3c). Their mean cell densities were 49 =12 10° cells/m/ and 15+1.6 X 10°
cells/m/, respectively (Table 1). The cell densities of the two groups occurred evenly
in the upper 57 m of Station V (Fig. 6c).

3.7.  Subtropical Convergence

The most remarkable change in the bulk CHL occurred in the surface water
around the STC in the study area (Fig. 3a). The concentration decreased from 1.02
wgfl at Station 22 (SAZ) to 0.32 ug/l at Station 24 (STZ). The pico CHL apparently
changed around the STC, decreasing from 0.46 g/l at Station 22 to 0.22 ug/l at
Station 24 (Fig. 3a). The percent contribution of the pico fraction increased around
the STC, from 449% at Station 22 to 77% at Station 24 (Fig. 3b). The CY density
decreased from 68 X 10° cells/m/ at Station 22 to 34 X 10° cells/m! at Station 24 (Fig.
3c). On the other hand, OP density decreased from 15X 10° cells/m/ at Station 22
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to 3.3 10° cells/m/ at Station 24 (Fig. 3c). High densities of CY and OP were
observed in the low temperature water around the STC.

3.8.  Subtropical Zone

The bulk CHL was low in the surface water of the STZ (Fig. 3a) with a mean
concentration of 0.29+0.04 ug/l (Table 1). No significant difference of the mean
bulk CHL was obtained between the STZ and the PFZ (p >0.05) and between the
STZ and the ANZ (p >0.05). The pico CHL in the STZ was, however, higher than
those in the PFZ and the ANZ. The mean percent contribution of the pico fraction
in the surface water was significantly higher in the STZ (74% +=5%) than in the
ANZ (p<0.001), the PFZ (0.001), and the SAZ (p<0.001) (Table 1).

In the surface water of the STZ, CY numerically prevailed over OP (Fig. 3c).
The mean CY density was 18 9.1 X 10° cells/m/ (Table 1). On the other hand, the
mean OP density was 2.7+ 1.1X 10° cells/m/ in this water mass.

4. Discussion

4.1. Total phytoplankton

The bulk CHL varied remarkably with change of water temperature around the
STC and the SAF, as observed by FUKUCHI et al. (1986). The mean bulk CHL in
the SAZ was most abundant among four water masses. The high CHL concentra-
tions in the northern part of the SAZ may be attributed to active growth of
phytoplankton (PLANCKE, 1977; FURUYA et al., 1986). FuURuYaA et al. (1986)
demonstrated that warm and saline water mass of the STZ intruded southward into
the subsurface layer, producing a temperature inversion and an associated shallower
pycnocline in the northern part of the SAZ along 150°E. The temperature inversion
confines the subantarctic phytoplankton population in the shallower mixed layer,
resulting in elevated chlorophyll @ and primary production (FURUYA et al., 1986).
However, the elevated abundance of the bulk CHL was not recorded in the SAZ in
the eastern Atlantic and the Western Indian sectors during the same season
(FukucHI, 1980) but was noted in the SAZ south of Australia during early austral
summer (FUKUCHI et al., 1986). The high bulk CHL seems to be unique for the
SAZ south of Australia and New Zealand.

Although the bulk CHL in the surface waters of the PFZ was almost the same
as that of the ANZ, the vertical profiles were different from each other. In the
former the maximum concentration occurred at the surface water, while in the latter
an SCM was formed as noted by KURODA and FukucHI (1982) and Fukul et al.
(1986). The SCM, commonly observed in a stratified water column, in particular,
of the subtropical open waters (CULLEN, 1982), is usually associated with a density
discontinuity, and extinction of the surface light intensity (0.1 and 10%), and
formation of a nutricline (CULLEN, 1982). In the ANZ surface water, nutrients
(nitrate plus nitrite and silicate) were abundant. KURODA and FukucHI (1982)
found that the SCM occurred at a depth deeper than the euphotic zone in the
well-mixed water column. Moreover, they documented that the occurrence of the
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SCM in the ANZ coincided with a remarkable minimum layer of water temperature,
which was usually observed at depths between 80 and 150 m. Physical mechanisms
forming the SCM in the ANZ seem to be different from those in the STZ. The
occurrence of an SCM 1is one of the typical features in vertical distribution of
phytoplankton in the ANZ.

No significant difference of the bulk CHLs was obtained among in the STZ, the
PFZ, or the ANZ. The low abundance in the STZ seems to result from the depletion
of nutrients. While the low abundances in the PFZ and the ANZ cannot be
explained by the depletion of nutrients since we detected high concentrations of
nutrients in these waters. FUKUCHI (1980) pointed out that the surface chlorophyll
stock in the Antarctic Ocean water was not high, since about 80% of chlorophyll a
data were less than 0.5 ug/l. The present mean value in the ANZ is slightly less than
the mean value in the ANZ of the eastern Atlantic and the western Indian sectors
(FukucHl, 1980) and of the Pacific sector (EL-SAYED, 1970). The low abundance
of phytoplankton with high macronutrient concentration is considered to be due to
the presence of the deep mixed layer (SMITH and NELSON, 1985), to a lack of
micronutrient such as iron (MARTIN and FITZWATER, 1988), and to heavy zoo-
plankton grazing (HEWES et al., 1985).

4.2.  Picophytoplankton

The phytoplankton community in the STZ was dominated by the pico fraction
while those in the ANZ, the PFZ, and the SAZ were dominated by the micro-nano
fraction. The dominance of the pico fraction has been revealed in other subtropical
surface waters, where nutrients are usually depleted (CHISHOLM, 1992). From the
south to the north along the line, the percent contribution of the pico fraction
rapidly increased and the bulk CHL largely decreased around the STC. The low
bulk CHL in the STZ resulted from decrease of the micro-nano fraction. In general,
a phytoplankton community with low CHL is dominated by small phytoplankton
(e.g., picophytoplankton) and that with high CHL is dominated by large ones (e.g.,
microphytoplankton) (ODATE and MAITA, 1988/1989; CHISHOLM, 1992). We
revealed, however, low phytoplankton abundance with low picophytoplankton and
high micro-nanophytoplankton in the ANZ and PFZ. The low contribution of the
pico fraction in the ANZ was noted (KosAKI et al., 1985). Although no separation
in the micro-nanophytoplankton fraction was conducted during the present study,
nanophytoplankton seem to largely contribute to the bulk CHL of the ANZ and the
PFZ as shown in the earlier studies (KOSAKI et al., 1985; WEBER and EL-SAYED,
1987; SULLIVAN et al., 1990). The low abundance of phytoplankton predominated
by micro-nanophytoplankton in nutrient-rich water is one of the features of the
polar marine ecosystems.

Moreover, the picophytoplankton community was mainly composed of OP and
the extremely low CY density was revealed in the ANZ. The low CY density is a
typical feature of phytoplankton community in the polar seas (WATERBURY et al.,
1986; MARCHANT et al., 1987). The CY density increased around the APF from
the south to the north. WATERBURY et al. (1986) showed that CY density
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increased from a few cells/m/ (3.5°C) to 6.5X%10* cells/m/ (5°C). Their observa-
tions are consistent with our results showing that the CY density increased in
accordance with a temperature change from 4.5 to 6.5°C around the APF.

A drastic change in the picophytoplankton community occurred around the
SAF, where the surface water temperature jumped from 11°C (south) to 13.5°C
(north). The CY density reached a value of more than two orders of magnitude,
although a marked increase of OP was not found. CY was more abundant than OP
north of the SAF, while OP was more abundant than CY south of the SAF. The
picophytoplankton community is dominated by CY in waters warmer than ca. 10°C
and by OP in waters colder than ca. 10°C (ODATE, 1989; ODATE et al., 1990). The
change in the composition of the picophytoplankton community is likely to be
related to water temperature or chemical variables of the surrounding water
optimizing CY (MURPHY and HAUGEN, 1985; ODATE, 1989; ODATE et al., 1990).
Then, the SAF is important for the geographical distribution of the picophyto-
plankton community.

The CY density decreased around the STC with the increase of water temper-
ature. This pattern is different from former findings in waters of the Northern
Hemisphere (MURPHY and HAUGEN, 1985; ODATE, 1989; ODATE et al., 1990) but
is consistent with observations in the Southern Ocean (WATERBURY et al., 1986).
The difference between them may result from the occurrence of suitable conditions
for CY growth around the STC in the Southern Ocean (FURUYA et al., 1986). On
the other hand, high OP density occurred in the low water temperature around the
STC. A similar trend has been noted around the subarctic boundary in the North
Pacific (ODATE et al., 1990) and the North Atlantic (MURPHY and HAUGEN,
1985).

A latitudinal variation of the CY density was more than that of the OP density
in the area surveyed, where surface water temperature and nutrient concentrations
largely changed. South of the SAZ, the concentration of nitrate plus nitrite (more
than several M) may be abundant enough for picophytoplankton growth. The
fluctuation of the cell densities seems to be due to the change of water temperature
(MuRrpHY and HAUGEN, 1985; EL HAG and FOGG, 1986; MARCHANT et al., 1987,
ODATE, 1989; ODATE et al., 1990). The different variation patterns in cell densities
of CY and OP may be due to the difference in their functional responses to the
temperature, resulting in the apparent change in community structure of picophyto-
plankton around the fronts.

5. Concluding Remarks

Four different water masses (ANZ, PFZ, SAZ, and STZ) were separated by
three oceanographic fronts (APF, SAF, and STC) south of Australia during late
austral summer. The phytoplankton abundance and picophytoplankton community
structure in each water mass are summarized as follows.

1) ANZ: The bulk CHL was low (0.30%0.31ugfl) although an uneven
horizontal distribution occurred and the bulk CHL maximum was found below the
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surface (75-129m). Percent contribution of the pico CHL was low (231=11%).
Cell density of CY was extremely low (0.041+0.035 X 10° cells/m/) and OP pre-
vailed (3.51+1.8 X 10’ cells/m/).

2) PFZ: The bulk CHL was 0.30%£0.12 g/l and its maximum was at the
surface. Contribution of the pico fraction was 43+11%. CY density (1.9+£2.3 X
10° cells/m/) was less than OP (8.21+1.9 X 10° cells/ml).

3) SAZ: The bulk CHL was most abundant among four distinct zones (0.93
+0.24 pg/l) and contribution of the pico fraction was less than half (41£2%). CY
density (49112 10°cells/m/) was more than OP (15%£1.6 < 10° cells/ml).

4) STZ: The bulk CHL was 0.29+0.04 g/l and phytoplankton community
was dominated by the pico fraction (7415%), in which CY was numerically more
abundant (18 +9.1X 10’ cells/m/) than OP (2.7 %1.1 X 10°cells/ml).

Since these changes evidently occurred around the fronts, the fronts play an
important role for geographical distribution of phytoplankton in the Southern
Ocean as described before.
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