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Sub-ice microalgal strands in the Antarctic coastal
fast ice area near Syowa Station
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Sub-ice microalgal strands, collected in the fast ice area near Syowa Station, Antarctica, are
reported and described floristically. In mid-July, no strands were seen on the bottom of the ice.
Strands 10-15 cm in length were observed hanging from the sea ice in early November which grew
up to 50-60 cm in early December. The strands were mainly pennate diatoms, especially those that
form long colonies, including Amphiprora kufferathii, Berkeleya rutilans, Nitzschia lecointei, Nitzschia stellata,
Nitzschia turgiduloides, and several species of Nitzschia in a section Fragiraliopsis with a small abundance
of a solitary cell species of Navicula glaciei. Cluster analysis performed on samples collected from a 10m
long sweep with a net under the ice suggests that the seasonal succession of the organisms composing

strands from November to December was not significant.
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Many types of ice algal assemblages have
been reported from various sea ice areas
(Horner 1985). Among them, reports on
a sub-ice assemblage, attached to the under-
side of the ice, forming strand colonies and
extending into the water column, seem to
be limited to those by Cross (1982) from
the Canadian Arctic, by SuLLIVAN et al.
(1982) from McMurdo Sound, by Sasaxi
and WAaTANABE (1984) from Litzow-Holm
Bay and by McCoNvILLE et al. (1985) from
near Davis Station. The loss of this type
of assemblage from core samples is likely to
be the reason why it has been reported so
rarely.

To investigate the sub-ice assemblage in
the coastal fast ice area near Syowa Station
(69°00’S, 39°35'E), underwater observa-
tions and collections were made, and the
results of a floristic study of the sub-ice
microalgal assemblage in November and
December 1983 are described in this paper.

Materials and Methods

Under-ice diving was carried out for ob-
servation and collection of the sub-ice as-
semblage on July 14, November 5 and De-
cember 9 and 12 1983 at the same site, where
the water was about 17 m deep, in Kita-no-
seto Strait near Syowa Station (Fig. 1).
The equipment employed in the SCUBA
diving was described earlier (WATANABE ef
al. 1982, 1986). Strands of ice algal as-
semblage (microalgal strands) hanging from
the undersurface of undisturbed sea ice
were collected on November 5 and De-
cember 9, using 50 ml plastic disposable
syringes and a hand net with five openings
arranged vertically (5 cm high X 20 cm wide
mouth with 100 um mesh net each). With
the syringe, microalgal strands (samples
Syr. 1 and 2 collected on November 5 and
Syr. 3-5 on December 9) were sampled at
several locations. The hand net was towed
horizontally for about 10 m beneath the sea
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Fig. 1. Map showing under ice observation and collection site in the fast ice area near

Syowa Station, 1983.

ice with the uppermost beam touching the
bottom of the sea ice. Three hand net
samples, H.N. 1, 2 and 3 in November and
H.N. 4, 5 and 6 in December were collected
from the microalgal strands in the layers of
0-5, 10-15 and 20-25 cm from the bottom
of the sea ice, respectively. Samples were
transported to a laboratory at Syowa Sta-
tion and fixed with a formalin and acetic
acid (1:1) mixture (HasLE 1978).

Species were identified using a JEOL T-
100 scanning electron microscope (SEM)
after being cleaned with distilled water or
concentrated HCl and KMnO, mixture
(SmMONSEN 1974), air dried and ion sputtered
with gold. Two subsamples were taken
from each sample to determine the relative
abundance of selected species. 1200-2300
intact cells were counted in water mounted
subsamples at a magnification of 400X or
200X, using a Nikon Diaphoto-TMD phase
contrast inverted microscope. Species com-
position on the basis of relative abundance
was compared between samples and Percent
Similarity Index (PSI) by WHITTAKER
(1952) was calculated as follows,

PSI(sample, ;) =2} minimum %
[species;(sample,, sample,,)],

where :=(1,2,...n species) in a comparison
of similarity between samples a and b.
Percent Similarity Index was applied for
cluster analysis and a dendrogram was
drawn representing the single-linkage
method.

Results and Discussion

No discoloration by ice algae was ob-
served at the bottom surface of the sea ice
around the diving hole on July 14 1983.
On a second dive, made on November 5,
microalgal strands were found hanging from
the bottom of the sea ice which was then
about 120 cm thick (Fig. 2). The length
of the strands was mostly less than 15 cm.
This agrees with the seasonal variation of
standing crop in the fast ice area at Stn.
I about 100 m away from the diving hole
where the spring increase of chlorophyll a
in the bottom layer of ice began in mid-
August (WATANABE and SaToH 1987). As
the strands were short, the amount of mi-
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Fig. 2. Under-water photograph of sub-ice microalgal strands hanging from the fast ice in Kita-no-

seto Strait near Syowa Station on November 5, 1983.

Fig. 3. Sub-ice microalgal strands extending about 50-60 cm into water column on December 12,

1983.

croalgae collected by the hand net from 20—
25 cm beneath the ice in November (H.N.
3) was much less than that of H.N.1 (0-5
cm) and H.N.2 (10-15 cm). These micro-
algal strands appeared slightly different in

their colony form and density on the ice
from those reported from near Davis (Figs.
2 and 3 in McConvILLE et al., 1985). On
November 5, strands were more densely dis-
tributed beneath a crack in the sea ice than
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elsewhere. This unevenness of algal abun-
dance was apparently due to the higher ir-
radiance penetrating through the crack.

The strands were found to be longer (up
to 50-60 cm) on December 9 and 12 (Fig.
3). The amount of microalgae in samples
H.N.4, 5 and 6 did not differ greatly. On
December 9, both short (Syr.3) and long
(Syr.4) microalgal strands and globular
colonies ca. 5 mm in diameter (Syr. 5), at-
tached to the bottom of the sea ice, were
collected from different locations. The
strands were so fragile that they were often
detached and broken by the water move-
ment or by air bubbles exhausted from a
diver. Therefore, it is presumed that the
growth of sub-ice microalgal strands re-
quires calm water. There were patches
where no microalgal strands were found.
This might reflect ice melting from the
bottom surface which correlates with a
marked decrease of ice algal standing crop
in the fast ice area near Syowa Station in
November and December (WATANABE and
SaTon, 1987).-

Most of the species appearing in the mi-
croalgal strand in this study were diatoms.
Of the eleven selected taxa on which rela-
tive abundance were determined, seven
formed colonies. The microalgal strands,
hanging into water column, would possibly
benefit zooplankton and micronekton which
feed on ice algae because they are more
easily accessible to grazers than microalgae
inside the sea ice.

Amphiprora kufferathii MANGIN and Nitz-
schia spp. in group 1 and group 2 formed a
ribbon-shaped colony (Figs. 4-7). Both
groups of Nitzschia spp. belong to a section
Fragilariopsis (HasLe 1972) forming similar

colony in a water mount, but were distin-
guished on the basis of the fact that the
former’s valve costae were coarse enough to
be seen in girdle view by light microscopy
(LM) at a magnification of 200X, whereas
the latter ones could hardly be seen at a
magnification of 400X. By SEM examina-
tion of cleaned samples, Nitzschia spp. in
group 1 and group 2 were found to include
at least N. obliquecostata (VAN HEURCK)
HasLe and N. sublineata HasLE, and N.
curta (VAN HEurck) HasLe and N. cylindrus
(Grunow) HasLE, respectively. Berkeleya
rutilans (TrRENTEPOHL) GrRUNOwW and Nitz-
schia lecointei VAN HEURCK formed a tubular
colony, in which cells were packed (Figs.
8-11). Sometimes, both species were found
in the same tube. B. rutilans was abundant
in the sub-ice assemblage of the coastal fast
ice area near Davis (McCoNvVILLE et al.
1985). HasLe (1964) reported that N.
lecointei occurred in great numbers in ice
samples and that its proper habitat seems
to be the under-surface of ice. Nitzschia
stellata MancuiN formed a stellate colony
(Fig. 12) and N. turgiduloides Hasle formed
short chains with cell ends overlapping (Fig.
13). N. turgiduloides has been reported to
be abundant in the samples from the under-
surface of pack-ice in the Atlantic Ocean
(HasLg, 1965). The only centric diatom
species Porosira pseudodenticulata (HUSTEDT)
Jousk, found, appeared in chains with valve
faces connected to each other (Figs. 14, 15).
It was the dominant species (96%,) in the
faintly colored bottom layer of sea ice 80 m
off Langhovde in Litzow-Holm Bay (Wa-
TANABE 1982). Three other species, Navi-
cula glaciei VAN HEURCK, Nitzschia closterium
(EurenBErG) W. SmitH and Pleurosigma

Figs. 4, 5. Amphiprora kufferathii. 4. Light micrograph (LM) showing the ribbon-shaped colony in
a water mount. 5. Scanning electron micrograph (SEM) of a valve.

Fig. 6. A ribbon-shaped colony of Nitzschia species in group | in a water mount (LM).

Fig. 7. A short fragment of a colony of Nitzchia species in group 2 in a water mount in the center c?f
this photograph (LM). Note that the valve costae cannot be seen in girdle view, while those of Nitzschia

species in group 1 in the right are recognizable.

Figs. 8,9. Berkeleya rutilans. 8. Tubular colony in a water mount (LM). 9. Transmission electron

micrograph (TEM) of a valve.

Figs. 10, 11.  Nitzschia lecointei. 10. Tubular colony fully packed with the cells in a water mount
(LM). 11.SEM of two cells. (Scale bar: 100 um for Figs. 4, 6, 7, 8 and 10; 10 zm for other figures.)
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Fig. 12.  Nitzschia stellata, forming characteristic stellate colonies in a water mount (LM).

Fig. 13.  Nitzschia turgiduloides, forming a chain-shaped colony in a water mount (LM).

Figs. 14, 15. Porosira pseudodenticulata. 14. Chain-shaped colonies in a water mount (LM). 15.
Valve view with a labiate process (large arrow) and strutted processes (small arrow) (SEM).

Figs. 16, 17.  Navicula glaciei. 16. Cells in a water mount (LM). 17. SEM.

Fig. 18.  Pleurosigma directum in a water mount (LM).
(Scale bar: 100 #m for Figs. 12, 13, 14 and 18; 10 zm for other figures.)
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directum Grunow appeared as solitary cells
(Figs. 16-18). Of these, N. glaciei was
found to be abundant in the coastal tide-
crack overflow region in Signy Is. (WHI-
TAKER, 1977) and in Ongulkalven Is. near
Syowa Station (WATANABE, unpublished),
and P. directum was dominant (739%,) in
ice-algal assemblage in the off Prince Olav
Coast as Pleurosigma sp. (WATANABE, 1982).

Species composition of the sub-ice sam-
ples are shown in Table 1. All samples

Table 1.

were dominated by pennate diatoms (94.1-
99.8%,). The dominant taxa which ap-
peared in more than 109, of samples were
Nitzschia lecointei, Amphiprora kufferathii, N.
stellata, Berkeleya rutilans, Navicula glacier,
Nitzaxhia turgiduloides and Nitzschia species
in group 1. The results of a cluster analy-
sis based on PSI (9%,), of the species com-
position of sub-ice samples are shown in
Fig. 19. The globular sub-ice colony found
on December 9 (Syr. 5), which was domi-

Relative abundance (%) of selected taxa in sub-ice assemblages collected in Kita-no-seto

Srait mear Syowa Station in 1983. Samples were collected with a syringe (Syr. samples) and with a hand

net (H.N. samples). See text for more details.

Sampling Date Nov. 5

Dec. 9

Species/Samples Syr.1 Syr.2 H.N.1 H.N.2 HN.3 Syr.3 Syr.4 Syr.5 H.N.4 H.N.5 H.N.6
Amphiprora kufferathii 66 114 134 125 132 2.5 47 450 11.6 162 20.1
Berkeleya rutilans 6.8 7.1 0.5 0.5 0.3 104 10.0 0.9 5.4 0 0
Navicula glaciei 0.7 11.5 17.8 163 4.7 1.2 4.9 2.8 6.3 15.0 16.6
Nitzschia closterium 0.5 0.6 0.8 0.4 0.2 2.0 1.3 2.6 2.2 1.4 1.7
N. lecointei 658 138 266 24.2 7.5 16.5 10.6 7.8 49.2 309 30.2
N. stellata 3.6 2.0 9.1 13.7 144 1.2 1.0 216 101 120 134
N. turgiduloides 45 107 0.6 1.8 1.1 11.0 3.4 0 0.3 0.6 0
N. spp. in group 1 23 354 100 213 53.7 35.0 429 5.9 7.7 4.0 4.6
N. spp. in group 2 1.1 0.8 0.1 0 1.4 1.1 3.4 0.1 0.7 1.8 0
Pleurosigma directum 1.9 0.3 0.7 0.2 0.3 0.1 0 5.5 0.3 0.9 0.7
Porosira pseudodenticulata 0.3 1.7 0.3 0.2 0.3 5.7 0.8 0 0.2 0.3 0.1
Pennales 99.5 983 99.7 99.7 99.7 94.1 988 99.1 99.8 99.6 99.4
Centrales 0.3 1.7 0.3 0.3 0.3 5.9 1.2 0.1 0.2 0.3 0.1
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Fig. 19. A dendrogram showing the results of cluster analysis based on Percent Similarity Index

(PSI) of the species composition of sub-ice samples.
and with a hand net (H.N. samples).
3-5 and H.N. 4-6 on December 9.

Samples were collected with a syringe (Syr. samples)
Syr. 1 and 2 and H.N. 1-3 were collected on November 5 and Syr.
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nated by A. kufferathii and N. stellata, has
least similarity to others. However, sam-
ples from long and short strands collected
on December 9 (Syr. 4 and Syr. 5, respec-
tively) did not differ greatly (PSI=66.99%,).
They were dominated by Nitzschia species
in group 1, N. lecointes and Berkeleya rutilans.
As the hand net was towed for 10 m, sam-
ples collected by it represent averaged spe-
cies composition in the area swept. Among
hand net samples, H.N.5 and 6 collected on
December 9 and H.N. 1 and 2 collected on
November 5 had a high PSI; 79.6 and
74.0%, respectively. Nitzschia lecointei,
Navicula glaciei, Amphiprora kufferathic and
Nitzschia stellata dominated. H.N.3 sample
had least similarity to other hand net
samples. It contained Nitzschia species in
group 1, N. stellata and A. kufferathii.
These taxa which make long tubular or
stellate colonies, may play an important
role in forming long microalgal strands at
an early stage of their development.
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